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Liquidity and Volatility

1. Liquidity creation is a key service provided by the financial sector
- makes it cheaper to pledge/transfer income streams from assets
- enables risk sharing and information aggregation

- underlies banking and market making

2. Volatility is a central feature of financial markets
- important for asset prices, cost of capital
- fluctuates widely over time

- very large premium for hedging volatility shocks (variance premium)

3. Volatility and liquidity are known to move together

- financial crises: volatility spikes and triggers a liquidity crunch
(Brunnermeier, 2009)

- Nagel (2012): higher VIX predicts higher returns to liquidity creation
(stock reversals)
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This paper

We show theoretically and empirically that:

1. Liquidity creation has a built-in negative exposure to volatility risk
- when volatility rises — liquidity providers lose
- fundamental, due only to information asymmetry

- no capital constraints or other financial frictions, liquidity providers
are fully diversified

2. Returns to liquidity creation reflect compensation for its volatility
risk exposure

- we show this using stock reversals
- reversal portfolios have large negative volatility 5's
- expected reversal return = volatility 5 x variance premium

- when volatility risk increases — expected reversal return rises

= A new, asset-pricing perspective on the risks and returns to financial
intermediation

Drechsler, Moreira, and Savov (2018)



Intuition

1. Liquidity providers trade against informed and uninformed traders

- informed traders: buy if price will rise, sell if price will fall
- to liquidity providers, their payoff looks like a straddle (call + put)

= Liquidity providers are short a set of straddles

- a positive shock to volatility — straddles increase in value —
liquidity providers lose
= liquidity providers have a negative exposure to volatility shocks

2. Volatility is highly correlated across assets, and with market volatility

= liquidity providers’ volatility exposure is undiversifiable, systematic
- systematic volatility risk carries a big premium (variance premium)

= Liquidity providers charge the variance premium for their volatility
risk exposure

- when volatility is higher, so is volatility risk — liquidity providers
charge a higher premium

Drechsler, Moreira, and Savov (2018)



Volatility risk exposure of stock reversals

1. Use stock reversals as proxy for returns to liquidity creation
- sort large-cap stocks into deciles by day’s normalized return
- buy lowest-return decile, sell highest-return decile, hold for five days

2. Reversal strategy's daily Savix = —19 bps (per 1 point AVIX)
- big relative to 27 bps average five-day return
- plot rolling estimate of volatility risk: o (Bavix x AVIX)
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Reversal strategy systematic volatility due to AVIX ~ ————- VIX (right)

= When VIX is higher — reversal strategy has higher volatility risk
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Volatility risk and the average return of stock reversals

1. Following Nagel (2012), plot the rolling average reversal strategy
return against VIX
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2. Reversal strategy return is strongly increasing in VIX

= Higher VIX — reversal has higher volatility risk — higher return

Drechsler, Moreira, and Savov (2018)
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Model

1. Kyle (1985) framework with stochastic volatility
- three time periods: 0, t € (0,1), and 1
- three agents: informed trader, liquidity-demanders, liquidity providers
- N assets: traded at time 0, pay off at time 1:

pi1 = Vi+o0oi1vi

- vi ~ N(0,1) is idiosyncratic; informed already knows v; at t = 0
- 0} is uncertain to everyone, value realized at time 1:

g1 = kf,mo'm,1+5a;

- ki,m > 0 is loading on market vol o, 1, captures strong commonality
- time t: news arrives about ;1

2. Liquidity-demanders: demand z; ~ N (0,02)
3. Informed trader: demands y; to maximize expected time-1 profit
max E5’ [yi (Pix = pio)| v
- values profits under economy'’s risk-neutral measure
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Equilibrium pricing

1. Liquidity providers absorb order flow X; = y; + z; — hold —X; shares.
Set pj ¢ to break even under Q measure = no financial frictions

E2 [0ia]
20,

i

pie = ER[piil X] = Vi + X

- pi,0 moves in direction of order flow X;

- higher EtQ[a,-,l] — informed has more info — p;; more sensitive to X;

2. Let Apjo = (pi,o — Vi) denote the time-0 price change. Then:
~Xi=-Apio—g——

= liquidity providers hold a portfolio of reversals: they buy assets that
go down and short assets that go up, in proportion to —Ap; o

- we proxy for their portfolio by constructing reversal portfolios

Drechsler, Moreira, and Savov (2018) 10



Volatility risk exposure

1. When volatility news arrives at t, the price change is:

Xi
Dpie = 5 (EtQ [071] — ES [Ji,l])

= a volatility increase drives p; . further in direction of X; — reversals
lose on both sides as longs go down and shorts go up

2. Market vol betas f; ,, of liquidity providers’ holdings —X;Ap; ¢ are

negative:
X?
ﬂi,a’m - _2I
0

i

k,'ym <0

= Liquidity providers have undiversifiable volatility risk even though
assets’ time-1 payoffs are totally idiosyncratic
- correlation in assets’ second moments induces undiversifiable risk in
liquidity providers’ returns

- contrasts with inventory models, where increase in idio vol is priced
because liquidity providers not diversified (Stoll 1978, Nagel 2012)

Drechsler, Moreira, and Savov (2018)
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Predictions

1. Exposure: Liquidity providers have negative exposure to market vol
N
b = (z 5) <o
i=1

2. Risk premium: Liquidity providers earn a large, positive risk
premium (liquidity premium) from time 0 to 1

N
Z —XiAp;i1

i=1

Ef = By (B oma) = E5 [omal) > 0

variance premium < 0

- large variance premium: VIX >> realized vol of S&P 500

3. Predictability: cross section and time series
- cross-section: more negative (., — bigger average return
- time series: higher VIX — higher vol risk — larger variance premium
— higher average reversal returns

Drechsler, Moreira, and Savov (2018)



Data and empirical strategy

1. Each day, sort stocks into deciles by return (normalized by rolling
standard deviation) and into quintiles by size

- drop penny stocks and earnings announcements (public news events)

- focus on period since decimilization: 4/9/2001 to 12/31/2016
(3,958 days), when liquidity provision became competitive

hold portfolios for one to five days as in Nagel, 2012 — not HFT

- reversal strategies: buy low-return deciles, sell high-return deciles:
10-1 (“Lo-Hi"), 9-2, ..., 5-6

Drechsler, Moreira, and Savov (2018)
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Average returns and CAPM alphas

5
P — P P pM P
Ritis = of + E B Rets + € ys

s=1

5-day average return (%)
Lo—Hi 2-9 3-8 4-7 5-6
Small 1.16 056 0.21 0.05 0.04

2 0.65 030 0.17 0.03 —0.03
3 0.35 024 0.01 0.11 —0.01
4 0.22 0.23 0.13 0.06 0.01
Big 0.27 0.25 0.18 0.11 0.05

5-day CAPM alpha (%)
Lo-Hi 2-9 3-8 4-7 5-6
Small 1.14 0.55 0.20 0.04 0.04

2 0.62 0.30 0.16 0.02 —0.03
3 0.34 023 —-0.00 0.10 —0.01
4 0.20 0.23 0.13 0.06 0.01
Big 0.25 0.24 0.18 0.11 0.05

1. Large-cap reversal strategy has an average five-day return of 27 bps
(13.6% annual), Sharpe ratio 0.59

- small-stock reversals are larger but Sharpe ratio is similar

- CAPM alphas =~ average returns = CAPM cannot price the reversals

Drechsler, Moreira, and Savov (2018)



Volatility risk exposure

5
R s = ap+ > BOYXAVIXips + €, s

s=1

5-day AVIX beta

Lo-Hi 2-9 3-8 4-7 5-6
Small —0.81 —-049 —-057 —-0.26 —0.31
2 —-082 —-034 —-024 031 0.03
3 —-057 —-026 —-036 —-032 —-0.01
4 —-054 026 —0.18 0.01 —0.04
Big —064 —-034 —-0.09 —0.01 —0.01

5-day AVIX beta t-statistic

Lo-Hi 2-9 3-8 4-7 5-6
Small —2.66 —-3.29 —-3.02 —1.31 —1.78
2 —3.47 —-2.21 —1.82 —2.39 0.25
3 —3.63 —252 —-3.82 —4.16 —0.09
4 —4.30 —2.78 =270 0.13 —0.93
Big —428 —-3.09 -134 —-025 —-031

1. Reversal strategy has a large negative beta to AVIX

- large-cap reversal drops by 64 bps per 5-point VIX increase (1.3
standard deviations); big relative to average return (27 bps)

Drechsler, Moreira, and Savov (2018)



Volatility risk exposure, controlling for RM

5 5
RPs = ap+ > BEYXAVIXes + > BEVMRM 4+ €0, s

s=1 s=1

5-day AVIX beta

Lo—Hi 2-9 3-8 4-7 5-6
Small —0.75 —-060 —-0.80 —-0.13 —0.46
2 —0.65 —0.44 —-035 —0.04 —0.08
3 —0.62 —-0.12 —-0.25 —0.14 —-0.14
4 —0.33 —-030 —0.34 0.04 —0.01
Big —0.71 —037 —0.18 0.05 —0.13

5-day AVIX beta t-statistic

Lo-Hi 2-9 3-8 4-7 5-6
Small —1.53 —2.40 —243 —-0.43 —1.75
2 —1.87 -175 —-1.78 —0.20 —0.47
3 —2.23 -0.72 -1.71 —0.85 —1.26
4 —1.41 —2.28 —3.00 0.48 —0.13
Big —3.33 —2.42 —1.46 0.62 —1.62

2. Reversal strategy’s AVIX beta is unaffected by controlling for RM

Drechsler, Moreira, and Savov (2018)



Volatility risk exposure persistence

Exposure to day-1 AVIX
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1. Impact of AVIX shock is highly persistent, as predicted by model

- goes against other explanations (e.g. fire sales by liquidity providers
due to a tightening VaR constraint)

Drechsler, Moreira, and Savov (2018)
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Predictability regressions

1. Model: higher VIX — higher volatility risk — higher reversal return

R£t+5 = of + BPVIX: + €€,t+5
5-day VIX loading (x10%)
Lo-Hi 29 3-8 4-7 5-6
Small 353 348 351 272 0.16
2 701 314 268 140  —027
3 484 298 116 093  —0.10
4 294 233 152 —0.04 044
Big 537 369 174 0.67 0.08

Lo—Hi 2-9 3-8 4-7 5-6
Small 0.09 0.19 026 0.16 0.00

2 0.95 037 035 0.11 0.00
3 0.72 0.70 0.15 0.08 0.00
4 0.46 0.71 042 0.00 0.05
Big 2.18 211 0.77 0.15 0.00

2. VIX predicts reversal strategy returns
- extends result of Nagel (2012) to cross section

- very high R? for large stocks given five-day horizon

Drechsler, Moreira, and Savov (2018)



Fama-Macbeth regressions

Factor premia
Market t-stat. A VIX t-stat. R.m.s. p-value
(1) 0.03 2.06 0.18 0.00
(2) 0.05 3.04 —0.49 —8.57 0.14 0.00

(1) CAPM pricing error
Lo-Hi 2-9 3-8 4-7 5-6
Small 113 055 0.20 0.04 0.03

2 0.61 0.29 0.16 0.02 —0.03
3 0.33 0.23 —0.00 0.10 —0.00
4 0.20 0.22 0.13 0.06 0.01
Big 0.25 0.23 0.18 0.11 0.05

(2) Market plus AVIX pricing error

Lo-Hi 2-9 3-8 4-7 5-6
Small 0.79 028 —-0.17 —-0.02 —-0.17
2 0.32 0.10 0.00 —0.01 —0.06
3 0.06 0.17 —-0.12 0.03 —0.07
4 0.04 0.09 —0.02 0.08 0.00
Big —0.07 0.07 0.10 0.13 —0.00

1. AVIX factor explains the reversal strategy returns of large- and
mid-cap stocks. Large and significant premium

Drechsler, Moreira, and Savov (2018)



Fama-Macbeth regressions

(1) CAPM (2) Market plus AVIX
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1. AVIX factor explains the reversal strategy returns of large- and
mid-cap stocks. Large and significant premium
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Is the implied price of volatility risk consistent with other

markets?

1. Volatility risk is traded directly in option markets

- VIX is the price of a basket of options that replicates the realized
variance of the S&P 500 over next 30 days

- However, AVIX is not a return because basket changes daily
2. We replicate the VIX using S&P 500 options (99.83% accuracy) and
use the change in the price of a given basket to get a VIX return
- to get closer to the relevant horizon for liquidity providers, use VIXN,
the near-term component of VIX (& 22 days) — VIXN return
3. Average daily VIX return is —1.54%, VIXN return is —2.01%

- in line with variance premium literature (e.g. Carr and Wu, 2008;
Bollerslev, Tauchen, and Zhou, 2009, Drechsler and Yaron 2010)

Drechsler, Moreira, and Savov (2018)
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Option-implied prices of volatility risk

1. Model: liquidity providers exposed to shocks to expected variance

- expected variance captured by AVIX and AVIXN
= use RYX and RY*N to restrict price of risk of AVIX and AVIXN

RVIX RVIXN
AVIX 6.938%**
(0.106)
AVIXN 5.696%**
(0.120)
Constant —1.511%** —1.986***
(0.184) (0.264)
Obs. 3,788 3,787
R? 0.529 0.372

1. Implied price of risk: —22 bps for AVIX and —35 bps for AVIXN

Drechsler, Moreira, and Savov (2018)
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Pricing regressions with an options-based price of risk

Pricing error using VIX return
Lo-Hi 2-9 3-8 4-7 5-6
Small 0.99 0.44 0.04 0.02  —0.05

2 0.50 0.21 0.09 0.01 —0.04
3 0.22 0.21 —0.05 0.07 —0.03
4 0.14 0.17 0.06 0.07 0.01
Big 0.11 0.16 0.14 0.12 0.03

Pricing error using VIXN return

Lo-Hi 2-9 3-8 4-7 5-6
Small 0.87 0.34 0.04 —0.04 —0.09
2 0.42 0.16 0.07 —0.00 —0.05
3 0.12 0.12 —0.08 0.04 —0.03
4 0.05 0.10 0.01 0.07 —0.01
Big 0.01 0.13 0.11 0.11 0.03

1. Near-term volatility risk priced the same in reversals and options

- the options-based price of AVIX explains most of the reversal return
for large stocks (pricing error falls from 25 bps to 11 bps)

- the near-term AVIXN fully explains it (pricing error is just 1 bp)

Drechsler, Moreira, and Savov (2018)



Pricing regressions with an options-based price of risk
Market plus AVIX Market plus AVIXN
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1. Options-based price of AVIXN explains reversal returns of large- and
mid-cap stocks

= Returns to liquidity provision reflect broad economic risks (as
opposed to financial frictions/segmented markets)

Drechsler, Moreira, and Savov (2018)



Takeaways

1. Liquidity creation is a key service of the financial sector

2. Exposure to asymmetric information =- exposure to volatility risk
- liquidity providers implicitly short straddles

3. Volatility risk carries a large premium

- explains the level and variation of liquidity premium

4. A new, asset-pricing perspective on the risks and returns to financial
intermediation

Drechsler, Moreira, and Savov (2018)
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Reversal portfolio summary statistics

Market cap (billions)

lo-Hi 29 38 47 56
Small 005 005 005 005 005
2 016 016 017 017 017
3 043 044 044 044 044
4 135 137 137 137 137
Big 4957 5415 56.02 56.02 5540
Amihud illiquidity (x10°)

LloHi 29 38 47 56
Small 3360 21.08 1442 1034 858
2 573 398 279 207 170
3 136 100 071 052 043
4 030 022 016 011 0.09
Big 003 002 001 001 001

1. Large-cap portfolios ~ 96.4% of market value

- liquid, low transaction costs

Drechsler, Moreira, and Savov (2018)

27



Reversal portfolio summary statistics

Sorting-day returns (%)

Lo-Hi 2-9 3-8 4-7 5-6
Small  —2436 —-6.92 —421 —-234 —-0.74
2 —1754 —-6.05 —-3.73 —-2.07 —-0.64
3 —1477 —-543 334 —-187 —-0.60
4 —11.97 —-470 -—-292 —-1.64 —-0.52
Big —7.45 —3.43 -213 —-1.18 —0.38

Share turnover (%)
Lo-Hi 2-9 3-8 4-7 5-6
Small 10.28 7.37 6.71 6.28 6.07

2 784 445 385 3.60 342
3 6.41 311 263 246 236
4 5.59 276 244 225 221
Big 3.28 213 199 189 1.83

2. Reversal strategy has large negative sorting-day return (by
construction)

- larger for small stocks because sorting is by normalized return

- reversal associated with high share turnover, demand for liquidity

Drechsler, Moreira, and Savov (2018)



Average returns and CAPM alphas

5
P — P P pM P
Ritis = of + E B Rets + € ys

s=1
5-day average return (%) 5-day standard deviation (%)
Lo-Hi 2-9 3-8 4-7 5-6 Lo-Hi 2-9 3-8 4-7 5-6
Small 1.16 0.56 0.21 0.05 0.04 Small 10.54 7.11 6.19 599 5.89
2 0.65 0.30 0.17  0.03 —0.03 2 6.44 459 4.03 3.82 3.74
3 0.35 0.24 0.01 0.11 —0.01 3 5.11 3.18 2.71 3.02 228
4 0.22 0.23 0.13  0.06 0.01 4 3.88 2.47 210 1.92 1.77
Big 0.27 025 0.18 0.11 0.05 Big 3.25 2.28 1.78 1.55 1.31
5-day CAPM alpha (%) 5-day CAPM alpha t-statistic
Lo-Hi 2-9 3-8 4-7 5-6 Lo-Hi 2-9 3-8 4-7 5-6
Small 1.14 0.55 0.20 0.04 0.04 Small 6.57 4.88 1.97 0.44 0.39
2 0.62 0.30 0.16 0.02 —0.03 2 5.83 3.96 2.43 0.33 —0.50
3 0.34 0.23 —-0.00 010 -—-0.01 3 3.85 4.31 —0.03 225 —0.14
4 0.20 0.23 0.13 0.06 0.01 4 3.13 5.54 3.82 2.00 0.31
Big 0.25 0.24 0.18 0.11 0.05 Big 4.51 6.48 6.24 4.35 2.50

1. Large-stock reversal strategy has an average annual return of 13.6%
(= 0.27% x 252/5), volatility 23%, Sharpe ratio 0.59

- small-stock reversal returns are larger but more volatile

- CAPM alphas =~ average returns = CAPM cannot price reversals

Drechsler, Moreira, and Savov (2018) 29



Volatility risk exposure persistence, controlling for RM

Exposure to day-1 AVIX, controlling for RM
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1. Impact of AVIX shock is persistent, as predicted by model

- goes against view that liquidity providers are offloading inventory due
to a tightening VaR constraint (impact would be transitory)

Drechsler, Moreira, and Savov (2018) 30



Reversal strategy turnover
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1. Reversal strategy turnover increasing in VIX
- higher quantity and premium = shift in liquidity demand curve

- goes against financial constraints theories, which work through shifts
in supply curve (e.g., VaR constraint)

Drechsler, Moreira, and Savov (2018)
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