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price pressure vs information

Price Impacts of Block Trading 575 

PRICE 
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closing % 
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(1PB) 

1.13380%. (E3) 

1E.7130% (E2) 

block 
price 

(PB) 

end of end of TIME 

day -1 day 0 

FiGuan 1 

Minus Tick Blocks 

Average Percentage Price Differences between Selected Prices in the Period from the Close of 

Trading on Day -1 to the Close of Trading on Day 0. 
* Closing price if stock's price had changed by same percentage as market index. 

For minus tick blocks (Figure 1), the mean price decline between the 

closing price on day -1 and the block price (El) is 1.86 per cent.19 (The 

median decline is 1.64 per cent.) The major component of the 1.86 per cent 

decline is the 1.14 per cent average size of the minus tick (E3). Subsequent 

to the block, the average price movement (E2) is a rise of .71 per cent.20 (The 
median rise is .55 per cent). If the stock's price had changed by the mean 

percentage change in the market index (M), price on day zero would have 

fallen about .05 per cent. The important point in these numbers is that price, 

19. The standard error of the mean of E1 is .068 per cent. By standard statistical techniques, this 

implies that the mean of E1 is significantly different from zero. However, Fama [1] and others 

have pointed out that a stable Paretian distribution of price changes, with characteristic value 

below 2.0, may lead to upward bias in standard tests of significance (which assume normality). 

No adjustment for this bias is made in the current study. 

20. The standard error of the mean is .047 per cent. Since some blocks occur at the close, the 

mean of E1 understates the average price recovery over transactions following the block. 

source: Kraus and Stoll (1972), E2 is price pressure, E3 − E2 is information

price pressure equilibrates liquidity demand and supply
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state space model

mt = mt−1 + wt

pt = mt + st

st = ϕst−1 + εt
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observed price and efficient price

Figure 1: Price change decomposition given state space model estimates not using
inventory data
This figure depicts the observed end-of-day log price series (midquote) and its unobserved efficient price (given all
data using the Kalman smoother) estimate not using inventory data for a representative stock (PERMNO=68830).
The model is defined as:

(observed price) pit = mit + sit

(unobserved efficient price) mit = mi,t−1 + βif̂t + wit

(unobserved transitory price deviation) sit = φisi,t−1 + β0
i f̂t + · · · + β3

i f̂t−3 + εit

where i indexes over stocks and t indexes over days, mit is the end-of-day unobserved efficient price (‘state’), f̂t is a
midquote return common factor which is the cross-sectional average of the standardized midquote return series which
has been filtered with an AR(4) model to remove intertemporal dynamics, pit is end-of-day observed midquote, βj

i

captures potential ‘overreaction’ or lagged adjustment to common factor innovations, and wit and εit are mutually
independent i.i.d. error terms. The model is estimated using maximum likelihood estimates where the error terms
wit and εit are assumed to be normal. The first panel graphs these series recentered around the first day’s estimate
of the efficient price. The second panel graphs the price pressure—the differential between the observed price and
the efficient price—against the idiosyncratic inventory position of the specialist. The third graphs the efficient price
innovation against the contemporaneous unpredictable ‘surprise’ idiosyncratic inventory change which is obtained as
the residual of an AR(9) model. We emphasize that the inventory series has not been used in estimating the efficient
price.
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price pressure and inventory
<continued from previous page>
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surprise order flow and efficient price change

<continued from previous page>
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literature

I prior empirical work finds support for inventory control, but
weak support for inventories causing price pressure (e.g.

Hasbrouck (1988), Madhavan and Smidt (1991), Madhavan and Smidt (1993),

Hasbrouck and Sofianos (1993), Ho and Macris (1984), Hansch, Naik, and

Viswanathan (1998), Reiss and Werner (1998), Naik and Yadav (2003),

Hendershott and Seasholes (2007))

I theoretical work characterizes price pressure caused by
dynamic inventory control (e.g. Ho and Stoll (1981), Madhavan and

Smidt (1993), Amihud and Mendelson (1980))
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agenda remainder of talk

I present empirical results in detail with focus on time series
properties price pressure

I develop simple dynamic inventory model to identify primitive
parameters off of these time series properties

I use primitive parameters to analyze constrained pareto
efficiency
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summary statistics

Table 2: Summary statistics

This table presents summary statistics on the dataset, which combines CRSP, NYSE’s Trade and Quotes (TAQ) and a proprietary NYSE dataset. It is a balanced panel
that contains daily obersvations on 697 NYSE common stocks from January 1994 through December 2005. Stocks are sorted into quintiles based on market capitalization,
where quintile 1 contains large-cap stocks.

variable description (units) source mean
Q1

mean
Q2

mean
Q3

mean
Q4

mean
Q5

st.
dev.
wi-
thina

midquoteit closing midquote, div/split adjustedb ($) NYSE 53.76 44.52 36.65 28.58 19.21 22.20
invent sharesit specialist inventory at the close (1,000 shares) NYSE 8.19 5.55 4.33 3.23 5.39 34.19
invent dollarit specialist inventory at the closeb ($1,000) NYSE/CRSP 412.65 168.95 129.48 75.44 77.90 1,383.43
shares outstit shares outstanding (million) CRSP 729.92 157.74 70.08 36.26 18.73 283.75
market capit shares outstanding times price ($billion) CRSP 34.29 5.34 2.06 0.88 0.29 11.57
espreadit share-volume-weighted effective half spread (bps) TAQ 8.41 12.46 16.50 24.60 46.12 24.20
dollar volumeit average daily volume ($million) TAQ 88.21 23.44 10.13 3.63 0.99 42.31
specialist participit specialist participation rate (%) NYSE 12.31 12.73 14.10 16.58 20.87 8.30
#observations: 697*3,018 (stock*day)
a: Based on the deviations from time means i.e. x∗it = xit − x i .
b: We adjust all price series to account for stock splits and dividends.
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autocorrelation midquote return

Table 5: State space model estimates by year and size quintile (φi = 0)

This table estimates the following state space model for a latent efficient price and an observed end-of-day midquote:

(observed price) pit = mit + sit
(unobserved efficient price) mit = mi ,t−1 + βi γ̂t + wit

(unobserved transitory price deviation) sit = φisi ,t−1 + αi I
idio
it + β0

i γ̂t + · · ·+ β3
i γ̂t−3 + εit

where i indexes over stocks and t indexes over days, mit is the end-of-day unobserved efficient price (“state”), γ̂t is a midquote
return common factor which is the cross-sectional average of the standardized midquote return series which has been filtered
with an AR(4) model to remove intertemporal dynamics, pit is end-of-day observed midquote, I idioit is the idiosyncratic part of
the specialist end-of-day USD inventory that remains after removing a common factor across specialist inventories (we use the

average price across the entire period to convert inventory in shares to USD), βj
i captures potential “overreaction” or lagged

adjustment to common factor innovations, and wit and νit are mutually independent i.i.d. error terms. We report maximum
likelihood estimates where we assume normality for the error terms. We implement our optimization in ox with ssfpack routines
where we use the Kalman filter to evaluate the likelihood (see Koopman, Shephard, and Doornik (1999)). The table reports
p-values in brackets. These p-values are based on a test statistic that counts the number of significant t-values across all
stock-year ML estimates in the bin. The test statistic is binomially distributed under the null (we use the 0.1 and 0.9 quantiles
in the t-test).

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 all
Panel A: αi estimates
Q1 −0.08

(0.000)
−0.07
(0.000)

−0.06
(0.000)

−0.06
(0.000)

−0.07
(0.000)

−0.07
(0.000)

−0.07
(0.000)

−0.06
(0.000)

−0.06
(0.000)

−0.05
(0.000)

−0.04
(0.000)

−0.04
(0.000)

−0.06
(0.000)

Q2 −0.16
(0.000)

−0.14
(0.000)

−0.13
(0.000)

−0.13
(0.000)

−0.14
(0.000)

−0.14
(0.000)

−0.15
(0.000)

−0.14
(0.000)

−0.14
(0.000)

−0.12
(0.000)

−0.11
(0.000)

−0.10
(0.000)

−0.13
(0.000)

Q3 −0.27
(0.000)

−0.23
(0.000)

−0.22
(0.000)

−0.22
(0.000)

−0.26
(0.000)

−0.27
(0.000)

−0.28
(0.000)

−0.21
(0.000)

−0.24
(0.000)

−0.21
(0.000)

−0.22
(0.000)

−0.19
(0.000)

−0.23
(0.000)

Q4 −0.60
(0.000)

−0.47
(0.000)

−0.52
(0.000)

−0.55
(0.000)

−0.59
(0.000)

−0.59
(0.000)

−0.62
(0.000)

−0.54
(0.000)

−0.61
(0.000)

−0.49
(0.000)

−0.52
(0.000)

−0.47
(0.000)

−0.55
(0.000)

Q5 −1.45
(0.000)

−1.38
(0.000)

−1.28
(0.000)

−1.25
(0.000)

−1.56
(0.000)

−1.44
(0.000)

−1.78
(0.000)

−1.93
(0.000)

−2.10
(0.000)

−1.88
(0.000)

−1.83
(0.000)

−1.87
(0.000)

−1.64
(0.000)

all −0.51
(0.000)

−0.46
(0.000)

−0.44
(0.000)

−0.44
(0.000)

−0.52
(0.000)

−0.50
(0.000)

−0.58
(0.000)

−0.57
(0.000)

−0.63
(0.000)

−0.55
(0.000)

−0.54
(0.000)

−0.53
(0.000)

−0.52
(0.000)

Panel B: σ(ε)i estimates
Q1 15

(0.790)
14

(0.846)
20

(0.567)
25

(0.005)
19

(0.989)
13

(1.000)
23

(1.000)
17

(0.997)
26

(0.187)
15

(0.320)
10

(1.000)
11

(0.994)
17

(1.000)

Q2 15
(0.891)

16
(0.790)

18
(0.790)

24
(0.135)

16
(0.994)

15
(0.925)

34
(0.649)

16
(0.998)

31
(0.005)

19
(0.320)

12
(0.925)

15
(0.724)

19
(0.989)

Q3 16
(0.990)

15
(0.930)

19
(0.263)

20
(0.102)

20
(0.983)

24
(0.664)

37
(0.500)

20
(0.983)

35
(0.070)

21
(0.029)

15
(0.898)

16
(0.416)

22
(0.889)

Q4 26
(0.063)

23
(0.094)

22
(0.483)

23
(0.187)

14
(0.997)

20
(0.998)

36
(0.649)

23
(0.790)

36
(0.001)

25
(0.001)

22
(0.041)

18
(0.846)

24
(0.130)

Q5 43
(0.000)

41
(0.000)

33
(0.199)

23
(0.898)

18
(0.998)

26
(0.801)

42
(0.145)

32
(0.336)

32
(0.416)

22
(0.891)

20
(0.883)

18
(0.994)

29
(0.300)

all 23
(0.332)

22
(0.058)

22
(0.403)

23
(0.020)

17
(1.000)

19
(1.000)

34
(0.928)

21
(1.000)

32
(0.000)

20
(0.015)

16
(0.995)

16
(0.998)

22
(0.999)

Panel C: φi estimates
Q1 0.00

(1.000)
0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q2 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q3 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q4 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q5 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

all 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Panel D: σ(w)i estimates
Q1 121

(0.000)
120

(0.000)
124

(0.000)
130

(0.000)
170

(0.000)
191

(0.000)
235

(0.000)
187

(0.000)
182

(0.000)
123

(0.000)
103

(0.000)
101

(0.000)
149

(0.000)

Q2 138
(0.000)

132
(0.000)

134
(0.000)

139
(0.000)

179
(0.000)

206
(0.000)

248
(0.000)

205
(0.000)

202
(0.000)

147
(0.000)

123
(0.000)

121
(0.000)

165
(0.000)

Q3 145
(0.000)

138
(0.000)

142
(0.000)

150
(0.000)

195
(0.000)

206
(0.000)

244
(0.000)

203
(0.000)

200
(0.000)

148
(0.000)

134
(0.000)

134
(0.000)

170
(0.000)

Q4 156
(0.000)

147
(0.000)

147
(0.000)

150
(0.000)

190
(0.000)

203
(0.000)

228
(0.000)

203
(0.000)

192
(0.000)

155
(0.000)

141
(0.000)

147
(0.000)

172
(0.000)

Q5 169
(0.000)

165
(0.000)

173
(0.000)

173
(0.000)

217
(0.000)

225
(0.000)

253
(0.000)

232
(0.000)

233
(0.000)

191
(0.000)

170
(0.000)

183
(0.000)

199
(0.000)

all 146
(0.000)

140
(0.000)

144
(0.000)

148
(0.000)

190
(0.000)

206
(0.000)

241
(0.000)

206
(0.000)

202
(0.000)

153
(0.000)

134
(0.000)

137
(0.000)

171
(0.000)

<continued on next page>

Table 3: Specialist inventory mean reversion estimates by year and size quintile

This table implements an estimation strategy to capture dynamics between log price changes and specialist inventory. We
explicitly recognize that both series contains a common factor γt , which we estimate as the cross-sectional mean each day of
the standardized series. We refer to this estimate as γ̂t . As an example we describe the procedure for specialist inventory. For
each stock, each year we multiply specialist inventory by the average price (to get a dollar amount to facilitate comparison across
stocks) and then regress it on γ̂t . We save the residuals as the idiosyncratic component of specialist inventory in dollar, i.e. I idioit .
We perform the following regressions by size quintile (Q1 contains the largest stocks) and by year:

yit = αi + βixit + εit
The table reports p-values in brackets. These p-values are based on a test statistic that counts the number of significant t-values
across all stock-year ML estimates in the bin. The test statistic is binomially distributed under the null (we use the 0.1 and 0.9
quantiles in the t-test).

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 all
Panel A: Autocorrelation 1st lag coef log price change (xit = yi ,t−1)
Q1 −0.03

(0.000)
−0.03
(0.000)

−0.05
(0.000)

−0.08
(0.000)

−0.02
(0.000)

−0.00
(0.005)

−0.01
(0.003)

−0.01
(0.001)

−0.05
(0.000)

−0.00
(0.005)

0.00
(0.005)

−0.02
(0.026)

−0.03
(0.000)

Q2 −0.02
(0.000)

−0.02
(0.000)

−0.03
(0.000)

−0.07
(0.000)

−0.01
(0.000)

−0.02
(0.000)

−0.04
(0.000)

−0.00
(0.000)

−0.06
(0.000)

−0.02
(0.000)

−0.02
(0.000)

−0.03
(0.000)

−0.03
(0.000)

Q3 −0.00
(0.000)

0.00
(0.000)

−0.02
(0.000)

−0.06
(0.000)

−0.01
(0.000)

−0.04
(0.000)

−0.06
(0.000)

−0.02
(0.000)

−0.06
(0.000)

−0.04
(0.000)

−0.03
(0.000)

−0.03
(0.001)

−0.03
(0.000)

Q4 −0.01
(0.000)

−0.02
(0.000)

−0.03
(0.000)

−0.05
(0.000)

−0.00
(0.000)

−0.03
(0.000)

−0.07
(0.000)

−0.04
(0.000)

−0.08
(0.000)

−0.06
(0.000)

−0.08
(0.000)

−0.04
(0.000)

−0.04
(0.000)

Q5 −0.05
(0.000)

−0.04
(0.000)

−0.02
(0.000)

0.00
(0.000)

0.04
(0.000)

0.01
(0.000)

−0.03
(0.000)

0.00
(0.000)

−0.02
(0.000)

−0.01
(0.000)

−0.04
(0.000)

−0.02
(0.000)

−0.02
(0.000)

all −0.02
(0.000)

−0.02
(0.000)

−0.03
(0.000)

−0.05
(0.000)

−0.00
(0.000)

−0.02
(0.000)

−0.04
(0.000)

−0.01
(0.000)

−0.05
(0.000)

−0.03
(0.000)

−0.03
(0.000)

−0.03
(0.000)

−0.03
(0.000)

Panel B: Autocorrelation 2nd lag coef log price change (xit = yi ,t−2)
Q1 −0.03

(0.001)
−0.05
(0.000)

−0.04
(0.000)

−0.02
(0.094)

−0.03
(0.135)

−0.02
(0.001)

−0.06
(0.000)

−0.05
(0.000)

−0.01
(0.026)

−0.01
(0.249)

−0.02
(0.015)

−0.01
(0.135)

−0.03
(0.000)

Q2 −0.03
(0.001)

−0.03
(0.003)

−0.03
(0.009)

−0.01
(0.320)

−0.03
(0.001)

−0.01
(0.249)

−0.04
(0.001)

−0.02
(0.000)

−0.01
(0.015)

−0.02
(0.001)

−0.00
(0.009)

−0.02
(0.649)

−0.02
(0.000)

Q3 −0.02
(0.584)

−0.02
(0.070)

−0.02
(0.045)

−0.01
(0.664)

−0.01
(0.584)

−0.01
(0.029)

−0.04
(0.000)

−0.02
(0.017)

−0.00
(0.010)

−0.00
(0.029)

−0.01
(0.029)

−0.01
(0.001)

−0.02
(0.000)

Q4 −0.01
(0.001)

−0.02
(0.249)

−0.02
(0.041)

−0.03
(0.041)

−0.02
(0.320)

−0.00
(0.063)

−0.03
(0.009)

−0.02
(0.094)

0.00
(0.003)

−0.01
(0.003)

0.01
(0.003)

−0.00
(0.001)

−0.01
(0.000)

Q5 −0.01
(0.029)

−0.01
(0.000)

−0.01
(0.017)

−0.00
(0.017)

−0.00
(0.000)

0.00
(0.010)

−0.01
(0.500)

−0.00
(0.000)

−0.01
(0.017)

−0.01
(0.009)

0.00
(0.087)

0.00
(0.070)

−0.01
(0.000)

all −0.02
(0.000)

−0.02
(0.000)

−0.02
(0.000)

−0.01
(0.010)

−0.02
(0.000)

−0.01
(0.000)

−0.04
(0.000)

−0.02
(0.000)

−0.00
(0.000)

−0.01
(0.000)

−0.00
(0.000)

−0.01
(0.000)

−0.02
(0.000)

Panel C: Standard deviation of idiosyncratic component specialist inventory I idioit
Q1 691

(0.000)
968

(0.000)
813

(0.000)
964

(0.000)
1126
(0.000)

1336
(0.000)

1344
(0.000)

1489
(0.000)

1472
(0.000)

1122
(0.000)

1119
(0.000)

1128
(0.000)

1131
(0.000)

Q2 472
(0.000)

510
(0.000)

488
(0.000)

524
(0.000)

530
(0.000)

695
(0.000)

819
(0.000)

647
(0.000)

448
(0.000)

391
(0.000)

441
(0.000)

400
(0.000)

530
(0.000)

Q3 374
(0.000)

429
(0.000)

383
(0.000)

372
(0.000)

430
(0.000)

452
(0.000)

668
(0.000)

437
(0.000)

293
(0.000)

242
(0.000)

266
(0.000)

271
(0.000)

385
(0.000)

Q4 226
(0.000)

254
(0.000)

255
(0.000)

261
(0.000)

291
(0.000)

315
(0.000)

320
(0.000)

333
(0.000)

229
(0.000)

163
(0.000)

145
(0.000)

147
(0.000)

245
(0.000)

Q5 167
(0.000)

159
(0.000)

167
(0.000)

234
(0.000)

204
(0.000)

223
(0.000)

210
(0.000)

186
(0.000)

129
(0.000)

108
(0.000)

95
(0.000)

95
(0.000)

165
(0.000)

all 386
(0.000)

464
(0.000)

421
(0.000)

471
(0.000)

516
(0.000)

604
(0.000)

672
(0.000)

619
(0.000)

514
(0.000)

405
(0.000)

413
(0.000)

408
(0.000)

491
(0.000)

Panel D: AR coef estimates idiosyncratic component specialist inventory I idioit (xit = yi ,t−1)
Q1 0.28

(0.000)
0.27
(0.000)

0.26
(0.000)

0.22
(0.000)

0.25
(0.000)

0.27
(0.000)

0.28
(0.000)

0.29
(0.000)

0.28
(0.000)

0.34
(0.000)

0.37
(0.000)

0.25
(0.000)

0.28
(0.000)

Q2 0.47
(0.000)

0.46
(0.000)

0.44
(0.000)

0.38
(0.000)

0.35
(0.000)

0.34
(0.000)

0.36
(0.000)

0.32
(0.000)

0.25
(0.000)

0.28
(0.000)

0.33
(0.000)

0.25
(0.000)

0.35
(0.000)

Q3 0.59
(0.000)

0.59
(0.000)

0.56
(0.000)

0.51
(0.000)

0.49
(0.000)

0.45
(0.000)

0.41
(0.000)

0.41
(0.000)

0.30
(0.000)

0.31
(0.000)

0.34
(0.000)

0.24
(0.000)

0.43
(0.000)

Q4 0.74
(0.000)

0.73
(0.000)

0.71
(0.000)

0.66
(0.000)

0.63
(0.000)

0.63
(0.000)

0.59
(0.000)

0.57
(0.000)

0.40
(0.000)

0.38
(0.000)

0.36
(0.000)

0.29
(0.000)

0.56
(0.000)

Q5 0.82
(0.000)

0.80
(0.000)

0.80
(0.000)

0.77
(0.000)

0.78
(0.000)

0.79
(0.000)

0.77
(0.000)

0.76
(0.000)

0.66
(0.000)

0.61
(0.000)

0.57
(0.000)

0.51
(0.000)

0.72
(0.000)

all 0.58
(0.000)

0.57
(0.000)

0.56
(0.000)

0.51
(0.000)

0.50
(0.000)

0.50
(0.000)

0.48
(0.000)

0.47
(0.000)

0.38
(0.000)

0.38
(0.000)

0.39
(0.000)

0.31
(0.000)

0.47
(0.000)

<continued on next page>

n.b. low first order autocorrelation might lead one to
underestimate price pressure if true pressure is persistent. . .
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inventory dynamics

Table 5: State space model estimates by year and size quintile (φi = 0)

This table estimates the following state space model for a latent efficient price and an observed end-of-day midquote:

(observed price) pit = mit + sit
(unobserved efficient price) mit = mi ,t−1 + βi γ̂t + wit

(unobserved transitory price deviation) sit = φisi ,t−1 + αi I
idio
it + β0

i γ̂t + · · ·+ β3
i γ̂t−3 + εit

where i indexes over stocks and t indexes over days, mit is the end-of-day unobserved efficient price (“state”), γ̂t is a midquote
return common factor which is the cross-sectional average of the standardized midquote return series which has been filtered
with an AR(4) model to remove intertemporal dynamics, pit is end-of-day observed midquote, I idioit is the idiosyncratic part of
the specialist end-of-day USD inventory that remains after removing a common factor across specialist inventories (we use the

average price across the entire period to convert inventory in shares to USD), βj
i captures potential “overreaction” or lagged

adjustment to common factor innovations, and wit and νit are mutually independent i.i.d. error terms. We report maximum
likelihood estimates where we assume normality for the error terms. We implement our optimization in ox with ssfpack routines
where we use the Kalman filter to evaluate the likelihood (see Koopman, Shephard, and Doornik (1999)). The table reports
p-values in brackets. These p-values are based on a test statistic that counts the number of significant t-values across all
stock-year ML estimates in the bin. The test statistic is binomially distributed under the null (we use the 0.1 and 0.9 quantiles
in the t-test).

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 all
Panel A: αi estimates
Q1 −0.08

(0.000)
−0.07
(0.000)

−0.06
(0.000)

−0.06
(0.000)

−0.07
(0.000)

−0.07
(0.000)

−0.07
(0.000)

−0.06
(0.000)

−0.06
(0.000)

−0.05
(0.000)

−0.04
(0.000)

−0.04
(0.000)

−0.06
(0.000)

Q2 −0.16
(0.000)

−0.14
(0.000)

−0.13
(0.000)

−0.13
(0.000)

−0.14
(0.000)

−0.14
(0.000)

−0.15
(0.000)

−0.14
(0.000)

−0.14
(0.000)

−0.12
(0.000)

−0.11
(0.000)

−0.10
(0.000)

−0.13
(0.000)

Q3 −0.27
(0.000)

−0.23
(0.000)

−0.22
(0.000)

−0.22
(0.000)

−0.26
(0.000)

−0.27
(0.000)

−0.28
(0.000)

−0.21
(0.000)

−0.24
(0.000)

−0.21
(0.000)

−0.22
(0.000)

−0.19
(0.000)

−0.23
(0.000)

Q4 −0.60
(0.000)

−0.47
(0.000)

−0.52
(0.000)

−0.55
(0.000)

−0.59
(0.000)

−0.59
(0.000)

−0.62
(0.000)

−0.54
(0.000)

−0.61
(0.000)

−0.49
(0.000)

−0.52
(0.000)

−0.47
(0.000)

−0.55
(0.000)

Q5 −1.45
(0.000)

−1.38
(0.000)

−1.28
(0.000)

−1.25
(0.000)

−1.56
(0.000)

−1.44
(0.000)

−1.78
(0.000)

−1.93
(0.000)

−2.10
(0.000)

−1.88
(0.000)

−1.83
(0.000)

−1.87
(0.000)

−1.64
(0.000)

all −0.51
(0.000)

−0.46
(0.000)

−0.44
(0.000)

−0.44
(0.000)

−0.52
(0.000)

−0.50
(0.000)

−0.58
(0.000)

−0.57
(0.000)

−0.63
(0.000)

−0.55
(0.000)

−0.54
(0.000)

−0.53
(0.000)

−0.52
(0.000)

Panel B: σ(ε)i estimates
Q1 15

(0.790)
14

(0.846)
20

(0.567)
25

(0.005)
19

(0.989)
13

(1.000)
23

(1.000)
17

(0.997)
26

(0.187)
15

(0.320)
10

(1.000)
11

(0.994)
17

(1.000)

Q2 15
(0.891)

16
(0.790)

18
(0.790)

24
(0.135)

16
(0.994)

15
(0.925)

34
(0.649)

16
(0.998)

31
(0.005)

19
(0.320)

12
(0.925)

15
(0.724)

19
(0.989)

Q3 16
(0.990)

15
(0.930)

19
(0.263)

20
(0.102)

20
(0.983)

24
(0.664)

37
(0.500)

20
(0.983)

35
(0.070)

21
(0.029)

15
(0.898)

16
(0.416)

22
(0.889)

Q4 26
(0.063)

23
(0.094)

22
(0.483)

23
(0.187)

14
(0.997)

20
(0.998)

36
(0.649)

23
(0.790)

36
(0.001)

25
(0.001)

22
(0.041)

18
(0.846)

24
(0.130)

Q5 43
(0.000)

41
(0.000)

33
(0.199)

23
(0.898)

18
(0.998)

26
(0.801)

42
(0.145)

32
(0.336)

32
(0.416)

22
(0.891)

20
(0.883)

18
(0.994)

29
(0.300)

all 23
(0.332)

22
(0.058)

22
(0.403)

23
(0.020)

17
(1.000)

19
(1.000)

34
(0.928)

21
(1.000)

32
(0.000)

20
(0.015)

16
(0.995)

16
(0.998)

22
(0.999)

Panel C: φi estimates
Q1 0.00

(1.000)
0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q2 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q3 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q4 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q5 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

all 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Panel D: σ(w)i estimates
Q1 121

(0.000)
120

(0.000)
124

(0.000)
130

(0.000)
170

(0.000)
191

(0.000)
235

(0.000)
187

(0.000)
182

(0.000)
123

(0.000)
103

(0.000)
101

(0.000)
149

(0.000)

Q2 138
(0.000)

132
(0.000)

134
(0.000)

139
(0.000)

179
(0.000)

206
(0.000)

248
(0.000)

205
(0.000)

202
(0.000)

147
(0.000)

123
(0.000)

121
(0.000)

165
(0.000)

Q3 145
(0.000)

138
(0.000)

142
(0.000)

150
(0.000)

195
(0.000)

206
(0.000)

244
(0.000)

203
(0.000)

200
(0.000)

148
(0.000)

134
(0.000)

134
(0.000)

170
(0.000)

Q4 156
(0.000)

147
(0.000)

147
(0.000)

150
(0.000)

190
(0.000)

203
(0.000)

228
(0.000)

203
(0.000)

192
(0.000)

155
(0.000)

141
(0.000)

147
(0.000)

172
(0.000)

Q5 169
(0.000)

165
(0.000)

173
(0.000)

173
(0.000)

217
(0.000)

225
(0.000)

253
(0.000)

232
(0.000)

233
(0.000)

191
(0.000)

170
(0.000)

183
(0.000)

199
(0.000)

all 146
(0.000)

140
(0.000)

144
(0.000)

148
(0.000)

190
(0.000)

206
(0.000)

241
(0.000)

206
(0.000)

202
(0.000)

153
(0.000)

134
(0.000)

137
(0.000)

171
(0.000)

<continued on next page>

Table 3: Specialist inventory mean reversion estimates by year and size quintile

This table implements an estimation strategy to capture dynamics between log price changes and specialist inventory. We
explicitly recognize that both series contains a common factor γt , which we estimate as the cross-sectional mean each day of
the standardized series. We refer to this estimate as γ̂t . As an example we describe the procedure for specialist inventory. For
each stock, each year we multiply specialist inventory by the average price (to get a dollar amount to facilitate comparison across
stocks) and then regress it on γ̂t . We save the residuals as the idiosyncratic component of specialist inventory in dollar, i.e. I idioit .
We perform the following regressions by size quintile (Q1 contains the largest stocks) and by year:

yit = αi + βixit + εit
The table reports p-values in brackets. These p-values are based on a test statistic that counts the number of significant t-values
across all stock-year ML estimates in the bin. The test statistic is binomially distributed under the null (we use the 0.1 and 0.9
quantiles in the t-test).

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 all
Panel A: Autocorrelation 1st lag coef log price change (xit = yi ,t−1)
Q1 −0.03

(0.000)
−0.03
(0.000)

−0.05
(0.000)

−0.08
(0.000)

−0.02
(0.000)

−0.00
(0.005)

−0.01
(0.003)

−0.01
(0.001)

−0.05
(0.000)

−0.00
(0.005)

0.00
(0.005)

−0.02
(0.026)

−0.03
(0.000)

Q2 −0.02
(0.000)

−0.02
(0.000)

−0.03
(0.000)

−0.07
(0.000)

−0.01
(0.000)

−0.02
(0.000)

−0.04
(0.000)

−0.00
(0.000)

−0.06
(0.000)

−0.02
(0.000)

−0.02
(0.000)

−0.03
(0.000)

−0.03
(0.000)

Q3 −0.00
(0.000)

0.00
(0.000)

−0.02
(0.000)

−0.06
(0.000)

−0.01
(0.000)

−0.04
(0.000)

−0.06
(0.000)

−0.02
(0.000)

−0.06
(0.000)

−0.04
(0.000)

−0.03
(0.000)

−0.03
(0.001)

−0.03
(0.000)

Q4 −0.01
(0.000)

−0.02
(0.000)

−0.03
(0.000)

−0.05
(0.000)

−0.00
(0.000)

−0.03
(0.000)

−0.07
(0.000)

−0.04
(0.000)

−0.08
(0.000)

−0.06
(0.000)

−0.08
(0.000)

−0.04
(0.000)

−0.04
(0.000)

Q5 −0.05
(0.000)

−0.04
(0.000)

−0.02
(0.000)

0.00
(0.000)

0.04
(0.000)

0.01
(0.000)

−0.03
(0.000)

0.00
(0.000)

−0.02
(0.000)

−0.01
(0.000)

−0.04
(0.000)

−0.02
(0.000)

−0.02
(0.000)

all −0.02
(0.000)

−0.02
(0.000)

−0.03
(0.000)

−0.05
(0.000)

−0.00
(0.000)

−0.02
(0.000)

−0.04
(0.000)

−0.01
(0.000)

−0.05
(0.000)

−0.03
(0.000)

−0.03
(0.000)

−0.03
(0.000)

−0.03
(0.000)

Panel B: Autocorrelation 2nd lag coef log price change (xit = yi ,t−2)
Q1 −0.03

(0.001)
−0.05
(0.000)

−0.04
(0.000)

−0.02
(0.094)

−0.03
(0.135)

−0.02
(0.001)

−0.06
(0.000)

−0.05
(0.000)

−0.01
(0.026)

−0.01
(0.249)

−0.02
(0.015)

−0.01
(0.135)

−0.03
(0.000)

Q2 −0.03
(0.001)

−0.03
(0.003)

−0.03
(0.009)

−0.01
(0.320)

−0.03
(0.001)

−0.01
(0.249)

−0.04
(0.001)

−0.02
(0.000)

−0.01
(0.015)

−0.02
(0.001)

−0.00
(0.009)

−0.02
(0.649)

−0.02
(0.000)

Q3 −0.02
(0.584)

−0.02
(0.070)

−0.02
(0.045)

−0.01
(0.664)

−0.01
(0.584)

−0.01
(0.029)

−0.04
(0.000)

−0.02
(0.017)

−0.00
(0.010)

−0.00
(0.029)

−0.01
(0.029)

−0.01
(0.001)

−0.02
(0.000)

Q4 −0.01
(0.001)

−0.02
(0.249)

−0.02
(0.041)

−0.03
(0.041)

−0.02
(0.320)

−0.00
(0.063)

−0.03
(0.009)

−0.02
(0.094)

0.00
(0.003)

−0.01
(0.003)

0.01
(0.003)

−0.00
(0.001)

−0.01
(0.000)

Q5 −0.01
(0.029)

−0.01
(0.000)

−0.01
(0.017)

−0.00
(0.017)

−0.00
(0.000)

0.00
(0.010)

−0.01
(0.500)

−0.00
(0.000)

−0.01
(0.017)

−0.01
(0.009)

0.00
(0.087)

0.00
(0.070)

−0.01
(0.000)

all −0.02
(0.000)

−0.02
(0.000)

−0.02
(0.000)

−0.01
(0.010)

−0.02
(0.000)

−0.01
(0.000)

−0.04
(0.000)

−0.02
(0.000)

−0.00
(0.000)

−0.01
(0.000)

−0.00
(0.000)

−0.01
(0.000)

−0.02
(0.000)

Panel C: Standard deviation of idiosyncratic component specialist inventory I idioit
Q1 691

(0.000)
968

(0.000)
813

(0.000)
964

(0.000)
1126
(0.000)

1336
(0.000)

1344
(0.000)

1489
(0.000)

1472
(0.000)

1122
(0.000)

1119
(0.000)

1128
(0.000)

1131
(0.000)

Q2 472
(0.000)

510
(0.000)

488
(0.000)

524
(0.000)

530
(0.000)

695
(0.000)

819
(0.000)

647
(0.000)

448
(0.000)

391
(0.000)

441
(0.000)

400
(0.000)

530
(0.000)

Q3 374
(0.000)

429
(0.000)

383
(0.000)

372
(0.000)

430
(0.000)

452
(0.000)

668
(0.000)

437
(0.000)

293
(0.000)

242
(0.000)

266
(0.000)

271
(0.000)

385
(0.000)

Q4 226
(0.000)

254
(0.000)

255
(0.000)

261
(0.000)

291
(0.000)

315
(0.000)

320
(0.000)

333
(0.000)

229
(0.000)

163
(0.000)

145
(0.000)

147
(0.000)

245
(0.000)

Q5 167
(0.000)

159
(0.000)

167
(0.000)

234
(0.000)

204
(0.000)

223
(0.000)

210
(0.000)

186
(0.000)

129
(0.000)

108
(0.000)

95
(0.000)

95
(0.000)

165
(0.000)

all 386
(0.000)

464
(0.000)

421
(0.000)

471
(0.000)

516
(0.000)

604
(0.000)

672
(0.000)

619
(0.000)

514
(0.000)

405
(0.000)

413
(0.000)

408
(0.000)

491
(0.000)

Panel D: AR coef estimates idiosyncratic component specialist inventory I idioit (xit = yi ,t−1)
Q1 0.28

(0.000)
0.27
(0.000)

0.26
(0.000)

0.22
(0.000)

0.25
(0.000)

0.27
(0.000)

0.28
(0.000)

0.29
(0.000)

0.28
(0.000)

0.34
(0.000)

0.37
(0.000)

0.25
(0.000)

0.28
(0.000)

Q2 0.47
(0.000)

0.46
(0.000)

0.44
(0.000)

0.38
(0.000)

0.35
(0.000)

0.34
(0.000)

0.36
(0.000)

0.32
(0.000)

0.25
(0.000)

0.28
(0.000)

0.33
(0.000)

0.25
(0.000)

0.35
(0.000)

Q3 0.59
(0.000)

0.59
(0.000)

0.56
(0.000)

0.51
(0.000)

0.49
(0.000)

0.45
(0.000)

0.41
(0.000)

0.41
(0.000)

0.30
(0.000)

0.31
(0.000)

0.34
(0.000)

0.24
(0.000)

0.43
(0.000)

Q4 0.74
(0.000)

0.73
(0.000)

0.71
(0.000)

0.66
(0.000)

0.63
(0.000)

0.63
(0.000)

0.59
(0.000)

0.57
(0.000)

0.40
(0.000)

0.38
(0.000)

0.36
(0.000)

0.29
(0.000)

0.56
(0.000)

Q5 0.82
(0.000)

0.80
(0.000)

0.80
(0.000)

0.77
(0.000)

0.78
(0.000)

0.79
(0.000)

0.77
(0.000)

0.76
(0.000)

0.66
(0.000)

0.61
(0.000)

0.57
(0.000)

0.51
(0.000)

0.72
(0.000)

all 0.58
(0.000)

0.57
(0.000)

0.56
(0.000)

0.51
(0.000)

0.50
(0.000)

0.50
(0.000)

0.48
(0.000)

0.47
(0.000)

0.38
(0.000)

0.38
(0.000)

0.39
(0.000)

0.31
(0.000)

0.47
(0.000)

<continued on next page>
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Table 5: State space model estimates by year and size quintile (φi = 0)

This table estimates the following state space model for a latent efficient price and an observed end-of-day midquote:

(observed price) pit = mit + sit
(unobserved efficient price) mit = mi ,t−1 + βi γ̂t + wit

(unobserved transitory price deviation) sit = φisi ,t−1 + αi I
idio
it + β0

i γ̂t + · · ·+ β3
i γ̂t−3 + εit

where i indexes over stocks and t indexes over days, mit is the end-of-day unobserved efficient price (“state”), γ̂t is a midquote
return common factor which is the cross-sectional average of the standardized midquote return series which has been filtered
with an AR(4) model to remove intertemporal dynamics, pit is end-of-day observed midquote, I idioit is the idiosyncratic part of
the specialist end-of-day USD inventory that remains after removing a common factor across specialist inventories (we use the

average price across the entire period to convert inventory in shares to USD), βj
i captures potential “overreaction” or lagged

adjustment to common factor innovations, and wit and νit are mutually independent i.i.d. error terms. We report maximum
likelihood estimates where we assume normality for the error terms. We implement our optimization in ox with ssfpack routines
where we use the Kalman filter to evaluate the likelihood (see Koopman, Shephard, and Doornik (1999)). The table reports
p-values in brackets. These p-values are based on a test statistic that counts the number of significant t-values across all
stock-year ML estimates in the bin. The test statistic is binomially distributed under the null (we use the 0.1 and 0.9 quantiles
in the t-test).

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 all
Panel A: αi estimates
Q1 −0.08

(0.000)
−0.07
(0.000)

−0.06
(0.000)

−0.06
(0.000)

−0.07
(0.000)

−0.07
(0.000)

−0.07
(0.000)

−0.06
(0.000)

−0.06
(0.000)

−0.05
(0.000)

−0.04
(0.000)

−0.04
(0.000)

−0.06
(0.000)

Q2 −0.16
(0.000)

−0.14
(0.000)

−0.13
(0.000)

−0.13
(0.000)

−0.14
(0.000)

−0.14
(0.000)

−0.15
(0.000)

−0.14
(0.000)

−0.14
(0.000)

−0.12
(0.000)

−0.11
(0.000)

−0.10
(0.000)

−0.13
(0.000)

Q3 −0.27
(0.000)

−0.23
(0.000)

−0.22
(0.000)

−0.22
(0.000)

−0.26
(0.000)

−0.27
(0.000)

−0.28
(0.000)

−0.21
(0.000)

−0.24
(0.000)

−0.21
(0.000)

−0.22
(0.000)

−0.19
(0.000)

−0.23
(0.000)

Q4 −0.60
(0.000)

−0.47
(0.000)

−0.52
(0.000)

−0.55
(0.000)

−0.59
(0.000)

−0.59
(0.000)

−0.62
(0.000)

−0.54
(0.000)

−0.61
(0.000)

−0.49
(0.000)

−0.52
(0.000)

−0.47
(0.000)

−0.55
(0.000)

Q5 −1.45
(0.000)

−1.38
(0.000)

−1.28
(0.000)

−1.25
(0.000)

−1.56
(0.000)

−1.44
(0.000)

−1.78
(0.000)

−1.93
(0.000)

−2.10
(0.000)

−1.88
(0.000)

−1.83
(0.000)

−1.87
(0.000)

−1.64
(0.000)

all −0.51
(0.000)

−0.46
(0.000)

−0.44
(0.000)

−0.44
(0.000)

−0.52
(0.000)

−0.50
(0.000)

−0.58
(0.000)

−0.57
(0.000)

−0.63
(0.000)

−0.55
(0.000)

−0.54
(0.000)

−0.53
(0.000)

−0.52
(0.000)

Panel B: σ(ε)i estimates
Q1 15

(0.790)
14

(0.846)
20

(0.567)
25

(0.005)
19

(0.989)
13

(1.000)
23

(1.000)
17

(0.997)
26

(0.187)
15

(0.320)
10

(1.000)
11

(0.994)
17

(1.000)

Q2 15
(0.891)

16
(0.790)

18
(0.790)

24
(0.135)

16
(0.994)

15
(0.925)

34
(0.649)

16
(0.998)

31
(0.005)

19
(0.320)

12
(0.925)

15
(0.724)

19
(0.989)

Q3 16
(0.990)

15
(0.930)

19
(0.263)

20
(0.102)

20
(0.983)

24
(0.664)

37
(0.500)

20
(0.983)

35
(0.070)

21
(0.029)

15
(0.898)

16
(0.416)

22
(0.889)

Q4 26
(0.063)

23
(0.094)

22
(0.483)

23
(0.187)

14
(0.997)

20
(0.998)

36
(0.649)

23
(0.790)

36
(0.001)

25
(0.001)

22
(0.041)

18
(0.846)

24
(0.130)

Q5 43
(0.000)

41
(0.000)

33
(0.199)

23
(0.898)

18
(0.998)

26
(0.801)

42
(0.145)

32
(0.336)

32
(0.416)

22
(0.891)

20
(0.883)

18
(0.994)

29
(0.300)

all 23
(0.332)

22
(0.058)

22
(0.403)

23
(0.020)

17
(1.000)

19
(1.000)

34
(0.928)

21
(1.000)

32
(0.000)

20
(0.015)

16
(0.995)

16
(0.998)

22
(0.999)

Panel C: φi estimates
Q1 0.00

(1.000)
0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q2 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q3 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q4 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q5 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

all 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Panel D: σ(w)i estimates
Q1 121

(0.000)
120

(0.000)
124

(0.000)
130

(0.000)
170

(0.000)
191

(0.000)
235

(0.000)
187

(0.000)
182

(0.000)
123

(0.000)
103

(0.000)
101

(0.000)
149

(0.000)

Q2 138
(0.000)

132
(0.000)

134
(0.000)

139
(0.000)

179
(0.000)

206
(0.000)

248
(0.000)

205
(0.000)

202
(0.000)

147
(0.000)

123
(0.000)

121
(0.000)

165
(0.000)

Q3 145
(0.000)

138
(0.000)

142
(0.000)

150
(0.000)

195
(0.000)

206
(0.000)

244
(0.000)

203
(0.000)

200
(0.000)

148
(0.000)

134
(0.000)

134
(0.000)

170
(0.000)

Q4 156
(0.000)

147
(0.000)

147
(0.000)

150
(0.000)

190
(0.000)

203
(0.000)

228
(0.000)

203
(0.000)

192
(0.000)

155
(0.000)

141
(0.000)

147
(0.000)

172
(0.000)

Q5 169
(0.000)

165
(0.000)

173
(0.000)

173
(0.000)

217
(0.000)

225
(0.000)

253
(0.000)

232
(0.000)

233
(0.000)

191
(0.000)

170
(0.000)

183
(0.000)

199
(0.000)

all 146
(0.000)

140
(0.000)

144
(0.000)

148
(0.000)

190
(0.000)

206
(0.000)

241
(0.000)

206
(0.000)

202
(0.000)

153
(0.000)

134
(0.000)

137
(0.000)

171
(0.000)

<continued on next page>

<continued from previous page>
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 all

Panel E: Regression coefficient log price change on lagged idiosyncratic component specialist inventory I idioi ,t−1
Q1 0.01

(0.005)
0.01
(0.000)

0.01
(0.009)

0.01
(0.000)

0.01
(0.005)

0.01
(0.135)

0.01
(0.005)

0.01
(0.005)

0.01
(0.001)

0.00
(0.249)

0.00
(0.063)

0.00
(0.135)

0.01
(0.000)

Q2 0.01
(0.041)

0.01
(0.009)

0.01
(0.015)

0.02
(0.000)

0.01
(0.041)

0.02
(0.000)

0.02
(0.001)

0.02
(0.041)

0.02
(0.000)

0.02
(0.135)

0.01
(0.135)

0.01
(0.063)

0.02
(0.000)

Q3 0.02
(0.010)

0.02
(0.001)

0.02
(0.045)

0.02
(0.000)

0.02
(0.145)

0.03
(0.001)

0.05
(0.000)

0.01
(0.000)

0.05
(0.000)

0.03
(0.017)

0.03
(0.102)

0.03
(0.199)

0.03
(0.000)

Q4 0.03
(0.063)

0.02
(0.135)

0.04
(0.000)

0.05
(0.000)

0.04
(0.000)

0.06
(0.000)

0.08
(0.000)

0.05
(0.000)

0.11
(0.000)

0.05
(0.026)

0.08
(0.000)

0.06
(0.026)

0.06
(0.000)

Q5 0.08
(0.000)

0.08
(0.199)

0.03
(0.010)

0.02
(0.017)

0.06
(0.006)

0.06
(0.416)

0.14
(0.000)

0.10
(0.000)

0.15
(0.000)

0.08
(0.009)

0.12
(0.008)

0.13
(0.500)

0.09
(0.000)

all 0.03
(0.000)

0.03
(0.000)

0.02
(0.000)

0.02
(0.000)

0.03
(0.000)

0.03
(0.000)

0.06
(0.000)

0.04
(0.000)

0.07
(0.000)

0.04
(0.000)

0.05
(0.000)

0.05
(0.008)

0.04
(0.000)

CF 0.10
(0.169)

0.15
(0.069)

−0.30
(0.039)

0.36
(0.020)

−0.08
(0.165)

−0.08
(0.137)

−0.04
(0.201)

−0.03
(0.195)

0.06
(0.177)

0.19
(0.041)

0.05
(0.118)

0.02
(0.207)

0.04
(0.112)

*/**: Significant at a 95%/99% level.
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state space model

pt = mt + st

mt = mt−1 + βγ̂t + wt wt = κi (I
idio
t − Et−1[I idiot ]) + ut

st = αI idiot + β0γ̂t + · · · + β3γ̂t−3 + εt

α conditional price pressure per $100,000 inventory
ασ(I ) average price pressure or transitory volatility
(ασ(I ))2/σ2

w transitory to permanent variance ratio

14



conditional price pressure α

pt = mt + st

mt = mt−1 + βγ̂t + wt wt = κi (I
idio
t − Et−1[I idiot ]) + ut

st = αI idiot + β0γ̂t + · · · + β3γ̂t−3 + εt

Table 5: State space model estimates by year and size quintile (φi = 0)

This table estimates the following state space model for a latent efficient price and an observed end-of-day midquote:

(observed price) pit = mit + sit
(unobserved efficient price) mit = mi ,t−1 + βi γ̂t + wit

(unobserved transitory price deviation) sit = φisi ,t−1 + αi I
idio
it + β0

i γ̂t + · · ·+ β3
i γ̂t−3 + εit

where i indexes over stocks and t indexes over days, mit is the end-of-day unobserved efficient price (“state”), γ̂t is a midquote
return common factor which is the cross-sectional average of the standardized midquote return series which has been filtered
with an AR(4) model to remove intertemporal dynamics, pit is end-of-day observed midquote, I idioit is the idiosyncratic part of
the specialist end-of-day USD inventory that remains after removing a common factor across specialist inventories (we use the

average price across the entire period to convert inventory in shares to USD), βj
i captures potential “overreaction” or lagged

adjustment to common factor innovations, and wit and νit are mutually independent i.i.d. error terms. We report maximum
likelihood estimates where we assume normality for the error terms. We implement our optimization in ox with ssfpack routines
where we use the Kalman filter to evaluate the likelihood (see Koopman, Shephard, and Doornik (1999)). The table reports
p-values in brackets. These p-values are based on a test statistic that counts the number of significant t-values across all
stock-year ML estimates in the bin. The test statistic is binomially distributed under the null (we use the 0.1 and 0.9 quantiles
in the t-test).

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 all
Panel A: αi estimates
Q1 −0.08

(0.000)
−0.07
(0.000)

−0.06
(0.000)

−0.06
(0.000)

−0.07
(0.000)

−0.07
(0.000)

−0.07
(0.000)

−0.06
(0.000)

−0.06
(0.000)

−0.05
(0.000)

−0.04
(0.000)

−0.04
(0.000)

−0.06
(0.000)

Q2 −0.16
(0.000)

−0.14
(0.000)

−0.13
(0.000)

−0.13
(0.000)

−0.14
(0.000)

−0.14
(0.000)

−0.15
(0.000)

−0.14
(0.000)

−0.14
(0.000)

−0.12
(0.000)

−0.11
(0.000)

−0.10
(0.000)

−0.13
(0.000)

Q3 −0.27
(0.000)

−0.23
(0.000)

−0.22
(0.000)

−0.22
(0.000)

−0.26
(0.000)

−0.27
(0.000)

−0.28
(0.000)

−0.21
(0.000)

−0.24
(0.000)

−0.21
(0.000)

−0.22
(0.000)

−0.19
(0.000)

−0.23
(0.000)

Q4 −0.60
(0.000)

−0.47
(0.000)

−0.52
(0.000)

−0.55
(0.000)

−0.59
(0.000)

−0.59
(0.000)

−0.62
(0.000)

−0.54
(0.000)

−0.61
(0.000)

−0.49
(0.000)

−0.52
(0.000)

−0.47
(0.000)

−0.55
(0.000)

Q5 −1.45
(0.000)

−1.38
(0.000)

−1.28
(0.000)

−1.25
(0.000)

−1.56
(0.000)

−1.44
(0.000)

−1.78
(0.000)

−1.93
(0.000)

−2.10
(0.000)

−1.88
(0.000)

−1.83
(0.000)

−1.87
(0.000)

−1.64
(0.000)

all −0.51
(0.000)

−0.46
(0.000)

−0.44
(0.000)

−0.44
(0.000)

−0.52
(0.000)

−0.50
(0.000)

−0.58
(0.000)

−0.57
(0.000)

−0.63
(0.000)

−0.55
(0.000)

−0.54
(0.000)

−0.53
(0.000)

−0.52
(0.000)

Panel B: σ(ε)i estimates
Q1 15

(0.790)
14

(0.846)
20

(0.567)
25

(0.005)
19

(0.989)
13

(1.000)
23

(1.000)
17

(0.997)
26

(0.187)
15

(0.320)
10

(1.000)
11

(0.994)
17

(1.000)

Q2 15
(0.891)

16
(0.790)

18
(0.790)

24
(0.135)

16
(0.994)

15
(0.925)

34
(0.649)

16
(0.998)

31
(0.005)

19
(0.320)

12
(0.925)

15
(0.724)

19
(0.989)

Q3 16
(0.990)

15
(0.930)

19
(0.263)

20
(0.102)

20
(0.983)

24
(0.664)

37
(0.500)

20
(0.983)

35
(0.070)

21
(0.029)

15
(0.898)

16
(0.416)

22
(0.889)

Q4 26
(0.063)

23
(0.094)

22
(0.483)

23
(0.187)

14
(0.997)

20
(0.998)

36
(0.649)

23
(0.790)

36
(0.001)

25
(0.001)

22
(0.041)

18
(0.846)

24
(0.130)

Q5 43
(0.000)

41
(0.000)

33
(0.199)

23
(0.898)

18
(0.998)

26
(0.801)

42
(0.145)

32
(0.336)

32
(0.416)

22
(0.891)

20
(0.883)

18
(0.994)

29
(0.300)

all 23
(0.332)

22
(0.058)

22
(0.403)

23
(0.020)

17
(1.000)

19
(1.000)

34
(0.928)

21
(1.000)

32
(0.000)

20
(0.015)

16
(0.995)

16
(0.998)

22
(0.999)

Panel C: φi estimates
Q1 0.00

(1.000)
0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q2 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q3 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q4 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q5 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

all 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Panel D: σ(w)i estimates
Q1 121

(0.000)
120

(0.000)
124

(0.000)
130

(0.000)
170

(0.000)
191

(0.000)
235

(0.000)
187

(0.000)
182

(0.000)
123

(0.000)
103

(0.000)
101

(0.000)
149

(0.000)

Q2 138
(0.000)

132
(0.000)

134
(0.000)

139
(0.000)

179
(0.000)

206
(0.000)

248
(0.000)

205
(0.000)

202
(0.000)

147
(0.000)

123
(0.000)

121
(0.000)

165
(0.000)

Q3 145
(0.000)

138
(0.000)

142
(0.000)

150
(0.000)

195
(0.000)

206
(0.000)

244
(0.000)

203
(0.000)

200
(0.000)

148
(0.000)

134
(0.000)

134
(0.000)

170
(0.000)

Q4 156
(0.000)

147
(0.000)

147
(0.000)

150
(0.000)

190
(0.000)

203
(0.000)

228
(0.000)

203
(0.000)

192
(0.000)

155
(0.000)

141
(0.000)

147
(0.000)

172
(0.000)

Q5 169
(0.000)

165
(0.000)

173
(0.000)

173
(0.000)

217
(0.000)

225
(0.000)

253
(0.000)

232
(0.000)

233
(0.000)

191
(0.000)

170
(0.000)

183
(0.000)

199
(0.000)

all 146
(0.000)

140
(0.000)

144
(0.000)

148
(0.000)

190
(0.000)

206
(0.000)

241
(0.000)

206
(0.000)

202
(0.000)

153
(0.000)

134
(0.000)

137
(0.000)

171
(0.000)

<continued on next page>

Table 5: State space model estimates by year and size quintile (ϕi = 0)

This table estimates the following state space model for a latent efficient price and an observed end-of-day midquote:

(observed price) pit = mit + sit

(unobserved efficient price) mit = mi ,t−1 + βi γ̂t + wit wit = κi(I
idio
it − Et−1[I

idio
it ]) + uit

(unobserved transitory price deviation) sit = ϕisi ,t−1 + αi I
idio
it + β0

i γ̂t + · · ·+ β3
i γ̂t−3 + εit

where i indexes over stocks and t indexes over days, mit is the end-of-day unobserved efficient price (“state”), γ̂t is a midquote
return common factor which is the cross-sectional average of the standardized midquote return series which has been filtered
with an AR(4) model to remove intertemporal dynamics, pit is end-of-day observed midquote, I idioit is the idiosyncratic part of
the specialist end-of-day USD inventory that remains after removing a common factor across specialist inventories (we use the
average price across the entire period to convert inventory in shares to USD), Et−1[I

idio
it ] is an AR(9) based forecast so that

(I idioit − Et−1[I
idio
it ]) is a martingale that captures the surprise part of the net imbalance, βj

i captures potential “overreaction”
or lagged adjustment to common factor innovations, and uit and νit are mutually independent i.i.d. error terms. We report
maximum likelihood estimates where we assume normality for the error terms. We implement our optimization in ox with ssfpack
routines where we use the Kalman filter to evaluate the likelihood (see Koopman, Shephard, and Doornik (1999)). The table
reports p-values in brackets. These p-values are based on a test statistic that counts the number of significant t-values across all
stock-year ML estimates in the bin. The test statistic is binomially distributed under the null (we use the 0.1 and 0.9 quantiles
in the t-test).

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 all
Panel A: αi estimates
Q1 −0.03

(0.000)
−0.02
(0.000)

−0.02
(0.000)

−0.02
(0.000)

−0.02
(0.000)

−0.02
(0.000)

−0.02
(0.000)

−0.02
(0.000)

−0.02
(0.000)

−0.01
(0.000)

−0.01
(0.000)

−0.01
(0.000)

−0.02
(0.000)

Q2 −0.06
(0.000)

−0.05
(0.000)

−0.05
(0.000)

−0.04
(0.000)

−0.03
(0.000)

−0.05
(0.000)

−0.05
(0.000)

−0.05
(0.000)

−0.05
(0.000)

−0.03
(0.001)

−0.03
(0.000)

−0.03
(0.000)

−0.04
(0.000)

Q3 −0.11
(0.000)

−0.09
(0.000)

−0.09
(0.000)

−0.07
(0.000)

−0.09
(0.000)

−0.12
(0.000)

−0.11
(0.000)

−0.06
(0.000)

−0.09
(0.000)

−0.06
(0.000)

−0.07
(0.000)

−0.06
(0.000)

−0.09
(0.000)

Q4 −0.33
(0.000)

−0.25
(0.000)

−0.30
(0.000)

−0.27
(0.000)

−0.26
(0.000)

−0.34
(0.000)

−0.27
(0.000)

−0.23
(0.000)

−0.27
(0.000)

−0.14
(0.000)

−0.19
(0.000)

−0.16
(0.000)

−0.25
(0.000)

Q5 −1.07
(0.000)

−1.04
(0.000)

−0.78
(0.000)

−0.74
(0.000)

−1.01
(0.000)

−1.09
(0.000)

−1.19
(0.000)

−1.30
(0.000)

−1.20
(0.000)

−0.86
(0.000)

−0.94
(0.000)

−0.87
(0.000)

−1.01
(0.000)

all −0.32
(0.000)

−0.29
(0.000)

−0.25
(0.000)

−0.23
(0.000)

−0.28
(0.000)

−0.32
(0.000)

−0.33
(0.000)

−0.33
(0.000)

−0.32
(0.000)

−0.22
(0.000)

−0.25
(0.000)

−0.23
(0.000)

−0.28
(0.000)

Panel B: σ(ε)i estimates
Q1 20

(0.000)
17

(0.000)
25

(0.000)
30

(0.000)
24

(0.000)
20

(0.000)
31

(0.000)
22

(0.000)
31

(0.000)
18

(0.000)
12

(0.000)
15

(0.000)
22

(0.000)

Q2 19
(0.000)

19
(0.000)

21
(0.000)

28
(0.000)

24
(0.000)

22
(0.000)

43
(0.000)

21
(0.000)

39
(0.000)

23
(0.000)

17
(0.000)

19
(0.000)

25
(0.000)

Q3 19
(0.000)

17
(0.000)

22
(0.000)

23
(0.000)

27
(0.000)

30
(0.000)

45
(0.000)

27
(0.000)

41
(0.000)

25
(0.000)

20
(0.000)

20
(0.000)

26
(0.000)

Q4 28
(0.000)

25
(0.000)

23
(0.000)

26
(0.000)

18
(0.000)

23
(0.000)

42
(0.000)

30
(0.000)

43
(0.000)

30
(0.000)

30
(0.000)

24
(0.000)

29
(0.000)

Q5 42
(0.000)

42
(0.000)

34
(0.000)

25
(0.000)

21
(0.000)

29
(0.000)

47
(0.000)

38
(0.000)

39
(0.000)

28
(0.000)

28
(0.000)

25
(0.000)

33
(0.000)

all 26
(0.000)

24
(0.000)

25
(0.000)

27
(0.000)

23
(0.000)

25
(0.000)

42
(0.000)

28
(0.000)

39
(0.000)

25
(0.000)

21
(0.000)

21
(0.000)

27
(0.000)

Panel C: ϕi estimates
Q1 0.00

(1.000)
0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q2 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q3 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q4 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q5 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

all 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Panel D: σ(w)i estimates
Q1 124 124 128 134 176 198 243 192 187 126 106 103 153
Q2 143 136 138 144 186 213 257 212 206 151 127 125 170
Q3 151 143 147 158 204 213 253 212 205 153 138 136 176
Q4 162 152 153 158 201 211 239 212 199 163 145 151 179
Q5 176 170 181 181 228 232 264 245 244 202 178 190 208
all 151 145 149 155 199 213 251 215 208 159 139 141 177

<continued on next page>

15



transitory volatility

Table 5: State space model estimates by year and size quintile (φi = 0)

This table estimates the following state space model for a latent efficient price and an observed end-of-day midquote:

(observed price) pit = mit + sit
(unobserved efficient price) mit = mi ,t−1 + βi γ̂t + wit

(unobserved transitory price deviation) sit = φisi ,t−1 + αi I
idio
it + β0

i γ̂t + · · ·+ β3
i γ̂t−3 + εit

where i indexes over stocks and t indexes over days, mit is the end-of-day unobserved efficient price (“state”), γ̂t is a midquote
return common factor which is the cross-sectional average of the standardized midquote return series which has been filtered
with an AR(4) model to remove intertemporal dynamics, pit is end-of-day observed midquote, I idioit is the idiosyncratic part of
the specialist end-of-day USD inventory that remains after removing a common factor across specialist inventories (we use the

average price across the entire period to convert inventory in shares to USD), βj
i captures potential “overreaction” or lagged

adjustment to common factor innovations, and wit and νit are mutually independent i.i.d. error terms. We report maximum
likelihood estimates where we assume normality for the error terms. We implement our optimization in ox with ssfpack routines
where we use the Kalman filter to evaluate the likelihood (see Koopman, Shephard, and Doornik (1999)). The table reports
p-values in brackets. These p-values are based on a test statistic that counts the number of significant t-values across all
stock-year ML estimates in the bin. The test statistic is binomially distributed under the null (we use the 0.1 and 0.9 quantiles
in the t-test).

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 all
Panel A: αi estimates
Q1 −0.08

(0.000)
−0.07
(0.000)

−0.06
(0.000)

−0.06
(0.000)

−0.07
(0.000)

−0.07
(0.000)

−0.07
(0.000)

−0.06
(0.000)

−0.06
(0.000)

−0.05
(0.000)

−0.04
(0.000)

−0.04
(0.000)

−0.06
(0.000)

Q2 −0.16
(0.000)

−0.14
(0.000)

−0.13
(0.000)

−0.13
(0.000)

−0.14
(0.000)

−0.14
(0.000)

−0.15
(0.000)

−0.14
(0.000)

−0.14
(0.000)

−0.12
(0.000)

−0.11
(0.000)

−0.10
(0.000)

−0.13
(0.000)

Q3 −0.27
(0.000)

−0.23
(0.000)

−0.22
(0.000)

−0.22
(0.000)

−0.26
(0.000)

−0.27
(0.000)

−0.28
(0.000)

−0.21
(0.000)

−0.24
(0.000)

−0.21
(0.000)

−0.22
(0.000)

−0.19
(0.000)

−0.23
(0.000)

Q4 −0.60
(0.000)

−0.47
(0.000)

−0.52
(0.000)

−0.55
(0.000)

−0.59
(0.000)

−0.59
(0.000)

−0.62
(0.000)

−0.54
(0.000)

−0.61
(0.000)

−0.49
(0.000)

−0.52
(0.000)

−0.47
(0.000)

−0.55
(0.000)

Q5 −1.45
(0.000)

−1.38
(0.000)

−1.28
(0.000)

−1.25
(0.000)

−1.56
(0.000)

−1.44
(0.000)

−1.78
(0.000)

−1.93
(0.000)

−2.10
(0.000)

−1.88
(0.000)

−1.83
(0.000)

−1.87
(0.000)

−1.64
(0.000)

all −0.51
(0.000)

−0.46
(0.000)

−0.44
(0.000)

−0.44
(0.000)

−0.52
(0.000)

−0.50
(0.000)

−0.58
(0.000)

−0.57
(0.000)

−0.63
(0.000)

−0.55
(0.000)

−0.54
(0.000)

−0.53
(0.000)

−0.52
(0.000)

Panel B: σ(ε)i estimates
Q1 15

(0.790)
14

(0.846)
20

(0.567)
25

(0.005)
19

(0.989)
13

(1.000)
23

(1.000)
17

(0.997)
26

(0.187)
15

(0.320)
10

(1.000)
11

(0.994)
17

(1.000)

Q2 15
(0.891)

16
(0.790)

18
(0.790)

24
(0.135)

16
(0.994)

15
(0.925)

34
(0.649)

16
(0.998)

31
(0.005)

19
(0.320)

12
(0.925)

15
(0.724)

19
(0.989)

Q3 16
(0.990)

15
(0.930)

19
(0.263)

20
(0.102)

20
(0.983)

24
(0.664)

37
(0.500)

20
(0.983)

35
(0.070)

21
(0.029)

15
(0.898)

16
(0.416)

22
(0.889)

Q4 26
(0.063)

23
(0.094)

22
(0.483)

23
(0.187)

14
(0.997)

20
(0.998)

36
(0.649)

23
(0.790)

36
(0.001)

25
(0.001)

22
(0.041)

18
(0.846)

24
(0.130)

Q5 43
(0.000)

41
(0.000)

33
(0.199)

23
(0.898)

18
(0.998)

26
(0.801)

42
(0.145)

32
(0.336)

32
(0.416)

22
(0.891)

20
(0.883)

18
(0.994)

29
(0.300)

all 23
(0.332)

22
(0.058)

22
(0.403)

23
(0.020)

17
(1.000)

19
(1.000)

34
(0.928)

21
(1.000)

32
(0.000)

20
(0.015)

16
(0.995)

16
(0.998)

22
(0.999)

Panel C: φi estimates
Q1 0.00

(1.000)
0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q2 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q3 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q4 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q5 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

all 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Panel D: σ(w)i estimates
Q1 121

(0.000)
120

(0.000)
124

(0.000)
130

(0.000)
170

(0.000)
191

(0.000)
235

(0.000)
187

(0.000)
182

(0.000)
123

(0.000)
103

(0.000)
101

(0.000)
149

(0.000)

Q2 138
(0.000)

132
(0.000)

134
(0.000)

139
(0.000)

179
(0.000)

206
(0.000)

248
(0.000)

205
(0.000)

202
(0.000)

147
(0.000)

123
(0.000)

121
(0.000)

165
(0.000)

Q3 145
(0.000)

138
(0.000)

142
(0.000)

150
(0.000)

195
(0.000)

206
(0.000)

244
(0.000)

203
(0.000)

200
(0.000)

148
(0.000)

134
(0.000)

134
(0.000)

170
(0.000)

Q4 156
(0.000)

147
(0.000)

147
(0.000)

150
(0.000)

190
(0.000)

203
(0.000)

228
(0.000)

203
(0.000)

192
(0.000)

155
(0.000)

141
(0.000)

147
(0.000)

172
(0.000)

Q5 169
(0.000)

165
(0.000)

173
(0.000)

173
(0.000)

217
(0.000)

225
(0.000)

253
(0.000)

232
(0.000)

233
(0.000)

191
(0.000)

170
(0.000)

183
(0.000)

199
(0.000)

all 146
(0.000)

140
(0.000)

144
(0.000)

148
(0.000)

190
(0.000)

206
(0.000)

241
(0.000)

206
(0.000)

202
(0.000)

153
(0.000)

134
(0.000)

137
(0.000)

171
(0.000)

<continued on next page>

<continued from previous page>
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 all

Panel E: transitory volatilitya (σi)
Q1 14 13 13 16 19 22 25 30 22 15 14 9 17
Q2 26 24 22 19 20 33 36 30 23 14 15 13 23
Q3 39 40 35 31 40 48 45 35 23 16 20 17 32
Q4 65 64 69 58 63 86 77 63 41 21 24 21 54
Q5 116 109 115 107 152 177 184 155 108 92 71 54 120
all 52 50 51 46 58 73 73 62 43 31 29 23 49
Panel F: ratio of transitory and permanent variancea

Q1 0.02 0.02 0.01 0.02 0.01 0.02 0.01 0.03 0.02 0.02 0.03 0.01 0.02
Q2 0.08 0.09 0.04 0.03 0.02 0.04 0.03 0.03 0.02 0.01 0.02 0.02 0.03
Q3 0.28 0.27 0.16 0.09 0.13 0.19 0.05 0.07 0.02 0.01 0.04 0.09 0.12
Q4 0.30 0.47 0.47 0.28 0.23 0.47 0.22 0.16 0.06 0.03 0.04 0.05 0.23
Q5 1.11 1.42 1.14 1.16 1.24 2.55 1.96 1.09 0.79 2.10 0.61 0.62 1.32
all 0.36 0.45 0.36 0.31 0.32 0.65 0.46 0.28 0.18 0.44 0.15 0.16 0.34
Panel G: ratio of transitory and permanent “idiosyncratic” variancea

Q1 0.03 0.03 0.02 0.03 0.02 0.02 0.02 0.04 0.03 0.04 0.04 0.01 0.03
Q2 0.10 0.10 0.05 0.04 0.02 0.05 0.04 0.04 0.03 0.02 0.03 0.02 0.04
Q3 0.35 0.28 0.20 0.11 0.18 0.21 0.06 0.10 0.04 0.02 0.05 0.12 0.14
Q4 0.36 0.48 0.54 0.31 0.29 0.51 0.25 0.23 0.08 0.04 0.05 0.05 0.27
Q5 1.28 1.48 1.26 1.28 1.51 2.64 2.16 1.40 0.98 2.31 0.73 0.67 1.47
all 0.42 0.47 0.41 0.35 0.40 0.68 0.51 0.36 0.23 0.48 0.18 0.18 0.39
Panel H: proxy social cost unrealized hedge value ($ million per year)
Q1 1.59 2.55 3.23 5.91 10.23 17.20 23.82 20.79 14.34 5.53 6.50 6.66 9.86
Q2 1.66 1.66 2.72 2.88 3.51 8.18 9.79 6.96 3.63 1.75 2.13 2.62 3.96
Q3 0.80 1.30 1.22 1.72 2.69 3.16 4.44 3.82 2.02 1.18 1.55 1.86 2.15
Q4 0.52 0.60 0.75 0.98 1.56 2.39 3.11 2.45 1.43 0.70 1.06 0.86 1.37
Q5 0.29 0.39 0.48 0.82 1.05 0.96 1.23 0.87 0.48 0.41 0.55 0.53 0.67
all 0.97 1.30 1.68 2.46 3.81 6.38 8.48 6.98 4.38 1.91 2.36 2.51 3.60
a: The transitory volatility/variance is based on the price pressure term only, i.e. α2σ2(I idio), as
this captures the magnitude of price pressures. It therefore excludes the “residual” stationary
term that is captured by εit .

inventory explains 42% of the variance of transitory price effects
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Table 5: State space model estimates by year and size quintile (φi = 0)

This table estimates the following state space model for a latent efficient price and an observed end-of-day midquote:

(observed price) pit = mit + sit
(unobserved efficient price) mit = mi ,t−1 + βi γ̂t + wit

(unobserved transitory price deviation) sit = φisi ,t−1 + αi I
idio
it + β0

i γ̂t + · · ·+ β3
i γ̂t−3 + εit

where i indexes over stocks and t indexes over days, mit is the end-of-day unobserved efficient price (“state”), γ̂t is a midquote
return common factor which is the cross-sectional average of the standardized midquote return series which has been filtered
with an AR(4) model to remove intertemporal dynamics, pit is end-of-day observed midquote, I idioit is the idiosyncratic part of
the specialist end-of-day USD inventory that remains after removing a common factor across specialist inventories (we use the

average price across the entire period to convert inventory in shares to USD), βj
i captures potential “overreaction” or lagged

adjustment to common factor innovations, and wit and νit are mutually independent i.i.d. error terms. We report maximum
likelihood estimates where we assume normality for the error terms. We implement our optimization in ox with ssfpack routines
where we use the Kalman filter to evaluate the likelihood (see Koopman, Shephard, and Doornik (1999)). The table reports
p-values in brackets. These p-values are based on a test statistic that counts the number of significant t-values across all
stock-year ML estimates in the bin. The test statistic is binomially distributed under the null (we use the 0.1 and 0.9 quantiles
in the t-test).

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 all
Panel A: αi estimates
Q1 −0.08

(0.000)
−0.07
(0.000)

−0.06
(0.000)

−0.06
(0.000)

−0.07
(0.000)

−0.07
(0.000)

−0.07
(0.000)

−0.06
(0.000)

−0.06
(0.000)

−0.05
(0.000)

−0.04
(0.000)

−0.04
(0.000)

−0.06
(0.000)

Q2 −0.16
(0.000)

−0.14
(0.000)

−0.13
(0.000)

−0.13
(0.000)

−0.14
(0.000)

−0.14
(0.000)

−0.15
(0.000)

−0.14
(0.000)

−0.14
(0.000)

−0.12
(0.000)

−0.11
(0.000)

−0.10
(0.000)

−0.13
(0.000)

Q3 −0.27
(0.000)

−0.23
(0.000)

−0.22
(0.000)

−0.22
(0.000)

−0.26
(0.000)

−0.27
(0.000)

−0.28
(0.000)

−0.21
(0.000)

−0.24
(0.000)

−0.21
(0.000)

−0.22
(0.000)

−0.19
(0.000)

−0.23
(0.000)

Q4 −0.60
(0.000)

−0.47
(0.000)

−0.52
(0.000)

−0.55
(0.000)

−0.59
(0.000)

−0.59
(0.000)

−0.62
(0.000)

−0.54
(0.000)

−0.61
(0.000)

−0.49
(0.000)

−0.52
(0.000)

−0.47
(0.000)

−0.55
(0.000)

Q5 −1.45
(0.000)

−1.38
(0.000)

−1.28
(0.000)

−1.25
(0.000)

−1.56
(0.000)

−1.44
(0.000)

−1.78
(0.000)

−1.93
(0.000)

−2.10
(0.000)

−1.88
(0.000)

−1.83
(0.000)

−1.87
(0.000)

−1.64
(0.000)

all −0.51
(0.000)

−0.46
(0.000)

−0.44
(0.000)

−0.44
(0.000)

−0.52
(0.000)

−0.50
(0.000)

−0.58
(0.000)

−0.57
(0.000)

−0.63
(0.000)

−0.55
(0.000)

−0.54
(0.000)

−0.53
(0.000)

−0.52
(0.000)

Panel B: σ(ε)i estimates
Q1 15

(0.790)
14

(0.846)
20

(0.567)
25

(0.005)
19

(0.989)
13

(1.000)
23

(1.000)
17

(0.997)
26

(0.187)
15

(0.320)
10

(1.000)
11

(0.994)
17

(1.000)

Q2 15
(0.891)

16
(0.790)

18
(0.790)

24
(0.135)

16
(0.994)

15
(0.925)

34
(0.649)

16
(0.998)

31
(0.005)

19
(0.320)

12
(0.925)

15
(0.724)

19
(0.989)

Q3 16
(0.990)

15
(0.930)

19
(0.263)

20
(0.102)

20
(0.983)

24
(0.664)

37
(0.500)

20
(0.983)

35
(0.070)

21
(0.029)

15
(0.898)

16
(0.416)

22
(0.889)

Q4 26
(0.063)

23
(0.094)

22
(0.483)

23
(0.187)

14
(0.997)

20
(0.998)

36
(0.649)

23
(0.790)

36
(0.001)

25
(0.001)

22
(0.041)

18
(0.846)

24
(0.130)

Q5 43
(0.000)

41
(0.000)

33
(0.199)

23
(0.898)

18
(0.998)

26
(0.801)

42
(0.145)

32
(0.336)

32
(0.416)

22
(0.891)

20
(0.883)

18
(0.994)

29
(0.300)

all 23
(0.332)

22
(0.058)

22
(0.403)

23
(0.020)

17
(1.000)

19
(1.000)

34
(0.928)

21
(1.000)

32
(0.000)

20
(0.015)

16
(0.995)

16
(0.998)

22
(0.999)

Panel C: φi estimates
Q1 0.00

(1.000)
0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q2 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q3 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q4 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Q5 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

all 0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

0.00
(1.000)

Panel D: σ(w)i estimates
Q1 121

(0.000)
120

(0.000)
124

(0.000)
130

(0.000)
170

(0.000)
191

(0.000)
235

(0.000)
187

(0.000)
182

(0.000)
123

(0.000)
103

(0.000)
101

(0.000)
149

(0.000)

Q2 138
(0.000)

132
(0.000)

134
(0.000)

139
(0.000)

179
(0.000)

206
(0.000)

248
(0.000)

205
(0.000)

202
(0.000)

147
(0.000)

123
(0.000)

121
(0.000)

165
(0.000)

Q3 145
(0.000)

138
(0.000)

142
(0.000)

150
(0.000)

195
(0.000)

206
(0.000)

244
(0.000)

203
(0.000)

200
(0.000)

148
(0.000)

134
(0.000)

134
(0.000)

170
(0.000)

Q4 156
(0.000)

147
(0.000)

147
(0.000)

150
(0.000)

190
(0.000)

203
(0.000)

228
(0.000)

203
(0.000)

192
(0.000)

155
(0.000)

141
(0.000)

147
(0.000)

172
(0.000)

Q5 169
(0.000)

165
(0.000)

173
(0.000)

173
(0.000)

217
(0.000)

225
(0.000)

253
(0.000)

232
(0.000)

233
(0.000)

191
(0.000)

170
(0.000)

183
(0.000)

199
(0.000)

all 146
(0.000)

140
(0.000)

144
(0.000)

148
(0.000)

190
(0.000)

206
(0.000)

241
(0.000)

206
(0.000)

202
(0.000)

153
(0.000)

134
(0.000)

137
(0.000)

171
(0.000)

<continued on next page>

Table 3: State space model estimates by year and size quintile

This table estimates the following state space model for a latent efficient price and an observed end-of-day midquote
price:

(observed price) pit = mit + sit

(unobserved efficient price) mit = mi ,t−1 + βi f̂t + wit wit = κi Îit + uit

(unobserved transitory price deviation) sit = αi Iit + β0
i f̂t + · · ·+ β3

i f̂t−3 + εit

where i indexes over stocks and t indexes over days, mit is the end-of-day unobserved efficient price (‘state’), f̂t is a
midquote return common factor which is the cross-sectional average of the standardized midquote return series which
has been filtered with an AR(4) model to remove intertemporal dynamics, pit is the end-of-day observed midquote, Iit
is the idiosyncratic part of the specialist end-of-day inventory in dollars that remains after removing a common factor
across specialist inventories, Îit is the idiosyncratic inventory innovation which is obtained as the residual of an AR(9)

model and captures the surprise part of the net imbalance, βj
i captures potential lagged adjustment to common factor

innovations, and wit and εit are mutually independent i.i.d. error terms. The model is estimated using maximum likelihood
estimates where the error terms wit and εit are assumed to be normally distributed. The optimization is implemented
in Ox with ssfpack routines where we use the Kalman filter to evaluate the likelihood (see Koopman, Shephard, and
Doornik (1999)). The table reports p-values in brackets. These p-values are based on a test statistic that counts the
number of significant t-values across all stock-year estimates in the bin. The test statistic is binomially distributed under
the null (we use the 0.1 and 0.9 quantiles in the t-test).

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 all
Panel A: αi conditional price pressure
Q1 −0.03

(0.000)
−0.02
(0.000)

−0.02
(0.000)

−0.02
(0.000)

−0.02
(0.000)

−0.02
(0.000)

−0.02
(0.000)

−0.02
(0.000)

−0.02
(0.000)

−0.01
(0.000)

−0.01
(0.000)

−0.01
(0.000)

−0.02
(0.000)

Q2 −0.06
(0.000)

−0.05
(0.000)

−0.05
(0.000)

−0.04
(0.000)

−0.03
(0.000)

−0.05
(0.000)

−0.05
(0.000)

−0.05
(0.000)

−0.05
(0.000)

−0.03
(0.001)

−0.03
(0.000)

−0.03
(0.000)

−0.04
(0.000)

Q3 −0.11
(0.000)

−0.09
(0.000)

−0.09
(0.000)

−0.07
(0.000)

−0.09
(0.000)

−0.12
(0.000)

−0.11
(0.000)

−0.06
(0.000)

−0.09
(0.000)

−0.06
(0.000)

−0.07
(0.000)

−0.06
(0.000)

−0.09
(0.000)

Q4 −0.33
(0.000)

−0.25
(0.000)

−0.30
(0.000)

−0.27
(0.000)

−0.26
(0.000)

−0.34
(0.000)

−0.27
(0.000)

−0.23
(0.000)

−0.27
(0.000)

−0.14
(0.000)

−0.19
(0.000)

−0.16
(0.000)

−0.25
(0.000)

Q5 −1.07
(0.000)

−1.04
(0.000)

−0.78
(0.000)

−0.74
(0.000)

−1.01
(0.000)

−1.09
(0.000)

−1.19
(0.000)

−1.30
(0.000)

−1.20
(0.000)

−0.86
(0.000)

−0.94
(0.000)

−0.87
(0.000)

−1.01
(0.000)

all −0.32
(0.000)

−0.29
(0.000)

−0.25
(0.000)

−0.23
(0.000)

−0.28
(0.000)

−0.32
(0.000)

−0.33
(0.000)

−0.33
(0.000)

−0.32
(0.000)

−0.22
(0.000)

−0.25
(0.000)

−0.23
(0.000)

−0.28
(0.000)

Panel B: |αi |σ(I )i (explained) transitory volatility i.e. unconditional price pressure
Q1 14 13 13 16 19 22 25 30 22 15 14 9 17
Q2 26 24 22 19 20 33 36 30 23 14 15 13 23
Q3 39 40 35 31 40 48 45 35 23 16 20 17 32
Q4 65 64 69 58 63 86 77 63 41 21 24 21 54
Q5 116 109 115 107 152 177 184 155 108 92 71 54 120
all 52 50 51 46 58 73 73 62 43 31 29 23 49
Panel C: κi informativeness order imbalance innovation Î
Q1 −0.08

(0.000)
−0.08
(0.000)

−0.08
(0.000)

−0.07
(0.000)

−0.08
(0.000)

−0.08
(0.000)

−0.09
(0.000)

−0.07
(0.000)

−0.07
(0.000)

−0.06
(0.000)

−0.06
(0.000)

−0.06
(0.000)

−0.07
(0.000)

Q2 −0.16
(0.000)

−0.13
(0.000)

−0.13
(0.000)

−0.14
(0.000)

−0.17
(0.000)

−0.15
(0.000)

−0.18
(0.000)

−0.15
(0.000)

−0.16
(0.000)

−0.15
(0.000)

−0.13
(0.000)

−0.13
(0.000)

−0.15
(0.000)

Q3 −0.22
(0.000)

−0.19
(0.000)

−0.18
(0.000)

−0.21
(0.000)

−0.25
(0.000)

−0.23
(0.000)

−0.26
(0.000)

−0.24
(0.000)

−0.26
(0.000)

−0.25
(0.000)

−0.26
(0.000)

−0.23
(0.000)

−0.23
(0.000)

Q4 −0.34
(0.000)

−0.28
(0.000)

−0.29
(0.000)

−0.37
(0.000)

−0.44
(0.000)

−0.36
(0.000)

−0.47
(0.000)

−0.43
(0.000)

−0.52
(0.000)

−0.56
(0.000)

−0.52
(0.000)

−0.50
(0.000)

−0.43
(0.000)

Q5 −0.59
(0.000)

−0.43
(0.000)

−0.61
(0.000)

−0.63
(0.000)

−0.72
(0.000)

−0.48
(0.000)

−0.73
(0.000)

−0.87
(0.000)

−1.25
(0.000)

−1.43
(0.000)

−1.29
(0.000)

−1.41
(0.000)

−0.87
(0.000)

all −0.28
(0.000)

−0.22
(0.000)

−0.26
(0.000)

−0.28
(0.000)

−0.34
(0.000)

−0.26
(0.000)

−0.35
(0.000)

−0.35
(0.000)

−0.46
(0.000)

−0.49
(0.000)

−0.45
(0.000)

−0.47
(0.000)

−0.35
(0.000)

Panel D: |κi |σ(̂I )i explained permanent volatility
Q1 39 36 38 44 57 65 80 56 55 37 30 27 47
Q2 42 39 41 45 65 70 85 61 56 44 36 36 52
Q3 44 42 43 54 72 70 86 75 60 48 41 36 56
Q4 47 40 42 52 73 64 83 75 66 60 49 43 58
Q5 43 39 49 56 69 56 78 90 80 75 65 63 64
all 43 39 43 50 67 65 83 72 63 53 44 41 55

<continued on next page>
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model sketch

production of immediacy (cf. Ho and Stoll (1981))

I intermediary set prices to maximize time-separable quadratic
utility over consumption stream

I price pressure s and half-spread δ, wlog risk is fully captured
by stochastic dividend i.e. ‘mt ’ is fixed at zero

consumption of immediacy (generalization of Ho and Stoll (1981))

I large number of small investors

I private value events with probability 2λθ

I conditional on event private value size is unif[−1
θ , + 1

θ ]

I arrive and trade if private value is outside of the spread

I motivated by nonzero monitoring cost and impatience
(Townsend (1978))
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investor supply and demand

ready to buy or sell the asset to outside investors who demand liquidity. At the start of each period

a single intermediary quotes an ask price at which she commits to sell and a bid price at which she

commits to buy.

Reduced form liquidity demand. Each time period a finite number N of outside investors

get hit by a private value shock for owning 1
N units of the asset with probability 2λθ. One common

interpretation of such shock is a private ‘hedge’ value. Private value shocks are uniformly distributed

with support [−1
θ , 1

θ ].

This characterization allows for the following interpretation of the primitive parameters. λ is

the aggregate amount of (absolute) private value per unit of time. θ captures the dispersion of

private value, i.e., it determines whether the aggregate amount λ originates from few investors who

draw large private values (low θ) or from many investors who draw low private values (high θ).

1
N controls demand uncertainty. Taking 1

N to zero creates an infinite number of investors with

atomistic trade interest. In this case, the law of large numbers effectively removes the need for

intermediation as net demand is zero almost surely.

To simplify accounting we fix the fundamental value to zero. We define p be the midquote and

s be the halfspread. The intermediary’s sell volume distribution on an ask quote of (p + s) is 1
N

times a binomial (N, πs) where

πs = λθ
(
1 − θ(p + s)

)
(10)

The environment is best illustrated by the two graphs below where graph (i) illustrates liquidity

demand ‘distribution’ over private values and graph (ii) depicts how such demand translates into

a mean public buy rate (or intermediary sell rate) that is linear in the ask price.

−1
θ

1
θ

arrival rate
λθ2

hedge value

δ

price

transaction rate

1
θ

λθ public buy rate

λθ2s

s

(i) mean demand per private value (ii) mean public buy volume as function of ask price

The binomial distribution for intermediary sell volume is approximated by a normal distribution

14

s is price pressure (‘pt −mt ’ in empirical results)
δ is bid-ask spread
net transaction rate change on s price change is 2λθ2s
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intermediary’s dynamic program

inventory law of motion is

it+1 = it − qs(st , δt) + qb(st , δt) = it + 2λθ2st − εst + εbt

maximize expected utility from infinite horizon dynamic program

vi0 = max
{st(i t),δt(i t)}∞t=0

∞∑

t=0

Ei0

(
βt((ct − c̄) − 1

2
γ̃(ct − c̄)2)

)

where consumption is nonstorable and equal to

ct = (st + δt)qs(st , δt) − (st − δt)qb(st , δt) + it∆mt+1,

= 2λθ(δt − θ(s2
t + δ2

t )) + s(εst − εbt) + δ(εst + εbt) + it∆mt+1

where ∆mt+1 ∼ N(0,σ2) is stochastic dividend

20



intermediary’s dynamic program

ergo consumption mean and variance are

E(ct) = 2λθ(δt − θ(s2
t + δ2

t )) var(ct) = σ2
ε(s2

t + δ2
t ) + σ2i2t

first-order taylor expansion around average consumption c̄ yields

vi0 = max
{st(i t),δt(i t)}∞t=0

∞∑

t=0

βtEi0

(
2λθδt − 2λθ2(s2

t + δ2
t )) − 1

2
γ̃σ2i2t

)

subject to

it+1 = it − qs(st , δt) + qb(st , δt) = it + 2λθ2st − εst + εbt
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intermediary’s optimal policy

standard solution techniques yield

vi =
λ

2(1 − β)
− P(i2 +

β

1 − β
σ2
ε)

s∗ = αi , δ∗ =
1

2θ

where (s∗, δ∗) denote the optimal prices controls and

α ≡ −1
1
βP + Q

, Q ≡ 2λθ2, R ≡ 1

2
γ̃σ2

P ≡ −(1 − β) + βRQ +
√

(1 − β)2 + 2β(1 + β)QR + β2Q2R2

2βQ
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features of optimal policy

spread and price pressure are orthogonal

I spread is monopolistic and independent of inventory

I price pressure is linear in inventory

I inventory process is AR(1): it = βPQ
1+βPQ it−1 + εt

model and observed time series of price pressure identify

I competitive spread to compensate for inventory risk

I primitive parameters for risk aversion and private value process

I social cost of price pressure
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price pressure is cost to intermediary

within each quintile. The overall median of 0.10 is low relative to relative risk aversion estimated from

asset, insurance, and labor markets (e.g., Mehra and Prescott (1985), Barsky, Juster, Kimball, and

Shapiro (1997), Chetty (2006), and Cohen and Einav (2007)). The low risk aversion could arise from

risk tolerant capital migrating to the intermediation sector or be a sign of an agency conflict between

firm and the individual traders it employs to act as intermediaries. If the traders have limited liability,

then they may be willing to take more risky bets than the firm’s owners would prefer. It is also possible

that our structural model underestimates true risk aversion as the model ignores increased net demand

uncertainty associated with price pressure (see related discussion in Section 2.1).

2.4 Deadweight loss due to Pareto inefficiency

The intermediary trades off the expected cost of price pressure against the benefit of inventory mean-

reversion. The left-hand side graph in the figure below depicts the expected cost of a negative price

pressure s (due to a positive inventory). The ask price is lowered and the light gray area above the

horizontal axis indicates the additional expected revenue due to more public buying. The lowered price

also reduces the margin on all buys which is indicated by an expected loss equal to the dark gray area

above the axis. Similar areas are drawn for the lowered bid price. Overall, the differential between the

light and dark gray areas is the expected revenue decline due to price pressure. The size of this area

equals the 2λθ2s2 cost in the intermediary’s Bellman equation (see equation (18)).

δ

price

transaction rate

−1
θ

1
θ

λθ public buy rate

public sell rate+

+

−

−
λθ2s

s

s

-δ

δ

price

transaction rate

−1
θ

1
θ

λθ public buy rate

public sell rate

−

+

λθ2s

s

s

-δ

(i) intermediary’s cost of price pressure (ii) liq. demander benefit of price pressure

The right-hand side graph shows that liquidity demanders benefit since the discount they enjoy when

buying exceeds the lower price they receive when selling. The difference equals half the intermediary’s

cost of price pressure: λθ2s2. The daily annuity value of this subsidy is obtained recursively (see

Appendix III) and, when divided by daily intermediated volume, equals 0.58 basis points for the largest-
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price pressure is benefit to liquidity demander

within each quintile. The overall median of 0.10 is low relative to relative risk aversion estimated from

asset, insurance, and labor markets (e.g., Mehra and Prescott (1985), Barsky, Juster, Kimball, and

Shapiro (1997), Chetty (2006), and Cohen and Einav (2007)). The low risk aversion could arise from

risk tolerant capital migrating to the intermediation sector or be a sign of an agency conflict between

firm and the individual traders it employs to act as intermediaries. If the traders have limited liability,

then they may be willing to take more risky bets than the firm’s owners would prefer. It is also possible

that our structural model underestimates true risk aversion as the model ignores increased net demand

uncertainty associated with price pressure (see related discussion in Section 2.1).

2.4 Deadweight loss due to Pareto inefficiency

The intermediary trades off the expected cost of price pressure against the benefit of inventory mean-

reversion. The left-hand side graph in the figure below depicts the expected cost of a negative price

pressure s (due to a positive inventory). The ask price is lowered and the light gray area above the

horizontal axis indicates the additional expected revenue due to more public buying. The lowered price

also reduces the margin on all buys which is indicated by an expected loss equal to the dark gray area

above the axis. Similar areas are drawn for the lowered bid price. Overall, the differential between the

light and dark gray areas is the expected revenue decline due to price pressure. The size of this area

equals the 2λθ2s2 cost in the intermediary’s Bellman equation (see equation (18)).

δ

price

transaction rate

−1
θ

1
θ

λθ public buy rate

public sell rate+

+

−

−
λθ2s

s

s

-δ

δ

price

transaction rate

−1
θ

1
θ

λθ public buy rate

public sell rate

−

+

λθ2s

s

s

-δ

(i) intermediary’s cost of price pressure (ii) liq. demander benefit of price pressure

The right-hand side graph shows that liquidity demanders benefit since the discount they enjoy when

buying exceeds the lower price they receive when selling. The difference equals half the intermediary’s

cost of price pressure: λθ2s2. The daily annuity value of this subsidy is obtained recursively (see

Appendix III) and, when divided by daily intermediated volume, equals 0.58 basis points for the largest-
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social cost price pressure

cap stocks (8% of their competitive spread) and 15.52 basis points (21% of their competitive spread)

for the smallest-cap stocks (see Panel C of Table 4).

The subsidy is effectively paid for by the intermediary so that the gross spread is obtained by adding

this subsidy to the net spread. This is what the model implies one should observe in the data, i.e., this

is the model-implied effective (half) spread. Panel C of Table 4 finds that it is 8.05 basis points for

the largest-cap stocks and it increases monotonically to 88.79 basis points for the smallest-cap stocks.

It is reassuring that the model-implied spread is of the same magnitude as the observed spread. It is

slightly below for the largest-cap stocks (8.05 vs. 8.41 basis points) and increases to roughly 50%

higher for the smallest-cap stocks (88.79 vs. 46.12 basis points). The differential is potentially due to

a specialist privilege during the sample period where she could see the incoming order flow and limit

her trading with privately-informed order flow (see, e.g., Rock (1990)). This privilege is particularly

valuable for small-cap stocks where adverse selection is larger (Hasbrouck (1991)). The observed

spread is net of the value of such privilege (given that access to specialist seats is competitive) and,

therefore, can be lower than the competitive spread.

The intermediary only experiences the cost of lost revenue due to price pressure and does not

internalize the benefit it creates for liquidity demanders which, most likely, makes allocations Pareto

inefficient. The adjective ‘constrained’ is used here to emphasize that the first-best of synchronous

arrivals eliminating the need for intermediation is not attained. A social planner might Pareto improve

by making the intermediary suffer the net surplus destroyed by price pressure rather than her private

revenue loss (i.e., the sum of graphs (i) and (ii) rather than graph (i)). This true social cost is λθ2s2

as depicted in the following graph. Solving the ‘social planner dynamic program’ yields a solution

price

-δ

transaction rate

−1
θ

1
θ

λθ public buy rate

public sell rate+

−

δs

s

λθ2s

social cost of price pressure
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primitive parameters and transaction cost analysis

Table 4: Model’s primitive parameters and an analysis of the spread

This table analyzes the cost to liquidity demanders of a competitive intermediary who uses price pressure to control her
inventory position. The model’s primitive parameters consist of the liquidity demander’s total private value rate λ and its
dispersion 1

θ
, uncertainty about net liquidity demand σ(ε), a discount factor β, and the coefficient of relative risk aversion

(γ) which is the model’s absolute risk aversion (γ̃) divided by the competitive intermediary’s average consumption. The
conditional price pressure estimates along with other trading variables measured in the empirical part of the paper (Panel A
contains sample averages taken from Table 1 and 3) allows for identification of the primitive parameters (Panel B) which
in turn allow for a decomposition of the net cost to liquidity demanders (investors) of liquidity supply by a competitive
intermediary (Panel C). It expresses this net cost as a fraction of transacted volume (‘spread’) and decomposes it into a
spread received by the intermediary and a subsidy enjoyed by the liquidity demanders at times when prices are pressured.
It also calculates the Pareto efficient cost if the intermediary were to internalize the subsidy enjoyed by the liquidity
demander. Panel B and C report medians and interquartile ranges (Q0.75-Q0.25 where Qi is quantile i) in parentheses.

Q1 Q2 Q3 Q4 Q5 all
Panel A: Measured variables that identify model’s primitive parameters (cf. Table 1 and 3)
conditional price pressure αi (bps per $1000) -0.02 -0.04 -0.09 -0.25 -1.01 -0.28
stdev daily inventory σ(I ) ($1000) 1131 530 385 245 165 491
1st order autocorrelation inventory 0.28 0.35 0.43 0.56 0.72 0.47
price risk inventory σ(w)i (bps) 153 170 176 179 208 177
daily dollar volumea ($million) 10.86 2.98 1.43 0.60 0.21 3.22
effective half spread 8.41 12.46 16.50 24.60 46.12 21.62
daily discount factorb 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998

Panel B: Identification of model’s primitive parameters
daily private value rate λ ($1000) 59.69

(241.59)
14.12
(37.71)

6.21
(13.39)

2.77
(4.63)

1.46
(2.31)

5.86
(21.73)

dispersion private value 1
θ
(bps) 171

(312)
135
(201)

148
(166)

187
(206)

307
(370)

186
(260)

intermediary’s relative risk aversion γ 0.24
(1.06)

0.15
(0.55)

0.11
(0.35)

0.09
(0.26)

0.05
(0.13)

0.10
(0.35)

Panel C: Decomposition of the spread paid by liquidity demander
(1) model-implied competitive spread (bps) 8.05

(17.34)
14.44
(28.79)

22.29
(45.69)

43.63
(83.12)

88.79
(182.90)

25.86
(67.87)

(2) price pressure subsidy to liq demander (bps) 0.58
(1.21)

1.40
(3.13)

2.63
(5.64)

6.00
(13.49)

15.52
(33.26)

2.88
(9.56)

(3) net spread to liq demanderc (1)-(2) (bps) 7.32
(15.81)

12.86
(25.31)

19.43
(40.04)

37.35
(68.62)

73.16
(149.27)

22.60
(57.68)

(4) constrained Pareto efficient spread (bps) 6.45
(14.07)

10.74
(21.59)

16.05
(31.87)

29.54
(53.53)

54.77
(110.32)

18.67
(45.48)

(5) deadweight lossc (3)-(4) (bps) 0.64
(1.32)

1.54
(3.49)

2.96
(6.39)

6.87
(15.64)

18.18
(39.02)

3.23
(10.99)

a: dollar volumeit ∗ specialist participit as a proxy for volume intermediated by the specialist
b: discount factor equals the reciprocal of the gross riskfree rate from Kenneth French’ website
c : the reported difference is the median of differences, not the difference of (reported) medians
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generalizing from NYSE intermediaries

if N competitive liquidity suppliers: In = Itot/N:

I α overestimated by 1/N

I average price pressure and variance ratios unchanged

I cross-sectional variation in competition may affect
identification of primitive parameters

price continuity rules causes underestimation of price pressure
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conclusion

1. average price pressure ranges from 17 basis points to 120
basis points for large- and small-cap stocks, respectively

2. conditional price pressure ranges from 0.02% to 1.01% on a
$100,000 inventory shock for large and small stocks,
respectively

3. daily average price pressure is large for smaller stocks: 1.20%,
larger than permanent volatility

4. price pressure dynamics suggests low risk aversion in
intermediation sector

5. transitory volatility becomes a more significant consideration
in market regulation
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