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oS3 o] WE @ 2= X3 (Vector Error Correction Model : VECM)S F74 3} 4k
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P ZV/(Zles i+ (Le, (3-D)
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Hendershott-Jones(2005)° 4] &8 ¥ 1 T}



o A(innovation)®) 4714 FA& olulalm Auel §0l olale] AAMEA

7hell A &Aoo R Mgy s FiEoR AE. wEa HAHEE o R Qg o]kH|o]
Mol dAo= HHol| o) wAYgrHH ‘P(l)(Ze yold mie B w435 (bid-ask
bounce)?t - AAIA QD AGHAI T2 Gk AAETE HE QA R ol A

Q 7} olw=Ho]He] FEA-FEA Yo gt o, &5 %EF A (common stochastic

trend)®] FHEAHS pQy' olBm® TS FolA jRIA W] F5d F s

2 2 2
Sj _ v, /j, _ :///O;/ . 4)
yQy i-1¥i 0;

Hasbrouck(1995)¢] A A ¢+ A H &(information share)S HFZ (4)9} o] 71AwA
of tfst A3 7] E(relative contribution to price discovery)= =% ™, o] Zlo] =

STE 7FAE Al FXEH(price leadership)S 7 ThaL A3k 4= Q)= Aot A
Al BHEEE ATl glojA, oliHlo]dite] w& duAAt EAske B9 BH
HFe S8 fside Ful27] 8RS E ol &ste] ARAAE AAAIH. (5)

=2
X
S
rir

Q=FF' 5)

A
, A W] ARG A A Srotation)ol] Wt A= AW

10



S e oz Heojgit?

2 n 2
Sl — (W[F]l? — - [Zi:ll//if;'l]z - (6_A)
VYV 13y ful AW fo]l 4 W fo)
2 2
Snz(w[F]n; _ : W\ fon) : : (6.B)
VYV (3w ]l v fo] e W fa)
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Hatol AAE HAEs BoFt %RWE 1% 5% ol AF7/HES 717
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Table I
Tick size-normalized distance between best step and remaining step
in limit order book

This table presents time-series average of the monthly distance between best step and remaining step normalized
by tick size in the limit order book on the basis of monthly volume. Tick size-normalized distance is measured as
difference between best quote and other steps in limit order book, divided by tick size corresponding to price level.
For a stock, daily tick size-normalized distance is computed at each 5 minute-interval during continuous auction from
9:00 to 14:50 in a day, and then averaged over 70 intervals. Monthly tick size-normalized distance is averaged across
days for each month during sample period from January 2002 to November 2004. The cross-sectional means of all
460 sample stocks and 5 portfolios are obtained for each month. Portfolios are formed on the basis of share volume of
prior month (1[low]~5[high]). The time-series average of cross-sectional mean with standard deviation in parenthesis
is reported for all sample stocks and 5 portfolios on the basis of volume.

step All 1(low) 2 3 4 5(high)

Panel A. Bid side

2 1.52 (0.27) 260 (039) 200 (0.23) 1.66 (0.14) 131(0.07)  1.10 (0.03)
3 2.92 (0.45) 512 (073) 3.89 (0.45) 320 (0.28) 2.56(0.13)  2.18 (0.05)
4 432 (0.65) 790 (1.20) 587 (0.70) 479 (0.41) 3.83(0.18)  3.26 (0.06)
5 579 (0.85)  11.04 (1.77) 8.02 (0.98) 648 (0.59) 5.13(0.25)  4.36 (0.08)
6 736 (1.07) 1462 (2.49) 1040 (1.33) 828 (0.78) 6.49(0.32)  5.47 (0.10)
7 9.07 (1.33) 1897 (3.49) 13.15 (1.82) 1028 (1.02) 7.92(0.40)  6.61 (0.11)
8 11.00 (1.65)  24.06 (4.61) 1640 (2.49) 12.54 (1.34) 9.44(0.50)  7.77 (0.14)
9 1314 (2.11) 3025 (6.00) 2031 (3.39) 15.12 (1.75) 11.07(0.63)  8.98 (0.16)
10 1564 (2.79) 3736 (7.41) 2506 (4.61) 1812 (2.27) 12.87(0.78) 1022 (0.19)

Panel B. Ask side

2 1.85 (0.36) 274 (030) 221 (0.23) 1.82 (0.16)  1.44(0.09)  1.15 (0.04)
3 3.52 (0.68) 550 (0.70) 427 (0.47) 348 (0.30) 2.77(0.17)  2.25 (0.06)
4 517 (1.02) 848 (1.19) 638 (0.74) 5.16 (0.46)  4.08(024)  3.34 (0.09)
5 6.84 (138) 1168 (L1.71) 861 (1.06) 6.85 (0.63) 5.40(0.31)  4.43 (0.12)
6 853 (1.72) 1526 (2.40) 1099 (1.44) 861 (0.82)  6.72(0.39)  5.52 (0.14)
7 1029 (2.13) 1927 (3.19) 13.57 (1.91) 1045 (1.05) 8.07(0.47)  6.61 (0.17)
8 1212 (2.50) 2380 (4.15) 1636 (2.46) 1239 (1.31)  9.44(0.57)  7.70 (0.20)
9 1401 (2.90)  28.62 (5.17) 1938 (3.12) 1443 (1.62) 10.84(0.67)  8.80 (0.23)
10 1596 (336)  33.63 (626) 22.60 (3.83) 1654 (1.94) 12.28(0.78)  9.90 (0.26)
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Table II
Depth in visible steps in limit order book

This table presents time-series average of the monthly estimation of depth within 10 steps in the limit order book
on the basis of monthly volume. For a stock, daily depth is observed at each 5 minute-interval during continuous
auction from 9:00 to 14:50 in a day, and then averaged over 70 intervals. Monthly depth is averaged across days for
each month during sample period from January 2002 to November 2004. The cross-sectional means of all 460 sample
stocks and 5 portfolios are obtained for each month. Portfolios are formed on the basis of share volume of prior
month (1[low]~5[high]). The time-series average of cross-sectional mean with standard deviation in parenthesis is
reported for all sample stocks and 5 portfolios on the basis of volume.

All 1(low) 2 3 4 5(high)
Panel A. Bid side
1 631 (288) 477 (530) 939 (811) 1,610 (692) 4,480 (2,052) 19,405 (9,272)
2 1,014 (587) 340 (131) 716 (112) 1,478 (250) 4,692 (1,447) 21,490 (5,797)
3 1,092 (612) 345 (121) 755 (129) 1,587 (254) 4,559 (1,076) 19,688 (3,915)
4 1,105 (568) 319 (110) 736 (133) 1,549 (255) 4,145 ( 811) 17,214 (2,807)
5 1,044 (504) 313 (102) 735 (148) 1,501 (256) 3,786 ( 668) 14,917 (2,139)
6 961 (485) 300 ( 96) 699 (136) 1,421 (250) 3,396 ( 574) 13,022 (1,971)
7 889 (430) 291 (1 92) 674 (138) 1,365 (240) 3,138 ( 532) 11,556 (1,881)
8 830 (374) 285 ( 88) 647 (131) 1,304 (237) 2,902 ( 479) 10,527 (1,755)
9 783 (345) 276 ( 87) 624 (125) 1,240 (231) 2,703 ( 454) 9,575 (1,780)
10 733 (292) 262 ( 83) 586 (122) 1,154 (223) 2,467 ( 443) 8,678 (1,780)
Panel B. Ask side
1 461 (226) 236 ( 70) 450 ( 88) 838 (212) 2,332 ( 714) 11,514 (6,498)
2 622 (458) 267 ( 87) 525 ( 85) 1,016 (171) 3,043 ( 875) 14915 (4,185)
3 676 (600) 277 ( 97) 549 ( 96) 1,105 (193) 3,252 ( 836) 16,052 (3,993)
4 721 (679) 261 (105) 545 (103) 1,112 (201) 3,241 ( 783) 16,242 (3,760)
5 760 (700) 265 (106) 552 (112) 1,148 (228) 3,294 ( 752) 16,379 (3,387)
6 775 (717) 265 (106) 546 (114) 1,121 (222) 3,200 ( 703) 16,059 (3,219)
7 769 (678) 259 (103) 543 (118) 1,120 (231) 3,222 ( 723) 16,082 (3,089)
8 773 (716) 253 (99) 530 (117) 1,103 (218) 3,209 ( 763) 15,343 (2,756)
9 779 (773) 249 ( 99) 522 (117) 1,113 (233) 3,233 ( 747) 15,011 (2,561)
10 776 (763) 243 (1 95) 510 (116) 1,091 (233) 3,056 ( 670) 14,088 (2,603)
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Table III
Ratio of liquidity provision to liquidity consumption

This table presents time-series average of the monthly estimation of ratio of liquidity provision to liquidity
consumption within 10 steps in the limit order book on the basis of monthly volume. Ratio of liquidity provision to
consumption is computed as the depth divided by daily share volume, and then multiplied by 10,000. For a stock,
daily ratio of liquidity provision to consumption is computed at each 5 minute-interval during continuous auction
from 9:00 to 14:50 in a day, and then averaged over 70 intervals. Monthly Ratio of liquidity provision to consumption
is averaged across days for each month during sample period from January 2002 to November 2004. The cross-
sectional means of all 460 sample stocks and 5 portfolios are obtained for each month. Portfolios are formed on the
basis of share volume of prior month (1[low]~5[high]). The time-series average of cross-sectional mean with
standard deviation in parenthesis is reported for all sample stocks and 5 portfolios on the basis of volume.

All 1(low) 2 3 4 5(how)

Panel A. Bid side
6.75 (4.52) 19.03 (17.36) 7.81 (9.92) 3.37 (1.82) 2.06 (1.03) 1.31 (0.63)

—_

2 550 (2.92) 1477 (983) 571 (2.72) 3.1 (1.24) 220 (0.94) 159 (0.77)
3 554 (2.79) 1474 (1 921) 594 (2.75) 334 (1.31)  2.15 (0.80)  1.43 (0.54)
4 4.89 (1.99) 1224 ( 5.79) 5.66 (2.45) 325 (1.25) 195 (0.63)  1.22 (0.37)
5 475 (1.84) 1196 ( 5.16)  5.69 (2.70)  3.14 (1.18)  1.79 (0.54)  1.05 (0.27)
6 451 (1.68) 1160 ( 475) 534 (2.30) 296 (1.12)  1.62 (047)  0.92 (0.21)
7 437 (1.63) 1139 ( 4.66) 517 (2.33)  2.85 (1.08)  1.50 (0.43)  0.82 (0.18)
8 423 (1.62) 1124 ( 477) 494 (220) 272 (1.02) 140 (0.41)  0.75 (0.15)
9 403 (147) 1077 ( 424) 472 (1.99) 258 (0.95) 130 (0.38)  0.68 (0.14)
10 376 (1.37)  10.12 ( 4.00) 437 (1.77) 240 (0.87)  1.19 (0.34)  0.62 (0.11)

Panel B. Ask side

1 393 (2.12) 1228 (7.62)  3.63 (1.87)  1.77 (0.74) 1.1l (0.50)  0.77 (0.38)
2 448 (2.51) 1337 (8.87) 423 (2.15)  2.19 (0.93) 144 (0.60)  1.07 (0.51)
3 459 (2.43) 1347 (840) 436 (2.13) 237 (1.02) 152 (0.59)  1.13 (0.47)
4 402 (1.72) 1075 (5.05) 424 (1.97) 237 (0.98) 151 (0.55)  1.13 (0.43)
5 403 (1.66) 1075 (4.79)  4.24 (1.93) 243 (0.98) 153 (0.53)  1.13 (0.41)
6 399 (1.62) 10.70 (4.70)  4.19 (1.85) 236 (0.94) 149 (0.50)  1.12 (0.41)
7 393 (1.61) 1042 (4.60)  4.15 (1.84) 235 (0.93)  1.50 (0.50)  1.13 (0.42)
8 382 (1.61)  10.08 (4.66)  4.04 (1.81) 231 (0.93)  1.50 (0.52)  1.07 (0.39)
9 375 (1.52)  9.83 (429)  3.96 (1.76) 233 (0.97)  1.51 (0.52)  1.04 (0.32)
10 3.60 (149) 938 (4.28)  3.86 (1.72) 228 (0.95) 143 (0.48)  0.96 (0.26)
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Table IV
Relative execution frequency on basis of time interval

Relative execution frequency(%) is computed as the ratio of intervals when trade is executed to total number of
intervals during continuous auction from 9:00 to 14:50. Relative execution is observed at 5 minutes, 10 minutes, 15
minutes, 30 minutes and 60 minutes interval, respectively. Mean of daily relative execution frequency is calculated
for a stock during sample period from January 2002 to November 2004 and then cross-sectional mean of relative
execution frequency is computed across 460 sample stocks, with standard deviation in parenthesis. Trading volume is
computed as mean of monthly trading volume for a stock, and all sample stocks are categorized into 5 portfolios on
the ranking of trading volume (1[low]~5[high]).

5 minute 10 minute 15 minute 30 minute 60 minute

All 80.92 (19.22) 89.01 (13.53) 92.54 (10.43) 96.83 (5.61) 98.92 (2.49)
1(low) 51.73 (11.79) 67.66 (11.52) 76.04 (10.58) 88.37 (7.40) 95.66 (4.10)
2 75.55 (13.34) 87.13 ( 8.73) 92.00 (6.20) 97.31 (2.73) 99.36 (0.88)
3 85.32 ( 9.85) 93.44 ( 5.69) 96.33 (3.68) 98.96 (1.32) 99.77 (0.32)
4 93.74 ( 7.44) 97.42 ( 3.80) 98.61 (2.31) 99.61 (0.73) 99.89 (0.15)

5(high) 98.29 ( 3.56) 99.42 ( 1.51) 99.70 (0.82) 99.89  (0.19) 99.92  (0.04)

Table V
Unit root test on midpoint quote and depth-weighted quotes in limit order book

This table presents the unit root test on the quote price of steps in the limit order book. Using Augmented Dickey-
Fuller model with drift term, unit root test is conducted month-by-month during sample period across 460 sample
stocks and 5 portfolios. Portfolios are formed on the basis of share volume of prior month (1[low]~5[high]). In
implementation of test, at each 5 minute interval quote price is observed during continuous auction from 9:00 to
14:50. Lag is chosen on the basis of Bayesian Information Criteria (BIC). Mean of t-stat indicates monthly time-
series average of cross-sectional mean of t-statistic obtained from ADF model for 460 sample stocks. %RW indicates
that the percentages of number of sample stocksxsample months without rejection of null hypothesis on unit root at
1% and 5%, respectively.

MP' WwP! wp*1 wp*? wp>'0

Mean of t-statistic -1.45 -1.65 -1.89 -1.74 -2.34

All %RW (signif at 1% ) 93.41 91.97 87.17 90.60 77.36
%RW (signifat 5% ) 88.12 84.56 78.37 82.78 67.50

Mean of t-statistic -1.75 -2.28 -2.69 -2.47 -3.43

1(low) %RW (signifat 1% ) 82.73 76.00 67.19 71.94 49.03
%RW (signifat 5% ) 75.32 63.51 53.06 59.78 34.72

Mean of t-statistic -1.51 -1.85 -2.29 -1.98 -2.96

2 %RW (signifat 1% ) 87.10 84.22 74.97 82.08 59.64
%RW (signifat 5% ) 81.96 75.73 64.51 72.88 47.94

Mean of t-statistic -1.45 -1.55 -1.82 -1.61 -2.28

3 %RW (signifat 1% ) 89.34 89.28 85.37 88.60 76.88
%RW (signif at 5% ) 84.84 83.05 77.50 82.11 67.16

Mean of t-statistic -1.30 -1.31 -1.39 -1.35 -1.63

4 %RW (signifat 1% ) 91.25 92.30 91.39 92.36 88.63
%RW (signif at 5% ) 87.25 88.31 86.66 87.54 82.46

Mean of t-statistic -1.27 -1.25 -1.28 -1.28 -1.41

S(high) %RW (signifat 1% ) 90.25 92.07 92.27 92.42 90.78
%RW (signif at 5% ) 86.31 88.28 87.96 88.19 86.13

31



Table VI
Information share of best quote sorted by volume

This table presents time-series average of the monthly estimated information share of best quote price and depth-weighted average price from step 2 to 10 in limit order book.
Monthly information share is estimated by using Vector Error Correction Model specification with inclusion of midpoint best quote price(MP’ ) and depth-weighted average best
quote price (WP') observed at 5 minute-intervals during continuous auction from 9:00 to 14:50. VECM is estimated with lag selection on the basis of Bayesian Information
Criteria(BIC) month-by-month during sample period form January 2002 to November 2004 across sample stocks. The cross-sectional means of lower bound, upper bound and mean
of estimated information share of all 460 sample stocks and 5 portfolios are obtained for each month. Portfolios are formed on the basis of share volume of prior month
(1[low]~5[high]). The time-series average of cross-sectional mean with standard deviation in parenthesis is reported for all sample stocks and 5 portfolios on the basis of volume.

Figures in bracket indicate the percentage of number of sample stocks and months with max[ JSVIVP , IS}WP 1-

All 1(low) 2 3 4 5(high)

ISyp A ISyp ISy ISyp A ISyp A ISyp ISy ISyp A
0.179 0.377 0.134 0.582 0.143 0.509 0.174 0.387 0.191 0.255 0.250 0.148
Lower (0.041) (0.063) (0.064) (0.076) (0.051)  (0.094)  (0.048) (0.077) (0.059) (0.057) (0.065) (0.041)
[15.68] [74.32] [12.20] [87.80] [12.07]  [87.93]  [14.97] [85.03] [16.31] [83.69] [22.93] [77.07]
0.623 0.821 0.418 0.866 0.491 0.857 0.613 0.826 0.745 0.809 0.852 0.750
Upper (0.063) (0.041) (0.076) (0.064) (0.094)  (0.051)  (0.077) (0.048) (0.057) (0.059) (0.041) (0.065)
[15.68] [74.32] [12.20] [87.80] [12.07]  [87.93]  [14.97] [85.03] [16.31] [83.69] [22.93] [77.07]
0.401 0.599 0.276 0.724 0.317 0.683 0.394 0.606 0.468 0.532 0.551 0.449
Mean (0.050) (0.050) (0.068) (0.068) 0.069)  (0.069)  (0.059) (0.059) (0.053) (0.053) (0.049) (0.049)
[15.68] [74.32] [12.20] [87.80] [12.07]  [87.93]  [14.97] [85.03] [16.31] [83.69] [22.93] [77.07]
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Table VI
Information share of best step and remaining step 2 to step 10 sorted by volume

This table presents time-series average of the monthly estimated information share of best quote price and depth-weighted average price from step 2 to 10 in limit order book.
Monthly information share is estimated by using Vector Error Correction Model specification with inclusion of best quote price(MP' ) and depth-weighted average price from step 2
to 10(WP>"%)  observed at 5 minute-intervals during continuous auction from 9:00 to 14:50. Midpoint price is selected as proxy for best quote price. VECM is estimated with lag
selection on the basis of Bayesian Information Criteria(BIC) month-by-month during sample period form January 2002 to November 2004 across 460 sample stocks. The cross-
sectional means of lower bound, upper bound and mean of estimated information share of all 460 sample stocks and 5 portfolios are obtained for each month. Portfolios are formed
on the basis of share volume of prior month(1[low]~5[high]). The time-series average of cross-sectional mean with standard deviation in parenthesis is reported for all sample stocks

and 5 portfolios on the basis of volume. Figures in bracket indicate the percentage of number of sample stocks and months with max[ IS, [S>710].

All 1(low) 2 3 4 5(high)
I8! 15710 I8! I§%10 I8! I§%10 I8! 15710 I8! 1§%10 I8! 15710

0.567 0.028 0.759 0.039 0.676 0.029 0.579 0.023 0.461 0.021 0.355 0.028
Lower (0.051) (0.005) (0.059) (0.011) (0.066)  (0.007)  (0.061) (0.006) (0.055) (0.005) (0.042) (0.007)

[99.52] [0.48] [99.84] [0.16] [99.94] [0.06] [99.81] [0.19] [99.91] [0.09] [98.16] [1.84]

0.972 0.433 0.961 0.241 0.971 0.324 0.977 0.421 0.979 0.539 0.972 0.645
Upper (0.005) (0.051) (0.011) (0.059) (0.007)  (0.066)  (0.006) (0.061) (0.005) (0.055) (0.007) (0.042)

[99.52] [ 0.48] [99.84] [0.16] [99.94] [0.06] [99.81] [0.19] [99.91] [0.09] [98.16] [1.84]

0.769 0.231 0.860 0.140 0.823 0.177 0.778 0.222 0.720 0.280 0.664 0.336
Mean (0.024) (0.024) (0.028) (0.028) (0.031)  (0.031)  (0.029) (0.029) (0.026) (0.026) (0.019) (0.019)

[99.52] [0.48] [99.84] [0.16] [99.94] [0.06] [99.81] [0.19] [99.91] [0.09] [98.16] [1.84]
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Table VII
Information share of best quote, the upper quotes and the lower quotes sorted by volume

This table presents the result for Hasbrouck information share of best quote(MP")and depth-weighted price of the
upper part and of the lower part. Hasbrouck information share is estimated by using VECM specification with
inclusion of midpoint price, depth-weighted price of the upper part and of the lower part. Depth-weighted price of the
upper part is measured based on step 2 from step 5(WP’7 ) and depth-weighted price of the lower part is measured
based on step 6 from step 10(WP*'%). VECM is composed of midpoint price, depth-weighted price of the upper part
and of the lower part observed at 5 minute-intervals during continuous auction from 9:00 to 14:50. VECM is
estimated with lag selection on the basis of Bayesian Information Criteria(BIC) month-by-month during sample
period form January 2002 to November 2004 across 460 sample stocks. The cross-sectional means of lower bound,
upper bound and mean of estimated information share of all 460 sample stocks and 5 portfolios are obtained for each
month. Portfolios are formed on the basis of share volume of prior month(1[low]~5[high]). The time-series average
of cross-sectional mean with standard deviation in parenthesis is reported for all sample stocks and 5 portfolios on the
basis of volume. Figures in bracket indicate the percentage of number of sample stocks and months with

max[ I§', 15275, 157101,

All 1(low) 2 3 4 5(high)
Panel A. Information share of MP" : IS’
0.383 0.551 0.488 0.395 0.293 0.185
Lower (0.050) 0.067 0.070 0.060 0.045 0.035
[85.42] [89.61] [89.07] [86.39] [84.93] [77.18]
0.832 0.850 0.863 0.848 0.835 0.766
Upper (0.041) 0.052 0.045 0.050 0.059 0.069
[85.37] [89.58] [88.85] [86.48] [84.77] [77.24]
0.587 0.696 0.666 0.604 0.534 0.432
Mean (0.046) (0.059) (0.058) (0.056) (0.051) (0.049)
[85.44] [89.60] [88.94] [86.42] [84.90] [77.43]
Panel B. Information share of WP : IS*”
0.091 0.094 0.082 0.082 0.084 0.110
Lower (0.020) 0.035 0.027 0.025 0.028 0.032
[14.14] [9.89] [10.81] [13.46] [14.82] [21.85]
0.555 0.378 0.440 0.536 0.650 0.772
Upper (0.051) 0.064 0.069 0.062 0.047 0.040
[14.47] [10.11] [11.12] [13.49] [15.20] [22.57]
0.299 0.228 0.249 0.290 0.334 0.394
Mean (0.031) (0.046) (0.042) (0.037) (0.032) (0.032)
[14.38] [9.99] [11.02] [13.55] [15.07] [22.38]
Panel C. Information share of WP™" : [S1°
0.019 0.028 0.022 0.020 0.014 0.013
Lower (0.002) 0.006 0.005 0.004 0.003 0.004
[0.40] [0.50] [0.12] [0.16] [ 0.25] [0.97]
0.254 0.138 0.170 0.229 0.310 0.425
Upper (0.038) 0.029 0.041 0.047 0.049 0.051
[0.12] [0.31] [ 0.03] [0.03] [ 0.03] [0.19]
0.114 0.076 0.085 0.106 0.131 0.174
Mean (0.016) (0.014) (0.017) (0.019) (0.021) (0.022)
[0.14] [0.40] [ 0.03] [ 0.03] [ 0.03] [0.19]
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Table IX
Robustness Check

This table presents the result for Hasbrouck information share estimated from VECM specification with different
time interval. In Panel A, VECM is composed of midpoint quote price and depth-weighted average price from step 2
to IO(WP“ % observed at 10, 15, 30 and 60 minute interval during continuous auction from 9:00 to 14:50. In Panel B,
VECM is composed of midpoint quote price(MP"), depth-weighted average price from step 2 to 5(WP°) and depth-
weighted average price from step 6 to 10(WP%%) observed at 10, 15, 30 and 60 minute interval during continuous
auction from 9:00 to 14:50. VECM is estimated with lag selection on the basis of Bayesian Information Criteria(BIC)
month-by-month during sample period form January 2002 to November 2004 across 460 sample stocks. The cross-
sectional means of lower bound, upper bound and mean of estimated information share of all 460 sample stocks and 5
portfolios are obtained for each month. Portfolios are formed on the basis of share volume of prior
month(1[low]~5[high]). The time-series average of cross-sectional mean with standard deviation in parenthesis is
reported for all sample stocks and 5 portfolios on the basis of volume.

All 1(low) 2 3 4 5(high)

Panel A. VECM (MP', wp*!%)

10 minute interval
A 0.663 (0.053) 0.775 (0.064) 0.738 (0.066) 0.675 (0.062) 0.608 (0.062) 0.516 (0.053)
IS*5 0337 (0.053) 0.225 (0.064) 0.262 (0.066) 0.325 (0.062) 0.392 (0.062) 0.484 (0.053)
15 minute interval
I8! 0.654 (0.053) 0.774 (0.066) 0.734 (0.069) 0.660 (0.062) 0.591 (0.057) 0.509 (0.053)
IS*7 0346 (0.053) 0.226 (0.066) 0.266 (0.069) 0.340 (0.062) 0.409 (0.057) 0.491 (0.053)
30 minute interval
I8! 0.639 (0.055) 0.764 (0.067) 0.719 (0.072) 0.642 (0.063) 0.572 (0.058) 0.494 (0.052)
IS77 0361 (0.055) 0.236 (0.067) 0.281 (0.072) 0.358 (0.063) 0.428 (0.058) 0.506 (0.052)
60 minute interval
A 0.614 (0.054) 0.744 (0.073) 0.686 (0.074) 0.611 (0.059) 0.545 (0.053) 0.478 (0.050)
IS5 0.386 (0.054) 0.256 (0.073) 0.314 (0.074) 0.389 (0.059) 0.455 (0.053) 0.522 (0.050)

Panel B. VECM (MP', wpP*>, wP™!%)

10 minute interval
I8! 0.562 (0.048) 0.680 (0.056) 0.645 (0.062) 0.579 (0.059) 0.502 (0.054) 0.404 (0.044)
I3 0.306 (0.030) 0.233 (0.042) 0.258 (0.043) 0.300 (0.037) 0.344 (0.031) 0.393 (0.029)
IS5 0.132 (0.019) 0.087 (0.015) 0.097 (0.020) 0.121 (0.023) 0.154 (0.026) 0.203 (0.022)
15 minute interval
I8! 0.545 (0.049) 0.667 (0.055) 0.629 (0.064) 0.559 (0.060) 0.482 (0.051) 0.389 (0.040)
IS77 0308 (0.029) 0.236 (0.041) 0.263 (0.043) 0.305 (0.035) 0.346 (0.027) 0.388 (0.025)
IS5 0.147 (0.021) 0.096 (0.017) 0.108 (0.023) 0.137 (0.027) 0.172 (0.027) 0.223 (0.022)
30 minute interval
I8! 0.522 (0.050) 0.647 (0.055) 0.607 (0.066) 0.534 (0.064) 0.455 (0.051) 0.369 (0.039)
IS*0 0314 (0.027) 0.244 (0.041) 0.272 (0.042) 0.313 (0.034) 0.352 (0.024) 0.388 (0.023)
IS0 0.164 (0.023) 0.109 (0.017) 0.122 (0.026) 0.153 (0.031) 0.193 (0.029) 0.243 (0.024)
60 minute interval
I8! 0.485 (0.048) 0.609 (0.057) 0.560 (0.068) 0.487 (0.060) 0.416 (0.045) 0.348 (0.036)
IS77 0322 (0.024) 0.259 (0.039) 0.290 (0.039) 0.327 (0.029) 0.355 (0.019) 0.382 (0.022)
IS 0.193 (0.025) 0.132 (0.022) 0.150 (0.031) 0.186 (0.033) 0.229 (0.029) 0.270 (0.024)
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Table X
Month-by-month cross-sectional determinants of information share of non-best depth-
weighted average quotes in limit order book

This table reports the result for determinants of Hasbrouck information share of non-best quotes using standard Fama-
MacBeth (1973) regression and time-series and cross-sectional pooling regression. Dependant variable is Hasbrouck
information share of depth-weighted average price from step 2 to 10(/5>’) estimated month-by-month by using VECM
specification during sample period from January 2002 to November 2004 across 460 sample stocks. Explanatory variables
are tick size-normalized distance(ND*'%), liquidity provision-to-liquidity consumption ratio(LP*'%/LS), firm size, and book-
to-market ratio. Tick size-normalized distance is measured as difference between best quote and other steps in limit
order book, divided by tick size corresponding to price level. Ratio of liquidity provision to consumption is computed
as the depth divided by monthly share volume. Firmsize is monthly log market value, multiplying closing price by total
outstanding shares at the end of month. Panel A contains time-series means and t-value of the coefficients and time-series
mean of t-value for the coefficients in cross-sectional regression. +(%) indicates the percentage of number of months with
positive sign of coefficient. % signif (+) indicates the the percentage of number of months with positive sign of coefficient
significant at 5% level. % signif (-) indicates the the percentage of number of months with negative sign of coefficient
significant at 5% level. Panel B contains coefficients and t-value in parenthesis from time-series and cross-sectional pooling
regression.

intercept ND 10 (LP*/LS) SIZE BM adjR’
Panel A. Fama-MacBeth regression
Mean 0.334 -0.066 -0.027 0.010 -0.013 0.314
t-value 18.286 -20.212 -7.415 8.729 -9.585
Mean of t-value 5.579 -5.586 -3.936 2.792 -1.706
%(+) 100.000 0.000 0.000 94.118 2.941
Ysignif (+) 100.000 0.000 0.000 73.529 0.000
Yosignif (-) 0.000 100.000 94.118 0.000 50.000
mean 0.552 -0.115 0.250
t(mean) 69.968 -45.616
mean of t-value 20.686 -12.304
%(+) 100.000 0.000
Ysignif (+) 100.000 0.000
Yosignif (-) 0.000 100.000
Mean 0.269 -0.057 0.184
t-value 68.560 -9.875
Mean of t-value 43.203 -10.095
%(+) 100.000 0.000
Ysignif (+) 100.000 0.000
Y%signif (-) 0.000 100.000
Mean -0.082 0.028 0.167
t-value -7.038 31.211
Mean of t-value -2.483 9.484
%(+) 14.706 100.000
Ysignif (+) 5.882 100.000
Yosignif (-) 70.588 0.000
Mean 0.270 -0.053 0.113
t-value 106.690 -30.070
Mean of t-value 37.479 -7.601
%(+) 100.000 0.000
Yosignif (+) 100.000 0.000
Yosignif (-) 0.000 100.000

Panel B. time-series and cross-sectional regression

coefficient 0.341 -0.070 -0.015 0.009 -0.014 0.313
t-value (33.39) (-34.83) (-20.61) (16.32) (-11.79)

coefficient 0.555 -0.116 0.259
t-value (123.14) (-73.32)

coefficient 0.261 -0.038 0.165
t-value (250.44) (-55.13)

coefficient -0.088 0.028 0.165
t-value (-15.17) (55.21)

coefficient 0.271 -0.055 0.124
t-value (215.31) (-46.69)

36



Table XI

Month-by-month cross-sectional determinants of information share of best quote, upper quotes and lower quotes in limit order book

This table reports the result for determinants of Hasbrouck information share of non-best quotes using standard Fama-MacBeth (1973) regression and time-series and cross-sectional pooling
regression. Dependant variables are Hasbrouck information share of depth-weighted average price from step 2 to 5(IS°”) and depth-weighted average price from step 2 to 10(ZS°'%) estimated
month-by-month by using VECM specification during sample period from January 2002 to November 2004 across 460 sample stocks. Explanatory variables are tick size-normalized distance(ND),
liquidity provision-to-liquidity consumption ratio(LP/LS), firm size, and book-to-market ratio. Tick size normalized-distance is measured as difference between best quote and other steps in limit
order book, divided by tick size corresponding to price level. Ratio of liquidity provision to consumption is computed as the depth divided by monthly share volume. Firmsize is monthly log market
value, multiplying closing price by total outstanding shares at the end of month. Panel A contains time-series means and t-value of the coefficients and time-series mean of t-value for the
coefficients in cross-sectional regression. +(%) indicates the percentage of number of months with positive sign of coefficient. % signif (+) indicates the the percentage of number of months with
positive sign of coefficient significant at 5% level. % signif (-) indicates the the percentage of number of months with negative sign of coefficient significant at 5% level. Panel B contains
coefficients and t-value in parenthesis from time-series and cross-sectional pooling regression.

dependant variable : 1S”” dependant variable : I1S*"°
intercept ND 7 (LP*/LS) SIZE BM adjR’ intercept ND 6710 (LP/LS) SIZE BM adjR’
Panel A. Fama-MacBeth regression
Mean 0.659 -0.074 -0.038 -0.017 -0.034 0.079 0.204 -0.026 -0.036 -0.001 -0.011 0.125
t-value 22.590 -11.113 -5.270 -9.076 -12.221 13.673 -10.127 -6.181 -1.103 -10.135
Mean of t-value 6.727 -3.083 -2.105 -2.660 -2.645 4.539 -3.042 -2.813 -0.291 -1.738
%(+) 100.000 2.941 8.824 2.941 0.000 100.000 5.882 2.941 41.176 2.941
Y%signif (+) 100.000 0.000 0.000 0.000 0.000 94.118 0.000 0.000 23.529 0.000
Yosignif (-) 0.000 82.353 70.588 70.588 76.471 0.000 76471 79.412 38.235 52.941
mean 0.448 -0.083 0.042 0.215 -0.045 0.093
t(mean) 40.584 -12.718 42.777 -24.354
mean of t-value 11.681 -4.190 13.548 -6.701
%(+) 100.000 2.941 100.000 0.000
Y%signif (+) 100.000 0.000 100.000 0.000
Yosignif (-) 0.000 88.235 0.000 100.000
Mean 0.318 -0.061 0.034 0.132 -0.059 0.081
t-value 65.364 -9.559 43.364 -8.796
Mean of t-value 30.955 -3.809 27.067 -6.286
%(+) 100.000 0.000 100.000 0.000
Y%signif (+) 100.000 0.000 100.000 0.000
Yosignif (-) 0.000 88.235 0.000 100.000
Mean 0.250 0.004 0.006 0.010 0.009 0.041
t-value 12.093 2.616 1.057 11.616
Mean of t-value 4.372 0.914 0.268 4.066
%(+) 100.000 70.588 52.941 97.059
Yosignif (+) 97.059 35.294 29.412 91.176
Yosignif (-) 0.000 11.765 17.647 0.000
Mean 0.323 -0.037 0.027 0.131 -0.024 0.045
t-value 70911 -13.783 59.545 -23.156
Mean of t-value 27.765 -3.399 23.773 -4.598
%(+) 100.000 2.941 100.000 0.000
Y%signif (+) 100.000 0.000 100.000 0.000
Ysignif (-) 0.000 88.235 0.000 97.059
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Panel B. time-series and cross-sectional regression

coefficient 0.661 -0.074 -0.027 -0.016 -0.038 0.072 0.211 -0.030 -0.019 -0.001 -0.012 0.117
t-value (39.62) (-17.66)  (-1251)  (-1592)  (-17.16) (2793)  (-2028)  (-13.86) (-2.22) (-11.61)

coefficient 0.454 -0.086 0.038 0.217 -0.045 0.096
t-value (68.60) (-24.68) (81.40)  (-40.49)

coefficient 0.314 -0.045 0.031 0.128 -0.040 0.070
t-value (187.00) (-22.20) (158.83) (-34.22)

coefficient 0.241 0.004 0.001 0.006 0.009 0.035
t-value (24.85) (5.52) (1.32) (23.64)

coefficient 0.325 -0.040 0.029 0.132 -0.025 0.050
t-value (160.81) (-21.50) (138.28) (-28.74)
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Figure I

Empirical distribution and monthly time-series trend of information share of best quote

and non-best quotes in limit order book

This graph depicts monthly empirical distribution and time-series plot for Hasbrouck information share of best
quote(MP")and depth-weighted average price from step 2 to 10(WP>'?) on the basis of monthly volume. All sample
stocks are categorized into 5 groups on the ranking of volume (low[1]~high[5]). Hasbrouck information share is
estimated by using VECM specification with inclusion of best quote and depth-weighted average price from step 2 to
10 observed at 5 minute-intervals during continuous auction from 9:00 to 14:50. VECM is estimated with lag
selection on the basis of Bayesian Information Criteria (BIC) month-by-month during sample period from January
2002 to November 2004 across 460 sample stocks. Panel A graphs the monthly empirical distribution for Hasbrouck
information share of midpoint price (IS") and depth-weighted average price from step 2 to 10(/S*'”) from 460 sample

stocks. Panel B depicts the monthly trend of volume-based portfolio.
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Figure II

Empirical distribution of information share of best quote, upper quote, and lower quote in limit order book
This graph depicts monthly empirical distribution and time-series plot for Hasbrouck information share of best quote(MP’), depth-weighted average price from step 2 to 5(WP”) and
depth-weighted average price from step 6 to 10(WP%'%) on the basis of monthly volume. All sample stocks are categorized into 5 groups on the ranking of volume (low{1]~high[5]).
Hasbrouck information share is estimated by using VECM specification with inclusion of MP', WP*> and WP’ observed at 5 minute-intervals during continuous auction from 9:00 to
14:50. VECM is estimated with lag selection on the basis of Bayesian Information Criteria (BIC) month-by-month during sample period from January 2002 to November 2004 across
460 sample stocks. Panel A graphs the monthly empirical distribution for Hasbrouck information share of midpoint price (IS”), depth-weighted average price from step 2 to 5(/S*~) and
depth-weighted average price from step 2 to 10(WP”"') from 460 sample stocks. Panel B depicts the monthly trend of volume-based portfolio.
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Figure III
Impulse response function analysis of best quote and non-best quote in limit order book

This graph depicts the result for impulse response function analysis of best quote(MP")and depth-weighted average
price from step 2 to 10(WP*'%). Cumulative impulse response function is estimated by using VECM specification
with inclusion of best quote and depth-weighted average price from step 2 to 10 observed at 5 minute-intervals during
continuous auction from 9:00 to 14:50. Midpoint quote price proxies for best quote. VECM is estimated with lag
selection on the basis of Bayesian Information Criteria (BIC) month-by-month during sample period form January
2002 to November 2004 across 460 sample stocks. The cross-sectional means of impulse response function are
calculated from 460 samples stocks and then averaged across 35 months. In panel A, cumulative impulse response is
depicted when initial shock is given to MP' and WP”'’. In panel B, for 5 portfolios on the basis of volume,
cumulative impulse response of WP*is depicted when initial shock is given to MP'(left) and cumulative impulse
response of MP' is depicted when initial shock is given to WP”'"(right).
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Figure IV

Impulse response function analysis of best quote, upper quote, and lower quote in limit order book

This graph depicts the result for impulse response function analysis of best quote(MP")and depth-weighted average price from step 2 to 5(WP>~), and depth-weighted average price from

step 6 to 10(WP%!%). Cumulative impulse response function is estimated by using VECM specification with inclusion of MP', WP?? and WP

19 observed at 5 minute-intervals during

continuous auction from 9:00 to 14:50. Midpoint quote price proxies for best quote. VECM is estimated with lag selection on the basis of Bayesian Information Criteria (BIC) month-by-
month during sample period form January 2002 to November 2004 across 460 sample stocks. The cross-sectional means of impulse response function are calculated from 460 samples
stocks and then averaged across 35 months.
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Figure V
Impulse response function analysis of best quote, upper quote, and lower quote
in limit order book on the basis of volume

This graph depicts the result for impulse response function analysis of best quote(MP")and depth-weighted average
price from step 2 to 5(WP>~), and depth-weighted average price from step 6 to 10(WP%'?) on the basis of volume.
Cumulative impulse response function is estimated by using VECM specification with inclusion of MP’, WP*’ and
WP™!” observed at 5 minute-intervals during continuous auction from 9:00 to 14:50. Midpoint quote price proxies for
best quote. VECM is estimated with lag selection on the basis of Bayesian Information Criteria (BIC) month-by-
month during sample period form January 2002 to November 2004 across 460 sample stocks. The cross-sectional
means of impulse response function are calculated for 5 portfolios and then averaged across 35 months.
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