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Lecture Outline |

1. Examples of arbitrage
2. Limits of arbitrage: the theory
3. Empirical evidence on limits of arbitrage
4. Intermediary Asset Pricing
Relevant readings:
e Mitchell, Pulvino, and Stafford (2002, JF), Fleckenstein, Longstaff, Lustig (JF, 2014)
e Gromb and Vayanos , 2010, Limits of arbitrage: the state of the theory

e Take a look at: DelLong, Shleifer, Summers, Waldman (DSSW, JPE 1990), Shleifer and Vishny
(JF 1997), Gromb and Vayanos (2002), Abreu and Brunnermeier (JFE 2002), Abreu and Brun-
nermeier (Econometrica, 2003), Brunnermeier and Pedersen (RFS 2009)
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e Brunnermeier and Nagel (JF 2004), Ben-David, Franzoni, Moussawi (RFS 2012), Aragon and
Strahan (JFE 2012), Coval and Stafford (JFE 2007)

e Intermediary Asset Pricing: He, Kelly, Manela (JFE, 2017), Adrian, Etula, Muir (JF, 2014)
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1. Examples of Arbitrage Opportunities |
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The Palm-3Com Anomaly |

e In March 2000, 3Com carved out 5% of its stake in Palm via an IPO and announced that it
would spin off its remaining 95% stake before the end of the year by distributing 1.525 shares of
Palm for each share of 3Com

e Investors could therefore buy shares of Palm directly or indrectly by buying the shares embedded
within shares of 3Com

e After the IPO, the shares of Palm traded $95.06 and the shares of 3Com at $81.81

e The law of one price was violated because

$81.81 < 1.525 x $95.06 = $145

e Given that 3Com had zero debt, this pricing implied that the remaining assets of 3Com were
given a negative value by the market (negative stub value)

e Why were investors willing to buy one share of Palm at $95.95 while they could buy it at $—?15gé =

$53. 646 with one 3Com share?
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Positive sentiment for dot-com stocks

However, you need to introduce limits of arbitrage to explain why rational investors did not

arbitrage it away
Short selling costs do the job if large enough

The evidence is that there were very few Palm stocks available for lending and the short selling

fees for Palm were very high (30% annually)

Admittedly, there was also uncertainty about the spin off date, which made the arbitrage risky
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\ Mitchell, Pulvino, Stafford (2002, JF) |

e They examine systematically the occurence of arbitrage opportunities where the value of the
parent company, computed as market value of equity plus market value of debt, is less than the
value of the stake in the subsidiary (negative stub value firms)

e In a sample running from 1985 to 2000, they find 82 situations of negative stub value
e They typically arise after equity carve outs or partial acquisitions

e The arbitrage trade involves a long position in the parent company and a short position in the
subsidiary

e They assess the importance of different types of limits to arbitrage

1. Fundamental risk: they define it as the risk that the mispricing does not converge at any point

e This happens, for example, because the parent goes bankrupt, or third party acquires the
subsidiary, or delisting, etc.
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e These events occur for about 30% of the negative stub value situations

2. Financing risk: this can take two forms

(a) Horizon risk: uncertainy about the time a position needs to be kept open before convergence

OCcurs

- In the sample, there is large variability of this horizon: average = 236 days, median = 92

days, min = 1 day, max = 2796 days

- In the time to convergence, the arbitrage usually underperforms, discouraging investors who

are not able to close the mispricing on their own

(b) Margin risk: the long-short strategy involves posting collateral to satisfy margins. Margin
calls can occur if the strategy underperforms in the interim period which require additional
collateral or liquidation. If the fund cannot commit more capital, the position is liquidated

at a loss

3. Cost of shorting and buy-ins:
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(a) The rebate rate is the interest that is returned to the share-borrower on the proceeds from the
short sales. The rebate rate is below the market interest rate (Libor) because the borrower
has to pay a short selling fee

rebate = libor — shorting fee

There is wide dispersion in the rebate rate in the sample of stocks. For example, Palm has
a rebate rate of -30% (annual). This includes a huge short selling fee. In general, however,
short selling fees do not seem extreme and rebate rates are slightly below the Libor rate on
average. This limit of arbitrage is not important, rather what matters is the uncertainty about
the horizon over which this cost has to be born

(b) A buy-in is a situation in which the share lender recalls the shares because they cannot be
found in other ways in the market. In that case the arbitrage trade has to be closed down.
This happens for about 15% of the shares in their database. It seems a substantial risk

4. Imperfect information: All other risks can be diversified in a portfolio. However, investors still
face uncertainty about the actual profitability of this strategy and the best way to implement the
strategy. There is a need for learning, which can take a long time. This is the most important
limit to arbitrage. This uncertainty limits the amount of capital that arbitrageurs are willing to
commit. The presence of this uncertainty is testified by:
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(a) Low statistical significance of abnormal returns at the end of the 16 year period. Hence,

statistical reliability was even lower at the beginning of the sample

(b) Very extreme and rare events that cause large negative changes in valuation of the profitability
of the strategy even 13 years into the sample. There is very few opportunities to learn about

these events

(c) When uncertainty is resolved, for example because of public announcements of favorable tax
treatment of the deals, there are large swings in the value of the strategies, suggesting that

large uncertainty is present
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he TIPS-Treasury Bond Puzzle (Fleckenstein, Longstaff, Lustig,

2014, JF)

e Clear evidence of arbitrage opportunity using TIPS, T-Bonds, and inflation swaps (and STRIPS):
the T-Bond appears to be overpriced relative to the TIPS
e TIPS (Treasury Inflation Protected Security)
— Principal adjusted for Inflation

— Coupons computed on inflation-adjusted-nominal value

— Real yield

e Inflation Swaps (zero-coupon)
— One leg: pays fixed rate on notional value
— Other leg: pays inflation on notional value

— It gives one party protection against inflation
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— Fixed rate reflects inflation expectations during life of the contract (plus a risk premium)

e STRIPS are zero-coupon bonds obtained from separating (i.e. stripping) dividends and principal
payments in a regular bond

e Imagine buying a T-bond with $100 nominal value and coupon c. The periodic cash flow is:

c
and at maturity it is

c + 100

e One can create a synthetic nominal bond replicating the T-Bond by going:
— Long TIPS, paying at each date an inflation adjusted coupon sl; and at maturity (s+ 100)Ip

— Sell inflation protection with an inflation swap for each date of the coupon and principal
payments of the TIPS (F is the fixed rate $ payment)

s(Fy — Iy)
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and at maturity
s (Fp — I7) + 100 (Fp — I)
e Finally, you need STRIPS to equate cash flows from T-Bond and TIPS at each coupon date
c — sk}
and principal date

¢+ 100 — (s + 100)Fy

e Then, they can compute the difference in prices between the T-Bond and the replicating portfolio.

This is the dollar mispricing

e They can also compute the difference in yields between the actual and synthetic bonds, as a

measure of basis point mispricing
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Strategy 0 1 2 3 T
Buy Treasury —P c c c ¢+ 100
Buy TIPS -V sh sk sl (s + 100) 17
Inflation Swap; 0 s(tFp — ) 0 0 0
Inflation Swape 0 0 s(Fy — Ip) 0 0
Inflation Swapg 0 0 0 s(Fy — I3) 0
Inflation Swapyr 0 0 0 0 (s + 100) Fp — I)
STRIPS, —(c —sFy)D(1) c—sk; 0 0 0
STRIPSs —(ec —sF2)D(2) 0 c—sFy 0 0
STRIPSg —(e —sF3)D(3) 0 0 c—sky 0
STRIPSy —(c +100)D(T)— (c +100)—
(s +100)Fr D(T) 0 0 0 (s + 100)F7

Total Cash Flow YT (c—sF) DG) +

100(1 — Fr)D(T) -V c c c ¢+ 100
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Evidence on Mispricing

Dollar Mispricing Basiz-Point Mispricing
Mizsmatch

TIPS Treasury in Dayse Mean SDev Min Max o Mean SDev Min Max P N
January 15, 2007 3.375 December 31, 2006 3.000 15 0.18 039 —-0.76 1.10 097 3457 92.03 -25556 35723 098 506
January 15, 2008 3.625 December 31, 2007 4.375 15 034 034 025 126 09 5382 6657 -—8099 27041 09 502
January 15, 2009 3.875 January 15, 2009  3.250 o 067 046 —-034 256 095 7254 13534 -—-2555 72329 098 1,109
January 15, 2010 4.250 January 15, 2010 3.625 ] 0.85 059 —105 469 091 5514 7191 —5447 42039 097 1,215
April 15, 2010 0.875 April 15, 2010 4,000 ] 1.09 065 —-1.18 451 093 5826 5784 —69.20 31665 096 1,161
January 15, 2011 3.500 January 15, 2011 4250 o 132 091 —-003 494 092 5024 33867 —1.07 23107 094 971
April 15, 2011 2.3756 March 31, 2011 4,750 15 167 070 —-037 503 091 56.13 33.04 —1524 21325 094 736
January 15, 2012 3.375 January 15, 2012 1125 o 1.84 075 079 484 09 7232 2420 31.10 183.04 085 215
April 15, 2012 2.000 Apml 15, 2012 1.375 o 142 041 062 232 091 5411 1490 21.83 9097 090 154
July 15, 2012 3.000 July 15, 2012 1.500 ] 166 037 094 289 086 6025 1244 35.72 104.19% 0.83 o
April 15, 2013 0.625 March 31, 2013 2.500 15 219 118 —-107 637 095 5544 28.02 -2454 15669 095 395
July 15, 2013 1.8756 June 30, 2013 3.375 15 402 1.83 1.77 936 098 9627 39.99 49.04 21292 097 353
January 15, 2014 2.000 December 31, 2013 1.500 15 438 150 230 7.86 0898 10366 23032 5934 17367 097 225
April 15, 2014 1.250 March 31, 2014 1.750 15 1.76 030 107 258 085 4124 6.97 2377 5H6.82 085 143
July 15, 2014 2.000 June 30, 2014 2.625 15 3.01 048 204 404 0895 6720 9.76 4645 8847 083 101

(Continued)

Dollar Mispricing Basiz-Point Mizpricing
Mi=zmatch

TIPS Treasury in Days Mean SDev DMin Max o Mean SDev Min Max P N
January 15, 2015 1.625 February 15, 2015 4.000 3 336 2.04 122 1252 099 5548 37.53 15.62 214.11 0.99 1,204
July 15, 2015 1.875 August 15, 2015 4.250 a1 361 218 1.54 13.24 099 5639 3645 22.68 20757 099 1,079
January 15, 2016 2.000 February1s, 2016 4.500 a1 401 2.29 1.63 13.14 099 5966 3541 22.46 20656 099 950
July 15, 2016 2.500 June 30, 2018 3.250 15 3.76 0.59 246 499 098 6234 9.63 40.75 8258 0988 101
January 15, 2017 2.375 February 15, 2017 4.625 3 427 2.35 1.51 1256 098 5822 31.97 18.92 166.06 0.98 698
July 15, 2017 2.625 August 15, 2017 4.750 3 443 2.34 170 11.20 097 5729 29.83 20.51 143.82 097 573
January 15, 2018 1.625 February 25, 2018 3.500 3 500 251 213 1205 098 6533 31.57 26.99 147.04 097 4486
July 15, 2018 1.375 August 15, 2018 4.000 3 h38 262 1.78 1231 098 6578 29.584 21.72 137.22 097 320
January 15, 2019 2.125 February 15, 2019 2.750 3 532 2.08 256 10.14 099 6336 24.60 33.66 123.37 099 194
July 15, 2019 1.876 August 15, 2019 3.625 3 394 0.78 240 509 099 4798 9.44 2005 6251 0.99 68
January 15, 2025 2.375 February 15, 2025 7.6256 3 427 357 —-089 23.06 098 2940 2345 —5.51 13897 0938 1,342
January 15, 2026 2.000 February 15, 2026 6.000 3 490 3.16 —-0.06 18.49% 097 236.85 2198 —0.50 11859 096 961
January 15, 2027 2.375 February 15, 2027 6.625 3 530 346 054 1853 097 3642 2203 3.70 108.12 096 709
January 15, 2029 2500 February 15, 2029 5250 3 6.584 349 168 1522 098 4843 23.69 1222 103.74 098 205
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29 pairs between 2004 and 2009
The mispricing is mostly positive: the TBonds are more expensive than the TIPS

The mispricing is very large. E.g. it is up to $23 for the Jan2025 bond on $100 of notional

amount
The mean mispricing is also large. E.g. it is $6.84 for the Jan2029 bond on $100 notional

There is time variation in average mispricing across bonds. Much larger during the Global
Financial Crisis
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Can it be due to transaction costs or mispricing of swaps? |

e No, transaction costs are very small for all the instruments involved
— Average bid-ask spread for T-bond is 0.78 ticks (tick = 1/32 of $1)
— For TIPS up to 7.3 ticks
— For STRIPS 3 ticks

e No, inflation swaps mispricing does not seem to be the explanation

— They re-do the replication exercise with Corporate bonds (nominal and inflation-protected)
and find no mispricing there

— They also compute the credit spread (= yield corporate - yield treasury) for nominal and
inflation-protected bonds. They find credit spread for nominal is up to 86 bps larger than for
inflation-protected, suggesting that nominal treasuries have excessively low yields (i.e. high
prices)

— This computation does not involve inflation swaps
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Why is the mispricing there in the first place? |

e Why are T-Bonds overpriced relative to TIPS?
e Not much empirical evidence

e Arguments:
— TBonds are perceived to be extremely liquid and safe (cash-like) instruments
— Investors are willing to forego some returns to hold TBonds

— Treasury convenience yield
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Why does the mispricing persist? |

e There are limits to arbitrage
e In particular, they refer to slow-moving capital (Duffie 2010)
e Arbitrageurs’ capital is scarcer during the crisis

e They show correlation with mispricing in other fixed income strategies (e.g. on-the-run vs.
off-the-run TBonds, CDS-Bond basis)

— Meaning that arbitrageurs are constrained across multiple strategies

e They show that when arbitrageurs are doing well mispricing goes down

— l.e. when stock/bond markets go up, when hedge funds perform well
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Other Implications |

e The U.S. government is losing money when issuing undepriced TIPS

— The U.S. government has to levy $2.92 more in taxes, in present discounted value, to repay
$100 of debt issued if the debt is indexed rather than nominal

— Moreover, the government loses the flexibility to devalue debt with surprise inflation, which
Is a valuable option

e Becuase TIPS are underpriced, and their yields are too large, the breakeven inflation measured
as

yieldnominal — Yieldyeq)

is underestimating expected inflation

e To compute expected inflation one has to correct for the underpricing of the TIPS (called a
liquidity premium, LP) and for an inflation risk premium (RP) that is present in the yield of the
nominal bonds

E (Inflation) = (yieldnominal — RP) — (yield,es — LP)
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2. Limits of arbitrage: the theory |
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A simple model of limits to arbitrage |

e Based on Gromb and Vayanos (2010)

e Two periods: 1 and 2

e Two assets with correlated payoffs: A and B

e Risk-free rate exogenously set to O

e Arbitrageurs are risk averse with CARA utility and risk aversion «

e Arbitrageurs trade at time 1 and receive dividends at time 2

e Normally distributed random dividends: d4 and dpg, with mean d; and variance o;, i = A, B
e Assets are in zero net supply

e Asset B’s price is exogenously set to the expected dividend pg = dp
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There are exogenous demand (=liquidity) shocks in asset A: u
Arbitrageurs provide liquidity: take the opposite side of liquidity demand

The equilibrium price of asset A is

pA:JA—Faa%(l—pz)u (1)

where p is the correlation between the dividends of the two assets
Note: demand shocks u in equation (1) affect the price
That is: arbitrageurs earn a premium from providing liquidity

Assets with more risk (0 4) and fewer substitutes (lower p) are more subject to demand shocks
because arbitrageurs are less able to hedge risks

Similarly, higher risk aversion (a) gives rise to a larger price impact

Notice that if p = 1 there exists a perfect substitute of asset A. So, arbitrage is riskless and price
equals fundamentals

In all other cases, arbitrage is not riskless
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\ Fundamental vs. Non-Fundamental Risk |

e Assume that there is a period 0 in which trading occurs

e At time 0, even the expectations of the dividends (d;) are random with the same volatility o,
(e.g. think of a coarser information set about fundamentals at time 0)

e And the demand shock u at time 1 is random from the point of view of time O

e Then, at time O arbitrageurs who need to liquidate at time 1 (short horizon) bear two sources
of risk
1. Fundamental risk: related to uncertainty about d4 and dp
2. Non-fundamental risk: related to uncertainty about demand shocks u

e So, arbitrageurs with short horizons at time 0, may refrain from trading against time 0 demand
shocks because of non-fundamental risk
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As a result, the volatility of p4 at t=1 as of t=0 is

| )

2
oA [1 + 0420124 (1 — p2> a%
and the correlation between p4 and pp is

P

[1 + ozzaj%l (1 — p2)2 o2

. (3)
]1/2

Note that the volatility in Equation (2) is larger than o 4 because of the second term in brackets
And the correlation in Equation (3) is smaller than p because the denominator is larger than one
Hence, demand shocks create volatility and lower the correlation between the two assets

As a result of this volatility and reduced correlation, arbitrageurs require a higher premium and
prices diverge further from fundamentals at t=0

— In other words, non-fundamental risk constrains arbitrageurs aggressiveness
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If arbitrageurs had a long horizon, i.e., they could hold the asset until t=2, the non-fundamental
demand at t=1 would have no impact on prices at t=0

DSSW (1990) generate divergence from fundamentals in a model with two identical (p = 1)
assets, where the Law of One Price should hold, but with autocorrelated demand shocks for one
asset

Crucial assumptions:
— arbitrageurs with finite horizons

— infinite horizon economy
They call this: noise trader risk

Short horizons can be endogenized as a form of financial constraints (e.g. Shleifer and Vishny
1997, see below)

Bottom line: non-fundamental risk can affect asset prices if arbitrageurs have short horizon
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Short-selling costs |

e In case of positive demand shocks, arbitrageurs would like to short the asset

e Short-selling is not free. Arbitrageurs need to post cash as collateral

e The interest rate earned on the collateral can be below the market interest rate
e That is: rebate rate < market interest rate

e The difference between the two is the short-selling fee

e This is a short-selling cost

e You can model the short-selling cost as c

e In this case, the equilibrium price of asset A at time 1 is
pA = JA+aa?4(1—p2)u if u<0
pA = JA+040124(1—,02)u+c if uw>0
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e In case u > 0, arbitrageurs are selling short asset A, and the price has to rise by ¢ to compensate

them for short selling costs

e So, two assets with identical payoffs (p = 1) that are subject to demand shocks can have different
prices if there are short-selling costs. That is (considering risk neutral agents)

pa = da+c
d A

PB

e This result can explain the Palm-3Com anomaly, which received positive demand by sentiment

traders and was very expensive to short
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Wealth Effects |

e The ability to correct deviations from fundamentals due to demand shocks requires capital
e In the previous model, arbitrageurs’ wealth does not appear because of CARA utility

e With more general utility functions, wealth increases risk bearing capacity, that is, it decreases
risk aversion (e.g., logarithmic utility in Xiong, 2001, and Kyle and Xiong, 2001)

e So, as wealth decreases, arbitrageurs are less willing to take the other side of liquidity shocks
and price correction is smaller (liquidity decreases)

e [ his channel is called wealth effects

e The empirical paper by Comerton-Forde, Hendershott, Jones, Moulton, and Seasholes (JF, 2010)
on NYSE specialists provides empirical evidence of wealth effects

e The specialists withdraw from liquidity provision when they lose money

e Note, however, that the authors provide a justification based on ‘financial constraints’. But
specialists are not using outside finance

(© 2025 by F. Franzoni Page 31 - 104



Leverage constraints |

e One can let wealth enter the model through the constraints on arbitrageurs’ ability to invest
more than their wealth

e This channel is labeled financial constraints
e One version of financial constraints is limits on leverage

e Gromb and Vayanos (2002), Brunnermeier and Pedersen (2009) and others model these limits
as margin constraints

e Buying on margin: to buy a security, investors borrow money from broker, and post the security
as collateral

e Similarly, to buy fixed income securities, arbitrageurs do Repo transactions, also involving hair-
cuts

e The value of the security is discounted (haircut). So, you cannot borrow 100% of the value of
the security
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You still need your own capital (margin requirement)

The broker wants to minimize the risk of this operation. So, the margin is the larger the more
risky the security is

Similarly, to short sell a security, you need to post cash (margin) that exceeds the proceeds from
the short sale because the broker wants to be protected against upward movements in the price

So, arbitrageurs need to have at least some equity capital in the presence of limits on leverage
If there are demand shocks (u) arbitrageurs would like to take the other side

However, it's possible that their capital is not enough, so that they cannot borrow enough to
enforce the law of one price

That is: when arbitrageurs capital is small, the leverage constraint is binding, and arbitrageurs’
liquidity provision is not perfect
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Amplification |

e Suppose arbitrageurs enter period 1 with wealth that is invested in period 0

e There is a negative demand shock that lowers the value of the assets in arbitrageurs’ portfolio
e This makes the leverage constraint binding in period 1

e Arbitrageurs receive margin calls from their brokers and they are forced to liquidate

e Arbitrageurs’ sales reinforce the negative demand shock

e Arbitrageurs are consuming liquidity in this case

e Amplification
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Contagion |

e In a multi-asset setting, a demand shock to one asset may force liquidation of other securities
in the portfolio

e For example, arbitrageurs may choose to liquidate the more liquid securities first

e Or, they can choose to liquidate the most volatile securities that impose higher capital charges
(flight to quality)

e In any case, a shock to one security can propagate to other securities because of leverage
constraints

e Propagation of shocks to correlated assets can also emerge in models with risk averse investors
that hedge the demand for one asset with demand for a correlated asset (see Greenwood, 2005,

JFE)
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Funding Liquidity and Market Liquidity |

e Brunnermeier and Pedersen (2009) use leverage constraints in a multi-asset setting to generate

amplification and contagion
e Similar concepts were previously explored by Gromb and Vayanos (2002, JFE)

e Brunnermeier and Pedersen talk about funding liquidity: the availability of capital for arbi-
trageurs, which depends on the performance of their portfolio

e And market liquidity: the proximity of securities prices to fundamentals following demand shocks

e The two forms of liquidity affect each other in what the authors label loss spirals and liquidity
spirals

e The action comes from forced liquidations after initial losses, which reinforce the negative price
impact, and cause further losses
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e The paper also predicts flights to quality: after negative shocks, arbitrageurs sell high volatility
stocks and buy low volatility stocks to reduce the amount of collateral that they need to post

e This effect reinforces the initial shocks because in the model conditional volatility depends posi-
tively on past returns (GARCH)
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Constraints on Equity Capital |

e These constraints operate similarly to leverage constraints
e If capital is limited, arbitrage ability is limited, and liquidity provision is not perfect
e They can emerge if arbitrageurs’ wealth belongs to other investors

e Shleifer and Vishny (1997) postulate that mutual/hedge fund investors redeem their capital
following losses

e This fact constraints arbitargeurs’ ability to correct mispricing, triggers liquidations, and ampli-
fication

e S&V show that these constraints limit liquidity provision not only when they are binding, but
also when there is a chance that they will bind in the future

e That is, arbitrageurs fear that future losses will cause forced liquidations. So, they limit their
exposure to risky assets
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e Risk management emerges as a response to capital constraints
e lLeverage and equity constraints are exogenous in these models

e But they can be micro-founded on asymmetric information about the skill of the manager (e.g.
Berk and Green, 2004)
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Synchronization Risk |

e Abreu and Brunnermeier (2002) postulate that arbitrageurs have limited capital
e So, a single arbitrageur cannot correct mispricing alone

e Also, arbitrageurs are not simultaneously aware about profit opportunities

e So, they do not necessarily jump in together to correct mispricing

e Finally, there are holding costs. That is, it is costly to hold open positions in the expectation
that mispricing will be corrected. Think, e.g., of short selling costs

e As a result, mispricing can last for some time because arbitrageurs fail to coordinate in entering
the market (synchronization risk)

e In Abreu and Brunnermeier (2003), given these assumptions, it can make sense for arbitrageurs
to trade in the direction of the mispricing (ride the bubble) in anticipation that the bubble will
continue for some time

e Kondor (JF, 2009) similarly generates persistent price divergence arising from the dynamic choices
of arbitrageurs that need to decide when to enter the market. They may decide not to invest all
their capital right away and save some capital for later in case the arbitrage opportunity widens
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3. Empirical Evidence on Limits of Arbitrage |
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‘ Brunnermeier and Nagel (JF, 2004) I

e Technology stocks on Nasdaq rose to unprecedented levels during the two years leading up to
March 2000

e Valuations were implicitly assuming growth rates of earnings exceeding what was previously
experienced even by the fastest growing stocks

e And/or valuations were implicitly assuming very low discount rates

Total return Index
5

Jan-98 Apr-98 Jul-98 Oct-98 Jan-99 Apr-99 Jul-99 Oct-99 Jan-00 Apr-00 Jul-00 Oct-00

High P/IS — — —Mid P/S === == Low P/S
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e High price-to-sales (P/S) stocks (mostly high tech stocks) experienced a four-fold price increase
and a huge correction after March 2000

e These high valuations have been argued to be an example of asset price bubble
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\ Research Question |

e This seems a manifestation of investor irrationality

e However, this cannot survive without limits to arbitrage

e What were arbitrageurs doing during this period?

e They look at the trading behavior of the most sophisticated investor class: hedge funds (HFs)

e They draw data from 13F filings: all institutions with more than $100M in U.S. equity have to
report their end-of-quarter long positions

e No data on short positions

e Did HFs attack or ride the bubble?
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The weights of HFs in the tech sector |

e They use HFs' long portfolio holdings of high P/S stocks and compare to weight of the same
stocks in the market portfolio

Proportion Invested Iin Nasdaq high P/S stocks Nasdaq Peak

gt

0.35

0.20 +

0.25 1

0.20 +

015 +

010

0.05 +

0.00 4

Mar-98 Jun-98 Sep-98 Dec-98 Mar-99 Jun-99 Sep-99 Dec-99 Mar-00 Jun-00 Sep-00 Dec-00

IHedge Fund Portfolio —e—Market Portfolio

e HFs were overweight (larger weight than the market weight) in tech stocks at least until the
peak of the Nasdaq (March 2000)
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e So, they did not attack the bubble, rather they were riding it

— Consistent with Abreu and Brunnermeier (2002, 2003)
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How about the short side? |

e HFs could also have increased their short positions in tech stocks
e In this case, the impression of riding the bubble would be mitigated
e But shorts not reported in the 13F

e So, look at style regressions for returns:

Ry =a+ SRy + (RT,t - RM,t) + &t
where )4 is the market return and Ry is the tech sector return (high P/S stocks)

e (3 is the fraction of the portfolio you put into stocks and ~ is the fraction that is removed from
the market portfolio (e.g. via shorting) and reallocated to tech stocks

e For a long only fund replicating the market portfolio: 3 =1 and v =0

e If 5 <1and~ >0, it means that you reduce your exposure to the market and put some money
in tech stocks
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e One can easily show that the final weight to tech stocks is wr = mp + %(1 — mp), with mp
the weight of tech stocks in the market portfolio

Factor Loadings Implied Tech-Weight

Index A ¥ Adj. R? wr

Panel A: Equal-weighted Index of Largest Funds in Our Sample (1998-2000)

Large 0.42 0.17 0.56 0.49

(3.51) (2.51) (0.08)
Panel B: HFR Hedge Fund Style Indexes ( 1995-2000)

Equity-hedge 0.45 0.15 0.80 0.44
(6.36) (3.92) (0.04)

Equity nonhedge 0.74 0.16 0.86 0.34
(9.07) (3.57) (0.03)

Equity market-neutral 0.07 0.01 0.10 0.32
(1.54) (0.53) (0.15)

Market timing 0.25 0.07 0.48 0.38
(3.45) (1.67) (0.08)

Short-zelling specialists —1.00 —0.43 0.80

(—5.93) (—4.57)

Macro 0.13 0.09 0.34 0.70
(1.84) (2.13) (0.21)

Sector technology 0.71 0.57 0.86 0.84
(5.29) (7.62) (0.08)

Panel C: Aggregate Long Portfolio (As in Figure 2)

13F 1.13 0.29 0.89 0.37
(9.97) (4.49) (0.03)

e For most funds (except for short-selling specialists), there is an over-exposure to the tech sector
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e Short positions were used, but only to reduce exposure to the market (5 < 1)

e To summarize, the results strengthen the evidence from the previous table that HFs were riding
the bubble

(© 2025 by F. Franzoni Page 49 - 104



Evidence for individual HFs I

e So far, aggregate data
e Did some funds behave differently? What were the consequences on their performance?
e What about the money flows from investors? These are relevant for the limits of arbitrage

e Focus on a few selected funds, especially Soros (B) and Tiger (x)

a Proportion invested in Nasdaq high P/S stocks
0.80

Zweig-DiMenna

0.60
Soros

0.40 Husic

Market Portfolig
0.20 1 —

4 .

0.00 T T T T T T T T3 T T a4
Mar-98 Jun-98 Sep-98 Dec-98 Mar-99 Jun-99 Sep-99 Dec-99 Mar-00 Jun-00 Sep-00 Dec-00
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Soros was riding the bubble especially after June 1999

Tiger was a value manager, definitely not riding the bubble. Exposure to tech stocks went to

zero in June 1999
Diverging paths

Look at fund flows:

b
0.10

0.05 -

0.00 -

-0.05 1

-0.10 1

-0.15 -

-0.20
Mar-98 Jun-98 Sep-98 Dec-98 Mar-99 Jun-99 Sep-99 Dec-99 Mar-00 Jun-00 Sep-00 Dec-00

Fund flows as proportion of assets under management

Quantum Fund (Soros)

Jaguar Fund (Tiger)

A

(© 2025 by F. Franzoni

Page 51 - 104



e Soros experienced positive flows, especially after they increased exposure to tech stocks
e As Tiger's performance was poor during the bubble, it suffered from redemptions

e Eventually, the Tiger fund was liquidated in March 2000 because its asset base eroded too much.
Just before the bubble burst!
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Conclusions |

e B&N also show that at the stock level, HFs managed to time the the market correctly
e On average, they got out of stocks before they declined

e Evidence is consistent with synchronization risk theories (Abreu and Brunnermeier, 2002 and
2003)

e Not only do we observe that arbitrageurs do not correct mispricing (as predicted by financial
constraints)

e But also we see that arbitrageurs ride the bubble, possibly because they anticipate that it will
continue for some time

e The example about Tiger is consistent with the limits on equity capital, as described by Shleifer
and Vishny (1997)

e That is, temporary losses trigger redemptions that prevent arbitrageurs to hold on to a strategy
that would pay off in the longer run
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‘ Ben-David, Franzoni, Moussawi (2012, RFS) |

e Hedge funds (HFs) resemble the textbook arbitrageurs
— Sophisticated: trade across assets and markets
— Use leverage

— Engage in short selling

e However, HFs depend on outside financing
— Vulnerable to investor redemption of capital
— Vulnerable to margin calls

e Did HFs continue to provide liquidity in the crisis of 2007-2009 or did they run into financial
constraints?
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Results: HF trading |

3.5

254

% of total market capitalization

e Data: They use 13F filings as in Brunnermeier and Nagel (2004)
e Drastic declines in the fraction of the stock market owned by HFs around two critical events

e Look at actual trades evaluated at prior period prices (to filter out the change in prices during
the quarter)
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Avg Qtr A Holdings Hedge Funds

Djﬂ

% of total mktcap

0

2)
Pre-crisis 2004Q1-2007Q2 6.13 0.13
Crisis 2007Q3-2009Q1 -3.06 -0.10
Post-crisis 2009Q2-2009Q4 5.60 0.17
Selloff quarter 2007Q3 -9.87 -0.31
Selloff quarter 2007Q4 -2.74 -0.08
2008Q1 4.72 0.13
2008Q2 3.57 0.10
Selloff quarter 2008Q3 -16.70 -0.49
Selloff quarter 2008Q4 -14.26 -0.33
2009Q1 13.88 0.25

e The selloffs took place in four quarters: Q3/Q4 of 2007 and 2008
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What about the short side? |

3.5

% of total market capitalization

254

2 -
T e

Quarter

e Use data on aggregate short selling as reported by the exchanges at the stock level
e High correlation of short interest with HF long equity holdings (42%)
e The correlation is 79% during the crisis period

e Long and short positions move in tandem consistent with an overall reduction in the balance
sheet /risk exposure of hedge funds
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Net effect? |

e Do the changes in short positions cancel out with the changes in long position, so that net effect

on liquidity is zero?
e No, the correlation at the stock level between changes in long and short positions is at most 9%

e Liquidity is removed from stocks that hedge funds hold (“undervalued”), and added to stocks
that hedge funds short sell (“overvalued”).

e Hence, the exit of hedge funds and short-sellers leads to greater mispricing
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Why did HFs sell? |

e Balance sheet of a HF

Assets Liabilities
U.S. Stocks Equity (AUM)
Other investments Debt
(including Cash) (including Short positions)

AU.S.Stocks = AAUM + ADebt — AOtherInvestments
e We can construct fund flows (AAUM) using TASS

e But. ..
— No time-series dimension on leverage
— No direct information on other investments

— No fund level information on short positions

e We need empirical proxies to identify channels other than AAUM
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Financial constraints |

e We test whether the large selloffs were due to financial constraints in the form of:
— Investor redemptions
— Margin calls

— Risk management constraints
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Investor Redemptions |

Dependent variable: A HF equity portfolio (%)

Selloff quarter -11.529*** -6.516
(-4.130) (-1.718)
Fund flows 0.160
(0.874)
lead(Fund flows) 0.396***
(3.892)
lead2(Fund flows) 0.157*
(2.036)
Observations 2053 2053
Adj R? 0.009 0.038

e Fund-quarter level regressions
e Dependent variable: % change in equity portfolio value

e Selloff quarter dummy: Q3/Q4 of 2007 and 2008

e Future fund flows explain 43% of selloff dummy
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— You care about future flows because investors today need to give advance notice of the money
they will withdraw in the future

e Most direct evidence of selling motive
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‘ Margin calls + Risk limits |

Dependent variable: A HF equity portfolio (%)

Selloff quarter -12.118*** -6.991 -2.653
(-4.445) (-1.564) (-0.544)
" Avg. leverage -5.982** 5.711x**
(-2.281) (-2.903)
Fund flows 0.193
(1.461)
lead(Fund flows) 0.384**
(2.400)
lead2(Fund flows) 0.060
(0.954)
Avg. leverage 4.476%** 4,326 **
(4.293) (4.382)
Observations 1332 1332 1332
Adj R? 0.009 0.016 0.039

e Conjecture: higher leverage — higher likelihood of forced deleveraging
e Confirmed by the data

e Financial constraints (Redemptions + Leverage): explain 78% of selloffs
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Which stocks are sold? |

e Analysis of stock characteristics can reveal motives of selloffs

e We find that during the crisis HFs sold:

— High volatility stocks rather than low volatility stocks

* Consistent with margin calls and risk management (Brunnermeier and Pedersen 2009)

— Low price impact stocks rather than high price impact stocks

x Consistent with management of price impact during fire sales
e Also, short interest is mostly closed on high volatility stocks

e Overall, evidence is consistent with financial constraints channel
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HFs vs. Mutual Funds |

e Use mutual funds as benchmarks for hedge fund behavior

e Similarities:
— Investment in the equity market

— Active investing

e Major differences:
— Hedge funds use high leverage and short positions
— Hedge funds have restrictions on capital withdrawals

— Hedge fund investors are more sophisticated (institutional investors)
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Difference in behavior

Panel A: Summary Statistics for Hedge Funds

Hedge funds
Quarterly returns (%)  Trades/Total equity portfolio (%)  Flows/AUM (%)
)] (2) 3
Pre-crisis  2004Q1-2007Q2 2.82 6.13 2.76
Crisis 2007Q3-20090Q1 -2.37 -3.06 -3.69
Post-crisis  2009Q2-2009Q4 4.01 5.60 -2.94
2007Q3 -0.09 -9.87 5.71
2007Q4 1.84 -2.74 -6.21
2008Q1 -2.57 4.72 -1.80
2008Q2 3.05 3.57 8.06
2008Q3 -9.78 -16.70 1.64
2008Q4 -9.12 -14.26 -8.87
2009Q1 0.11 13.88 -24.35
Panel B: Summary Statistics for Mutual Funds
Mutual funds
Quarterly returns (%) Trades/Total equity portfolio (%)  Flows/AUM (%)
() (2) (3)
Pre-crisis  2004Q1-2007Q2 2.82 1.37 1.17
Crisis 2007Q3-20090Q1 -7.22 0.20 0.12
Post-crisis  2009Q2-2009Q4 11.82 0.54 1.63
2007Q3 1.86 0.75 0.79
2007Q4 -2.39 1.34 0.46
2008Q1 -8.90 -0.52 0.08
2008Q2 0.15 -1.70 0.79
2008Q3 -11.12 -0.12 0.59
2008Q4 -22.13 -0.24 -0.92
2009Q1 -7.97 1.86 -0.92

e Compared to HFs, MFs had:
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— Lower redemptions

— Lower sales of stocks (MF almost did not sell)
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Conclusions |

e Hedge funds drastically decreased their equity holdings during the last crisis
e Main driving force is capital withdrawals and pressure by lenders

e Hedge funds are different because:
— Investors react aggressively to past losses
— Stronger selloffs and redemptions for hedge funds with high institutional investors

e Strong support for limits to arbitrage in bad times (Shleifer and Vishny, 1997, Gromb and
Vayanos, 2002, Brunnermeier and Pedersen, 2009)

e For the most part, HFs liquidity provision seems to be pro-cyclical (also see Cotelioglu, Franzoni,
and Plazzi, 2021)
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‘ Aragon and Strahan (2012, JFE) I

e Do hedge funds provide liquidity?

e Same as: are HFs beneficial to financial markets?

e In the authors’ intentions, the paper is intended as a test of Brunnermeier and Pedersen (2009)
e Funding liquidity impacts market liquidity

e But feedback effect (market liquidity — funding liquidity) complicates identification

e Need an exogenous shock to funding liquidity

e Also, HFs' strategy is to get into illiquid positions to provide liquidity and get out when liquidity
iImproves

e So, there is correlation between HF presence in an asset and the evolution of liquidity
e Need exogenous variation in HF presence in the market

e Lehman bankruptcy (September 15, 2008) provides this natural experiment
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The prime-broker |

e Lehman Brothers, among other activities, operated as prime broker to many HFs

e A prime-broker for a HF acts as: custodian for securities, security lender (short sales), financier
(buying on margin), risk manager (for smaller funds)

e The authors focus on re-hypothecation activities of prime-broker

e Rehypothecation: a broker is allowed to lend a client’s pledged securities to another client who

wants to do short sales

e Counterparty risk: if the prime-broker goes bankrupt, the lent-out securities may never return to

their original owner
e This is a problem for the original HF that loses part of its capital

e The paper uses the bankruptcy of Lehman as an exogenous shock to the HF's capital, for the
HFs that had Lehman as a prime-broker
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e Data on prime-brokers from TASS

e Then, they look at the liquidity of the stocks that were largely owned by the HFs which had
Lehman as a broker around its bankruptcy

e Did liquidity decrease?

e Data on ownership from 13F filings

e e

18.16% Bear Stearns

16.24% Morgan Stanley

13.65% Goldman Sachs

4.30% Bank of America

3.67% ABN AMRO

3.65% Morgan Stanley Dean Witter
3.40% Merrill Lynch

2.77% Man Group

2.23% ING Group

1.85% Salomon Smith Barney

3

2006
19.67% Morgan Stanley
18.24% Goldman Sachs
13.21% Bear Stearns
8.61% UBS
5.53% Bank of America
3.88% Citigroup
3.55% Lehman Brothers
3.29% Credit Suisse First Boston
2.57% Deutsche Bank
2.36% Man Group

2003
18.05% Bear Stearns
16.43% Morgan Stanley
14.47% Goldman Sachs
5.81% ABN AMRO
5.14% Bank of America
2.91% Merrill Lynch
2.64% Morgan Stanley Dean Witter
2.50% Man Group
1.96% Salomon Smith Barney
1.62% Credit Suisse First Boston

2007
20.67% Morgan Stanley
17.21% Goldman Sachs
12.00% Bear Stearns
8.24% UBS
4.53% Bank of America
4.15% Citigroup
3.68% Deutsche Bank
3.58% Credit Suisse First Boston
3.31% Lehman Brothers
2.96% Merrill Lynch

2005
19.41% Morgan Stanley
18.38% Goldman Sachs
13.98% Bear Stearns
8.51% UBS
6.03% Bank of America
3.33% Lehman Brothers
3.25% Citigroup
3.12% Credit Suisse First Boston
2.69% Deutsche Bank
2.39% Man Group

2008
20.60% Morgan Stanley
16.64% Goldman Sachs
0.13% Bear Stearns
8.58% UBS
4.14% Deutsche Bank
3.90% Citigroup
3.46% Merrill Lynch
3.37% Credit Suisse First Boston
3.04% Bank of America
2.36% Lehman Brothers
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Effect of Lehman’s bankruptcy on HFs |

e First, they want to show that Lehman’s bankruptcy had a negative impact on the connected HFs
e Estimate hazard rate models

e These are econometric models that estimate the impact of covariates on the failure probability
e Failure proxied by disappearance of HF from TASS

e Explanatory variable of interest: 2008 dummy * Lehman fund dummy

e Estimated coefficient > 1 positive effect

1 2 3 4 5 6

2008 Dummny 1.88 153 1.50 1.65 1.64 1.66
(13.18)** (6.81)** (5.75)*= (7.03)** (6.98)* (7.14)%*

Lehman Fund Dummy 0.67 0.65 0.47 0.46 0.47 043
(1.94)+ (2.05)* (2.68)** (2.48)* (2.43)* (2.69)%*

2008 Dummy*Lehman Fund Dummy 242 2.67 337 313 3.14 3.06
(3.15)%* (3.57)** (3.53)*= (3.18)** (321)*= (3.12)%*

Faw Fund Return - 0.84 0.85 0.87 0.86 0.86
(6.73)** (5.64)** (5.12)%* (5.30)%* (5.30)%*

Percentage Net Fund Flow - 0.68 0.62 0.62 0.63
- - (7.23)y*= (8.10)** (8.15)** (8.17)**

Lo(Fund Assets) - - - 0.70 0.69 0.69
(12.87y%* (12.00y** (1281

Ln(1+ Lockup Period) - 097 0.96

- - - (1.23) (1.36)

La(1+Redemption Notice Period) - - - - 1.07 1.03

- - - - (2.10)* (0.909

Hedge Fund Style Fixed Effects? No No No No No Yes

N 9,557 9,557 1.847 7.122 7,122 7.122
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In all specifications, the variable of interest (being a Lehman connected fund, in year of Lehman
bankruptcy) is > 1

Magnitude: 2.42 means that Lehman funds in 2008 were 2.42 times as likely to fail compared
to Lehman funds before the crisis and compared to other funds

Authors’ conclusion: the bankruptcy of the prime-broker had a negative impact on connected
funds

Alternative story: Funds that had Lehman as a broker were undertaking more risky strategies

(© 2025 by F. Franzoni Page 73 - 104



Effect on liquidity |

e Next, they want to show that connected HFs decreased their liquidity provision

e Notice first that liquidity decreased across the board in the stock market after Lehman’s collapse

Pre-crisis Post-crisis
25th Median 75th 25th Median 75th
Percentile Percentile Percentile Percentile
Panel A: Distribution of liquidity measures
Bid-ask spread 0.16% 0.32% 1.11% 0.34% 0.82% 2.98%
Overall price impact (Amihud illiquidity) 0.27% 253% 37.87% 0.77% 8.14% 113.30%
e Amihud (2002) llliquidity Ratio
Amihud =
Volumey

e Next, use regression analysis to show that liquidity decreased for stocks owned by connected
funds (as defined in June 2008)
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Post-Crisis Illiquidity; = a + fPre-Crisis llliquidity; +y' Lehman-HF holdings; +
+°Non-Lehman HF holdings; + y°Other Institutional holdings; +

+ Pre-Crisis Control Variables; + &; , (1a)

e Pre-crisis and Post-crisis: 3 months before and 3 months after September 15, 2008

e Excluded category from regression is holdings by non-institutional investors (notice that you
cannot have this variable in the regression because of perfect collinearity with the other ownership

variables, as they add up to 1)

e Relevant tests:

— 71 = 0, test if Lehman connected HF ownership effect is different from non-institutional

ownership
— fyl = 72, test if Lehman connected HF ownership had same effect as other HF

— ~1 = ~3 test if Lehman connected HF ownership had same effect as other non-HF-institution
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Log of Relative Spread Log of Amihud Diguidity Daily Stock Return

Pre-Crisis Market Beta 0.050 050 0.140 0.110 -0.090 -0.090
(7.07)** (5.45)** (10.18)** (4.04)* (5.78)** (3.18)**
Pre-Crisis Liquidity Beta 0.030 0.020 0.070 0.060 -0.050 -0.040
(5.08)** (3.44)*= (5.82)** (4.01)%* (2.91)*= (2.22)*
Pre-Crisis Liquidity Level 0.790 0.780 0.850 0.850 -0.020 -0.020
(75.11)** (31.95)** (69.58)* (16.42)** (1.71+ (0.78)
Log(Market Capitalization) 0.150 0.150 -0.050 -0.060 -0.220 -0.230
(10.21)** (2.63)%* (2.08)* (2.03)* (7.23)%= (6.28)%*
Market Capitalization Rank -1.830 -1.800 -1.080 -1.080 1.350 1.360
(16.62)%* (4.63)%* (5.65)%* (1.25) (5.84)%= (2.30)*
NASDAQ Stock Dummy -0.080 -0.040 0.180 0.190 0.080 0.070
(5.68)* (2.26)* (6.200*= (6.34)%* (2.200* (1.33)
(a) Share Held By Lehman Hedge Funds 0.880 0.800 1.110 0.530 -2.320 -2.200
(2.88)** (2.71)** (2.34)% (0.94) (3.45)%= (3.08)**
(b) Share Held By Non-Lehman Hedge Funds -0.210 -0.170 -0.330 -0.390 0.180 0.210
(2.89)*= (1.39) (2.71)y** (2.30)* (1.23) (1.12)
(c) Share Held By Other Institutions -0.210 -0.170 -0.170 -0.180 0.150 0.170
(5.00)%=* (2.75)%* (2.52)% (2.05)* (1.72)+ (1.18)
P-value for F-Test that: (a)=(b) 0.00 0.01 0.00 0.12 0.00 0.00
P-value for F-Test that: (a)=(c) 0.00 0.00 0.01 0.20 0.00 0.00
P-value for F-Test that: (b)=(c) 0.95 1.00 0.31 0.28 0.89 0.89
Observations 5,606 5.606 5.586 5.586 5,507 5.507
R-squared (within industry) 88% 88% 94% 94% 2% 2%
Estimation of Industry Effects Random Fixed Random Fixed Random Fixed

+ significant at 10%; * significant at 5% ** significant at 1%

Lehman connected HF ownership increased illiquidity in most specifications (and decreased re-
turns)

The three null hypotheses above are rejected

It turns out that ownership by other HFs and institutions mitigated the drop in liquidity due to
Lehman connected HF ownership (negative coefficient)

The negative impact on returns of Lehman connected HF ownership suggests fire sales by these
HFs
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Placebo: Bear Stearns |

e They want to show that it is the disappearance of the brokerage services that caused the drop
in liquidity, as opposed to the news that a major bank went bust

e Compare with Bear Stearns failure
e BS was acquired by JP Morgan, which took over its activities
e No disruption to BS-connected HFs

e Focus on March 2008
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Pre-Bear Crisis Matket Beta

Pre-Bear Crisis Liquidity Beta

Pre-Bear Crisis Liquidity Level'

Log(Market Capitalization)

Market Capitalization Rank

NASDAQ Steck Dummy

(a) Share Held By Lehman Hedge Funds (as of 12/2007)
(b) Share Held By Bear Funds (as of 12/2007)

() Share Held By All Other Hedge Funds (as of 12/2007)
(d) Share Held By Other Institutions (as of 12/2007)
P-value for F-Test that: (a)=(c)

P-value for F-Test that: (b)=(c)

P-value for F-Test that: (a)=(d)

P-value for F-Test that: (b)=(d)

Observations

R-squared {within industry)
Estimation of Industry Effects

Log of Relative Spread

Log af Amihud Illiguidity

Daily Stock Retum

0.012 -0.004 -0.006 -0.018 0.004 0.000
(2.48)y* (0.55) (0.64) (1.15) (0.30) (0.03)
0.022 0.014 0.022 0.020 -0.032 -0.030
(4.59)y*= (2.41)* (2.43)* (1.84)+ (2.64)** (2.46)*
0.940 0.879 0916 0.886 -0.005 -0.007
(132.53)** (31.42)=* (B9.26)=* (33.32)%* (0.59) (0.64)
0.070 0.053 0.044 -0.001 -0.042 -0.047
(3.38)** (3.21)*%+ (2.29)* (0.03) (2.08)* (2.06)*
-0.879 -1.359 -1.367 0.230 0.245
(7.80)** (10.46)=* (4.74)** (1.64) (L.77)+
0.042 0.211 0.156 0.079 0.065
(10.72)** (3.41)** (10.39)=* (6.307)%* (3.04)%* (1.97y*
0.310 0.053 0423 0382 0.139 -0.002
(1.100 (0,200 (0.99) (0.74) (0.26) (0.01)
0.019 -0.203 -0.307 -0.497 -0.142 -0.103
(0.13) (0.84) (1.04) (1.27) (0.41) (0.31)
-0.060 -0.204 -0.198 -0.319 0.080 0.074
(0.98) (2.33)* (1.96)+ (2.02)* (0.94) (0.72)
0.063 -0.053 -0.060 -0.163 0.147 0.111
(2.20)* (1.13) (1.22) (2.200* (2.52)* (1.83)+
037 0.32 0.83 0.87 0.63 0.86
0.20 0.35 0.61 0.91 0.93 0.go
0.39 0.69 040 0.66 099 0.83
0.12 0.01 0.30 044 0.65 0.78
5,717 3,717 3,590 3,590 5.490 5.490
92% 92% 96% 96% 1% 1%
Random Fixed Random Fixed Random Fixed

+ significant at 10%; * significant at 3%; ** sigmficant at 1%

e No effect on liquidity of connected HF ownership

e Consistent with their conjecture
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Conclusions |

e The authors find a plausible source of exogenous variation in arbitrageurs’ ability to provide
liquidity

e They find evidence that when funding liquidity deteriorates also market liquidity deteriorates

e They focus on one direction of the liquidity spiral in Brunnermeier and Petersen (2009)
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Coval and Stafford (JFE 2007) I

e Focus on fire sales. See Shleifer and Vishny (1992, 2011)

e A fire sale is defined as a forced sale of a real or financial asset at a price below its best-use

valuation

e A fire sale may occur if the asset holders (investors, banks, firms) are required to return cash
to their capital providers (shareholders or creditors) and they are not able to come up with this

cash

e A necessary condition for a fire sale is that the other ‘specialized’ holders of this asset are also
in financial distress, so that they are ‘sidelined’

e Hence, the asset is bought by investors that have lower valuations than the best-use value

e The evidence of price pressure from fire sales is indirect evidence of limits of arbitrage
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The price deviates from fundamentals for an extended period of time and no other investor jumps
in immediately to provide liquidity

Possibly because the other investors in that security are also experiencing financial distress and
limits on their capital

The authors focus on stock sales by mutual funds that experience significant capital outflows
(redemptions)

Reason: identify an exogenous reason for the fire sale

That is: a reason that is unrelated to the value of the asset that is sold
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ldentifying fire sales |

e T hey show that mutual funds experiencing outflows reduce their positions more than other funds
e Symmetrically, funds experiencing inflows increase their positions

e Then, define a flow induced trade for stock ¢ in quarter ¢ as:

PRESSURE 1;; = (4)
> (max (O, AHoldingsj,i,t) | flow; 1 > Percentile (90th))
AvgVOLUME; t_12:4+—6
> (max (0, —AHOldingsj7i,t> | flow;; < Percentile (10th))
AvgVOLUME; t_12:t—6

e That is, sum the positive change in stock holdings for the funds that are top decile in flows and
substract the sum of the negative change in holdings for the funds that are in the bottom decile
of flows

e Fire sale stocks are those that rank in the lowest decile of the PRESSURFE 1; ; variable
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Price behavior of fire sale stocks |

e One would like to disentangle the effect of selling due to negative information on the stock from
the effect of fire sales

e The assumption is that price pressure induced by fire sales is going to revert
e Instead, for information driven sales, the price should remain permanently at the lower level

o Here's the price pattern for stocks with flow induced sales (bottom decile stocks by PRESSURE 1; ).
They average across stocks and then across quarters
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e You see that the price eventually reverts, consistent with price pressure and lack of liquidity

e Magnitude: over the two quarters through month t the abnormal stock returns is -7.9% (t-stat=-
3.45)

e Prices revert over the following 18 months: very long time!
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e Instead, for stocks that are subject to voluntary sales (that is, construct Pressure variable without
conditioning on flows) the price pattern is
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e Consistent with information driven sales

e Notice that also in the case of flow driven sales the price starts declining before the quarter of
the fire sale
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e Possible explanations:

— Qutflows are persistent. So mutual funds were already selling that stock because of prior

outflows

— The prior price declines cause the negative performance of the fund which receives redemptions

and is ultimately obliged to sell
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Two profitable trading strategies |

e Liquidity provision:

— Buy the stocks that have been subject to a fire sale in the past year (skipping last quarter
for informational reason) and short the stocks that are subject to positive price pressure

— They show that alpha is 0.45% (monthly) from four-factor model (t-stat=2)

e Front running:

— Based on past fund performance, predict future fund flows in a regression framework

— Short the stocks that are mostly held by funds with high expected outflows and go long the
stocks by funds with high expected inflows

— That is, trade before and in the same direction as the funds that receive high out/inflows
— The alpha of this strategy from four-factor model is 0.65% (monthly) with t-stat=2.51%

e Barbon, Di Maggio, Franzoni, Landier (2019) find that brokers foster front running of fire sales,
more than liquidity
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Possible explanations |

e Duffie (2010) suggests two potential explanations, both of which prevent prices from adjusting
immediately

1. Investor inattention

2. Imperfectly informed investors

e A model with inattentive investors (Duffie, 2010) is one in which a group of traders is only
present in the market at infrequent dates, because continuous attention is costly

e In the same model, there are also investors that are present at all times, but have limited risk
bearing capacity

e These investors require a compensation for absorbing the extra-supply of shares that originates
from the fire sale. Therefore a price concession is necessary for them to buy the fire-sale stocks

e They will gradually sell the shares to the inattentive investors as they return to the market at
higher prices
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This story generates the price drop in the fire-sale period and the subsequent reversal

Similar predictions arise from an alternative model in which investors are imperfectly informed
about the cause of the price drop, following the fire sale

The market does not know whether the price drop is due to bad news or to exogenous events
(such as a mutual fund in distress). In other words, the market assigns positive probability to
negative information causing the price drop

Over time, the market updates the conditional probability of adverse information downwards,
and the price moves back up

The two stories are to a large extent observationally equivalent. It is an open empirical challenge
to disentangle them
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A ‘more exogenous’ measure of price pressure |

e Edmans, Goldstein, and Jiang (2012, JF) require an exogenous source of price pressure in their
study of the effect of underpricing on the takeover probability

e Coval and Stafford (2007) investigate actual trades executed by mutual funds

e These trades may not be a valid source of price variation if funds are trading deliberately based
on private information on a firm's fundamentals

e These authors, instead, use mutual funds’ hypothetical trades mechanically induced by flows by
their own investors

e That is, they replace Pressure, with

m
MFFlow;; = ) _
j=1

it X weighti,t_l’j
VOL; 4 ’

where F);; are the flows into fund j, weight; ;1 ; is the weight of stock ¢ in fund j's portfolio
in the prior period, VOL; ; is the stock trading volume
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e They find that their measure causes significant price changes followed by slow reversal that ends

with full correction only after about 2 years

Monthly CAAR
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Effects of institutional trading on second moments |

e Greenwood and Thesmar (2011) study the relationship between the ownership structure of assets

and non-fundamental risk:
— Limits of arbitrage allow liquidity shocks to have price impact

— Stocks that are held by investors with more volatile trading (e.g. because of more volatile
flows) are going to experience more non-fundamental volatility as a result of price-pressure

— For stocks with a more diversified investor base the liquidity shocks are more likely to cancel

out

— Construct a measure of stock level fragility as a positive function of the volatility and correla-
tion of the flows of the mutual funds owning the stock, and negative function of the number
of mutual funds owning the stock

— They show that fragility explains 8% of future stock-level volatility

— They also construct a measure of co-fragility using the correlation of flows of mutual funds

that own two stocks
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— Co-fragility explains covariance beyond standard factors
— Issue: endogeneity. Flows could be correlated because of correlated preference shocks to
owners. Not really a price-pressure effect, but an expected return effect
e Anton and Polk (2014) relate stock-level commonality in mutual fund ownership (‘connectedness’)

to excess comovement of stock returns

— Motivation: mutual fund ownership causes price pressure (Coval and Stafford, 2007, Lou,
2012). Ownership by the same mutual funds causes price pressure in the same direction (i.e.
comovement)

— For each pair of stocks, they compute connectedness as the share of the total market capi-
talization of the two stocks that is held by the same mutual funds

— They show that connectedness predicts excess correlation, which is the correlation of the
residuals from a four-factor regression on daily data, within a month

— This predictive power is stronger when connected funds experience large flows

— They solve the endogeneity issue by exploiting exogenous variation in mutual fund ownership
resulting from outflows from funds involved in the late-trading scandal in 2003
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e Ben-David, Franzoni, Moussawi (2018) show that ETF ownership impacts stock volatility

e Ben-David, Franzoni, Moussawi, and Sedunov (2016) study the effect of stock ownership by
large institutional investors on stock volatility

— They find that large institutional investors increase stock volatility, controlling for ownership

by all institutions

— ldentification: Merger between BlackRock and BGI in 2009. The merger was an exogenous
event that increased the amount of institutional ownership by large firms

— Channel: trades by large institutions have a larger price impact

— Story: A large insitution cannot be considered as a collection of smaller independent entities.
There is a correlated beahavior within the institution. E.g., common research or risk manage-
ment functions cause the different entities to trade in a correlated way. Therefore the trades

of large institutions are less diversified and cause larger price impact

— The authors show that large institutional ownership is correlated with less efficient pricing

(more price reversal)
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4. Intermediary Asset Pricing |
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Intermediary Asset Pricing |

e These arguments have led to the rise of a new strand of literature in asset pricing that makes
asset prices depend on the balance sheet of financial intermediaries (see below: Adrian, Etula,
and Muir, 2014; He, Kelly, Manela, 2017): intermediary asset pricing

e For a critical assessment of this literature, see Cochrane (2016, “The Habit Habit")

— In brief, why don’t long term investors (wealthy individuals, endowments, pension funds) buy
when short term investors sell in a stressed market?

— Cochrane's answer: because everybody’s risk aversion goes up in bad times

e Haddad and Muir (2025), as we saw, have a different point of view. They argue that trading
some assets requires expertise and infrastructure. E.g., CDS or convertible bonds

e Households and other long-term investors are not reactive when prices fall rapidly due to a variety
of rational or behavioral frictions. E.g., they do not have confidence to approach some markets
and it takes time to build expertise

e In the end, they are not the marginal investors when there are large swings in the market
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\ Adrian, Etula, Muir (JF, 2014) |

e The authors use broker-dealer leverage as an additional pricing factor in a two-factor asset pricing
model, including the market factor

e The price for risk of broker-dealer leverage is positive, consistent with pro-cyclical leverage. That
is, leverage increases in good times for broker-dealers

e The new factor does a good job in pricing 25 Fama-French portfolios, Momentum portfolios,
and treasuries’ portfolios

e He, Kelly, and Manela (JFE, 2017) instead use the aggregate capital ratio of primary dealers as
the additional factor

B >_i Market Equity;
> (Mafrket Equaity;  + Book Debti,t>

Mt

e Primary dealers are a restricted set of about 20 financial institutions that are counterparties to
the NY Fed in its implementation of monetary policy
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e Justification for why intermediary capital enters the pricing kernel (i.e. the marginal utility of

wealth):

1. Intermediaries are marginal investors in pricing assets, especially in specialized markets differ-
ent from equity. E.g. intermediaries are dealers in 95% of OTC bond transactions. 50% of

CDS are sold by top 5 dealers

2. When their capital is low (in bad times), intermediaries need to pass up on attractive invest-

ment opportunities. Hence, a marginal dollar is more valuable when capital is low

e They show that the capital ratio is pro-cyclical. Hence, its price of risk should be positive

e They construct the intermediary capital ratio factor as the AR(1) innovations for 7,
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Intermediary Capital Ratio
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Incidentally, notice the drop in the factor in 1998 (LTCM crisis). This drop is useful in pricing
assets (e.g. options, but not equities) that were affected by this shock
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Main Results of HKM I

e In a two-factor model, they price seven categories of assets: 25 FF portfolio, Bonds, Sovereign,
Options, CDS, Commodities, Currencies

FF25 US bonds Sov. bonds Options CDS Commod. FX All
Capital 6.88 7.56 7.04 2241 11.08 7.31 19.37 9.35
(2.16) (2.58) (1.66) (2.02) (3.44) (1.90) (3.12) (2.52)
Market 1.19 1.42 1.24 2.82 1.11 —0.55 10.14 1.49
(0.78) (0.82) (0.32) (0.67) (0.41) (—0.25) (2.17) (0.80)
Intercept 0.48 0.41 0.34 —-1.11 —-0.39 1.15 —0.94 —0.00
(0.36) (1.44) (0.33) (—031)  (-2.77) (0.83) (-0.83)  (-0.00)
R? 0.53 0.84 0.81 0.99 0.67 0.25 0.53 0.71
MAPE, % 0.34 013 0.32 0.14 0.18 1.15 0.44 0.63
MAPE-R, % 0.40 0.26 0.45 0.68 0.39 1.40 0.62 0.63
RRA 271 3.09 2.52 8.90 3.61 2.88 3.26 3.69
Assets 25 20 G 18 20 23 12 124
Quarters 172 148 65 103 47 105 135 172

e The price of risk is ‘similar’ across asset classes, as it should be if the pricing kernel is correct.
|.e. the same investors pricing assets in different markets implies that the pricing kernel/price of
risk is the same across markets

e They cannot reject the null that the price of risk is 9% across all asset classes (but they can
reject 0%, hence there's sufficient power)

(© 2025 by F. Franzoni Page 100 - 104



e An extensive definition of intermediaries does not do as well. Hence, primary dealers are more

Important
e Using leverage of non-financial institutions does not have any pricing power

e When they decompose the capital ratio into equity (the numerator) and debt (at the denomina-

tor), equity is much more important
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Comparison with AEM |

e AEM do better in pricing equity (including momentum) and bonds, KHM do much better with
all other asset classes

e \What are the differences?

e AEM find that leverage of broker-dealers is pro-cyclical, while KHM find that leverage of primary
dealers (the reciprocal of the capital ratio) is counter-cyclical

e How to reconcile this puzzle?

e The different behavior is not due to using market leverage instead of book leverage, the two
versions of leverage are highly correlated

e What makes the difference is the focus on different levels of aggregation and different entities

e HKM argue that focusing on the balance sheet of the individual broker-dealers (considered by
AEM), which can be a small institution, misses out on the role of internal capital markets within
financial conglomerates, which is the level of aggregation that HKM consider
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Indeed, the conglomerates are diversified entities that are subject to different shocks than indi-
vidual broker-dealers

Moreover, the parent company can transfer funds, if needed, to its subsidiaries to finance asset
purchases (e.g. as Lehman was doing before its collapse)

Hence, what matters more is the holding company capital availability, not the individual subsidiary

A similar notion is present in Franzoni and Giannetti (JFE, 2019) who show that hedge funds
that have an affiliation with a financial conglomerate are better positioned to hold risky assets
in bad times
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Differences in theoretical motivation |

e The background for pricing kernels with counter-cyclical leverage (as in HKM) is provided by

models with constraints on equity (He and Krishnamurthy 2012, 2013; Brunnermeier and San-
nikov 2014)

e In these models, a negative shock to intermediaries’ capital reduces their risk bearing capacity,
they drop assets, causing a further reduction in the value of equity

e If there is a constraint on leverage, intermediaries also reduce debt. But the drop in equity is
more important

e On the other hand, a pro-cyclical leverage emerges from models with constraints on leverage, a
la Gromb and Vayanos (2002) and Brunnermeier and Pedersen (2009)

e In these models, intermediaries are forced to reduce leverage in bad times, which triggers fire
sales

e Different financial intermediaries are subject to different types of constraints (e.g. commercial
banks more likely exposed to capital ratio constraints, hedge funds to leverage constraints)

e Hence, the true pricing kernel is possibly a combination of the two types of kernels in different
states of the world and asset markets

(© 2025 by F. Franzoni Page 104 - 104



