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Table 1a. Statistics on returns, trades and trading volumes (1999-2000).

Two-year Five-year Tenyear

Number of observations 358,361 494,437 506,880
Of which:

% trades only 39.7 22.5 18.9

% quote-changes only 495 64.7 70.9

% trades & quote-chges 10.8 12.8 10.2
Trades

Number of trades 180,967 174,406 147 546

% buys 529 51.1 50.6
Volume per trade ($M.)

Mean 12.96 7.28 545

Std deviation 22.65 9.03 741
Trading days 501 501 501
Transactions per day 361.21 348.12 29450
Volume per day ($M.) 4,622 2,534 1,604
Tick-by-tick returns’

Mean 5.28 x 10° 5.64x 10" -7.02x 10°

Mean abs vaue 276 x 10° 5.38x 10° 0.000101

Std Deviation 4.46 x 10° 831x10° 0.000156
Dally returns

Mean 368x10° 7.07x 10”7 -7.20x 10°

Mean abs vaue 0.000667 0.001750 0.003065

Std Deviation 0.000882 0.002325 0.004017

*Log change in midpoint between bid and ask quotes.




Table 1a(cont.)

Two-year Five-year Tenyear
Time between ticks
(minutes)
Full sample 0.98 0.76 0.74
High duration days 1.96 193 181
(top 50)
Low duration 0.67 0.48 051
days (bottom 50)
Low trading- range 153 1.00 0.93
days (bottom 50)
High trading-range 0.73 0.59 0.61
days (top 50)
Low volatility days 118 115 1.06
(bottom 50)
High volatility days 0.78 0.62 0.62
(top 50)

Table 1b. Correlations among daily price range, price change, volatility and
average duration: 2-year note.

Price range Volatility Price change*
Duration™ -0.502 -0.359 -0.031
Price range 0.552 0.093
Volatility * 0.129

! Daily average time between observations, in minutes, detrended and adjusted for time-of-
day and time-of -year effects.

2 Difference between daily high and low prices.
® Daily standard deviation of tick-by-tick returns.
* Difference between daily close and open prices.




Table 2. Vector autoregression results: signed trades.
This table gives the estimated coefficients from the following vector autoregression:

¥ ¥
n=aarf;+a bix,;+e,
i=1 i=0

%0 %’O
Xt = a girt-i +a diXt-i + e2,t

i=1 i=1
r. is defined as the changefrom t-1 to t in the log of the midpoint between the prevailing bid
and ask quotes. The variable x; takes the value one for a buyer-initiated trade, minus one for a
sdller-initiated trade, and zero for a quote revision without atrade. The VAR is estimated over
the period from January 4, 1999, through December 29, 2000, and includes only the
transactions and quote-changes taking place between 7:00 am and 5:00 pm. On each day, the
estimation starts with the eleventh observation after 7:00 am.

2-year, full sample

Dept variable: r; Dept variable: %
Cosf. t-stat. Cosf. t-stat.
Lagsof r;
1 -0.256 -151.86 -130.075 -4.80
2 -0.146 -83.96 267.373 9.57
3 -0.063 -35.66 219.595 7.78
4 -0.022 -12.74 122.318 4.33
5 -0.005 -2.99 74.322 2.63
6 0.002 0.87 34.122 1.21
7 0.006 3.56 13.347 0.47
8 0.010 5.79 37.079 1.32
9 0.003 1.89 12.744 0.46
10 0.001 0.90 50.216 1.88
Lags of x 2
0 0.665 63.59
1 0.989 90.95 0.260 153.80
2 0.531 47.98 0.114 64.41
3 0.155 13.96 0.024 13.47
4 0.061 5.49 0.005 2.59
5 -0.014 -1.29 -0.003 -1.50
6 -0.049 -4.45 0.001 0.48
7 -0.041 -3.71 0.003 1.41
8 -0.044 -3.98 0.005 2.60
9 -0.002 -0.19 0.003 1.74
10 -0.010 -0.90 0.003 1.46
2 0.11 0.10

* Coefficient estimates for the r, equation are multiplied by 100,000.



Table 2 (cont). 5-year, full sample

Dept variable: r, Dept variable: x
Cosf. t-stat. Cosf. t-stat.
Lagsof r;
1 -0.257 -179.89 155.093 14.67
2 -0.091 -61.85 41.131 3.77
3 -0.035 -23.82 71.799 6.55
4 0.002 1.04 49.575 4.52
5 0.005 3.16 22.074 2.02
6 0.015 10.25 22.190 2.03
7 0.008 5.60 -5.441 -0.50
8 0.014 9.17 -11.409 -1.04
9 0.013 8.79 -5.459 -0.50
10 0.008 5.43 6.509 0.62
Lags of %2
0 2.289 118.35
1 1.728 86.97 0.164 112.78
2 0.998 49.59 0.105 7122
3 0.328 16.23 0.048 31.90
4 0.065 3.22 0.021 14.12
5 -0.015 -0.76 0.009 6.18
6 -0.065 -3.20 0.002 1.29
7 -0.048 -2.35 0.003 2.15
8 -0.063 -3.14 0.004 241
9 0.011 0.57 0.003 1.90
10 -0.018 -0.92 0.003 2.37
R2 0.10 0.06

* Coefficient estimates for the r; equation are multiplied by 100,000.



Table 2 (cont). 10-year, full sample

Dept Dept
variable: r; variable: %
Cosf. t-stat. Cosf. t-stat.
Lagsof r;
1 -0.268 -190.03 38.188 7.47
2 -0.117 -80.15 -38.226 -7.22
3 -0.063 -43.17 -17.908 -3.36
4 -0.019 -12.81 -17.048 -3.19
5 -0.004 -2.95 -19.238 -3.60
6 0.006 412 -12.031 -2.26
7 0.003 2.16 -13.565 -2.54
8 0.006 4.10 -10.258 -1.93
9 0.004 3.02 -5.363 -1.02
10 0.007 4.69 -2.859 -0.57
Lags of %2
0 3.964 101.70
1 3.490 87.91 0.129 90.40
2 2.135 53.23 0.079 54.30
3 1.037 25.75 0.035 23.75
4 0.426 10.57 0.014 9.72
5 0.078 1.94 0.006 411
6 0.009 0.21 0.004 2.85
7 -0.062 -1.54 0.004 2.68
8 -0.023 -0.56 0.005 3.46
9 -0.087 -2.16 0.005 3.21
10 -0.038 -0.96 0.004 2.88
2 0.10 0.03

* Coefficient estimates for the r; equation are multiplied by 100,000.



Table 3. Vector autoregression results: signed order flow.
This table gives the estimated coefficients from the following vector autoregression:

¥ ¥
n=aaf.;+a bv., +e,
i=1 i=0

Y 2
Vt = a girl-i + a din-i +e2,t

i=1 i=1
r. is defined as the change from t-1 to t in the log of the midpoint between the prevailing bid
and ask quotes. The variable v; is the size of the trade in millions of dollars, multiplied by the
directiona indicator x; defined above. The VAR is estimated over the period from January 4,
1999, through December 29, 2000, and includes only the transactions and quote-changes
taking place between 7:00 am and 5:00 pm. On each day, the estimation starts with the
eleventh observation after 7:00 am.

2-year, full sample

Dept variable: r; Dept variable: v
Cosf. t-stat. Cosf. t-stat.
Lagsof r;
1 -0.212 -126.04 3129.254 4.36
2 -0.109 -63.42 5927.097 8.09
3 -0.034 -19.61 3312.052 4.49
4 -0.003 -1.58 465.159 0.63
5 0.006 3.42 2078.347 2.82
6 0.007 4.08 967.235 1.31
7 0.009 4.95 794.467 1.08
8 0.012 6.68 722.322 0.98
9 0.004 2.36 1098.867 151
10 0.002 1.23 1001.097 141
Lagsof v
0 0.019 48.08
1 0.018 4473 0.052 31.05
2 0.012 30.13 0.074 43.52
3 0.005 11.42 0.042 24.89
4 0.001 1.33 0.074 43.67
5 -0.002 -4.11 0.002 1.02
6 -0.003 -7.64 0.016 9.47
7 -0.002 -3.78 0.009 5.17
8 -0.002 -5.54 0.015 8.87
9 -0.001 -3.62 0.007 3.84
10 -0.001 -1.75 -0.006 -3.77
B2 0.06 0.02

* Coefficient estimates for the r, equation are multiplied by 100,000.



Table 3 (cont). 5-year, full sample

Dept variable: r, Dept variable: vy
Cosf. t-stat. Cosf. t-stat.
Lagsof r;
1 -0.223 -156.24 2642.990 21.52
2 -0.063 -42.95 2382.348 18.93
3 -0.017 -11.72 2043.797 16.20
4 0.012 8.11 1391.112 11.03
5 0.009 6.47 844.571 6.70
6 0.017 11.66 544.473 4.32
7 0.008 5.72 261.360 2.08
8 0.013 8.82 193.415 1.54
9 0.012 8.17 205.151 1.64
10 0.007 4.83 83.945 0.69
Lags of v,
0 0.125 75.12
1 0.091 54.11 0.080 55.47
2 0.056 33.34 0.053 36.71
3 0.023 1357 0.032 22.37
4 0.006 3.34 0.017 12.02
5 0.002 131 0.008 5.46
6 -0.003 -1.54 0.004 2.73
7 -0.002 -1.26 0.007 5.01
8 -0.005 -2.94 0.003 1.76
9 0.000 0.12 0.005 3.44
10 0.001 0.50 0.001 0.63
R2 0.06 0.02

* Coefficient estimates for the r, equation are multiplied by 100,000.



Table 3 (cont). 10-year, full sample

Dept Dept
variable: r; variable: v¢
Cosf. t-stat. Cosf. t-stat.
Lagsof r;
1 -0.237 -167.74 515.908 11.04
2 -0.091 -62.69 283.281 5.90
3 -0.047 -32.04 316.900 6.58
4 -0.009 -6.48 219174 4.54
5 -0.001 -0.37 163.829 3.40
6 0.007 4.58 107.184 2.22
7 0.002 1.48 56.687 1.18
8 0.004 2.92 66.828 1.39
9 0.003 1.79 57.360 1.20
10 0.005 3.55 105.165 2.26
Lags of v,
0 0.296 69.32
1 0.183 42.73 0.053 37.34
2 0.130 30.21 0.044 30.84
3 0.065 15.02 0.029 20.08
4 0.021 4.97 0.015 10.50
5 -0.004 -1.00 0.009 6.36
6 0.001 0.16 0.005 3.19
7 -0.013 -2.92 0.006 4.30
8 0.000 0.07 0.007 5.01
9 -0.007 -1.68 0.004 291
10 0.008 1.76 0.007 5.01
2 0.07 0.01

* Coefficient estimates for the r; equation are multiplied by 100,000.



Table 4. VAR coefficientsfor different subsamples.
The table shows the sums of different combinations of coefficients from the following VAR:

0 0
Iy :é @@, +a‘d +aj'di)r, +é. (b, +bid5 +bd)x T ey
i=0

i=1

10 10
Xt = é. (gl +giLdt|ri +giH dt'_: )rt-i + é. (dl +diLdt|ji +diH dt'i'i )th +e2,t

i=1 i=1
where d.;" is a dummy variable taking the value one during the fifty days when average
adjusted duration is lowest during the sample, and d.." equals one during the fifty days when
average adjusted duration is highest. The 401 days on which both dummies equa zero are
referred to as “normal” days. The values in the column “Sum of coefs’ are the total of the

0
effects estimated for that subsample. Thus, the first figure in the first column is éai , the

i=1

0
second figure is 5_ (@, +a), and so on. The vaues under the column “Vs. norma” are the
i=1
additional effects for that subsample, relative to the effects estimated for the 401 days that
are not in either the high-duration or the low duration subsample. Thus, the first figure in the

0 0
second column is aaﬁ, the second is éaﬁ , and so on. The asterisks indicate the
i=1 i=1
significance level for the Fstatistic of a Wald test of the hypothesis that the corresponding
sum of coefficients is different from zero. Two asterisks indicate rejection at the 5% level or
better, while one asterisk indicates rejection at alevel between 5% and 10%.

Two year note

Return equation Signed trade equation

Sum of coefs Vsnormal Sum of coefs Vsnormal
Coefficients on
returns
“Normal” days -0.563 ** 7675 **
Low duration -0.210 ** 0.353 ** 912.8 ** 145.3
High duration -0599 ** -0.036 -134.5 -902.1  *
Coefficients on
signed trades?
“Normal” days 2277 ** 0421 **
Low duration 3.026 ** 0.749 ** 0.348 ** -0.073 **
High duration 2173 ** -0.104 0404 ** -0.018

! Coefficient estimates for return equation multiplied by 100,000.




Table 4 (cont).

Five year note

Return equation

Signed trade equation

Sum of coefs Vsnormal Sum of coefs Vsnormal
Coefficients on
returns
“Normal” days -0.288  ** 3954 **
Low duration -0.707  ** -0419 ** 2291 * -166.3
High duration -0.325  ** -0.036 -83.5 -4788 **
Coefficients on
signed trades !
“Normal” days 5066 ** 0.364 **
Low duration 6.876 ** 1.809 ** 0293 ** -0.071  **
High duration 5297 ** 0.231 0381 ** 0.018

Ten year note

Return equation

Signed trade equation

Sum of coefs Vsnormal Sum of coefs Vsnormal
Coefficients on
returns
“Normal” days -0.424  ** -99.7 **
Low duration -0.855 ** -0.430 ** -1330 * -33.3
High duration -0.355  ** 0.069 -67.7 32.1
Coefficients on
signed trades?
“Normal” days 10.759 ** 0.286 **
Low duration 13.443 ** 2684 ** 0241 ** -0.045 **
High duration 10.477  ** -0.282 0.300 ** 0.014

! Coefficient estimates for return equation multiplied by 100,000.




Table 5. Trading epochsfor the 2-year note on February 3, 2000.

Return * % buys Mean duration | Meen bid-ask
spread®

7:00am - 11:00 am 0.00063 52.6 0.61 0.0097
11:00am - 12:15 0.00340 65.9 0.53 0.0102
pm
12:15pm - 2:00 pm -0.00317 40.9 048 0.0181
2:00 pm - 5:00 pm 0.00090 66.7 0.96 0.0120
Memo item:
Full sample (1/99- 0.00067° 52.9 0.98 0.0065
12/00)

Notes: * Log change in quote midpoint.
2 Difference between prevailing ask and bid quotes.

*Mean absolute value of daily log quote-midpoint changes.




Table 6. VAR Coefficients for February 3, 2000.

This table gives the sums of the estimated coefficients from the following vector
autoregression for three time periods on February 3 2000:

3 3
r=aar,; +a bix. +ey,

i=1 i=0

8 S
ve=agr; tady,, te

i=1 i=1

2t

In each quadrant, the table shows the sum of the coefficients on the corresponding variable

5
(e.g. § a, ). The asterisks indicate the significance level for the F-statistic of a Wald test of
i=1
the hypothesis that the corresponding sum of coefficientsis different from zero. Two asterisks
indicate rejection at the 5% level or better, while one asterisk indicates rejection at alevel
between 5% and 10%.

Two year note

Return equation Signed trade equation
Coefficientson return
7am-11am -0.588 ** 1393.2
11am -2 pm -0.288 * 12244 *
2pm -5 pm 0477 * -836.9
Coefficientson signed trade
7am-11am 55062 ** 0.164 *
11am -2 pm 44758 *x 0444 **
2pm -5 pm 429123 ** 0376 **

Five year note

Return equation Signed trade equation
Coefficientson return
7am-11am -0.331 ** 501.5
11am -2 pm 0.020 50.2
2pm -5 pm -0.100 -166.2
Coefficientson signed trade
7am-11am 7.221% *x 0321 **
11am -2 pm 10.893% ** 0.383 **
2pm -5 pm 12.850% ** 0.101

& Coefficient estimates multiplied by 100,000.




Ten year note

Return equation

Signed trade equation

Coefficients on return

7am-11am -0.071 -2825 **
11am -2 pm 0.381 ** 50.6
2pm-5pm -0.004 -767.9 **
Coefficientson signed trade

7am-11am 26.435% ** 0.205 **
11am -2 pm 10.803% ** 0344 **
2pm -5 pm 7.865% 0.228 **

& Coefficient estimates multiplied by 100,000.




Graph 1. Cumulative effect on return of an additional one unit return.
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Graph 3. Cumulative effect on net buys of an additional one unit return.
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Graph 5. Fitted duration at different times of the day.
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Graph 6a. Cumulative effect on net returns of an additional one unit return: 2 year note
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Graph 7. Quotes, trades and bid-ask spreads for the two-year Treasury note: Feb 3, 2000
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Graph 8a. Quotes and transactions in the 2-year note:
Feb 3,7 am - 11 am
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Graph 8b. Quotes and transactions in the 2-year note:
Feb 3, 2000, 11 am - 12:15 pm
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Graph 8c. Quotes and transactions in the 2-year note:
Feb 3, 2000, 12:15 pm -1 pm
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Graph 8d. Quotes and transactions in the 2-year note:
Feb 3, 2000, 1 pm -5 pm
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Graph 9. Quotes and transactions in the two-year note:
Jan 28, 2000, 7:00-11:00 am
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Graph 10a. Cumulative effect on net returns of an additional one unit return:
2 year note, February 3, 2000
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