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We provide a model that links an asset’s market liquidity (i.e., the ease with which it is
traded) and traders’ funding liquidity (i.e., the ease with which they can obtain funding).
Traders provide market liquidity, and their ability to do so depends on their availability
of funding. Conversely, traders’ funding, i.e., their capital and margin requirements, de-
pends on the assets’ market liquidity. We show that, under certain conditions, margins are
destabilizing and market liquidity and funding liquidity are mutually reinforcing, leading
to liquidity spirals. The model explains the empirically documented features that market
liquidity (i) can suddenly dry up, (ii) has commonality across securities, (iii) is related to
volatility, (iv) is subject to “flight to quality,” and (v) co-moves with the market. The model
provides new testable predictions, including that speculators’ capital is a driver of market
liquidity and risk premiums.

Trading requires capital. When a trader (e.g., a dealer, hedge fund, or investment
bank) buys a security, he can use the security as collateral and borrow against
it, but he cannot borrow the entire price. The difference between the security’s
price and collateral value, denoted as the margin or haircut, must be financed
with the trader’s own capital. Similarly, short-selling requires capital in the
form of a margin; it does not free up capital. Therefore, the total margin on all
positions cannot exceed a trader’s capital at any time.
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Our model shows that the funding of traders affects—and is affected by—
market liquidity in a profound way. When funding liquidity is tight, traders
become reluctant to take on positions, especially “capital intensive” positions in
high-margin securities. This lowers market liquidity, leading to higher volatil-
ity. Further, under certain conditions, low future market liquidity increases the
risk of financing a trade, thus increasing margins. Based on the links between
funding and market liquidity, we provide a unified explanation for the main em-
pirical features of market liquidity. In particular, our model implies that market
liquidity (i) can suddenly dry up, (ii) has commonality across securities, (iii) is
related to volatility, (iv) is subject to “flight to quality,” and (v) co-moves with
the market. The model has several new testable implications that link margins
and dealer funding to market liquidity: We predict that (i) speculators’ (mark-
to-market) capital and volatility (as, e.g., measured by VIX) are state variables
affecting market liquidity and risk premiums; (ii) a reduction in capital reduces
market liquidity, especially if capital is already low (a nonlinear effect) and for
high-margin securities; (iii) margins increase in illiquidity if the fundamental
value is difficult to determine; and (iv) speculators’ returns are negatively
skewed (even if they trade securities without skewness in the fundamentals).

Our model is similar in spirit to Grossman and Miller (1988) with the added
feature that speculators face the real-world funding constraint discussed above.
In our model, different customers have offsetting demand shocks, but arrive se-
quentially to the market. This creates a temporary order imbalance. Speculators
smooth price fluctuations, thus providing market liquidity. Speculators finance
their trades through collateralized borrowing from financiers who set the mar-
gins to control their value-at-risk (VaR). Since financiers can reset margins in
each period, speculators face funding liquidity risk due to the risk of higher
margins or losses on existing positions. We derive the competitive equilibrium
of the model and explore its liquidity implications. We define market liquidity
as the difference between the transaction price and the fundamental value, and
funding liquidity as speculators’ scarcity (or shadow cost) of capital.

We first analyze the properties of margins, which determine the investors’
capital requirement. We show that margins can increase in illiquidity when
margin-setting financiers are unsure whether price changes are due to fun-
damental news or to liquidity shocks, and volatility is time varying. This
happens when a liquidity shock leads to price volatility, which raises the fi-
nancier’s expectation about future volatility, and this leads to increased margins.
Figure 1 shows that margins did increase empirically for S&P 500 futures dur-
ing the liquidity crises of 1987, 1990, 1998, and 2007. More generally, the
October 2007 IMF Global Stability Report documents a significant widening
of the margins across most asset classes during the summer of 2007. We denote
margins as “destabilizing” if they can increase in illiquidity, and note that anec-
dotal evidence from prime brokers suggests that margins often behave in this
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Figure 1

Margins for S&P 500 futures

The figure shows margin requirements on S&P 500 futures for members of the Chicago Mercantile Exchange
as a fraction of the value of the underlying S&P 500 index multiplied by the size of the contract. (Initial or
maintenance margins are the same for members.) Each dot represents a change in the dollar margin.

way. Destabilizing margins force speculators to de-lever their positions in times
of crisis, leading to pro-cyclical market liquidity provision.'

In contrast, margins can theoretically decrease with illiquidity and thus can
be “stabilizing.” This happens when financiers know that prices diverge due to
temporary market illiquidity and know that liquidity will be improved shortly
as complementary customers arrive. This is because a current price divergence
from fundamentals provides a “cushion” against future adverse price moves,
making the speculators’ position less risky in this case.

Turning to the implications for market liquidity, we first show that, as long
as speculators’ capital is so abundant that there is no risk of hitting the funding
constraint, market liquidity is naturally at its highest level and is insensitive to
marginal changes in capital and margins. However, when speculators hit their
capital constraints—or risk hitting their capital constraints over the life of a
trade—then they reduce their positions and market liquidity declines. At that
point prices are more driven by funding liquidity considerations rather than
by movements in fundamentals, as was apparent during the quant hedge fund
crisis in August 2007, for instance.

When margins are destabilizing or speculators have large existing positions,
there can be multiple equilibria and liquidity can be fragile. In one equilibrium,

The pro-cyclical nature of banks’ regulatory capital requirements and funding liquidity is another application of
our model, which we describe in Appendix A.2.
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Figure 2
Liquidity spirals
The figure shows the loss spiral and the margin/haircut spiral.

markets are liquid, leading to favorable margin requirements for speculators,
which in turn helps speculators make markets liquid. In another equilibrium,
markets are illiquid, resulting in larger margin requirements (or speculator
losses), thus restricting speculators from providing market liquidity. Impor-
tantly, any equilibrium selection has the property that small speculator losses
can lead to a discontinuous drop of market liquidity. This “sudden dry-up” or
fragility of market liquidity is due to the fact that with high levels of speculator
capital, markets must be in a liquid equilibrium, and, if speculator capital is
reduced enough, the market must eventually switch to a low-liquidity/high-
margin equilibrium.? The events following the Russian default and LTCM
collapse in 1998 are a vivid example of fragility of liquidity since a relatively
small shock had a large impact. Compared to the total market capitalization of
the U.S. stock and bond markets, the losses due to the Russian default were
minuscule but, as Figure 1 shows, caused a shiver in world financial markets.
Similarly, the subprime losses in 2007-2008 were in the order of several hun-
dred billion dollars, corresponding to only about 5% of overall stock market
capitalization. However, since they were primarily borne by levered financial
institutions with significant maturity mismatch, spiral effects amplified the cri-
sis so, for example, the overall stock market losses amounted to more than 8
trillion dollars as of this writing (see Brunnermeier 2009).

Further, when markets are illiquid, market liquidity is highly sensitive to
further changes in funding conditions. This is due to two liquidity spirals, as
illustrated in Figure 2. First, a margin spiral emerges if margins are increasing

Fragility can also be caused by asymmetric information on the amount of trading by portfolio insurance traders
(Gennotte and Leland 1990), and by losses on existing positions (Chowdhry and Nanda 1998).
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in market illiquidity. In this case, a funding shock to the speculators lowers mar-
ket liquidity, leading to higher margins, which tightens speculators’ funding
constraint further, and so on. For instance, Figure 1 shows how margins grad-
ually escalated within a few days after Black Monday in 1987. The subprime
crisis that started in 2007 led to margin increases at the end of August and
end of November 2007 for the S&P futures contract. For other assets, margins
and haircuts widened significantly more (see, for example, IMF Global Stabil-
ity Report, October 2007). The margin spiral forces traders to de-lever during
downturns and recently, Adrian and Shin (2009) found consistent evidence for
investment banks. Second, a loss spiral arises if speculators hold a large initial
position that is negatively correlated with customers’ demand shock. In this
case, a funding shock increases market illiquidity, leading to speculator losses
on their initial position, forcing speculators to sell more, causing a further price
drop, and so on.? These liquidity spirals reinforce each other, implying a larger
total effect than the sum of their separate effects. Paradoxically, liquidity spirals
imply that a larger shock to the customers’ demand for immediacy leads to a
reduction in the provision of immediacy during such times of stress. Consistent
with our predictions, Mitchell, Pedersen, and Pulvino (2007) find significant
liquidity-driven divergence of prices from fundamentals in the convertible bond
markets after capital shocks to the main liquidity providers, namely convert-
ible arbitrage hedge funds. Also, Garleanu, Pedersen, and Poteshman (2008)
document that option market makers’ unhedgeable risk is priced, especially in
times following recent losses.

In the cross section, we show that the ratio of illiquidity to margin is the
same across all assets for which speculators provide market liquidity. This is
the case since speculators optimally invest in securities that have the great-
est expected profit (i.e., illiquidity) per capital use (determined by the as-
set’s dollar margin). This common ratio is determined in equilibrium by the
speculators’ funding liquidity (i.e., capital scarcity). Said differently, a secu-
rity’s market illiquidity is the product of its margin and the shadow cost of
funding. Our model thus provides a natural explanation for the commonality
of liquidity across assets since shocks to speculators’ funding constraint af-
fect all securities. This may help explain why market liquidity is correlated
across stocks (Chordia, Roll, and Subrahmanyam 2000; Hasbrouck and Seppi
2001; and Huberman and Halka 2001), and across stocks and bonds (Chordia,
Sarkar, and Subrahmanyam 2005). In support of the idea that commonality is
driven at least in part by our funding-liquidity mechanism, Chordia, Roll, and
Subrahmanyam (2005) find that “money flows. . . account for part of the com-
monality in stock and bond market liquidity.” Moreover, their finding that

The loss spiral is related to the multipliers that arise in Grossman (1988); Kiyotaki and Moore (1997); Shleifer
and Vishny (1997); Chowdhry and Nanda (1998); Xiong (2001); Kyle and Xiong (2001); Gromb and Vayanos
(2002); Morris and Shin (2004); Plantin, Sapra, and Shin (2005); and others. In Geanakoplos (2003) and in
Fostel and Geanakoplos (2008), margins increase as risk increases. Our paper captures the margin spiral—i.e.,
the adverse feedback loop between margins and prices—and the interaction between the margin and loss spirals.
Garleanu and Pedersen (2007) show how a risk management spiral can arise.
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“during crisis periods, monetary expansions are associated with increased liq-
uidity” is consistent with our model’s prediction that the effects are largest when
traders are near their constraint. Acharya, Schaefer, and Zhang (2008) docu-
ment a substantial increase in the co-movement among credit default swaps
(CDS) during the GM/Ford rating downgrade in May 2005 when dealer fund-
ing was stretched. Coughenour and Saad (2004) provide further evidence of
the funding-liquidity mechanism by showing that the co-movement in liquidity
among stocks handled by the same N'YSE specialist firm is higher than for other
stocks, commonality is higher for specialists with less capital, and decreases
after a merger of specialists.

Next, our model predicts that market liquidity declines as fundamen-
tal volatility increases, which is consistent with the empirical findings of
Benston and Hagerman (1974) and Amihud and Mendelson (1989).* Fur-
ther, the model can shed new light on “flight to quality,” referring to episodes
in which risky securities become especially illiquid. In our model, this hap-
pens when speculators’ capital deteriorates, which induces them to mostly
provide liquidity in securities that do not use much capital (low-volatility
stocks with lower margins), implying that the liquidity differential between
high-volatility and low-volatility securities increases. This capital effect means
that illiquid securities are predicted to have more liquidity risk.> Recently,
Comerton-Forde, Hendershott, Jones, Moulton and Seasholes (2008) test these
predictions using inventory positions of NYSE specialists as a proxy for fund-
ing liquidity. Their findings support our hypotheses that market liquidity of
high-volatility stocks is more sensitive to inventory shocks and that this is
more pronounced at times of low funding liquidity. Moreover, Pastor and
Stambaugh (2003) and Acharya and Pedersen (2005) document empirical evi-
dence consistent with flight to liquidity and the pricing of this liquidity risk.

Market-making firms are often net long in the market. For instance, Ibbotson
(1999) reports that security brokers and speculators have median market betas
in excess of one. Therefore, capital constraints are more likely to be hit during
market downturns, and this, together with the mechanism outlined in our model,
helps to explain why sudden liquidity dry-ups occur more often when markets
decline. Further, capital constraints affect the liquidity of all securities, leading
to co-movement as explained above. The fact that this effect is stronger in
down markets could explain that co-movement in liquidity is higher during
large negative market moves, as documented empirically by Hameed, Kang,
and Viswanathan (2005).

The link between volatility and liquidity is shared by the models of Stoll (1978); Grossman and Miller (1988);
and others. What sets our theory apart is that this link is connected with margin constraints. This leads to
testable differences since, according to our model, the link is stronger when speculators are poorly financed, and
high-volatility securities are more affected by speculator wealth shocks—our explanation of flight to quality.

In Vayanos (2004), liquidity premiums increase in volatile times. Fund managers become effectively more
risk-averse because higher fundamental volatility increases the likelihood that their performance falls short of a
threshold, leading to costly performance-based withdrawal of funds.
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Finally, the very risk that the funding constraint becomes binding limits
speculators’ provision of market liquidity. Our analysis shows that speculators’
optimal (funding) risk management policy is to maintain a “safety buffer.” This
affects initial prices, which increase in the covariance of future prices with
future shadow costs of capital (i.e., with future funding illiquidity).

Our paper is related to several literatures.® Traders rely both on (equity)
investors and counterparties, and, while the limits to arbitrage literature fol-
lowing Shleifer and Vishny (1997) focuses on the risk of investor redemptions,
we focus on the risk that counterparty funding conditions may worsen. Other
models with margin-constrained traders are Grossman and Vila (1992) and
Liu and Longstaff (2004), which derive optimal strategies in a partial equilib-
rium with a single security; Chowdhry and Nanda (1998) focus on fragility
due to dealer losses; and Gromb and Vayanos (2002) derive a general equi-
librium with one security (traded in two segmented markets) and study wel-
fare and liquidity provision. We study the endogenous variation of margin
constraints, the resulting amplifying effects, and differences across high- and
low-margin securities in our setting with multiple securities. Stated simply,
whereas the above-cited papers use a fixed or decreasing margin constraint,
say, $5000 per contract, we study how market conditions lead to changes in
the margin requirement itself, e.g., an increase from $5000 to $15,000 per
futures contract as happened in October 1987, and the resulting feedback
effects between margins and market conditions as speculators are forced to
de-lever.

We proceed as follows. We describe the model (Section 1) and derive our four
main new results: (i) margins increase with market illiquidity when financiers
cannot distinguish fundamental shocks from liquidity shocks and fundamentals
have time-varying volatility (Section 2); (ii) this makes margins destabilizing,
leading to sudden liquidity dry-ups and margin spirals (Section 3); (iii) liquidity
crises simultaneously affect many securities, mostly risky high-margin securi-
ties, resulting in commonality of liquidity and flight to quality (Section 4); and
(iv) liquidity risk matters even before speculators hit their capital constraints
(Section 5). Then we outline how our model’s new testable predictions may be
helpful for a novel line of empirical work that links measures of speculators’
funding conditions to measures of market liquidity (Section 6). Section 7 con-
cludes. Finally, we describe the real-world funding constraints for the main lig-
uidity providers, namely market makers, banks, and hedge funds (Appendix A),
and provide proofs (Appendix B).

Market liquidity is the focus of market microstructure (Stoll 1978; Ho and Stoll 1981, 1983; Kyle 1985;
Glosten and Milgrom 1985; Grossman and Miller 1988), and is related to the limits of arbitrage (DeLong et al.
1990; Shleifer and Vishny 1997; Abreu and Brunnermeier 2002). Funding liquidity is examined in corporate
finance (Shleifer and Vishny 1992; Holmstrom and Tirole 1998, 2001) and banking (Bryant 1980; Diamond
and Dybvig 1983; Allen and Gale 1998, 2004, 2005, 2007). Funding and collateral constraints are also studied
in macroeconomics (Aiyagari and Gertler 1999; Bernanke and Gertler 1989; Fisher 1933; Kiyotaki and Moore
1997; Lustig and Chien 2005), and general equilibrium with incomplete markets (Geanakoplos 1997, 2003).
Finally, recent papers consider illiquidity with constrained traders (Attari, Mello, and Ruckes 2005; Bernardo
and Welch 2004; Brunnermeier and Pedersen 2005; Eisfeldt 2004; Morris and Shin 2004; Weill 2007).



The Review of Financial Studies /v 00 n 0 2008

. Model

The economy has J risky assets, traded at times r = 0, 1, 2, 3. At time ¢ = 3,
each security j pays off v/, a random variable defined on a probability space
(2, F,P). There is no aggregate risk because the aggregate supply is zero and
the risk-free interest rate is normalized to zero, so the fundamental value of each
stock is its conditional expected value of the final payoff v; = E,[v/]. Funda-
mental volatility has an autoregressive conditional heteroscedasticity (ARCH)
structure. Specifically, v/ evolves according to

Jjooo_ Jjooo_ JoooJ
v/ = —i—AvH_l =v +0,,18,, (1)

where all ¢/ are i.i.d. across time and assets with a standard normal cumulative
distribution function ® with zero mean and unit variance, and the volatility o/
has dynamics

ol = o +0/|Av]], @

where o/, 0/ > 0. A positive 6/ implies that shocks to fundamentals increase
future volatility.

There are three groups of market participants: “customers” and “speculators”
trade assets while “financiers” finance speculators’ positions. The group of
customers consists of three risk-averse agents. At time 0, customer k = 0, 1, 2
has a cash holding of Wé‘ bonds and zero shares, but finds out that he will

experience an endowment shock of 7t = {zl'k, R ’k} shares at time t = 3,

where z are random variables such that the aggregate endowment shock is zero,
2 jk 0

D=2t =0.

With probability (1 — a), all customers arrive at the market at time 0 and can
trade securities in each time period 0, 1, 2. Since their aggregate shock is zero,
they can share risks and have no need for intermediation.

The basic liquidity problem arises because customers arrive sequentially
with probability a, which gives rise to order imbalance. Specifically, in this
case customer O arrives at time O, customer 1 arrives at time 1, and customer
2 arrives at time 2. Hence, at time 2 all customers are present, at time 1 only
customers 0 and 1 can trade, and at time 0 only customer 0 is in the market.

Before a customer arrives in the marketplace, his demand is yf =0, and
after he arrives he chooses his security position each period to maximize his
exponential utility function U(W5) = — exp{—y WX} over final wealth. Wealth
Wtk, including the value of the anticipated endowment shock of 7% shares,
evolves according to

Wiy =W+ —p) (v +2). )

The vector of total demand shock of customers who have arrived in the market
at time ¢ is denoted by Z, := > _, z*.
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The early customers’ trading need is accommodated by speculators who pro-
vide liquidity/immediacy. Speculators are risk-neutral and maximize expected
final wealth W3. Speculators face the constraint that the total margin on their
position x; cannot exceed their capital W,:

@ mT X TmlT) < w, &)
J

where x,j > 0and xtj > 0 are the positive and negative parts of x,j = x,j -
x]”, respectively, and m;" > 0 and m!~ > 0 are the dollar margin on long
and short positions, respectively. The institutional features related to this key
constraint for different types of speculators like hedge funds, banks, and market

makers are discussed in detail in Appendix A.
Speculators start out with a cash position of Wy and zero shares, and their

wealth evolves according to
Wy =W+, — pt—])/xt—l + ", (5)

where 1, is an independent wealth shock arising from other activities (e.g.,
a speculator’s investment banking arm). If a speculator loses all his capital,
W, < 0, he can no longer invest because of the margin constraint (4), i.e., he
must choose x; = 0. We let his utility in this case be ¢, W;, where ¢, > 0.
Limited liability corresponds to ¢, = 0, and a proportional bankruptcy cost
(e.g., monetary, reputational, or opportunity costs) corresponds to ¢, > 0. We
focus on the case in which ¢, = 1, that is, negative consumption equal to
the dollar loss in = 2. We discuss ¢; in Section 5. Our results would be
qualitatively the same with other bankruptcy assumptions.

We could allow the speculators to raise new capital as long as this takes time.
Indeed, the model would be the same if the speculators could raise capital only
at time 2 (and in this case we need not assume that the customers’ endowment
shocks z/ aggregate to zero). Hence, in this sense, we can view our model as one
of “slow moving capital,” consistent with the empirical evidence of Mitchell,
Pedersen, and Pulvino (2007).

Each financier sets the margins to limit his counterparty credit risk. Specif-
ically, each financier ensures that the margin is large enough to cover the
position’s m-value-at-risk (where m is a non-negative number close to zero,
e.g., 1%):

n:Pr(—Ale+l>m{+|.7-',), (6)
n=Pr(Ap),, >m!" | F). (7)

Equation (6) means that the margin on a long position m™ is set such
that price drops that exceed the amount of the margin only happen with
a small probability m. Similarly, Equation (7) means that price increases
larger than the margin on a short position only happen with small probability.
Clearly, the margin is larger for more volatile assets. The margin depends on
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financiers’ information set F,. We consider two important benchmarks: “in-
formed financiers,” who know the fundamental value and the liquidity shocks
z, Fy =o0{z,vo,.... ¥+, Pgs - --» Ps» M1, - - - » M}, and “uninformed financiers,”
who only observe prices, F; = o{py, ..., p,}. This margin specification is mo-
tivated by the real-world institutional features described in Appendix A. The-
oretically, Stiglitz and Weiss (1981) show how credit rationing can be due to
adverse selection and moral hazard in the lending market, and Geanakoplos
(2003) considers endogenous contracts in a general-equilibrium framework of
imperfect commitment.
We let A; be the (signed) deviation of the price from fundamental value:

A =pl —v], (8)

and we define our measure of market illiquidity as the absolute amount of this
deviation, |A]|. We consider competitive equilibria of the economy:

Definition 1. An equilibrium is a price process p, such that (i) x, maxi-
mizes the speculators’ expected final profit subject to the margin constraint (4);
(ii) each y* maximizes customer k’s expected utility after their arrival at the
marketplace and is zero beforehand; (iii) margins are set according to the VaR
specification (6—7); and (iv) markets clear, x, + Zzzo yf =0.

Equilibrium. We derive the optimal strategies for customers and speculators
using dynamic programming, starting from time 2, and working backwards.
A customer’s value function is denoted I" and a speculator’s value function is
denoted J. At time 2, customer k’s problem is

owk
T2 (W5, p2, v2) = max —Ex[e™ """ ] ©
¥
— max _e—V(Ez[Wf —2Var,[WE)) (10)
k
Y2

which has the solution

. Uj — pj .
=2 02 =7 =z (11)
v(o3)

Clearly, since all customers are present in the market at time 2, the unique equi-
librium is p; = v,. Indeed, when the prices are equal to fundamentals, the ag-
gregate customer demand is zero, ) , yﬁ’k = 0, and speculators also has a zero
demand. We get the customer’s value function C(WE, P2 = U2, 1) = —e™YWs s
and the speculator’s value function J,(W,, py = v, v2) = Ws.

The equilibrium before time 2 depends on whether the customers arrive
sequentially or simultaneously. If all customers arrive at time 0, then the simple
arguments above show that p, = v, at any time r = 0, 1, 2.

10
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We are interested in the case with sequential arrival of the customers such
that the speculators’ liquidity provision is needed. At time 1, customers 0 and
1 are present in the market, but customer 2 has not arrived yet. As above,
customer k£ = 0, 1 has a demand and value function of

i v _p P
W= yl(oé)z' z* (12)
J o i\2
T (WE, prvi) = —exp { —y W{‘+Z(v1—?12) .(13)
7 2v()

At time 0, customer k=0 arrives in the market and maximizes
Eo[T1(Wf, p1, vl o

At time ¢ = 1, if the market is perfectly liquid so that pj = v{ for all j,
then the speculators are indifferent among all possible positions x;. If some
securities have p; # vy, then the risk-neutral speculators invest all his capital
such that his margin constraint binds. The speculators optimally trade only
in securities with the highest expected profit per dollar used. The profit per
dollar used is (v] — pJ)/m]™ on a long position and —(v] — p{)/m]” on a
short position. A speculators’ shadow cost of capital, denoted ¢, is 1 plus the
maximum profit per dollar used as long as he is not bankrupt:

i i () —
(1>1=1+ma'1x:max<v1 j+p1’ (ljp])>}, (14)

J

where the margins for long and short positions are set by the financiers, as
described in the next section. If the speculators are bankrupt, W; < 0, then
¢1 = ¢;. Each speculator’s value function is therefore

Ji(W1, p1, vi, po, vo) = Wiy . (15)

At time ¢t = 0, the speculator maximizes Eqo[W;¢,] subject to his capital con-
straint (4).

The equilibrium prices at times 1 and 0 do not have simple expressions but
we can characterize their properties, starting with a basic result from which
much intuition derives:

Proposition 1 (market and funding liquidity). In equilibrium, any asset
j’s market illiquidity | A{| is linked to its margin m{ and the common funding
illiquidity as measured by the speculators’ marginal value of an extra dollar

¢1:
|A]| = m{(¢1 — 1), (16)

11
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where m{ = m{Jr if the speculator is long and m{ =m!" otherwise. If the

speculators have a zero position for asset j, the equation is replaced by <.

We next go on to show the (de-)stabilizing properties of margins, and then we
further characterize the equilibrium connection between market liquidity and
speculators’ funding situation, and the role played by liquidity risk at time 0.

. Margin Setting and Liquidity (Time 1)

A key determinant of speculators’ funding liquidity is their margin requirement
for collateralized financing. Hence, it is important to determine the margin
function, m|, set by, respectively, informed and uninformed financiers. The
margin at time 1 is set to cover a position’s value-at-risk, knowing that prices
equal the fundamental values in the next period 2, p, = v;.

We consider first informed financiers who know the fundamental values v
and, hence, price divergence from fundamentals A;. Since A, = 0, they set
margins on long positions at t = 1, according to

T = Pr(—Apé > m'{+ | F1)

=Pr(—Av) + A > m]" | F) a7
m{+ — A{
=1-9 — |
03
which implies that
mT =o' (1-mn)o) +A] (18)

=&/ 4+ 8|av]| + A],
where we define
5/ =o/®7 (1 -m), (19)
o/ =0/d (1 — 7). (20)

The margin on a short position can be derived similarly and we arrive at the
following surprising result:

Proposition 2 (stabilizing margins and the cushioning effect). When the
financiers are informed about the fundamental value and knows that prices will
equal fundamentals in the next period, t = 2, then the margins on long and
short positions are, respectively,

m{" = max {5/ + 87| Av]| + A], 0}, 2
mi™ = max {6/ + 8| Avl| — A, 0}. (22)
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The more prices are below fundamentals A{ < 0, the lower is the margin on
a long position m] * and the more prices are above fundamentals A1 > 0, the

lower is the margin on a short position m{_. Hence, in this case illiquidity
reduces margins for speculators who buy low and sell high.

The margins are reduced by illiquidity because the speculators are expected
to profit when prices return to fundamentals at time 2, and this profit “cushions”
the speculators from losses due to fundamental volatility. Thus, we denote the
margins set by informed financiers at t = 1 as stabilizing margins.

Stabilizing margins are an interesting benchmark, and they are hard to escape
in a theoretical model. However, real-world liquidity crises are often associated
with increases in margins, not decreases. To capture this, we turn to the case of
a in which financiers are uninformed about the current fundamental so that he
must set his margin based on the observed prices pg and p;. This is in general
a complicated problem since the financiers need to filter out the probability
that customers arrive sequentially, and the values of zy and z;. The expression
becomes simple, however, if the financier’s prior probability of an asynchronous

arrival of endowment shocks is small so that he finds it likely that p/ = v/,

implying a common margin m] = m/]* = m?]~ for long and short positions in

the limit:

Proposition 3 (destabilizing margins). When the financiers are uninformed
about the fundamental value, then, as a — 0, the margins on long and short
positions approach

m] =& +8/|Ap]| =& +8/|Av] + AA]. (23)

Margins are increasing in price volatility and market illiquidity can increase
margins.

Intuitively, since liquidity risk tends to increase price volatility, and since
uninformed financiers may interpret price volatility as fundamental volatility,
this increases margins.” Equation (23) corresponds closely to real-world margin
setting, which is primarily based on volatility estimates from past price move-
ments. This introduces a procyclicality that amplifies funding shocks—a major
criticism of the Basel II capital regulation. (See Appendix A.2 for how banks’
capital requirements relate to our funding constraint.) Equation (23) shows that
illiquidity increases margins when the liquidity shock AA{ has the same sign
as the fundamental shock Av{ (or is greater in magnitude), for example, when
bad news and selling pressure happen at the same time. On the other hand, mar-
gins are reduced if the nonfundamental z-shock counterbalances a fundamental

In the analysis of time 0, we shall see that margins can also be destabilizing when price volatility signals future
liquidity risk (not necessarily fundamental risk).

13



The Review of Financial Studies /v 00 n 0 2008

move. We denote the phenomenon that margins can increase as illiquidity rises
by destabilizing margins. As we will see next, the information available to the
financiers (i.e., whether margins are stabilizing or destabilizing) has important
implications for the equilibrium.

. Fragility and Liquidity Spirals (Time 1)

We next show how speculators’ funding problems can lead to liquidity spirals
and fragility—the property that a small change in fundamentals can lead to a
large jump in illiquidity. We show that funding problems are especially esca-
lating with uninformed financiers (i.e., destabilizing margins). For simplicity,
we illustrate this with a single security J = 1.

3.1 Fragility

To set the stage for the main fragility proposition below, we make a few brief
definitions. Liquidity is said to be fragile if the equilibrium price p;(n,, v;)
cannot be chosen to be continuous in the exogenous shocks, namely v, and
Av;. Fragility arises when the excess demand for shares x; + 2,1:0 yf can
be non-monotonic in the price. While under “normal” circumstances, a high
price leads to a low total demand (i.e., excess demand is decreasing), binding
funding constraints along with destabilizing margins (margin effect) or specu-
lators’ losses (loss effect) can lead to an increasing demand curve. Further, it is
natural to focus on stable equilibria in which a small negative (positive) price
perturbation leads to excess demand (supply), which, intuitively, “pushes” the
price back up (down) to its equilibrium level.

Proposition 4 (fragility). There exist x,9,a > 0 such that:

(i) With informed financiers, the market is fragile at time 1 if speculators’
position |xo| is larger than x and of the same sign as the demand shock Z,.
(ii) With uninformed financiers the market is fragile as in (i) and additionally
if the ARCH parameter 9 is larger than 6 and the probability, a, of sequential
arrival of customers is smaller than a.

Numerical example. We illustrate how fragility arises due to destabilizing
margins or dealer losses by way of a numerical example. We consider the
more interesting (and arguably more realistic) case in which the financiers are
uninformed, and we choose parameters as follows.

The fundamental value has ARCH volatility parameters ¢ = 10 and 6 =
0.3, which implies clustering of volatility. The initial price is py = 130, the
aggregate demand shock of the customers who have arrived at time 1 is Z; =
z0 + z1 = 30, and the customers’ risk aversion coefficient is y = 0.05. The
speculators have an initial position of xo = 0 and a cash wealth of W; =
900. Finally, the financiers use a VaR with m = 1% and customers learn their
endowment shocks sequentially with probability a = 1%.
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Figure 3

Speculator demand and customer supply

This figure illustrates how margins can be destabilizing when financiers are uninformed and the fundamentals
have volatility clustering. The solid curve is the speculators’ optimal demand for a = 1%. The upward sloping
dashed line is the customers’ supply, that is, the negative of their demand. In panel A, the speculators experience
a zero wealth shock, n; = 0, while in panel B they face a negative wealth shock of n; = —150, otherwise
everything is the same. In panel A, perfect liquidity p; = v; = 120 is one of two stable equilibria, while in panel
B the unique equilibrium is illiquid.

Panel A of Figure 3 illustrates how the speculators’ demand x; and the
customers’ supply (i.e., the negative of the customers’ demand as per Equation
(12)) depend on the price p; when the fundamental value is v; = 120 and the
speculators’ wealth shock is 1; = 0. Customers’ supply is given by the upward
sloping dashed line since, naturally, their supply is greater when the price is
higher. Customers supply Z; = 30 shares, namely the shares that they anticipate
receiving attime ¢ = 3, when the market is perfectly liquid, p; = v; = 120(.e.,
illiquidity is |A ;| = 0). For lower prices, they supply fewer shares.

The speculators’ demand, x;, must satisfy the margin constraints. It is in-
structive to consider first the simpler limiting case a — 0 for which the margin
requirement is simply m = & + 6| Ap;| = 2.326(10 + 0.3| Ap;|). This implies
that speculators demand |x;| < W;/(G + 8| Ap,|). Graphically, this means that
their demand must be inside the “hyperbolic star” defined by the four (dotted)
hyperbolas (that are partially overlaid by a solid demand curve in Figure 3).
At the price p; = po = 130, the margin is smallest and hence the constraint is
most relaxed. As p; departs from py = 130, margins increase and speculators
become more constrained—the horizontal distance between two hyperbolas
shrinks.

After establishing the hyperbolic star, it is easy to derive the demand curve
for a — 0: For p; = v; = 120, the security’s expected return is zero and each
speculator is indifferent between all his possible positions on the horizontal
line. For price levels p; > v; above this line, the risk-neutral speculators want
to short-sell the asset, x; < 0, and their demand is constrained by the upper-
left side of the star. Similarly, for prices below vy, speculators buy the asset,
x1 > 0, and their demand is limited by the margin constraint. Interestingly,
the speculators’ demand is upward sloping for prices below 120. As the price
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declines, the financiers’ estimate of fundamental volatility, and consequently
of margins, increase.

We now generalize the analysis to the case where a > 0. The margin setting
becomes more complicated since uninformed financiers must filter out to what
extent the equilibrium price change is caused by a movement in fundamentals
Av; and/or an occurrence of a liquidity event with an order imbalance caused
by the presence of customers 0 and 1, but not customer 2. Since customers
0 and 1 want to sell (Z; = 30), a price increase or modest price decline is
most likely due to a change in fundamentals, and hence the margin setting
is similar to the case of a = 0. This is why speculators’ demand curve for
prices above 100 almost perfectly overlays the relevant part of the hyperbolic
star in Figure 3. However, for a large price drop, say below 100, financiers assign
a larger conditional probability that a liquidity event has occurred. Hence, they
are willing to set a lower margin (relative to the one implying the hyperbolic
star) because they expect the speculator to profit as the price rebounds in period
2—hence, the cushioning effect discussed above reappears in the extreme here.
This explains why the speculators’ demand curve is backward bending only
in a limited price range and becomes downward sloping for p; below roughly
100.3

Panel A of Figure 3 shows that there are two stable equilibria: a perfect
liquidity equilibrium with price p; = v; = 120 and an illiquid equilibrium
with a price of about 94 (and an uninteresting unstable equilibrium with p; just
below 120).

Panel B of Figure 3 shows the same plot as panel A, but with a negative wealth
shock to speculators of n; = —150 instead of n; = 0. In this case, perfect
liquidity with p; = v is no longer an equilibrium since the speculators cannot
fund a large enough position. The unique equilibrium is highly illiquid because
of the speculators’ lower wealth and, importantly, because of endogenously
higher margins.

This “disconnect” between the perfect-liquidity equilibrium and the illiquid
equilibrium and the resulting fragility is illustrated more directly in Figure 4.
Panel A plots the equilibrium price correspondence for different exogenous
funding shocks 1 (with fixed Av; = —10) and shows that a marginal reduction
in funding cannot always lead to a smooth reduction in market liquidity. Rather,
there must be a level of funding such that an infinitesimal drop in funding leads
to a discontinuous drop in market liquidity.

The dark line in Figure 4 shows the equilibrium with the highest market
liquidity and the light line shows the equilibrium with the lowest market lig-
uidity. We note that the financiers’ filtering problem and, hence, the margin
function depend on the equilibrium selection. Since the margin affects the

We note that the cushioning effect relies on the financiers’ knowledge that the market will become liquid in
period ¢ = 2. This is not the case in the earlier period 0, though. In an earlier version of the paper, we showed that
the cushioning effect disappears in a stationary infinite horizon setting in which the “complementary” customers
arrive in each period with a constant arrival probability.
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