











Figure 2.14 Limit Order Book for T-note Futures

This figure presents the shape of the limit order book for all five levels on the bid and ask side.

Figure 2.15 Limit Order Book for Corn Futures

This figure presents the shape of the limit order book for all five levels on the bid and ask side.
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Figure 2.16 Limit Order Book for Oil Futures

This figure presents the shape of the limit order book for all five levels on the bid and ask side.
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Figure 2.17 Limit Order Book for Euro Futures
This figure presents the shape of the limit order book for all five levels on the bid and ask side.
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Figure 2

.18 Limit Order Book for Yen Futures

This figure presents the shape of the limit order book for all five levels on the bid and ask side.
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Figure 2.19 Limit Order Book for Gold Futures
This figure presents the shape of the limit order book for all five levels on the bid and ask side.
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CHAPTER 3: THE RELATION BETWEEN DEPTH AND SPREAD

3.1. Introduction

Finance literature shows that liquidity includes both a quantity dimension (depth)
and a cost dimension (spread). In particular, Harris (1990) defines liquidity as the
willingness of some traders to take the opposite side of a trade at a low cost. In other
words, in a liquid market many traders are willing to transact (provide a large depth) at a
low cost (a small spread). Market participants can adjust to changing market conditions
by modifying either the quantity and/or the cost dimensions. For example, if there is an
indication that the probability of informed trading in a market has increased, then market
participants can react by either adjusting the spread or the quantity available. In addition,
Lee, Mucklow, and Ready (1993) argue that inferences about liquidity shifts cannot be
made on the basis of depth or spread alone, but instead must be considered
contemporaneously.

Although the interaction between depth and spread is a topic considered in prior
research, the focus of most of these studies is the depth and spread at the best bid-ask
level. For example, Vo (2007) employs the best depth and spread and finds an inverse
intraday relation between the first level of depth and the first level of spread, meaning
that traders actively manage both the price and quantity dimensions of liquidity at the
best bid-ask level.

On the other hand, very little research focuses on the interaction between depth
and spread beyond the first level, especially for U.S. futures markets. In this chapter, the
relation between the depth and spread, as well as their individual intraday behavior, is

examined for the electronic U.S. futures markets in the context of the five deep limit
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order book. In addition, I look beyond the historical approach of only examining the
traditional (open outcry) trading hours and investigate the interaction between the
quantity and cost dimensions of liquidity for both the open outcry (day) and the night
(non-open outcry) electronic market.
3.2. Literature Review

The temporal variations of depth and spread, as well as their interactions, are
examined in past research. However, most of these studies only employ depth at the best
bid-ask spread level. The use of depth at only the best level is due to the lack of available
data at deeper levels. Lee, Mucklow, and Ready (1993) examine the intraday shape of
depth and spread for New York Stock Exchange stocks, finding a narrow depth at both
the opening and closing of trading relative to the middle of the day, i.e. an inverted U-
shaped pattern. Such a pattern is opposite the pattern for the bid-ask spread, which
possess wide spreads at both the open and close of the trading day. However, Lee,
Mucklow, and Ready do not employ control variables or test for the statistical
significance of the depth and spread patterns.

Brockman and Chung (1999) investigate the temporal behavior of stock depth
traded on the Stock Exchange of Hong Kong (SEHK), determining that an inverted U-
shaped depth pattern exists. Although they employ control variables for known
systematic factors that affect depth, their measure of depth does not use depth beyond the
first level. In addition, Vo (2007) examines the relation between depth and spread and
their respective intraday patterns for Toronto Stock Exchange stocks. He finds a U-

shaped intraday bid-ask spread pattern and an intraday depth pattern that is increasing
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over the day with a narrow depth at the market open and a wide depth at the market close.
Moreover, the presented relation between the depth and spread is negative.

The intraday behavior of depth and spread for three interest rate futures contracts
on the Sydney Futures Exchange (SFE) is explored by Frino, Lepone, and Wearin (2008).
A declining intraday depth pattern, characterized by large depth at the open and small
depth at the close is documented at the best depth level. In addition, the spread pattern is
opposite the depth pattern, with large spreads at the open and small spreads at the close.
This article does explicitly model the relation between the depth and spread, but does not
consider depth beyond the first level.

Contrary to the prior listed literature, Ahn and Cheung (1999) examine the
intraday temporal behavior of five-deep depth and the best spreads. They employ two
measures of depth, namely the dollar depth at the best bid-ask level and the cumulative
dollar depth at the five levels on both sides of the book, using stocks on the Stock
Exchange of Hong Kong (SEHK). They find a U-shaped intraday pattern for the best
spreads and a reverse U-shape intraday pattern for dollar depth and cumulative dollar
depth. Results of a correlation analysis between the depth and spread provide evidence in
support of a negative association between the spread and depth. However, they do not
specify whether this negative relation is for the best depth or the cumulative depth values.
In addition, control variables are not included in the regressions for the statistical
significance of the intraday patterns.

Overall, the intraday depth pattern results are not consistent across studies. Lee,
Mucklow, and Ready (1993), Brockman and Chung (1999), and Ahn and Cheung (1999)

document an inverse U-shaped intraday depth pattern for stocks. Meanwhile, Vo (2007)
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and Frino, Lepone, and Wearin (2008) find an increasing depth pattern for stocks and a
decreasing depth pattern for futures, respectively. However, the inverse relation between
the depth and spread is consistent across studies.

This study differs from the previous literature in several ways. Most importantly,
the entire five-deep limit order book is utilized to examine the relation between depth and
spread in this study, as opposed to the best depth and spread in other studies. Secondly,
both the day and night periods of trading are analyzed here, whereas prior studies
concentrate solely on the open outcry (day) session. Finally, I employ electronic U.S.
futures contracts, whereas previous research considers stocks and international futures
contracts. These extensions fill in a gap in prior literature concerning depth and spread
beyond the best level for U.S. futures markets.

3.3. Data

This study employs six futures contracts to examine the depth and spread
behavior of these contracts. The futures contracts are the T-note, corn, oil, the euro, yen,
and gold futures, and therefore provide a range of contracts over key futures categories.
The data for each futures contract is from January 2008 through March, April, or October
2009, depending on the contract. Contracts are rolled over when trading volume in the
next out contract exceeds trading in the nearby contract.

Encoded RLC messages are decoded to obtain the limit order book, as described
in preceding chapters. However, the entire limit order book data cannot be used for the

analysis in this chapter. Although the entire limit order book contains all depth updates,

63



these updates are not equally distributed in time. Therefore, the depth data is sampled at
every second, i.e. the first depth update in each second is taken.'?

Prior empirical results support a link between the intraday pattern of depth and
spread. Since the relation is examined intraday, the day is broken up into specific time
intervals. However, no one has determined the “optimal” solution concerning the length
of time interval to employ. The time interval should not be too long to preserve the study
of an intraday relation. If a very long time interval, such as one hour, is employed then
the variation in the underlying variables can become smoothed, making it difficult to
ascertain their effects. If the time interval selected is too short, then there may not be
enough activity to properly calibrate the underlying variables. As a result two time
intervals are employed, specifically five-minute and fifteen-minute intervals. The
objective in employing different time intervals is to obtain results independent of the time
interval used. In addition, two sets of trading hours are used. The first set of trading hours
is termed the “day period” and considers the trading hours during which the open outcry
market is open. The second set of trading hours is termed the “night period” and only
considers the trading hours outside of the open outcry period. Table 10 lists the electronic
and open outcry hours for each futures contract in Central time. The electronic period
typically opens at about five p.m. for most of the different contracts and closes at about

four p.m. the next day."

2 For example, there can be thirty depth updates in one second and only one depth update in another
second. In order to sample the data at equal intervals, it is sampled every second. Furthermore, the use of
the full data set is computationally prohibitive.

Y Corn is the only futures contract with a trading halt, which occurs between 6:00 a.m. and 9:30 a.m.
Central time. The open outcry hours vary for each contract.
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3.4. Methodology

The first goal of this chapter is to examine the intraday behavior of the depth and
spread. The second objective of this chapter is to establish the relation between the depth
and spread.
3.4.1. Behavior of Depth and Spread

Since the data consists of the limit order book, the measures of depth and spread
need to account for the five levels of depth. The total depth in the five-deep limit order

book is calculated as the sum of the volume available over all five levels of depth:
S5

Total Depth = E(Depthmdi + Depth, ;) (3.1)
i=I

The traditional spread measure is extended to account for all five levels of the limit order
book. The bid-ask spread at the best level is traditionally defined as follows:

Spread = Price,, — Pricey, (3.2)
This measure is extended to all levels by calculating the sum of the depth-weighted

spread over all levels as follows:

2 Depth.
Total Spread = ———L—|(Price,, . — Price,,, . 33
p & (TotalDepth)( Ask i Bldl) ( )
where Depth, = Depthy,, , + Depth,, , (3.4)
5
and Total Depth = E(Depthwi + Depth,,, ;) (3.5)

i=/
Based on the overwhelming conclusion of prior literature that the best depth and

spread is not constant within the day, the following research hypotheses are proposed:'*

' For ease of exposition, the total depth henceforth is referred to as “depth,” and the total spread will be
referred to as the “spread.”
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Research hypothesis 1: There is a variation in the intraday pattern of the depth.
Research hypothesis 2: There is a variation in the intraday pattern of the spread.
In order to formally test these two research hypotheses, the following four regressions are

estimated separately for each futures contract:

6 T
Depth, =a,+ Y B.D,+ Y BD, +¢, 3.6
Depth, = a, + p,D, + p,D, + p;_,D;_, + D, + &, (3.7)
6 T
Spread, =a,+ Y D, + Y LD +¢ 3.8
Spread, = a, + B,D, + B,D, + B, ,D;_, + D, + ¢, (3.9

The D;j variables represent dummy variables that take a value of one for the first half hour
and last half hour of the trading day and zero otherwise; t refers to the time intervals
during the day. Equations 3.6 and 3.8 are estimated using five-minute interval data and
therefore contain six dummy variables at the opening and closing of the trading day.
Equations 3.7 and 3.9 are estimated using fifteen-minute interval data and therefore
contain two time dummy variables at the opening and closing of the trading day. The T
variable represents the last time interval of the day and varies with each futures since
each contract remains open for a different length of time. The trading day also takes two
different specifications, which include the day and night trading hours, as previously
described in the data section.

A time interval under consideration is compared with the average of the omitted
(middle of the day) intervals. The middle of the day dummies take a value of zero in

order to avoid perfect multicollinearity among the variables. Therefore, a significantly
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positive (negative) coefficient on the time dummy variable reflects higher (lower) values
for the interval under consideration relative to the middle of the day. These regressions,
and all ensuing regressions, are estimated using Hansen’s (1982) generalized method of
moments (GMM) procedure. In addition, the Newey and West (1987) correction is
applied to assure robustness relative to autocorrelation and heteroskedasticity.
3.4.2. Relation between Depth and Spread

The second goal of this chapter is to ascertain the relation between the depth and
spread. The relation between total depth and total spread has not been examined in prior
research. However, based on the empirical results of Vo (2007) who uses the best depth
and spread data, the following research hypothesis is examined:
Research hypothesis 3: An inverse relation exists between the total depth and the total
spread.
Therefore, in order to investigate the relation between depth and spread, the following

regressions are estimated for each futures contract:

Depth, = a, + ,Spread + B,D, + B,D, + B, ,D,_, + B, D, + ¢, (3.10)
6 T

Depth, = o, + B,Spread + E/J)in + E BD, +¢ +¢, (3.11)
i=1 i=T-5

A statistically significant negative coefficient on spread would verify an inverse relation
between depth and spread, after controlling for the intraday variation.

Aitken and Frino (1996) and Ding (1999) identify three factors that are shown to
affect spreads, namely trade activity, price volatility, and price level. If the depth and

spread are truly systematically related, then such a relation should exist after removing
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these other factors.'” Moreover, Harris (1994) also identifies volatility and volume as key
variables aiding in the explanation of changes in the depth level. Therefore, I estimate
the following two models:

Depth, = a, + y,Spread + y,Volume, + y,Level, +y Volatility,

(3.12)
+B,D, + B,D, + p,_ D, + D, +¢,

Depth, = a, + y,Spread + y,Volume, + y,Level, +y Volatility,
6 T
+ Y BD + BD +¢e

s

(3.13)

where the volume is calculated as the trade volume in each time interval, the price level is
represented by the mean trade price in each time interval, and the volatility is measured
by the standard deviation of the trade prices in each time interval. Furthermore, I
investigate the depth-spread relation during the day and night session separately.
3.5. Results

The first part of the results describes the summary statistics of the data. The next
portion of the results discusses the intraday behavior of the depth and spread. The
subsequent section describes the results for the depth-spread relation.
3.5.1. Summary Statistics

Table 3.2 reports the summary statistics for the spread, volume, frequency, level,
and volatility for the day trading hours using the five-minute intervals and Table 3.3
shows the summary of the fifteen-minute intervals during the day. The spread, level, and

volatility are similar for the five-minute and fifteen-minute intervals for the individual

> Of course, if these control variables are proxies for depth (are highly interrelated) then no relation may
exist on a statistical basis after these factors are removed.
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futures contracts. However, the volume and frequency is obviously different between the
two time intervals.'®

Table 3.4 summarizes the spread, volume, frequency, level, and volatility for the
equivalent night trading period with five-minute intervals, whereas Table 3.5 shows the
summary for the fifteen-minute intervals. The spread, level, and volatility are comparable
for both the five-minute and fifteen-minute intervals during the night session. Comparing
the summary statistics for the day (Tables 3.2 and 3.3) and night (Table 3.4 and 3.5)
periods, I find that the spread is smaller and volume is larger for the day period for each
futures contract relative to the night time interval. For example, Panel B of Table 3.3 (day
period) shows corn has a spread of 1.39, whereas in Panel B of Table 3.4 (night period)
corn possesses a spread of 1.89.

Figures 3.1 through 3.6 depict the distribution of the best spread and total spread
for the T-note, corn, oil, euro, yen, and gold futures during the day and night sessions.
These figures illustrate that both the best and total spread are more dispersed during the
night relative to the day. Furthermore, the distribution of the best spread is more skewed
to the right compared to the total spread.

The intraday patterns of the depth and spread are pictured in Figures 3.7 through
3.12 for the T-note, corn, oil, euro, yen, and gold futures over the entire day. The figures
support a reverse U-shaped pattern for the depth. In addition, the intraday pattern of the

spread for these contracts is U-shaped.

'® For example, oil has an average volume of 8405.23 during the five-minute time intervals in Panel A
Table 3.2 and a volume of 24904.39 during the fifteen-minute intervals in Panel A Table 3.3.
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3.5.2. Intraday Patterns

The regression results for the intraday patterns of the depth and spread are
presented in Tables 3.6 through 3.11 for each futures contract. In each table, Panels A
and B provide results for the intraday variation in the depth and Panels B and C for the
intraday variation in the spread.

Table 3.6 provides results for the T-note futures contract. Panel A shows evidence
of an inverse U-shaped pattern in the depth for both the day and night hours using five
minute intervals, as shown by the negative and significant dummy variables at the
beginning and end of each period. Panel B supports a similar pattern for the depth of T-
note futures using fifteen-minute intervals during the day. Panel C shows an increasing
bid-ask spread pattern for the day with negative and significant time dummies at the open
and positive and significant time dummies at the close. In Panel D, using fifteen-minute
intervals, the shape of the spread during the day period fits a similar increasing pattern.
However for the night period, the intraday spread exhibits a declining pattern which is
characterized by a large spread at the open and a declining spread at the close. In general,
the depth results exhibit an inverse U-shaped pattern for the day and night across the
futures contacts. Overall, the spread results (increasing pattern) for the day session for
both the five-minute and fifteen-minute intervals are consistent across all six futures
contracts. However, the spread results for the night vary.

3.5.3. Relation between Depth and Spread

The next set of tables show the results for the relation between depth and spread.

In Table 3.13 (corn), the negative and statistically significant coefficient on the spread for

the five and fifteen minute interval support an inverse relation between depth and spread.
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Moreover, this result holds for both the day and night sessions. The inverse relation
between depth and spread is also documented in Tables 3.14, 3.15, 3.16, and 3.17 for the
day and night sessions and for different time intervals. After controlling for the intraday
variation and determinants of depth (including volume, level, and volatility), the results
still hold. The only futures contract for which this inverse relation does not hold is the T-
note futures, which shows a positive relation between the depth and spread.

3.6. Conclusion

A few interesting points can be discussed here. The choice of the time interval
used in the intraday analysis of the depth and spread is important and can influence the
subsequent results. For example, consider a contract where the depth is narrow for the
first three minutes of the day and then quickly reverses to the mean. If five-minute
intervals are employed then this variation will be captured. However, if fifteen minute
intervals are employed then this variation may not be captured, because the variation
would be averaged out with the other twelve minutes in the time interval. The behavior of
the spread for the yen futures exemplifies such a scenario. The intraday pattern of the
spread is different between the day and night sessions; this was not previously observed
due to the lack of night session studies on the spread. However, the inverse relation
between the depth and spread hold for both the day and night sessions.

In conclusion, this chapter provides results for the behavior of the total depth and
spread, as well as their interaction, for six U.S. futures markets. The intraday behavior of
the depth and spread is generally found to have a systemic pattern. Strong evidence to
support an inverse relation between the depth and spread also exists, even after

controlling for known explanatory factors.
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The results mirror the general findings of Lee, Mucklow, and Ready (1993) for
equities, that narrow depths are associated with large spreads. This association implies
that limit order traders actively manage both price (spread) and quantity (depth)
dimensions of liquidity. However, their conclusion only holds for the best level. The
results of this chapter, using five deep depth data extend their implication beyond stocks
and beyond the best depth for futures markets, i.e. limit order traders actively manage

spreads and depth along the five deep limit order book.
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Table 3.1 Open Outcry and Non-Open Outcry Trading Hours

This table lists the open outcry and non-open outcry trading hours in Central time for each futures contract.
The open outcry period represents day trading and the non-open outcry period represents night trading.

Non-Open Outcry(Night)

Futures Contract Open Outcry (Day)
T-note 07:20 - 14:00
Corn 09:30 - 13:15
0il 08:00 - 13:30
Euro 07:20 - 14:00
Yen 07:20 - 14:00
Gold 07:20 - 12:30

17:30 - 07:19 and 14:01 - 16:00

18:00 - 06:00
17:00 - 07:59 and 13:31 - 16:15
17:00 - 07:19 and 14:01 - 16:00
17:00 - 07:19 and 14:01 - 16:00
17:00 - 07:19 and 12:31 - 16:15
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Table 3.2 Summary Five-Minute Day

This table presents the summary statistics for the five-minute time intervals during the day for each futures
contract. Spread is calculated as the sum of the depth-weighted spreads across all five levels. Volume is
computed as the sum of trade volume in each time interval. Level is represented by the mean trade price in
each time interval. Volatility is defined by the standard deviation of trade prices in each time interval.

Mean Median Std Dev Skew Kurt Sth 95th
Panel A: T-note
Spread 0.09 0.09 0.00 -0.27 0.66 0.08 0.09
Volume 8405.23 6784.00 6323.49 2.59 12.10 2142.50  19791.50
Frequency 507.65 427.00 333.35 2.58 13.07 161.00 1101.50
Level 115.96 115.71 2.20 0.47 0.32 112.41 120.34
Volatility 0.02 0.02 0.01 3.20 19.82 0.01 0.05
Panel B: Corn
Spread 1.39 1.38 0.11 0.85 9.20 1.21 1.56
Volume 1526.00 1031.50 1589.69 3.15 15.05 240.00 4518.00
Frequency 551.58 380.00 564.03 3.01 13.40 86.00 1622.00
Level 512.72 533.24 117.19 0.23 -0.77 351.97 747.00
Volatility 0.52 0.42 0.41 2.87 15.18 0.15 1.27
Panel C: Oil
Spread 7.40 7.25 0.72 2.79 22.07 6.58 8.63
Volume 6831.45 4465.00 7654.13 3.81 19.10 1751.00  20915.00
Frequency 3686.22 2657.50 3293.53 3.01 12.27 1075.00 10712.00
Level 87.46 95.02 33.90 -0.12 -1.42 39.51 136.59
Volatility 0.11 0.08 0.10 3.93 22.60 0.04 0.26
Panel D: Euro
Spread 6.19 6.11 0.37 0.92 0.78 5.71 6.93
Volume 3079.93 2271.00 2849.02 3.27 19.98 578.00 8154.00
Frequency 1499.91 1060.00 1459.68 3.30 21.69 252.00 4256.00
Level 14.19 14.18 0.99 0.05 -1.12 12.67 15.72
Volatility 0.00 0.00 0.01 8.40 93.90 0.00 0.01
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Table 3.2 (Continued)

Mean Median Std Dev Skew Kurt Sth 95th
Panel E: Yen
Spread 6.21 6.11 0.47 1.24 2.55 5.63 7.09
Volume 1552.78 1142.00 1453.10 3.24 23.20 248.00 4214.00
Frequency 711.25 540.00 634.70 3.64 29.38 146.00 1836.00
Level 0.01 0.01 0.00 0.04 -1.13 0.01 0.01
Volatility 0.00 0.00 0.00 4.79 32.50 0.00 0.00
Panel F: Gold
Spread 6.36 6.26 0.53 1.45 4.64 5.70 7.34
Volume 2399.59 1866.00 2014.07 3.11 16.93 552.00 5969.00
Frequency 1171.02 952.00 866.43 2.78 13.36 329.00 2725.00
Level 88.21 89.25 6.28 -0.72 0.12 74.73 97.16
Volatility 0.06 0.05 0.08 8.17 86.97 0.02 0.13
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Table 3.3 Summary Fifteen-Minute Day

This table presents the summary statistics for the fifteen-minute time intervals during the day for each
futures contract. Spread is calculated as the sum of the depth-weighted spreads across all five levels.
Volume is computed as the sum of trade volume in each time interval. Level is represented by the mean
trade price in each time interval. Volatility is defined by the standard deviation of trade prices in each time

interval.

Mean Median Std Dev Skew Kurt Sth 95th
Panel A: T-note
Spread 0.09 0.09 0.00 -0.13 0.76 0.08 0.09
Volume 24904.39  20837.00 15919.33 1.68 4.03 7611.00  55396.00
Frequency 1504.14 1302.00 842.60 1.68 4.81 545.00 3111.00
Level 115.96 115.71 2.20 0.47 0.33 112.41 120.33
Volatility 0.04 0.03 0.03 2.86 15.36 0.01 0.08
Panel B: Corn
Spread 1.39 1.39 0.09 1.31 16.14 1.26 1.52
Volume 4567.64 3300.00 4008.89 2.24 6.69 913.00 13040.00
Frequency 1650.99 1193.00 1472.25 2.26 6.82 296.00 4781.00
Level 513.04 533.35 117.43 0.23 -0.78 351.97 747.00
Volatility 0.90 0.73 0.66 2.12 7.30 0.24 2.12
Panel C: Oil
Spread 7.40 7.26 0.68 2.68 20.33 6.63 8.58
Volume 17894.34  13882.00 13067.82 2.52 9.08 6265.00  45489.00
Frequency 10038.04 8151.00 6336.32 2.03 6.05 3755.00 22842.00
Level 87.45 95.04 33.90 -0.12 -1.42 39.49 136.62
Volatility 0.18 0.15 0.13 3.40 18.50 0.06 0.40
Panel D: Euro
Spread 6.19 6.11 0.36 0.96 0.77 5.74 6.91
Volume 9123.99 7163.00 7328.55 2.51 11.59 2084.00  22682.00
Frequency 444333 3310.00 3904.72 2.66 13.43 846.00  12026.00
Level 14.19 14.18 0.99 0.05 -1.12 12.67 15.72
Volatility 0.01 0.01 0.01 6.81 70.01 0.00 0.02
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Table 3.3 (Continued)

Mean Median Std Dev Skew Kurt Sth 95th
Panel E: Yen
Spread 6.20 6.10 0.45 1.23 2.20 5.65 7.07
Volume 4599.84 3546.00 3718.58 2.32 10.00 968.00  11722.00
Frequency 2106.94 1662.00 1642.70 2.94 20.61 526.00 5084.00
Level 0.01 0.01 0.00 0.04 -1.13 0.01 0.01
Volatility 0.00 0.00 0.00 3.44 21.29 0.00 0.00
Panel F: Gold
Spread 6.36 6.25 0.49 1.52 4.23 5.78 7.29
Volume 7084.21 5789.00 5076.28 2.58 12.15 1981.00 16399.00
Frequency 3457.14 2926.00 2229.42 2.28 9.71 1104.00 7622.00
Level 88.21 89.25 6.28 -0.72 0.12 74.72 97.15
Volatility 0.10 0.08 0.09 5.44 44.69 0.03 0.22
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Table 3.4 Summary Five-Minute Night

This table presents the summary statistics for the five-minute time intervals during the night for each
futures contract. Spread is calculated as the sum of the depth-weighted spreads across all five levels.
Volume is computed as the sum of trade volume in each time interval. Level is represented by the mean
trade price in each time interval. Volatility is defined by the standard deviation of trade prices in each time

interval.

Mean Median Std Dev Skew Kurt Sth 95th
Panel A: T-note
Spread 0.09 0.09 0.01 -0.14 0.04 0.08 0.10
Volume 1099.65 523.00 1713.73 5.22 56.50 17.00 4075.00
Frequency 73.40 39.00 102.71 4.21 32.70 4.00 262.00
Level 115.95 115.76 2.18 0.39 0.28 112.28 120.12
Volatility 0.01 0.01 0.01 6.66 79.04 0.00 0.03
Panel B: Corn
Spread 1.89 1.82 0.44 0.44 -0.36 1.25 2.73
Volume 44.78 12.00 139.92 13.09 275.99 1.00 168.00
Frequency 18.04 7.00 45.32 11.40 211.14 1.00 64.00
Level 514.18 532.54 117.73 0.25 -0.73 352.25 746.71
Volatility 0.20 0.16 0.19 2.83 22.20 0.00 0.54
Panel C: Oil
Spread 9.77 9.19 2.50 0.90 0.31 6.73 14.79
Volume 454.52 116.00 1109.22 6.75 82.54 6.00 1969.00
Frequency 275.17 71.00 653.70 7.02 103.54 6.00 1206.00
Level 87.42 95.14 34.01 -0.11 -1.43 39.81 136.72
Volatility 0.04 0.03 0.08 9.87 135.78 0.01 0.11
Panel D: Euro
Spread 6.35 6.22 0.57 0.91 0.48 5.64 7.50
Volume 760.17 414.00 1002.11 4.03 34.46 38.00 2566.00
Frequency 375.52 208.00 490.99 4.79 60.29 24.00 1236.00
Level 14.19 14.17 0.99 0.05 -1.10 12.66 15.73
Volatility 0.00 0.00 0.01 12.06 178.60 0.00 0.01
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Table 3.4 (Continued)

Mean Median Std Dev Skew Kurt Sth 95th
Panel E: Yen
Spread 6.37 6.15 0.77 1.46 2.34 5.53 7.96
Volume 416.73 254.00 520.65 4.24 37.31 22.00 1330.00
Frequency 199.24 128.00 232.08 3.83 31.55 14.00 608.00
Level 0.01 0.01 0.00 0.04 -1.13 0.01 0.01
Volatility 0.00 0.00 0.00 8.41 99.15 0.00 0.00
Panel F: Gold
Spread 7.78 7.39 1.56 1.23 1.50 5.96 11.04
Volume 356.90 180.00 608.69 7.77 126.54 18.00 1213.00
Frequency 174.21 100.00 264.01 7.25 114.84 12.00 552.00
Level 88.20 89.24 6.30 -0.72 0.12 74.61 97.30
Volatility 0.03 0.02 0.07 10.13 122.61 0.01 0.08
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Table 3.5 Summary Fifteen-Minute Night

This table presents the summary statistics for the fifteen-minute time intervals during the night for each
futures contract. Spread is calculated as the sum of the depth-weighted spreads across all five levels.
Volume is computed as the sum of trade volume in each time interval. Level is represented by the mean
trade price in each time interval. Volatility is defined by the standard deviation of trade prices in each time

interval.

Mean Median Std Dev Skew Kurt Sth 95th
Panel A: T-note
Spread 0.09 0.09 0.01 -0.12 0.17 0.08 0.10
Volume 3217.96 1728.00 4461.57 4.19 36.53 137.00  11457.00
Frequency 21491 123.00 276.98 3.64 23.98 17.00 743.00
Level 115.95 115.76 2.18 0.39 0.28 112.29 120.13
Volatility 0.02 0.01 0.02 3.73 24.61 0.01 0.05
Panel B: Corn
Spread 1.90 1.84 0.41 0.46 -0.30 1.32 2.69
Volume 128.44 43.00 329.54 8.84 117.11 3.00 481.00
Frequency 51.47 22.00 111.74 8.07 97.72 3.00 183.00
Level 513.74 532.30 117.76 0.25 -0.73 352.25 746.61
Volatility 0.33 0.27 0.28 3.12 18.58 0.05 0.82
Panel C: Oil
Spread 9.79 9.28 2.31 0.84 0.14 6.93 14.31
Volume 1400.67 395.00 3158.44 5.69 50.68 38.00 6444.00
Frequency 847.54 215.00 1889.18 5.76 53.87 27.00 3725.00
Level 87.48 95.20 33.99 -0.11 -1.43 39.80 136.73
Volatility 0.07 0.05 0.09 6.63 69.41 0.02 0.19
Panel D: Euro
Spread 6.36 6.22 0.54 0.84 0.14 5.68 7.42
Volume 2329.99 1362.00 2710.01 3.23 21.43 192.00 7396.00
Frequency 1150.86 664.00 1340.61 3.49 27.80 102.00 3604.00
Level 14.19 14.17 0.99 0.05 -1.10 12.66 15.73
Volatility 0.01 0.00 0.01 11.16 159.24 0.00 0.01
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Table 3.5 (Continued)

Mean Median Std Dev Skew Kurt Sth 95th
Panel E: Yen
Spread 6.37 6.16 0.73 1.35 1.81 5.57 7.90
Volume 1279.01 874.00 1376.87 3.53 25.54 120.00 3774.00
Frequency 611.50 430.00 621.23 2.86 16.02 58.00 1754.00
Level 0.01 0.01 0.00 0.04 -1.13 0.01 0.01
Volatility 0.00 0.00 0.00 6.11 56.80 0.00 0.00
Panel F: Gold
Spread 7.82 7.43 1.44 1.21 1.31 6.17 10.78
Volume 1006.18 606.00 1322.12 6.69 121.98 86.00 3141.00
Frequency 494.74 322.00 593.20 6.36 111.74 54.00 1455.00
Level 88.21 89.24 6.30 -0.72 0.12 74.61 97.30
Volatility 0.05 0.04 0.08 8.09 84.54 0.01 0.13
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Table 3.6 T-note Intraday Patterns of Depth and Spread

This table presents the coefficient estimates for the following models:

6 T
Model 11 pepth, =, + S BD, + Y B.D, +e¢,

i=T-5

Model 2: Depth, = a, + B,D, + B,D, + B ,Dy., + B, D; +¢,
6 T
Model 3: Spread, = o, + Y BD, + BD, +¢,

i=T-5

Model 4: Spread, = ay + B,D, + p,D, + B _,D;_; + B.D; +¢,

Depth is calculated as the sum of the depth available across all five levels. Spread is calculated as the sum
of the depth-weighted spreads across all five levels. D is a dummy variable for the time interval that takes a
value of one or zero. Each regression is estimated using Hansen’s (1982) generalized method of moments
(GMM) procedure along with the Newey and West (1987) correction. Models 1 and 3 employ data based
on five-minute intervals. Models 2 and 4 employ data based on fifteen-minute intervals. Each regression is
estimated separately for the day and night period. The T subscript represents the last time interval of a
trading day. *, **, and *** denote significance at the one percent level, five percent level, and ten percent

level, respectively.

Day

Night

Panel A: Model 1

Intercept 8270.87 (100.11%) 3979.69 (122.98%)
D, -1478.5 (-5.58%) -2594.2 (-31.07%*)
D, -2491.4 (-9.69%) -2299.1 (-21.38%)
D; -1255.6 (-4.82%) -2177.8 (-18.91%)
D, -117.23 (-0.40) -2116.6 (-17.62%)
Ds 188.694 (0.64) -2096.2 (-17.29%)
Dg 218.334 (0.76) -2027.3 (-17.36%)
Drs -908.70 (-3.35%) 663.697 (3.48%)
Dry -883.25 (-3.20%) 609.180 (3.19%)
Dr; -849.36 (-3.11%) 382.015 (2.15%*%)
Dr., -901.78 (-3.28%) 230.789 (1.32)
Dt -956.83 (-3.47%) -24.754 (-0.15)
Dr -726.33 (-2.57*%) -466.71 (-3.07%)
Panel B: Model 2

Intercept 8280.96 (60.56*) 3949.12 (73.40%)
D, -1724.8 (-6.85%) -2408.6 (-24.08%)
D, 86.682 (0.31) -2080.0 (-17.39%)
Dt -933.92 (-3.51%) 599.465 (3.22%)
Dr -849.48 (-3.11%) -87.010 (-0.54)
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Table 3.6 (Continued)

Panel C: Model 3

Intercept 0.086 (1440.47%) 0.089 (1411.30%)
D, -0.003 (-9.27%) 0.000 (0.73)
D, -0.002 (-8.00%*) 0.001 (1.03)
D3 -0.001 (-3.35%) 0.000 (0.30)
D, -0.001 (-6.62%*) 0.001 (1.08)
Ds -0.001 (-5.82%) 0.001 (2.25%*%*)
Ds -0.001 (-5.38%) 0.002 (2.95%)
Drs 0.001 (2.85%) -0.002 (-3.42%)
Dry 0.001 (2.68%) -0.002 (-4.16%)
Drs 0.001 (2.80%) -0.002 (-5.70%)
Dr., 0.001 (2.11%%) -0.003 (-6.96%)
Dt 0.000 (1.44) -0.004 (-7.59%)
Dr 0.000 (-0.36) -0.005 (-9.93%)
Panel D: Model 4

Intercept 0.086 (968.53%) 0.089 (1014.68%)
D, -0.002 (-8.97%*) 0.001 (1.10)
D, -0.001 (-7.04%*) 0.001 (2.38*%*)
Dt 0.001 (2.80%) -0.002 (-5.18%)
Dr 0.000 (0.37) -0.004 (-9.34%)
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Table 3.7 Corn Intraday Patterns of Depth and Spread

This table presents the coefficient estimates for the following models:

6 T
Model 11 pepth, =a, + S BD, + Y B.D, +e¢,

i=T-5

Model 2: Depth, = a, + B,D, + B,D, + B ,Dy., + B, D; +¢,
6 T
Model 3: Spread, = o, + Y BD, + BD, +¢,

i=T-5

Model 4: Spread, = ay + B,D, + p,D, + B _,D;_; + B.D; +¢,

Depth is calculated as the sum of the depth available across all five levels. Spread is calculated as the sum
of the depth-weighted spreads across all five levels. D is a dummy variable for the time interval that takes a
value of one or zero. Each regression is estimated using Hansen’s (1982) generalized method of moments
(GMM) procedure along with the Newey and West (1987) correction. Models 1 and 3 employ data based
on five-minute intervals. Models 2 and 4 employ data based on fifteen-minute intervals. Each regression is
estimated separately for the day and night period. The T subscript represents the last time interval of a
trading day. *, **, and *** denote significance at the one percent level, five percent level, and ten percent

level, respectively.

Day Night
Panel A: Model 1
Intercept 559.400 (100.69%) 200.386 (103.52%)
D, -79.386 (-6.24%) 73.943 (7.93%)
D, -16.299 (-1.13) 55.648 (6.34%)
D3 11.460 (0.79) 59.391 (6.11%)
D, 16.797 (1.09) 63.559 (6.16%)
Ds 12.422 (0.87) 58.133 (5.65%)
D 23.028 (1.49) 56.687 (5.35%)
Drs -17.689 (-1.20) -13.885 (-1.66**%*)
Dry -9.593 (-0.66) -11.401 (-1.32)
Dr; -13.426 (-0.86) -12.237 (-1.42)
Dr., -12.748 (-0.78) -7.579 (-0.83)
Dr, 16.829 (0.98) -1.851 (-0.20)
Dr 46.338 (2.65%) 2.144 (0.23)
Panel B: Model 2
Intercept 558.594 (68.98%) 198.523 (65.80*)
D, -27.201 (-2.18%*%*) 65.288 (7.68%)
D, 16.385 (1.25) 61.362 (6.24%)
Dt -13.138 (-0.98) -14.479 (-1.83%*%*)
Dr 20.669 (1.36) -2.551 (-0.30)
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Table 3.7 (Continued)

Panel C: Model 3

Intercept 1.385 (732.88%) 1.903 (388.71%)
D, 0.027 (4.69%) -0.343 (-26.69%)
D, -0.004 (-0.66) -0.376 (-31.05%)
D3 -0.010 (-1.69%**) -0.366 (-28.85%)
Dy 0.000 (0.02) -0.362 (-26.48%)
Ds -0.004 (-0.80) -0.353 (-26.08%)
Ds 0.004 (0.69) -0.355 (-24.42%)
Drs 0.028 (3.95%) 0.008 (0.31)
Dty 0.016 (2.21%%) 0.013 (0.46)
Dr; 0.018 (2.55%%*) -0.002 (-0.06)
Dr., 0.012 (1.56) 0.013 (0.50)
Dt -0.002 (-0.22) 0.030 (1.13)
Dr 0.023 (3.11%) 0.014 (0.55)
Panel D: Model 4

Intercept 1.385 (560.20%) 1.920 (267.19%)
D, 0.004 (0.78) -0.376 (-33.31%)
D, 0.000 (-0.11) -0.368 (-29.13%)
Dt 0.020 (3.68%) 0.000 (0.00)
Dt 0.015 (2.20%%*) 0.002 (0.11)
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Table 3.8 Oil Intraday Patterns of Depth and Spread

This table presents the coefficient estimates for the following models:
6 T
Model I Depth, =, + Y D, + Y BD, +¢,
i+ >

i=T-5

Model 2: Depth, = a, + B,D, + B,D, + B ,Dy., + B, D; +¢,
6 T
Model 3: Spread, = o, + Y BD, + BD, +¢,

i=T-5

Model 4: Spread, = &, + B,D, + B,D, + By Dy, + B D; +¢,

Depth is calculated as the sum of the depth available across all five levels. Spread is calculated as the sum
of the depth-weighted spreads across all five levels. D is a dummy variable for the time interval that takes a
value of one or zero. Each regression is estimated using Hansen’s (1982) generalized method of moments
(GMM) procedure along with the Newey and West (1987) correction. Models 1 and 3 employ data based
on five-minute intervals. Models 2 and 4 employ data based on fifteen-minute intervals. Each regression is
estimated separately for the day and night period. The T subscript represents the last time interval of a
trading day. *, **, and *** denote significance at the one percent level, five percent level, and ten percent
level, respectively.

Day Night
Panel A: Model 1
Intercept 102.224 (130.68*) 48.766 (192.28%)
D, -2.273 (-0.94) -12.089 (-8.10%)
D, 0.229 (0.09) -13.061 (-11.46%)
D3 0.040 (0.02) -11.346 (-9.09%)
Dy 0.366 (0.15) -10.923 (-8.54%)
Ds 1.008 (0.42) -10.408 (-7.53%)
D -0.575 (-0.24) -9.548 (-6.79%)
Drs -9.420 (-4.35%) 3.063 (1.95%*%)
Dty -8.468 (-3.97%*) 2.966 (1.79%**)
Dr; -8.700 (-3.99%) 1.969 (1.30)
Dr., -6.279 (-2.69%) 1.153 (0.73)
Dt -4.340 (-1.83%*%) -1.501 (-1.03)
Dr 14.938 (6.11%) -1.415 (-0.93)
Panel B: Model 2
Intercept 102.107 (80.36%) 48.800 (124.88%)
D, -0.624 (-0.27) -11.615 (-11.65%)
D, 0.291 (0.13) -10.284 (-9.09%)
Dt -8.833 (-4.31%) 2.641 (1.87%*%)
Dr 0.893 (0.41) -0.251 (-0.18)
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Table 3.8 (Continued)

Panel C: Model 3

Intercept 7.387 (601.80%) 9.679 (471.86%)
D, -0.073 (-1.87%*%) 4.198 (31.32%)
D, -0.096 (-2.69%*) 3.457 (23.57%)
D3 -0.064 (-1.82%**) 3.250 (20.81%)
Dy -0.066 (-1.83%**) 3.111 (19.53%)
Ds -0.076 (-2.04%%*) 3.121 (20.60%)
Ds -0.046 (-1.26) 2.844 (17.81%)
Drs 0.261 (4.92%) 0.352 (3.00%)
Dry 0.234 (4.89%) 0.306 (2.54%%)
Drs 0.271 (5.24%) 0.455 (3.42%)
Dr., 0.252 (4.49%) 0.710 (5.27%)
Dt 0.219 (3.98%) 0.947 (7.21%)
Dt -0.011 (-0.24) 1.190 (9.66%)
Panel D: Model 4

Intercept 7.388 (380.61%) 9.694 (298.67%)
D, -0.078 (-2.24%%*) 3.504 (30.05%)
D, -0.063 (-1.86%**) 3.004 (22.82%)
Dt 0.255 (5.55%) 0.414 (3.76%)
Dr 0.154 (3.31%) 1.024 (9.24%)
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Table 3.9 Euro Intraday Patterns of Depth and Spread

This table presents the coefficient estimates for the following models:

6 T
Model 11 pepth, =, + S BD, + Y B.D, +e¢,

i=T-5

Model 2: Depth, = a, + B,D, + B,D, + B ,Dy., + B, D; +¢,
6 T
Model 3: Spread, = o, + Y BD, + BD, +¢,

i=T-5

Model 4: Spread, = ay + B,D, + p,D, + B _,D;_; + B.D; +¢,

Depth is calculated as the sum of the depth available across all five levels. Spread is calculated as the sum
of the depth-weighted spreads across all five levels. D is a dummy variable for the time interval that takes a
value of one or zero. Each regression is estimated using Hansen’s (1982) generalized method of moments
(GMM) procedure along with the Newey and West (1987) correction. Models 1 and 3 employ data based
on five-minute intervals. Models 2 and 4 employ data based on fifteen-minute intervals. Each regression is
estimated separately for the day and night period. The T subscript represents the last time interval of a
trading day. *, **, and *** denote significance at the one percent level, five percent level, and ten percent

level, respectively.

Day

Night

Panel A: Model 1

Intercept 649.793 (148.92%) 389.395 (210.67%)
D, 2.569 (0.17) -228.19 (-45.20%)
D, -115.06 (-8.57%*) -189.68 (-28.46%*)
D; -97.322 (-7.20%) -168.91 (-23.98%)
D4 -4.210 (-0.29) -156.94 (-22.26%*)
Ds 16.746 (1.15) -146.72 (-20.62%*)
Ds 27.275 (1.87%%%*) -136.28 (-18.83%)
Drs -98.516 (-7.06*) -224.11 (-49.77%)
Dty -94.569 (-6.75%) -226.45 (-50.55%)
Dr; -93.784 (-6.61%) -230.71 (-53.06*)
Do -99.630 (-6.99%) -236.59 (-53.64%)
Dt -106.01 (-7.43%) -237.21 (-58.72%)
Dt -99.524 (-6.88%) -247.67 (-59.25%)
Panel B: Model 2

Intercept 648.640 (90.08%) 387.844 (126.39%)
D, -68.727 (-5.15%) -192.44 (-30.98%)
D, 14.752 (1.04) -143.63 (-20.07%*)
Dt -95.244 (-6.93%) -226.38 (-47.93%)
Dt -101.56 (-7.23%) -239.27 (-54.89%)
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Table 3.9 (Continued)

Panel C: Model 3

Intercept 6.195 (1194.92%) 6.331 (1335.56%)
D, -0.151 (-8.67%*) 0.298 (9.49%)
D, -0.091 (-4.78%*) 0.428 (13.73%)
D3 -0.066 (-3.95%) 0.557 (16.73%)
D4 -0.121 (-7.42%) 0.538 (17.08%)
Ds -0.116 (-7.21%) 0.540 (17.28%)
Ds -0.106 (-6.52%*) 0.525 (17.22%)
Drs 0.081 (4.01%) 0.311 (9.80%)
Dry 0.068 (3.34%) 0.363 (10.59%)
Drs 0.057 (2.85%) 0.356 (10.40%)
Dr., 0.035 (1.85%*%) 0.396 (12.62%)
Dt 0.028 (1.45) 0.346 (10.50%)
Dr -0.005 (-0.26) 0.342 (10.94%)
Panel D: Model 4

Intercept 6.196 (735.15%) 6.331 (813.07%)
D, -0.103 (-6.25%) 0.433 (15.98%)
D, -0.116 (-7.35%) 0.521 (19.90%)
Dt 0.053 (2.91%) 0.346 (12.19%)
Dr 0.011 (0.61) 0.351 (14.05%)
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Table 3.10 Yen Intraday Patterns of Depth and Spread

This table presents the coefficient estimates for the following models:

6 T
Model 11 pepth, =a, + S BD, + Y B.D, +e¢,

i=T-5

Model 2: Depth, = a, + B,D, + B,D, + B ,Dy., + B, D; +¢,
6 T
Model 3: Spread, = o, + Y BD, + BD, +¢,

i=T-5

Model 4: Spread, = ay + B,D, + p,D, + B _,D;_; + B.D; +¢,

Depth is calculated as the sum of the depth available across all five levels. Spread is calculated as the sum
of the depth-weighted spreads across all five levels. D is a dummy variable for the time interval that takes a
value of one or zero. Each regression is estimated using Hansen’s (1982) generalized method of moments
(GMM) procedure along with the Newey and West (1987) correction. Models 1 and 3 employ data based
on five-minute intervals. Models 2 and 4 employ data based on fifteen-minute intervals. Each regression is
estimated separately for the day and night period. The T subscript represents the last time interval of a
trading day. *, **, and *** denote significance at the one percent level, five percent level, and ten percent

level, respectively.

Day

Night

Panel A: Model 1

Intercept 558.671 (112.29%) 367.285 (166.73%)
D, -17.683 (-1.06) -217.12 (-50.89%)
D, -110.98 (-7.54%) -186.72 (-31.34%)
D; -99.874 (-6.50%) -163.00 (-23.50%)
D4 -17.993 (-1.06) -145.56 (-19.22%)
Ds 9.067 (0.53) -134.05 (-17.24%)
Dg 15.160 (0.88) -129.74 (-15.99%)
Drs -80.292 (-5.29%) -255.24 (-71.27%)
Dty -76.901 (-5.05%) -254.58 (-71.26%)
Drs -72.903 (-4.68%) -260.09 (-79.80%*)
Dr., -82.683 (-5.35%) -263.24 (-84.17%)
Dr, -84.230 (-5.45%) -267.93 (-86.04%*)
Dr -78.099 (-5.02%) -270.14 (-89.64*)
Panel B: Model 2

Intercept 558.853 (67.56%) 366.195 (98.60%)
D, -75.864 (-5.03%) -188.95 (-31.23%)
D, 1.399 (0.08) -135.49 (-17.05%)
Dr., -78.138 (-5.18%) -257.05 (-58.95%)
Dr -81.241 (-5.33%) -267.48 (-65.12%)
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Table 3.10 (Continued)

Panel C: Model 3

Intercept 6.208 (946.45%) 6.305 (1083.00%)
D, -0.114 (-4.69%*) 1.411 (31.14%)
D, -0.052 (-2.04%%*) 1.149 (24.88%)
D3 0.038 (1.63) 1.099 (22.81%)
D, -0.065 (-2.91%) 1.081 (23.94%)
D; -0.101 (-4.67%*) 0.982 (22.11%)
Dg -0.089 (-4.06%*) 0.968 (21.49%)
D1 0.056 (2.37*%) 1.050 (18.68%)
D14 0.041 (1.76%**) 1.060 (17.73%)
Drs 0.009 (0.36) 0.988 (16.81%)
Do 0.047 (1.86%**) 1.045 (19.03%)
D1 0.036 (1.49) 1.136 (19.75%)
Dr -0.033 (-1.40) 1.287 (22.15%)
Panel D: Model 4

Intercept 6.208 (582.84%) 6.305 (670.68%)
D, -0.041 (-1.80%**) 1.197 (31.38%)
D, -0.084 (-4.01%*) 1.002 (25.77%)
D1 0.032 (1.40) 1.068 (21.27%)
Dr 0.000 (0.00) 1.174 (24.23%)
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Table 3.11 Gold Intraday Patterns of Depth and Spread

This table presents the coefficient estimates for the following models:

6 T
Model 11 pepth, =a, + S BD, + Y B.D, +e¢,

i=T-5

Model 2: Depth, = a, + B,D, + B,D, + B ,Dy., + B, D; +¢,
6 T
Model 3: Spread, = o, + Y BD, + BD, +¢,

i=T-5

Model 4: Spread, = ay + B,D, + p,D, + B _,D;_; + B.D; +¢,

Depth is calculated as the sum of the depth available across all five levels. Spread is calculated as the sum
of the depth-weighted spreads across all five levels. D is a dummy variable for the time interval that takes a
value of one or zero. Each regression is estimated using Hansen’s (1982) generalized method of moments
(GMM) procedure along with the Newey and West (1987) correction. Models 1 and 3 employ data based
on five-minute intervals. Models 2 and 4 employ data based on fifteen-minute intervals. Each regression is
estimated separately for the day and night period. The T subscript represents the last time interval of a
trading day. *, **, and *** denote significance at the one percent level, five percent level, and ten percent

level, respectively.

Day

Night

Panel A: Model 1

Intercept 106.101 (143.67%) 71.797 (247.91%)
D, 0.387 (0.16) -25.981 (-14.63%)
D, -12.388 (-5.84%) -23.834 (-11.64%)
D; -12.083 (-5.43%) -25.056 (-15.61%)
D4 -3.996 (-1.72%*%*) -26.096 (-15.63%*)
Ds -3.950 (-1.74%*%*%*) -25.630 (-15.94%)
Ds -2.769 (-1.24) -25.647 (-14.79%)
Drs -8.205 (-3.55%) -17.707 (-9.22%)
Dty -5.601 (-2.34%%*) -14.669 (-6.76%*)
Dr; -4.039 (-1.55) -17.815 (-9.50%)
Dr., -3.304 (-1.32) -16.810 (-8.06%)
D1 -0.809 (-0.31) -15.345 (-7.23%)
Dt 13.038 (4.79%) -15.743 (-7.41%)
Panel B: Model 2

Intercept 105.786 (90.00%*) 71.468 (159.92%)
D, -7.877 (-3.79%) -24.965 (-17.35%)
D, -3.416 (-1.63) -25.017 (-16.70%)
Dt -4.256 (-1.91%%*%*) -15.947 (-8.65%)
Dy 6.460 (2.58%) -15.515 (-8.12%)

92



Table 3.11 (Continued)

Panel C: Model 3

Intercept

6.366 (702.04%*)
-0.156 (-4.88*)
-0.071 (-2.09**)
0.038 (1.24)
-0.091 (-3.09%)
-0.078 (-2.90*)
-0.073 (-2.66*)
0.086 (2.47**)
0.044 (1.30)
0.056 (1.46)
-0.015 (-0.47)
-0.035 (-1.04)
-0.125 (-3.40%)

7.678 (618.70%)
3.196 (32.09%)
2.606 (26.42%)
2.684 (25.24%)
2.510 (24.57%)
2.618 (23.69%)
2.502 (21.89%)

0.894 (7.92%)
0.987 (8.56%)
1.255 (11.35%)
2.097 (17.10%)
1.822 (15.01%)
2.005 (18.53%)

Panel D: Model 4

Intercept
D,

D,

DT—l

Dy

6.368 (438.15%)
-0.063 (-2.21%%)
-0.084 (-3.32%)
0.030 (0.94)
-0.083 (-2.57*%)

7.706 (393.13%)
2.716 (33.32%)
2.496 (28.54%)
1.045 (11.03%)
2.002 (20.45%)
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Table 3.12 T-note Depth Spread Relation

This table presents the coefficient estimates for the following models:

6
Model 1: Depth, = a, + f3,Spread + E[JﬂDl +
i=1

T
2 ﬂiDi +€I +€t

Model 2: Depth, = o, + p,Spread + B,D, + 5,D, + D, + D, +¢,

6
Model 3: Depth, = a, + y,Spread + y ,Volume, + y,Level, +y Volatility, + Eﬁ,D‘. +
i=1

Model 4: Depth, = a, + y,Spread +y,Volume, +y,Level, + y Volatility, + 5,D, + B,D, + B,_,D,_, + B, D, + ¢,

Depth is calculated as the sum of the depth available across all five levels. Spread is calculated as the sum
of the depth-weighted spreads across all five levels. Volume is computed as the sum of trade volume in
each time interval. Level is represented by the mean trade price in each time interval. Volatility is defined
by the standard deviation of trade prices in each time interval. D is a dummy variable for the time interval
that takes a value of one or zero. Each regression is estimated using Hansen’s (1982) generalized method of
moments (GMM) procedure along with the Newey and West (1987) correction. Models 1 and 3 employ
data based on five-minute intervals. Models 2 and 4 employ data based on fifteen-minute intervals. Each
regression is estimated separately for the day and night period. The T subscript represents the last time
interval of a trading day. *, **, and *** denote significance at the one percent level, five percent level, and

ten percent level, respectively.

Day

Night

Panel A: Model 1

Intercept -19003 (-15.57%) 2783.95 (8.59%)
Spread 316991 (22.47%) 13461.4 (3.69%)
D, -596.88 (-2.47*%) -2599.8 (-31.26%*)
D, -1728.7 (-7.13%) -2307.2 (-21.46%*)
D; -1014.2 (-4.10%) -2180.3 (-18.88%)
D4 338.887 (1.24) -2125.6 (-17.69%)
Ds 609.661 (2.19%*%*) -2112.4 (-17.36%)
D 598.301 (2.15%*%) -2048.6 (-17.55%)
Drs -1188.6 (-4.67%*) 685.299 (3.61%)
D14 -1129.2 (-4.26%) 635.013 (3.34%)
Dr; -1103.6 (-4.20%) 415.128 (2.34%*%*)
Dr., -1105.4 (-4.19%) 273.329 (1.57)
Dt -1096.1 (-4.12%) 23.326 (0.14)
Dt -690.17 (-2.50*%) -402.33 (-2.62%)
Panel B: Model 2

Intercept -29145 (-12.05%) 2037.06 (3.49%)
Spread 434837 (15.55%) 21514.7 (3.27%)
D, -880.57 (-3.79%) -2419.9 (-24.23%)
D, 676.979 (2.58*%*) -2103.6 (-17.57%*)
Dt -1235.7 (-4.89%) 642.066 (3.49%)
Dy -895.97 (-3.36%) -4.902 (-0.03)
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Table 3.12 (Continued)

Panel C: Model 3

Intercept 13537.5 (4.48%) 11147.9 (8.91%)
Spread 293357 (23.82%) 40318.8 (11.66%)
Volume 0.329 (27.53%) 0.671 (19.28%)
Level -262.21 (-11.64%) -95.738 (-9.15%)
Volatility -129542 (-15.32%) -37637 (-5.34%)
D, -669.29 (-3.25%) -2199.5 (-21.26%)
D, -956.78 (-4.73%) -1781.2 (-15.76%)
D; -1926.3 (-6.86%) -1648.3 (-13.00%)
D, -615.04 (-2.58%) -1617.0 (-12.59%)
Ds -25.727 (-0.11) -1649.8 (-13.85%)
D¢ 190.551 (0.78) -1538.6 (-11.94%)
Drs -579.83 (-2.75%) 695.627 (3.90%)
D1y -451.41 (-2.01*%) 639.612 (3.61%)
D13 -503.43 (-2.27*%%) 459.475 (2.84%)
Dt -603.49 (-2.70%) 376.374 (2.41%%)
Dt -668.83 (-2.92%) 155.782 (1.02)
Dy -833.26 (-3.35%) -386.27 (-2.85%)
Panel D: Model 4

Intercept 2471.45 (0.51) 8171.71 (4.21%)
Spread 368225 (16.35%) 60357.0 (10.10%)
Volume 0.153 (27.71%) 0.334 (16.41%)
Level -227.89 (-6.69%) -84.130 (-5.20%)
Volatility -85891 (-23.53%) -50895 (-6.36%)
D, -357.13 (-1.75%*%) -1589.9 (-13.23%)
D, -436.20 (-1.84%*%*) -1416.9 (-10.95%)
D1, -432.44 (-2.01*%) 641.567 (3.94%)
Dy -119.83 (-0.53) 103.174 (0.78)
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Table 3.13 Corn Depth Spread Relation

This table presents the coefficient estimates for the following models:

6 T
Model 1: Depth, = a, + f3,Spread + E[JﬂD1 + 2 BD, +¢e +¢,
i=1

i=T-5

Model 2: Depth, = o, + ,Spread + B,D, + B,D, + B;_,D;_, + B;D; +¢,

6 T
Model 3: Depth, = a, +y,Spread +y,Volume, + y,Level, +y Volatility, + Eﬁ,D‘. + E BD, +¢,
i=1

i=T-5

Model 4: Depth, = a, + y,Spread +y,Volume, +y,Level, + y Volatility, + 5,D, + B,D, + B,_,D,_, + B, D, + ¢,

Depth is calculated as the sum of the depth available across all five levels. Spread is calculated as the sum
of the depth-weighted spreads across all five levels. Volume is computed as the sum of trade volume in
each time interval. Level is represented by the mean trade price in each time interval. Volatility is defined
by the standard deviation of trade prices in each time interval. D is a dummy variable for the time interval
that takes a value of one or zero. Each regression is estimated using Hansen’s (1982) generalized method of
moments (GMM) procedure along with the Newey and West (1987) correction. Models 1 and 3 employ
data based on five-minute intervals. Models 2 and 4 employ data based on fifteen-minute intervals. Each
regression is estimated separately for the day and night period. The T subscript represents the last time
interval of a trading day. *, **, and *** denote significance at the one percent level, five percent level, and

ten percent level, respectively.

Day

Night

Panel A: Model 1

Intercept 832.777 (15.40%*) 353.100 (39.70%)
Spread -197.40 (-5.11%) -80.232 (-19.42%)
D, -74.036 (-5.91%) 46.441 (4.95%)
D, -17.044 (-1.20) 25.489 (2.88%)
D; 9.570 (0.67) 30.021 (3.06%)
D4 16.824 (1.10) 34.535 (3.33%)
Ds 11.554 (0.81) 29.825 (2.90%)
D 23.854 (1.54) 28.197 (2.69%)
Dr.s -12.168 (-0.82) -13.222 (-1.56)
Dty -6.398 (-0.44) -10.354 (-1.20)
Dr; -9.967 (-0.64) -12.371 (-1.42)
Dr., -10.408 (-0.63) -6.518 (-0.72)
Dt 16.524 (0.98) 0.568 (0.06)
Dr 50.862 (2.98%) 3.247 (0.35)
Panel B: Model 2

Intercept 991.120 (9.05%) 389.108 (25.33%)
Spread -312.27 (-3.96%) -99.269 (-14.00%)
D, -26.053 (-2.14%%*) 27.942 (3.12%)
D, 16.235 (1.24) 24.837 (2.48*%)
Dt -6.771 (-0.51) -14.488 (-1.84%*%*)
Dr 25.313 (1.67**%) -2.311 (-0.28)
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Table 3.13 (Continued)

Panel C: Model 3

Intercept 888.103 (19.41%) 389.062 (32.66%)
Spread 8.089 (0.25) -68.376 (-16.88%)
Volume 0.068 (19.14%) 0.179 (12.42%)
Level -0.516 (-16.90%) -0.084 (-6.38%)
Volatility -332.98 (-26.57%*) -113.71 (-18.36%)
D, -204.75 (-9.36%) -64.509 (-4.11%)
D, -52.375 (-3.75%) 2.772 (0.29)
D3 -0.325 (-0.02) 17.827 (1.78%*%*)
D, 4.532 (0.34) 26.983 (2.64%)
Ds 1.503 (0.12) 28.035 (2.76%)
D 16.723 (1.29) 26.133 (2.56*%)
Drs -9.878 (-0.78) -12.463 (-1.49)
Dry 3.286 (0.27) -9.321 (-1.09)
Dr; -0.457 (-0.04) -11.443 (-1.34)
Dr., -5.768 (-0.43) -2.607 (-0.29)
Dt 19.841 (1.38) 4.075 (0.47)
Dr 2.056 (0.12) 7.045 (0.78)
Panel D: Model 4

Intercept 939.013 (11.67%) 414.842 (21.13%)
Spread -33.624 (-0.58) -78.658 (-11.41%)
Volume 0.025 (11.89%) 0.109 (10.80%)
Level -0.527 (-11.70%) -0.076 (-3.88%)
Volatility -190.92 (-17.77%*) -115.60 (-15.80%)
D, -112.51 (-5.51%) -52.063 (-3.76%)
D, -5.843 (-0.49) 16.669 (1.70%*%*)
Dt 0.767 (0.07) -11.708 (-1.55)
Dr 15.020 (1.03) 1.641 (0.20)
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Table 3.14 Oil Depth Spread Relation

This table presents the coefficient estimates for the following models:
6 T

Model 1: Depth, = a, + ,Spread + E[J"D1 + E BD, +¢€ +¢,
i=1

i=T-5

Model 2: Depth, = o, + p,Spread + B,D, + 5,D, + D, + D, +¢,

6 T
Model 3: Depth, = a, + y,Spread + y ,Volume, + y,Level, +y Volatility, + Eﬁ,D‘. + E BD, +¢,
i=1 i=T-5

Model 4: Depth, = a, + y,Spread +y,Volume, +y,Level, + y Volatility, + 5,D, + B,D, + B,_,D,_, + B, D, + ¢,

Depth is calculated as the sum of the depth available across all five levels. Spread is calculated as the sum
of the depth-weighted spreads across all five levels. Volume is computed as the sum of trade volume in
each time interval. Level is represented by the mean trade price in each time interval. Volatility is defined
by the standard deviation of trade prices in each time interval. D is a dummy variable for the time interval
that takes a value of one or zero. Each regression is estimated using Hansen’s (1982) generalized method of
moments (GMM) procedure along with the Newey and West (1987) correction. Models 1 and 3 employ
data based on five-minute intervals. Models 2 and 4 employ data based on fifteen-minute intervals. Each
regression is estimated separately for the day and night period. The T subscript represents the last time
interval of a trading day. *, **, and *** denote significance at the one percent level, five percent level, and

ten percent level, respectively.

Day

Night

Panel A: Model 1

Intercept 344.447 (25.98%) 103.005 (107.20%)
Spread -32.790 (-18.32%) -5.604 (-65.96%)
D, -4.661 (-2.31%%) 11.434 (7.65%)
D, -2.918 (-1.45) 6.310 (5.23%)
D; -2.063 (-1.00) 6.868 (5.29%)
D4 -1.800 (-0.88) 6.513 (4.77%)
Ds -1.470 (-0.74) 7.082 (5.21%)
D -2.084 (-1.06) 6.392 (4.49%)
Drs -0.847 (-0.45) 5.034 (3.48%)
Dty -0.783 (-0.45) 4.678 (3.07%)
Dr; 0.172 (0.10) 4.519 (3.31%)
Dr., 1.977 (1.01) 5.133 (3.50%)
Dt 2.853 (1.44) 3.808 (2.60%)
Dt 14.561 (7.86%) 5.254 (3.59%)
Panel B: Model 2

Intercept 361.089 (16.65%) 109.051 (68.29%)
Spread -35.054 (-11.98%) -6.215 (-43.29%)
D, -3.341 (-1.78**%*) 10.164 (9.68%)
D, -1.934 (-1.05) 8.386 (7.14%*)
D1 0.109 (0.07) 5.214 (4.21%)
Dy 6.283 (3.65%) 6.112 (4.51%)
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Table 3.14 (Continued)

Panel C: Model 3

Intercept 342.494 (23.55%) 83.505 (82.34%)
Spread -34.397 (-16.16%*) -4.755 (-58.77%)
Volume 0.000 (4.06%) 0.007 (20.57%)
Level 0.222 (12.95%) 0.098 (20.23%)
Volatility -76.746 (-8.03%) -13.535 (-4.50%)
D, -4.605 (-2.40%%*) 11.216 (7.68%)
D, -2.959 (-1.54) 6.610 (5.70%)
D3 -1.948 (-0.99) 7.127 (5.69%)
D, -1.966 (-1.00) 6.770 (5.20%)
Ds -1.703 (-0.91) 7.334 (5.60%)
D -2.474 (-1.33) 6.804 (4.94%)
Drs 0.367 (0.20) 7.022 (4.94%)
Dry -0.031 (-0.02) 6.747 (4.51%)
Dr; 1.709 (0.98) 6.461 (4.81%)
Dr., 3.370 (1.76**%) 6.961 (4.84%)
Dt 3.933 (2.03*%*) 5.383 (3.81%)
Dr 13.319 (6.41%) 6.513 (4.54%)
Panel D: Model 4

Intercept 349.961 (14.55%) 88.197 (55.94%)
Spread -35.647 (-10.16%*) -5.143 (-39.90%)
Volume 0.000 (4.53%) 0.003 (16.59%)
Level 0.240 (8.62%) 0.097 (14.12%)
Volatility -77.901 (-6.96*) -24.038 (-4.76%)
D, -3.384 (-1.93%%*%*) 9.663 (9.52%)
D, -2.430 (-1.42) 8.131 (7.29%)
Dt 0.445 (0.27) 7.050 (5.81%)
Dt 2.526 (1.02) 7.393 (5.60%)
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Table 3.15 Euro Depth Spread Relation

This table presents the coefficient estimates for the following models:
6 T

Model 1: Depth, = a, + ,Spread + E[J"D1 + E BD, +¢€ +¢,
i=1

i=T-5

Model 2: Depth, = o, + ,Spread + B,D, + B,D, + B;_,D;_, + B;D; +¢,

6 T
Model 3: Depth, = a, + y,Spread + y ,Volume, + y,Level, +y Volatility, + Eﬁ,D‘. + E BD, +¢,

i=1 i=T-5
Model 4: Depth, = a, + y,Spread +y,Volume, +y,Level, + y Volatility, + 5,D, + B,D, + B,_,D,_, + B, D, + ¢,
Depth is calculated as the sum of the depth available across all five levels. Spread is calculated as the sum
of the depth-weighted spreads across all five levels. Volume is computed as the sum of trade volume in
each time interval. Level is represented by the mean trade price in each time interval. Volatility is defined
by the standard deviation of trade prices in each time interval. D is a dummy variable for the time interval
that takes a value of one or zero. Each regression is estimated using Hansen’s (1982) generalized method of
moments (GMM) procedure along with the Newey and West (1987) correction. Models 1 and 3 employ
data based on five-minute intervals. Models 2 and 4 employ data based on fifteen-minute intervals. Each
regression is estimated separately for the day and night period. The T subscript represents the last time
interval of a trading day. *, **, and *** denote significance at the one percent level, five percent level, and
ten percent level, respectively.

Day Night
Panel A: Model 1
Intercept 3608.38 (83.14%) 1672.00 (125.67%)
Spread -477.54 (-70.64%*) -202.61 (-103.74%)
D, -69.708 (-5.80%) -167.74 (-26.07%)
D, -158.31 (-13.99%) -102.96 (-14.94%)
D; -128.81 (-11.66%*) -56.036 (-7.66%)
D, -62.126 (-5.45%) -48.011 (-6.70%)
Ds -38.870 (-3.32%) -37.313 (-5.51%)
D -23.156 (-1.99%%*) -29.834 (-4.51%)
Dr.s -59.854 (-5.21%) -161.19 (-26.72%)
Dry -62.242 (-5.51%) -152.86 (-23.43%)
Drs -66.718 (-5.89%) -158.61 (-25.12%)
Dr., -82.770 (-7.16%) -156.40 (-25.72%)
Dt -92.561 (-7.78%) -167.12 (-27.04%)
Dr -101.91 (-8.57%) -178.29 (-27.42%)
Panel B: Model 2
Intercept 3776.38 (51.01%) 1794.18 (78.81%)
Spread -504.79 (-43.75%) -222.12 (-66.29%)
D, -120.84 (-11.08%*) -96.170 (-15.81%)
D, -43.666 (-3.93%) -27.875 (-4.60%)
Dt -68.329 (-6.31%) -149.47 (-25.86%)
Dr -95.921 (-8.33%) -161.23 (-30.53%)
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Table 3.15 (Continued)

Panel C: Model 3

Intercept -117.92 (-1.56) -470.95 (-17.46%)
Spread -241.66 (-31.77%*) -98.789 (-47.53%)
Volume 0.006 (7.32%) 0.034 (22.06%)
Level 159.189 (58.51%) 102.959 (82.37%)
Volatility -2772.6 (-7.33%) -554.38 (-6.07%)
D, -34.428 (-3.45%) -169.21 (-27.14%)
D, -133.62 (-13.10%*) -115.26 (-19.08*)
D; -128.01 (-12.32%) -83.407 (-14.73%)
D, -45.278 (-4.68%) -73.990 (-13.38%)
Ds -18.783 (-1.97%%*) -64.640 (-12.28%)
Ds -3.382 (-0.36) -56.591 (-11.20%)
Dr.s -74.455 (-7.60%) -174.25 (-30.13%)
Dry -72.221 (-7.47%) -169.95 (-28.02%)
Drs -74.915 (-7.67%) -176.20 (-28.93%)
Dr., -85.019 (-8.56%) -178.07 (-29.58%)
Dr, -93.392 (-9.20%) -183.44 (-30.12%)
Dr -97.286 (-9.66*) -199.38 (-30.68*)
Panel D: Model 4

Intercept -22.630 (-0.18) -383.87 (-8.29%)
Spread -245.44 (-18.57%*) -105.50 (-28.58%)
Volume 0.004 (6.95%) 0.014 (16.88%)
Level 154.104 (34.10%) 99.419 (48.74%)
Volatility -4333.8 (-5.23%) -1011.9 (-4.86%)
D, -96.322 (-10.11%) -113.90 (-20.80%)
D, -26.633 (-2.88%) -56.769 (-11.44%)
Dt -72.275 (-7.86%) -162.46 (-27.99%)
Dr -87.405 (-8.81%) -176.76 (-30.65%)
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Table 3.16 Yen Depth Spread Relation

This table presents the coefficient estimates for the following models:

6 T
Model 1: Depth, = a, + f3,Spread + E[JﬂD1 + 2 BD, +¢e +¢,
i=1

i=T-5

Model 2: Depth, = o, + ,Spread + B,D, + B,D, + B;_,D;_, + B;D; +¢,

6 T
Model 3: Depth, = a, +y,Spread +y,Volume, + y,Level, +y Volatility, + Eﬁ,D‘. + E BD, +¢,
i=1

i=T-5

Model 4: Depth, = a, + y,Spread +y,Volume, +y,Level, + y Volatility, + 5,D, + B,D, + B,_,D,_, + B, D, + ¢,

Depth is calculated as the sum of the depth available across all five levels. Spread is calculated as the sum
of the depth-weighted spreads across all five levels. Volume is computed as the sum of trade volume in
each time interval. Level is represented by the mean trade price in each time interval. Volatility is defined
by the standard deviation of trade prices in each time interval. D is a dummy variable for the time interval
that takes a value of one or zero. Each regression is estimated using Hansen’s (1982) generalized method of
moments (GMM) procedure along with the Newey and West (1987) correction. Models 1 and 3 employ
data based on five-minute intervals. Models 2 and 4 employ data based on fifteen-minute intervals. Each
regression is estimated separately for the day and night period. The T subscript represents the last time
interval of a trading day. *, **, and *** denote significance at the one percent level, five percent level, and

ten percent level, respectively.

Day Night
Panel A: Model 1
Intercept 3165.41 (67.16%) 1330.27 (98.92%)
Spread -419.88 (-57.48%*) -152.73 (-79.17%)
D, -65.341 (-4.97%) -1.599 (-0.24)
D, -132.80 (-10.61%) -11.231 (-1.55)
D; -83.861 (-6.82%) 4.855 (0.62)
Dy -45.090 (-3.35%) 19.556 (2.62%)
Ds -33.539 (-2.44%%*) 15.976 (2.11*%)
D -22.345 (-1.66**%*) 18.179 (2.27*%)
Drs -56.592 (-4.68%) -94.794 (-12.01%)
Dty -59.714 (-4.82%) -92.678 (-11.08*)
Dr; -69.074 (-5.49%) -109.15 (-13.01%)
Dr., -63.086 (-5.07%) -103.63 (-13.28%)
Dt -68.983 (-5.45%) -94.439 (-11.52%)
Dt -92.003 (-7.44%) -73.608 (-8.45%)
Panel B: Model 2
Intercept 3312.76 (40.97%) 1426.00 (60.26%)
Spread -443.61 (-35.37%*) -168.09 (-49.45%)
D, -93.864 (-7.73%) 12.200 (1.89%*%*)
D, -35.821 (-2.76%) 32.930 (4.71%)
Dt -64.006 (-5.34%) -77.585 (-9.90%)
Dr -81.231 (-6.65%) -70.101 (-8.91%)
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Table 3.16 (Continued)

Panel C: Model 3

Intercept 4780.25 (92.99%) 3018.08 (113.90%)
Spread -188.02 (-27.45%) -76.836 (-47.68%)
Volume 0.019 (10.72%) 0.041 (15.80%)
Level -303076 (-56.71%) -215087 (-85.95%)
Volatility -5.19E6 (-6.34%) -3.5E6 (-8.03%)
D, -46.965 (-4.28%) -99.955 (-14.15%)
D, -116.58 (-10.86%*) -88.187 (-13.35%)
D3 -115.62 (-10.15%) -68.142 (-10.90%)
D, -45.673 (-4.03%) -52.064 (-8.55%)
Ds -20.131 (-1.80%*%*) -47.581 (-7.92%)
Ds -7.979 (-0.74) -43.417 (-7.15%)
Dr.s -62.761 (-6.12%) -162.09 (-19.17%)
Dty -59.850 (-5.72%) -162.63 (-18.61%)
Drs -65.083 (-6.08%) -170.61 (-19.65%)
Dr., -67.280 (-6.35%) -174.04 (-20.72%)
Dr, -69.535 (-6.46%) -172.41 (-20.15%)
Dr -89.616 (-8.53%) -161.90 (-18.32%)
Panel D: Model 4

Intercept 4599.47 (51.73%) 2962.23 (67.84%)
Spread -178.15 (-14.37%) -79.492 (-27.42%)
Volume 0.012 (9.78%) 0.021 (11.79%)
Level -291173 (-32.38%) -207768 (-50.88%)
Volatility -9.26E6 (-6.90%) -5.31E6 (-6.91%)
D, -87.120 (-8.33%) -76.187 (-11.96%)
D, -32.173 (-3.00%) -39.092 (-6.60%)
Dt -57.626 (-5.77%) -144.70 (-16.81%)
Dr -68.193 (-6.65%) -147.70 (-17.30%)
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Table 3.17 Gold Depth Spread Relation

This table presents the coefficient estimates for the following models:
6 T

Model 1: Depth, = a, + ,Spread + E[J"D1 + E BD, +¢€ +¢,
i=1

i=T-5

Model 2: Depth, = o, + ,Spread + B,D, + B,D, + B;_,D;_, + B;D; +¢,

6 T
Model 3: Depth, = a, + y,Spread + y ,Volume, + y,Level, +y Volatility, + Eﬁ,D‘. + E BD, +¢,

i=1 i=T-5
Model 4: Depth, = a, + y,Spread +y,Volume, +y,Level, + y Volatility, + 5,D, + B,D, + B,_,D,_, + B, D, + ¢,
Depth is calculated as the sum of the depth available across all five levels. Spread is calculated as the sum
of the depth-weighted spreads across all five levels. Volume is computed as the sum of trade volume in
each time interval. Level is represented by the mean trade price in each time interval. Volatility is defined
by the standard deviation of trade prices in each time interval. D is a dummy variable for the time interval
that takes a value of one or zero. Each regression is estimated using Hansen’s (1982) generalized method of
moments (GMM) procedure along with the Newey and West (1987) correction. Models 1 and 3 employ
data based on five-minute intervals. Models 2 and 4 employ data based on fifteen-minute intervals. Each
regression is estimated separately for the day and night period. The T subscript represents the last time
interval of a trading day. *, **, and *** denote significance at the one percent level, five percent level, and
ten percent level, respectively.

Day

Night

Panel A: Model 1

Intercept 399.362 (65.55%) 156.857 (145.63%)
Spread -46.064 (-48.63%) -11.079 (-86.39%)
D, -6.814 (-3.56%) 9.429 (5.25%)
D, -15.645 (-8.69%) 5.040 (2.49%*%)
D; -10.323 (-5.72%) 4.685 (2.83%)
D, -8.192 (-4.26%) 1.714 (0.98)
Ds -7.555 (-4.21%) 3.379 (1.96**%*)
D¢ -6.151 (-3.40%) 2.070 (1.12)
Drs -4.248 (-2.18%%) -7.798 (-3.97%)
D1y -3.561 (-1.70%**) -3.739 (-1.75%*%*)
D13 -1.463 (-0.63) -3.908 (-2.10%%*)
D1, -4.016 (-1.88%**) 6.423 (2.85%)
D1, -2.409 (-1.01) 4.836 (2.10%%)
Dy 7.271 (3.16%) 6.468 (3.02%)
Panel B: Model 2

Intercept 444.490 (41.07*) 167.514 (95.22%)
Spread -53.185 (-31.45%) -12.464 (-58.29%)
D, -11.230 (-7.14%) 8.886 (5.81%)
D, -7.865 (-5.05%) 6.089 (3.84%)
D1, -2.676 (-1.42) -2.923 (-1.69%**)
Dy 2.049 (0.94) 9.441 (4.75%)
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Table 3.17 (Continued)

Panel C: Model 3

Intercept 269.098 (25.00%) 53.828 (15.93%)
Spread -40.442 (-40.82%) -9.314 (-68.82%)
Volume 0.003 (15.71%) 0.006 (16.00%)
Level 0.999 (13.39%) 0.992 (30.36%)
Volatility -18.724 (-2.26%%*) -10.553 (-3.40%)
D, -10.461 (-5.67%) 4.770 (2.73%)
D, -15.903 (-9.53%) 2.143 (1.07)
D3 -14.175 (-8.05%) 1.718 (1.07)
D, -10.839 (-5.81%) -0.969 (-0.56)
Ds -9.407 (-5.41%) 0.604 (0.36)
Ds -6.691 (-3.85%) -0.425 (-0.24)
Dr.s -2.088 (-1.13) -7.651 (-4.01%)
Dry -1.028 (-0.51) -3.817 (-1.82%%*%)
Dr; 0.930 (0.42) -4.382 (-2.42%%)
Dr., -1.388 (-0.67) 4.600 (2.12%%)
Dt 0.258 (0.11) 3.420 (1.53)
Dr 6.079 (2.72%) 4.683 (2.22%%)
Panel D: Model 4

Intercept 329.926 (18.02%) 74.759 (14.60%)
Spread -46.794 (-25.15%) -10.604 (-45.99%)
Volume 0.001 (8.92%) 0.002 (8.39%)
Level 0.762 (6.49%) 0.873 (18.22%)
Volatility -29.177 (-2.13%%) -18.323 (-3.41%)
D, -14.187 (-9.33%) 5.580 (3.78*)
D, -9.885 (-6.46%*) 3.229 (2.09%*%*)
Dt 0.223 (0.13) -3.270 (-1.92%*%)
Dr 5.360 (2.56*%*) 7.492 (3.87%)

105



Figure 3.1 Distribution of T-Note Futures Best Spread (Top) and Total Spread (Bottom)

This figure presents the distribution of the best spread for day and night in the top panel and the distribution
of the total spread for day and night in the bottom panel. The distribution is generated using five-minute
intervals.
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Figure 3.2 Distribution of Corn Futures Best Spread (Top) and Total Spread (Bottom)

This figure presents the distribution of the best spread for day and night in the top panel and the distribution
of the total spread for day and night in the bottom panel. The distribution is generated using five-minute
intervals.
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Figure 3.3 Distribution of Oil Futures Best Spread (Top) and Total Spread (Bottom)

This figure presents the distribution of the best spread for day and night in the top panel and the distribution
of the total spread for day and night in the bottom panel. The distribution is generated using five-minute
intervals.
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Figure 3.4 Distribution of Euro Futures Best Spread (Top) and Total Spread (Bottom)

This figure presents the distribution of the best spread for day and night in the top panel and the distribution
of the total spread for day and night in the bottom panel. The distribution is generated using five-minute
intervals.
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Figure 3.5 Distribution of Yen Futures Best Spread (Top) and Total Spread (Bottom)

This figure presents the distribution of the best spread for day and night in the top panel and the distribution
of the total spread for day and night in the bottom panel. The distribution is generated using five-minute
intervals.
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Figure 3.6 Distribution of Gold Futures Best Spread (Top) and Total Spread (Bottom)

This figure presents the distribution of the best spread for day and night in the top panel and the distribution
of the total spread for day and night in the bottom panel. The distribution is generated using five-minute
intervals.
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Figure 3.7 T-note Futures Depth and Spread Behavior

This figure presents the behavior of the depth and spread over the day using five-minute intervals.
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Figure 3.8 Corn Futures Depth and Spread Behavior

This figure presents the behavior of the depth and spread over the day using five-minute intervals.
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Figure 3.9 Oil Futures Depth and Spread Behavior

This figure presents the behavior of the depth and spread over the day using five-minute intervals.
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Figure 3.10 Euro Futures Depth and Spread Behavior

This figure presents the behavior of the depth and spread over the day using five-minute intervals.
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Figure 3.11 Yen Futures Depth and Spread Behavior

This figure presents the behavior of the depth and spread over the day using five-minute intervals.
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Figure 3.12 Gold Futures Depth and Spread Behavior
This figure presents the behavior of the depth and spread over the day using five-minute intervals.
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CHAPTER 4: THE RELATION BETWEEN DEPTH AND VOLATILITY
4.1. Introduction

This chapter delves into the topic of the relation between depth and volatility in
U.S. electronic futures market. Although the relation between depth and volatility has
been studied for stock markets and international futures markets, similar research is
lacking for U.S. futures markets, for more than the best bid-ask depth, and for night
trading. Furthermore, the results of prior literature for other markets in this area remain
inconclusive. For example, Ahn, Bae, and Chan (2001) find a positive relation between
market depth and transitory volatility for equities on the Stock Exchange of Hong Kong
(SEHK), whereas Chen and Wu (2009) support a negative relation for the Taiwan Futures
Exchange (TAIFEX).

The objective of this chapter is to investigate the relation between depth and
transitory (lagged) volatility using a unique dataset of electronic five deep depth data for
U.S. futures contracts. This examination differs from previous research in several ways.
The focus in this chapter is on U.S. futures markets, whereas prior research emphasizes
stocks and international futures markets. In addition, I examine the depth and transitory
volatility relation during both the traditional (day) and night hours, whereas all prior
literature limits the examination of the depth-volatility relation to the traditional day
(open outcry or floor trading) trading hours for non-U.S. markets. Finally, I employ the
five deep depth data for the futures contracts rather than the typical best bid-ask depth
data.

The analysis in this chapter is based on the theory developed by Handa and

Schwartz (1996). They derive a model where investors have a choice between market and
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limit orders. This choice is driven by the investors’ beliefs about the probability of order
execution against a liquidity trader versus an informed trader. Handa and Schwartz
(1996) show that when price volatility is high, more limit orders than market orders are
submitted by investors because the expected gain trading against liquidity traders
outweighs the expected loss trading against informed traders. Therefore, in a period of
high volatility, more limit orders are placed.

Additionally, Foucault (1999) derives a model with a different rationale compared
to Handa and Schwartz (1996), but arrives at the same conclusion. In particular, he shows
that when volatility increases, the submission of market orders becomes more costly and
therefore more limit orders are submitted. The implication is that the number of limit
orders increases with more volatility.

The models of both Handa and Schwartz (1996) and Foucault (1999) predict an
increase in the number of limit orders placed when volatility increases. As a result, if
more limit orders are placed, the available depth should increase as well.

4.2. Literature Review

The early literature on the depth-volatility relation employs open interest as a
proxy for market depth.'” One of the first research articles to examine the relation
between depth and volatility using actual depth data is Ahn, Bae, and Chan (2001). They
examine the intraday depth-volatility relation for SEHK stocks by using the total number
of limit orders outstanding in the five-deep limit order book, as the measure of depth.

They find that a rise in transitory volatility leads to an increase in market depth after

Y For example, Bessembinder and Seguin (1993) employ eight futures contracts to find an inverse relation
between volatility and market depth. Fung and Patterson (2001) also find an inverse relation between
market depth and volatility for currency and interest rate futures contracts. Both studies employ open
interest as a proxy for market depth.
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controlling for the frequency of trades, intraday variation in market depth, and the
autocorrelation in market depth. In other words, a positive relation between depth and
lagged volatility is reported.

Vo (2007) finds that lagged price volatility is negatively related to market depth
for Toronto Stock Exchange (TSE) stocks using the best depth. Chen and Wu (2009) find
that a rise in volatility is followed by a decrease in market depth for a five-deep depth
sample from the Taiwan Futures Exchange (TAIFEX), using the number of limit orders
as their measure of depth.

Chiang, Lin, and Yu (2009) study the relation between depth and transitory
volatility, separating their TAIFEX futures data into bull and bear market periods. They
find evidence of a positive relation between depth and lagged volatility during bull
markets and a negative relation during bear markets.

Overall, the majority of past research for both equity and futures markets find an
inverse relation between depth and volatility. Only Ahn, Bae, and Chan (2001) and
Chiang, Lin, and Yu (2009) find evidence of a positive relation between transitory
volatility and depth. However, evidence of the relation between transitory volatility and
depth using actual depth data for U.S. futures markets is an unexplored topic and
furthermore past studies do not consider the night period.

4.3. Data

I use six electronically traded futures contracts (the T-note, corn, oil, euro, yen,
and gold futures) in this study to examine the effect of transitory volatility on depth for
all of 2008 and the beginning of 2009. The trading days for each futures contract are

partitioned into both five-minute and fifteen-minute intervals, with the analysis
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performed separately for each time interval. The decoded RLC depth messages are
sampled at the beginning of each second and averaged over the five- and fifteen-minute
time intervals. The futures contracts are rolled over when trading volume in a deferred
expiration exceeds the trading volume in the near-term expiration. The daily trading
hours are partitioned into day trading (open outcry portion) and night trading (non-open
outcry portion).'®

4.4. Methodology

4.4.1. Variables

In this section I describe the variables that are employed in the analysis and then
form the research hypotheses based on theoretical considerations. Similar to Chiang, Lin,
and Yu (2009), two measures of depth are used. The first depth measure is called “depth
quantity” and is defined as the sum of the depth over the five levels in the limit order
book. The second measure of depth is called “depth frequency” and is quantified as the
sum of the number of limit orders over the five depth levels.

Three volatility measures are specified in order to assure that results are not
dependent on any one measure of volatility. The first measure of volatility used is the
Garman-Klass (GK) volatility measure proposed by Garman and Klass (1980). The GK
volatility measure is often employed in volatility studies (for example see Daigler and

Wiley (1999)), and is calculated as follows:

'® Missing values are possible in the calculation of the various volatility measures presented in the next
section. All three measures are based on trade prices. Therefore if a given interval contains no trade prices,
then the volatility measures can be undefined. In such a case, the previous volatility is used to replace the
missing value. The longer fifteen-minute interval is less likely to have missing volatility data.
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Var(GK) = [ln(High) - ln(Low)]2 - [2[}1 (2)- 1] [ln(Open)— ln(Close)]2 4.1)

N | —

where High represents the highest trade price, Low denotes the lowest price, Open
designates the first price, and Close is the last trade price in a time interval. One
important feature of the GK volatility is that it is about eight times more efficient than the
traditional close-to-close volatility estimator. The GK volatility measures the volatility
within a time interval and does not necessarily increase with more trades in an interval.
The second measure of volatility used is the returns volatility. The returns

volatility is calculated as follows:

Returns Volatility = -
Price, |

ln( Price, )‘ 4.2)

where the Price, is the last trade price in time interval t and Price.; is the last price in the
preceding time interval.'”” Unlike the GK volatility measure, the returns volatility
calculates the volatility between time intervals rather than within time intervals. In
addition, the returns volatility only samples a single (last) price in a time interval.

The third measure of volatility used is called the realized volatility and is featured

in Ahn, Bae, and Chan (2001). The realized volatility is found as follows:
N
Realized Volatility = Eth (4.4)

where Ri; is the return for the ith trade during the time interval t, and N is the total
number of transactions within a time interval. The returns are calculated as the log

difference of the sequential trade prices in a time interval. The sum of the squared returns

% For the first interval of the day, Price; is the last trade price in the interval and Price. is the first trade

price in the interval. The returns volatility measure is employed in various prior studies, such as ap
Gwilym, McMillan, and Speight (1999).
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in an interval is not divided by the total number of transactions because the cumulative
price fluctuations are of interest.
4.4.2. Hypotheses

The models of Handa and Schwartz (1996) and Foucault (1999) motivate the
research hypotheses examined in this chapter. Handa and Schwartz (1996) show that
more limit orders than market orders are submitted by investors when price volatility is
high. Foucault (1999) shows that when volatility increases, the submission of market
orders becomes more costly and therefore more limit orders are submitted. These models
motivate the following research hypothesis concerning volatility and depth:
Research hypothesis 1: A positive relation exists between transitory volatility and the
quantity of depth.
Research hypothesis 2: A positive relation exists between transitory volatility and depth
frequency.

In order to examine these two hypotheses the following regression is estimated
using Hansen’s (1982) generalized method of moments (GMM) technique:
Depth Quantity, = a, + BVolatility, , + ¢, 4.5)
Depth Frequency, = a,, + B Volatility, , + &, (4.6)
The computed t-statistics are adjusted for heterskedasticity and autocorrelation using the
Newey and West (1987) procedure. A positive (negative) and statistically significant
coefficient on volatility implies a positive (negative) relation between volatility and
depth. Each of these hypotheses is tested separately for the day and night trading sessions

using both the five- and fifteen-minute time intervals.
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Ahn, Bae, and Chan (2001) argue for the inclusion of several control variables
including frequency of trades, intraday time dummy variables, and lagged depth. The
frequency is included as a control because the realized volatility measure is positively
correlated with the number of trades in an interval. Furthermore, the time dummies and
lagged depth are included to control for the intraday variation and autocorrelation in

market depth. The expanded models with the control variables are shown as follows:

6
Depth Frequency, = a, + B Volatility, , + ,Frequency, + ;Depth,_, + EQDi

i=1

, (4.7)
+ oD, +¢
2
Depth Frequency, = a, + B Volatility, , + ,Frequency, + 5;Depth,_, + EQDi
. - (4.8)
+ oD, +¢
6
Depth Quantity, = a, + pVolatility,_, + f,Volume, + B,Depth, , + E@Di
. = (4.9)
+ oD, + ¢
2
Depth Quantity, = a, + pVolatility,_, + f,Volume, + B,Depth, , + E@Di
i=1
(4.10)

+ i oD, + ¢,

1

where Volatility..; denotes the transitory volatility, Frequencyy is calculated as the number
of trades in an interval, Volume; is calculated as the sum of traded volume in an interval,
Depthy.; represents the lagged depth, and the D; variables are the dummy variables that

take a value of one for the first and last half hours of trading and zero otherwise.
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Equations 4.7 and 4.9 employ fifteen-minute intervals whereas equations 4.8 and 4.10 use
five-minute intervals.

4.5. Results

4.5.1. Summary Statistics

The summary statistics for the three volatility measures using five-minute
intervals for the day period are provided in Table 4.1. Panels A, B, C, D, E, and F provide
a summary of the GK volatility, returns volatility, and realized volatility for the six
futures contracts. The contract with the smallest average GK volatility (0.30), returns
volatility (0.38), and realized volatility (1.37) is the T-note futures in Panel A, whereas
the contract with the largest mean GK volatility (21.15), returns volatility (2.42), and
realized volatility (171.66) is oil futures in Panel C. The median values of the three
volatility measures for the euro and yen futures in Panels D and E are almost identical.
Based on the moments presented in Table 4.1, the three volatility measures have different
distributions across the contracts.

Table 4.2 describes the summary statistics for the day time volatility measures
over the fifteen-minute time intervals. There is an increase in the mean for all three of the
volatility measures for the fifteen-minute intervals across the contracts relative to the
five-minute values. Thus, the fifteen-minute intervals not only have more trades than the
five-minute intervals, but they also possess a greater dispersion among the trade prices,
resulting in higher average volatility measures.

Table 4.3 presents the summary statistics for the volatility measures during night
trading using five-minute intervals. Similar to Table 4.1, the T-note contract has the

lowest mean volatility measures whereas oil has the largest. In comparing the day and
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night periods using five-minute intervals, the average volatility using all three measures
is smaller for the night than for the day periods. For example, using Table 4.3 (Table 4.1)
the night (day) corn futures mean GK volatility is 0.97 (0.9.38), returns volatility of 0.86
(2.06), and realized volatility of 8.50 (38.52) for the five-minute time interval.

The summary statistics of the volatility measures for the fifteen-minute time
interval during the night are described in Table 4.4. Across every contract and measure,
the volatility is larger compared to the five-minute night session. To summarize, the
volatility measures are smaller for the five-minute intervals relative to the fifteen-minute
intervals and the measures are larger during the day compared to the night.

4.5.2. Depth and Volatility

The next set of tables presents the results for the relation between depth and
transitory volatility during the day using the base regressions for depth quantity. The
regressions examine depth quantity using five-minute intervals (4.5), depth frequency
using five-minute intervals (4.6), depth quantity using fifteen-minute intervals (4.7), and
depth frequency using fifteen-minute intervals (4.8). The overall results from these tables
strongly support an inverse relation between transitory volatility and depth using all three
volatility measures for all contracts. For example, in Panel A of Table 4.5 (T-notes), a
negative and statistically significant coefficient occurs on each of the three transitory
volatility measures. The main implication is that a decrease in volatility in one period
leads to an increase in depth in the following period.

On the other hand, the results for the relation between lagged volatility and depth
during the night trading in Tables 4.9 (five-minute intervals for depth quantity), 4.10

(five-minute intervals for depth frequency), 4.11 (fifteen-minute intervals for depth
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quantity), and 4.12 (fifteen-minute intervals for depth frequency) are not as
straightforward. In Table 4.9, the euro and yen futures show evidence of a negative
relation between transitory volatility and depth, whereas the T-note and oil futures
support a positive relation. The results for gold futures in Panel F are not consistent
because the coefficient on the GK volatility is not significant, on the return volatility it is
negative and significant, and on the realized volatility the coefficient is positive and
significant. The results in Tables 4.10, 4.11, and 4.12 follow a similar pattern.

To summarize, the base regression results between depth and transitory volatility
support an inverse relation during the day for all contracts using both five-minute and
fifteen-minute intervals. However, the relation for night trading is more complex and
dependent on the contract, time interval, depth definition, and volatility measure.

4.5.3. Depth and Volatility with Control Factors

The next set of results is for the expanded models that explore the relation
between transitory volatility and depth, with the addition of control variables. Tables 4.13
through 4.16 present the results for the day session. In Table 4.13 examining depth
quantity using five-minute intervals, four futures (corn, oil, euro, and gold) show a
negative relation. For depth frequency using 5-minute intervals in Table 4.14, T-notes,
euro, yen, and gold support a negative relation. In Table 4.15 corn, oil, euro, and gold
futures for depth quantity using fifteen-minute intervals display an inverse relation. In
Table 4.16, T-notes, euro, yen, and gold futures using depth frequency for fifteen-minute
intervals show evidence of a negative relation between lagged volatility and depth.

Overall, the relation between transitory volatility and depth after accounting for control
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factors is generally negative during the day, although the results are sensitive to the depth
measure employed.

The final set of tables explores the volatility-depth relation during the night period
after accounting for control factors. The results for Tables 4.17, 4.18, 4.19, and 4.20 are
very consistent and show evidence consistent with a negative relation between lagged
volatility and depth, even after accounting for control factors. The presented evidence for
the negative relation is consistent with Chen and Wu (2009), and Chiang, Lin, and Yu
(2009) but in disagreement with Ahn, Bae, and Chan (2001), who find a positive relation.
4.6 Conclusion

In conclusion, this chapter examines the relation between transitory volatility and
depth using a unique sample of U.S. futures market data with five levels of depth.
Overall, the results support a negative relation between transitory volatility and depth.
Contrary to prior studies which only examine the traditional trading period, this relation
is established for the U.S. electronic futures market during both day and night trading

after accounting for control factors.
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Table 4.1 Summary Volatility Five-Minute Day

This table presents the summary statistics of the volatility measures for the five-minute time intervals
during the day. GK volatility is the Garman and Klass volatility (1980) measure composed of the high, low,
open, and close values in an interval. Returns volatility is calculated as the absolute value of returns across
intervals. Realized volatility is the sum of squared returns in each interval.

Mean Median  Std Dev Skew Kurt Sth 95th
Panel A: T-note
GK Volatility 0.30 0.16 0.60 14.19 365.34 0.03 0.90
Returns Volatility 0.38 0.27 0.39 3.00 23.24 0.00 1.09
Realized Volatility 1.37 0.75 5.62 38.79  2270.67 0.24 2.94
Panel B: Corn
GK Volatility 9.38 4.36 20.06 14.48 458.61 0.40 31.94
Returns Volatility 2.06 1.37 2.29 2.84 14.19 0.00 6.29
Realized Volatility 38.52 17.65 159.36 30.29 1434.95 3.63 100.35
Panel C: Oil
GK Volatility 21.15 9.06 47.99 10.84 182.72 1.87 68.85
Returns Volatility 2.42 1.67 2.58 3.03 17.78 0.16 7.32
Realized Volatility 171.66 61.62 484.67 16.15 564.38 12.28 569.81
Panel D: Euro
GK Volatility 6.39 0.28 25.36 8.09 91.95 0.03 40.09
Returns Volatility 0.49 0.32 0.78 11.13 221.31 0.00 1.42
Realized Volatility 60.86 0.70 370.09 20.54 705.75 0.13 285.67
Panel E: Yen
GK Volatility 4.28 0.29 18.08 8.60 114.40 0.04 23.44
Returns Volatility 0.53 0.33 0.79 9.20 161.71 0.00 1.52
Realized Volatility 45.09 0.66 325.14 20.13 660.56 0.15 147.39
Panel F: Gold
GK Volatility 5.04 1.74 16.94 9.92 133.17 0.31 13.69
Returns Volatility 1.26 0.89 1.36 4.30 47.82 0.11 3.63
Realized Volatility 28.34 3.60 181.56 10.06 118.04 0.98 27.38
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Table 4.2 Summary Volatility Fifteen-Minute Day

This table presents the summary statistics of the volatility measures for the fifteen-minute time intervals
during the day. GK volatility is the Garman and Klass volatility (1980) measure composed of the high, low,
open, and close values in an interval. Returns volatility is calculated as the absolute value of returns across
intervals. Realized volatility is the sum of squared returns in each interval.

Mean Median  Std Dev Skew Kurt Sth 95th
Panel A: T-note
GK Volatility 0.92 0.55 1.47 9.74 176.84 0.12 2.84
Returns Volatility 0.67 0.53 0.64 2.24 8.69 0.00 1.87
Realized Volatility 3.74 2.31 9.63 25.06 918.44 0.85 9.05
Panel B: Corn
GK Volatility 28.90 14.35 49.44 6.87 85.48 1.74 101.10
Returns Volatility 3.54 2.50 3.66 2.31 8.24 0.00 10.68
Realized Volatility 115.32 55.49 295.95 15.61 398.26 13.14 367.04
Panel C: Oil
GK Volatility 53.32 24.57 92.83 7.31 92.67 5.45 173.09
Returns Volatility 421 2.90 4.43 2.83 13.98 0.24 12.28
Realized Volatility 461.92 198.31 856.63 9.09 186.08 49.69 1551.67
Panel D: Euro
GK Volatility 12.14 1.15 34.62 6.04 51.56 0.11 65.51
Returns Volatility 0.82 0.55 0.99 4.75 41.41 0.06 2.36
Realized Volatility 174.58 2.77 909.26 16.96 457.35 0.45 777.88
Panel E: Yen
GK Volatility 8.34 1.04 25.82 7.09 74.64 0.15 45.74
Returns Volatility 0.87 0.57 1.10 6.04 82.31 0.09 2.57
Realized Volatility 131.68 2.25 797.15 13.19 224.82 0.58 486.52
Panel F: Gold
GK Volatility 12.44 5.64 27.64 8.94 128.90 1.07 39.96
Returns Volatility 2.16 1.56 2.32 3.89 31.29 0.11 6.13
Realized Volatility 45.90 11.36 195.72 9.10 102.65 3.32 94.48
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Table 4.3 Summary Volatility Five-Minute Night

This table presents the summary statistics of the volatility measures for the five-minute time intervals
during the night. GK volatility is the Garman and Klass volatility (1980) measure composed of the high,
low, open, and close values in an interval. Returns volatility is calculated as the absolute value of returns
across intervals. Realized volatility is the sum of squared returns in each interval.

Mean Median  Std Dev Skew Kurt Sth 95th
Panel A: T-note
GK Volatility 0.07 0.03 0.24 25.47 1395.24 0.00 0.25
Returns Volatility 0.20 0.14 0.39 14.28 333.75 0.00 0.55
Realized Volatility 0.45 0.11 4.50 41.83  2498.21 0.00 0.70
Panel B: Corn
GK Volatility 0.97 0.09 4.82 30.37 1525.59 0.00 3.93
Returns Volatility 0.86 0.63 1.06 3.85 37.63 0.00 2.73
Realized Volatility 8.50 1.00 126.48 4395  2729.79 0.00 10.93
Panel C: Oil
GK Volatility 4.87 0.62 35.48 40.13  2599.56 0.00 15.05
Returns Volatility 1.10 0.57 2.33 18.35 641.72 0.00 3.60
Realized Volatility 38.09 1.88 389.02 31.96 1700.67 0.05 65.86
Panel D: Euro
GK Volatility 1.68 0.10 11.64 16.82 452.70 0.00 2.88
Returns Volatility 0.36 0.22 0.65 13.28 300.98 0.00 1.06
Realized Volatility 13.75 0.22 121.18 24.28 1196.69 0.02 12.90
Panel E: Yen
GK Volatility 1.26 0.11 10.32 22.97 913.64 0.00 2.01
Returns Volatility 0.42 0.28 0.72 11.68 217.52 0.00 1.17
Realized Volatility 8.73 0.29 120.56 53.96  4523.44 0.04 5.20
Panel F: Gold
GK Volatility 1.68 0.28 9.86 15.38 367.38 0.01 3.76
Returns Volatility 0.69 0.43 1.18 17.53 718.14 0.00 2.06
Realized Volatility 13.02 0.69 122.58 14.92 297.69 0.07 7.67
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Table 4.4 Summary Volatility Fifteen-Minute Night

This table presents the summary statistics of the volatility measures for the fifteen-minute time intervals
during the night. GK volatility is the Garman and Klass volatility (1980) measure composed of the high,
low, open, and close values in an interval. Returns volatility is calculated as the absolute value of returns
across intervals. Realized volatility is the sum of squared returns in each interval.

Mean Median  Std Dev Skew Kurt Sth 95th
Panel A: T-note
GK Volatility 0.22 0.08 0.55 14.64 372.65 0.00 0.78
Returns Volatility 0.36 0.26 0.65 8.69 113.30 0.00 1.05
Realized Volatility 1.14 0.35 7.52 26.31 948.12 0.04 2.08
Panel B: Corn
GK Volatility 3.34 0.80 11.83 16.19 417.87 0.00 12.40
Returns Volatility 1.32 0.84 1.64 4.38 48.05 0.00 4.19
Realized Volatility 23.45 3.25 211.44 25.94 955.65 0.24 34.26
Panel C: Oil
GK Volatility 11.80 2.49 54.63 29.70 1426.28 0.08 42.34
Returns Volatility 1.99 0.99 3.82 10.75 214.40 0.08 6.53
Realized Volatility 77.63 7.13 573.56 27.36 1106.86 0.32 204.35
Panel D: Euro
GK Volatility 343 0.39 16.59 13.25 277.96 0.03 13.45
Returns Volatility 0.63 0.39 0.98 8.58 136.99 0.00 1.86
Realized Volatility 32.62 0.78 241.58 19.65 606.24 0.11 94.30
Panel E: Yen
GK Volatility 3.01 0.46 16.96 24.55 1186.51 0.05 9.04
Returns Volatility 0.72 0.45 1.07 7.47 94.44 0.00 2.06
Realized Volatility 24.46 0.97 300.62 58.45  5429.16 0.20 38.95
Panel F: Gold
GK Volatility 3.82 1.11 14.50 13.62 284.03 0.11 11.42
Returns Volatility 1.22 0.75 2.08 12.93 346.72 0.10 3.58
Realized Volatility 18.62 2.28 137.35 15.91 392.08 0.39 23.16
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Table 4.5 Depth Quantity and Transitory Volatility Five-Minute Day

This table presents the coefficient estimates for the following model:

Depth Quantity, = o, + fVolatility, , + ¢,

Depth quantity is calculated as the sum of the depth available across all five levels. GK volatility is the
Garman and Klass volatility (1980) measure composed of the high, low, open, and close values in an
interval. Returns volatility is calculated as the absolute value of returns across intervals. Realized volatility
is the sum of squared returns in each interval. Each regression is estimated using Hansen’s (1982)
generalized method of moments (GMM) procedure along with the Newey and West (1987) correction. *,
** and *** denote significance at the one percent level, five percent level, and ten percent level,

respectively.

Panel A: T-Note

Intercept

GK Volatility
Returns Volatility
Realized Volatility

8466.61 (97.49%)
-1062.0 (-6.82%)

8876.32 (103.86%)

-1908.4 (-17.09%)

8184.26 (78.97*)

-29.507 (-2.94%)

Panel B: Corn

Intercept

GK Volatility
Returns Volatility
Realized Volatility

576.222 (101.92%)
-1.811 (-6.26*)

597.510 (102.93%*)

-18.370 (-16.58%*)

560.734 (91.56*)

-0.049 (-2.22%%)

Panel C: Oil

Intercept

GK Volatility
Returns Volatility
Realized Volatility

105.840 (121.09%)
-0.122 (-6.24%)

109.055 (117.43%)

-2.394 (-15.54%*)

104.364 (98.57*)

-0.006 (-5.46*)

Panel D: Euro

Intercept

GK Volatility
Returns Volatility
Realized Volatility

647.255 (156.84%)
-1.097 (-15.16%)

672.967 (128.48*)

-66.237 (-9.09%)

642.611 (117.35%)

-0.039 (-6.09%)

Panel E: Yen

Intercept

GK Volatility
Returns Volatility
Realized Volatility

553.479 (117.83%)
-0.829 (-5.95%)

578.730 (106.19%*)

-54.025 (-10.00%*)

550.247 (88.24%)

-0.007 (-0.60)

Panel F: Gold

Intercept

GK Volatility
Returns Volatility
Realized Volatility

106.116 (153.51%)
-0.143 (-3.50%)

111.482 (142.79%)

“4.840 (-15.11%)

105.305 (117.43%)

0.003 (0.82)
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Table 4.6 Depth Frequency and Transitory Volatility Five-Minute Day

This table presents the coefficient estimates for the following model:

Depth Frequency, = o, + BVolatility, , + &,

Depth frequency is calculated as the sum of the number of orders available across all five levels. GK
volatility is the Garman and Klass volatility (1980) measure composed of the high, low, open, and close
values in an interval. Returns volatility is calculated as the absolute value of returns across intervals.
Realized volatility is the sum of squared returns in each interval. Each regression is estimated using
Hansen’s (1982) generalized method of moments (GMM) procedure along with the Newey and West
(1987) correction. *, ** and *** denote significance at the one percent level, five percent level, and ten
percent level, respectively.

Panel A: T-Note

Intercept

GK Volatility
Returns Volatility
Realized Volatility

506.831 (139.26%)
-49.307 (-7.64%*)

522.133 (146.69%*)

-78.912 (-16.93%)

494.531 (114.32%)

-1.959 (-3.95%)

Panel B: Corn

Intercept

GK Volatility
Returns Volatility
Realized Volatility

96.095 (119.24%)
-0.162 (-6.17%)

98.390 (113.05%)

-1.831 (-10.97%*)

94.491 (95.77%*)

0.001 (0.62)

Panel C: Oil

Intercept

GK Volatility
Returns Volatility
Realized Volatility

57.918 (133.68%)
-0.031 (-5.65%)

58.585 (124.05%)

-0.546 (-6.42%)

57.312 (102.53%)

0.000 (-0.49)

Panel D: Euro

Intercept

GK Volatility
Returns Volatility
Realized Volatility

190.013 (171.80%*)
-0.298 (-16.52%)

195.121 (155.02%)

-14.195 (-10.19%)

188.738 (130.05%*)

-0.010 (-6.33%)

Panel E: Yen

Intercept

GK Volatility
Returns Volatility
Realized Volatility

160.040 (169.96%)
-0.278 (-11.49%)

166.431 (149.45%)

-14.223 (-11.25%)

159.172 (128.48*)

-0.007 (-4.05%)

Panel F: Gold

Intercept

GK Volatility
Returns Volatility
Realized Volatility

50.697 (179.73%)
-0.112 (-6.26%)

53.387 (169.30%)

-2.586 (-19.74%*)

50.222 (135.73%)

-0.003 (-2.23**)
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Table 4.7 Depth Quantity and Transitory Volatility Fifteen-Minute Day

This table presents the coefficient estimates for the following model:

Depth Quantity, = o, + fVolatility, , + ¢,

Depth quantity is calculated as the sum of the depth available across all five levels. GK volatility is the
Garman and Klass volatility (1980) measure composed of the high, low, open, and close values in an
interval. Returns volatility is calculated as the absolute value of returns across intervals. Realized volatility
is the sum of squared returns in each interval. Each regression is estimated using Hansen’s (1982)
generalized method of moments (GMM) procedure along with the Newey and West (1987) correction. *,
** and *** denote significance at the one percent level, five percent level, and ten percent level,

respectively.

Panel A: T-Note

Intercept

GK Volatility
Returns Volatility
Realized Volatility

8660.85 (56.70%)
-552.13 (-5.45%)

8849.53 (62.70%)

-1041.0 (-9.87%*)

8260.73 (47.00%)

-28.336 (-3.56%)

Panel B: Corn

Intercept

GK Volatility
Returns Volatility
Realized Volatility

578.489 (71.74*)
-0.686 (-7.87*)

582.685 (66.87%)

-6.775 (-6.58%)

560.905 (59.46*)

-0.023 (-1.59)

Panel C: Oil

Intercept

GK Volatility
Returns Volatility
Realized Volatility

107.304 (71.83%*)
-0.079 (-6.66*)

108.662 (69.67*)

-1.321 (-9.15%)

105.027 (55.36%)

-0.004 (-4.03%*)

Panel D: Euro

Intercept

GK Volatility
Returns Volatility
Realized Volatility

654.490 (92.50%)
-1.248 (-12.73%)

694.424 (87.71%)

-67.363 (-13.00%*)

642.387 (69.68*)

-0.017 (-4.56*)

Panel E: Yen

Intercept

GK Volatility
Returns Volatility
Realized Volatility

558.610 (68.82%)
-1.009 (-6.34*)

586.525 (64.68*)

-41.822 (-8.72%)

550.581 (51.76*)

-0.003 (-0.34)

Panel F: Gold

Intercept

GK Volatility
Returns Volatility
Realized Volatility

107.892 (91.04%)
-0.205 (-4.70%)

110.558 (90.04*)

2414 (-9.34%)

105.596 (70.95%)

-0.006 (-0.94)
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Table 4.8 Depth Frequency and Transitory Volatility Fifteen-Minute Day

This table presents the coefficient estimates for the following model:

Depth Frequency, = o, + BVolatility, , + &,

Depth frequency is calculated as the sum of the number of orders available across all five levels. GK
volatility is the Garman and Klass volatility (1980) measure composed of the high, low, open, and close
values in an interval. Returns volatility is calculated as the absolute value of returns across intervals.
Realized volatility is the sum of squared returns in each interval. Each regression is estimated using
Hansen’s (1982) generalized method of moments (GMM) procedure along with the Newey and West
(1987) correction. *, ** and *** denote significance at the one percent level, five percent level, and ten
percent level, respectively.

Panel A: T-Note

Intercept

GK Volatility
Returns Volatility
Realized Volatility

513.532 (80.73%*)
-23.543 (-5.60%*)

519.693 (87.67*)

-41.566 (-9.19%)

496.513 (69.01%)

-1.219 (-4.40%)

Panel B: Corn

Intercept

GK Volatility
Returns Volatility
Realized Volatility

95.553 (72.79%)
-0.040 (-3.53%)

96.109 (66.61%*)

-0.478 (-2.90%)

93.356 (57.54%*)

0.009 (4.47%)

Panel C: Oil

Intercept

GK Volatility
Returns Volatility
Realized Volatility

58.086 (77.56%)
-0.016 (-4.02%)

58.273 (73.06%)

-0.245 (-2.94%)

56.634 (58.05%)

0.001 (2.03*%)

Panel D: Euro

Intercept

GK Volatility
Returns Volatility
Realized Volatility

191.701 (102.74%)
-0.335 (-14.52%)

198.788 (100.87*)

-13.637 (-12.97%*)

188.454 (80.35%)

-0.005 (-4.72%)

Panel E: Yen

Intercept

GK Volatility
Returns Volatility
Realized Volatility

161.065 (101.80%*)
-0.287 (-9.88*)

168.041 (95.41%)

-10.790 (-10.19%*)

159.092 (78.64*)

-0.003 (-2.42%%)

Panel F: Gold

Intercept

GK Volatility
Returns Volatility
Realized Volatility

51.527 (104.76%)
-0.115 (-6.05%)

52.917 (106.43%*)

-1.307 (-12.94%)

50.376 (82.24%*)

-0.006 (-2.63*)
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Table 4.9 Depth Quantity and Transitory Volatility Five-Minute Night

This table presents the coefficient estimates for the following model:

Depth Quantity, = o, + fVolatility, , + ¢,

Depth quantity is calculated as the sum of the depth available across all five levels. GK volatility is the
Garman and Klass volatility (1980) measure composed of the high, low, open, and close values in an
interval. Returns volatility is calculated as the absolute value of returns across intervals. Realized volatility
is the sum of squared returns in each interval. Each regression is estimated using Hansen’s (1982)
generalized method of moments (GMM) procedure along with the Newey and West (1987) correction. *,
** and *** denote significance at the one percent level, five percent level, and ten percent level,

respectively.

Panel A: T-Note

Intercept

GK Volatility
Returns Volatility
Realized Volatility

3930.33 (123.15%)
81.433 (0.67)

3915.89 (123.96%*)

102.478 (1.83%**)

3922.49 (93.28%)

31.157 (2.81%)

Panel B: Corn

Intercept

GK Volatility
Returns Volatility
Realized Volatility

203.703 (102.30%)
-0.441 (-1.73%%%)

212.706 (88.89%)

~11.027 (-10.91%)

203.120 (80.23%)

0.017 (3.16%)

Panel C: Oil

Intercept

GK Volatility
Returns Volatility
Realized Volatility

49211 (188.42%)
0.008 (1.45)

48.452 (178.93%)

0.722 (8.60%)

49.176 (147.69*)

0.002 (2.11%*%*)

Panel D: Euro

Intercept

GK Volatility
Returns Volatility
Realized Volatility

379.177 (207.67*)
-0.772 (-8.86*)

390.781 (194.09%*)

-35.416 (-14.36%*)

378.695 (155.85%)

-0.059 (-5.29%)

Panel E: Yen

Intercept

GK Volatility
Returns Volatility
Realized Volatility

356.537 (165.24%)
-1.073 (-8.52%)

370.697 (155.42%)

-37.416 (-16.85%)

355.681 (123.40%)

-0.056 (-4.16%)

Panel F: Gold

Intercept

GK Volatility
Returns Volatility
Realized Volatility

70.810 (244.67%)
-0.021 (-0.85)

72.041 (218.94%)

-1.843 (-7.85%)

70.696 (192.44%)

0.006 (2.97%)

134



Table 4.10 Depth Frequency and Transitory Volatility Five-Minute Night

This table presents the coefficient estimates for the following model:

Depth Frequency, = o, + BVolatility, , + &,

Depth frequency is calculated as the sum of the number of orders available across all five levels. GK
volatility is the Garman and Klass volatility (1980) measure composed of the high, low, open, and close
values in an interval. Returns volatility is calculated as the absolute value of returns across intervals.
Realized volatility is the sum of squared returns in each interval. Each regression is estimated using
Hansen’s (1982) generalized method of moments (GMM) procedure along with the Newey and West
(1987) correction. *, ** and *** denote significance at the one percent level, five percent level, and ten
percent level, respectively.

Panel A: T-Note

Intercept

GK Volatility
Returns Volatility
Realized Volatility

203.703 (143.70%)
13.133 (2.29%%*)

200.402 (144.78%*)

21.471 (8.22%)

203.965 (110.31%*)

1.521 (3.20%)

Panel B: Corn

Intercept

GK Volatility
Returns Volatility
Realized Volatility

36.283 (118.18%)
-0.167 (-5.32%)

37.960 (99.65%)

2,152 (-15.16%)

36.100 (91.35%)

0.002 (3.20%)

Panel C: Oil

Intercept

GK Volatility
Returns Volatility
Realized Volatility

23.355 (217.02%)
0.017 (3.48%)

22.576 (187.11%)

0.783 (11.58%)

23.383 (167.34*)

0.002 (3.64%)

Panel D: Euro

Intercept

GK Volatility
Returns Volatility
Realized Volatility

103.206 (184.88*)
-0.040 (-1.45)

104.645 (179.00%*)

-4.137 (-9.72%)

103.211 (139.05%*)

-0.005 (-1.59)

Panel E: Yen

Intercept

GK Volatility
Returns Volatility
Realized Volatility

87.097 (183.87%)
-0.177 (-8.96*)

89.277 (176.83%*)

-5.793 (-14.53%)

86.975 (138.27%)

-0.011 (-5.09%)

Panel F: Gold

Intercept

GK Volatility
Returns Volatility
Realized Volatility

26.431 (324.43%)
-0.030 (-4.75%)

26.578 (314.61%)

-0.288 (-5.62%)

26.387 (247.11%)

-0.001 (-1.04)
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Table 4.11 Depth Quantity and Transitory Volatility Fifteen-Minute Night

This table presents the coefficient estimates for the following model:

Depth Quantity, = o, + fVolatility, , + ¢,

Depth quantity is calculated as the sum of the depth available across all five levels. GK volatility is the
Garman and Klass volatility (1980) measure composed of the high, low, open, and close values in an
interval. Returns volatility is calculated as the absolute value of returns across intervals. Realized volatility
is the sum of squared returns in each interval. Each regression is estimated using Hansen’s (1982)
generalized method of moments (GMM) procedure along with the Newey and West (1987) correction. *,
** and *** denote significance at the one percent level, five percent level, and ten percent level,

respectively.

Panel A: T-Note

Intercept

GK Volatility
Returns Volatility
Realized Volatility

3925.69 (74.40%)
-162.72 (-2.30%%*)

3824.26 (74.07*)

184.883 (3.36%)

3871.04 (57.59%)

17.495 (2.17*%)

Panel B: Corn

Intercept

GK Volatility
Returns Volatility
Realized Volatility

201.530 (66.49%)
-0.204 (-1.59)

208.818 (58.59%)

-6.041 (-6.38*)

200.301 (54.23%)

0.023 (3.43%)

Panel C: Oil

Intercept

GK Volatility
Returns Volatility
Realized Volatility

48.976 (121.44%)
0.014 (2.31*%*)

47.858 (116.48*)

0.646 (8.99%)

48.944 (99.89%*)

0.003 (2.76%)

Panel D: Euro

Intercept

GK Volatility
Returns Volatility
Realized Volatility

379.193 (123.62%)
-0.897 (-9.52%)

394.240 (118.98*)

-28.698 (-14.84%*)

377.095 (95.40%)

-0.030 (-3.46*)

Panel E: Yen

Intercept

GK Volatility
Returns Volatility
Realized Volatility

356.688 (96.73%)
-1.024 (-5.56%)

375.866 (92.33%)

-31.128 (-16.33%*)

354.357 (74.04*)

-0.031 (-2.85%)

Panel F: Gold

Intercept

GK Volatility
Returns Volatility
Realized Volatility

70.832 (154.59%)
-0.119 (-3.66*)

71.599 (149.15%)

-1.005 (-6.76*)

70.339 (124.57%)

0.002 (0.76)
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Table 4.12 Depth Frequency and Transitory Volatility Fifteen-Minute Night

This table presents the coefficient estimates for the following model:

Depth Frequency, = o, + BVolatility, , + &,

Depth frequency is calculated as the sum of the number of orders available across all five levels. GK
volatility is the Garman and Klass volatility (1980) measure composed of the high, low, open, and close
values in an interval. Returns volatility is calculated as the absolute value of returns across intervals.
Realized volatility is the sum of squared returns in each interval. Each regression is estimated using
Hansen’s (1982) generalized method of moments (GMM) procedure along with the Newey and West
(1987) correction. *, ** and *** denote significance at the one percent level, five percent level, and ten
percent level, respectively.

Panel A: T-Note

Intercept

GK Volatility
Returns Volatility
Realized Volatility

201.776 (87.88%)
0.893 (0.31)

194.560 (87.25%)

20.681 (8.07%)

200.636 (69.91%)

1.198 (2.90%)

Panel B: Corn

Intercept

GK Volatility
Returns Volatility
Realized Volatility

36.205 (73.30%)
-0.082 (-4.71%)

37.690 (63.35%)

-1.332 (-9.33%)

35.863 (58.68%)

0.003 (2.97%)

Panel C: Oil

Intercept

GK Volatility
Returns Volatility
Realized Volatility

23.077 (129.40%)
0.022 (3.35%)

22.090 (123.76*)

0.625 (12.00%)

23.177 (110.89%)

0.002 (3.69%)

Panel D: Euro

Intercept

GK Volatility
Returns Volatility
Realized Volatility

102.723 (110.42%*)
-0.074 (-2.49**)

104.349 (106.65%*)

2.977 (-7.59%)

102.494 (86.89*)

-0.001 (-0.29)

Panel E: Yen

Intercept

GK Volatility
Returns Volatility
Realized Volatility

86.722 (110.01%)
-0.177 (-5.90%)

89.206 (105.51%)

-4.219 (-11.42%)

86.342 (86.76%)

-0.006 (-3.41%)

Panel F: Gold

Intercept

GK Volatility
Returns Volatility
Realized Volatility

26.358 (196.51%)
-0.049 (-5.85%)

26.353 (196.29%)

-0.149 (-4.11%)

26.190 (156.42%)

-0.001 (-1.50)
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Table 4.13 Depth Quantity, Transitory Volatility, and Controls Five-Minute Day

This table presents the coefficient estimates for the following model:

6
Depth Quantity, = a, + p,Volatility, , + p,Volume, + ,Depth,_, + EQDI. +
i=1

i=T-5

i oD, +¢,

Depth quantity is calculated as the sum of the depth available across all five levels. GK volatility is the
Garman and Klass volatility (1980) measure composed of the high, low, open, and close values in an
interval. Returns volatility is calculated as the absolute value of returns across intervals. Realized volatility
is the sum of squared returns in each interval. Volume is computed as the sum of trade volume in each time
interval. D is a dummy variable for the time interval that takes a value of one or zero. Each regression is
estimated using Hansen’s (1982) generalized method of moments (GMM) procedure along with the Newey
and West (1987) correction. The T subscript represents the last time interval of a trading day. *, **, and
*#* denote significance at the one percent level, five percent level, and ten percent level, respectively.

Panel A: T-note

Intercept 58.209 (4.00%) 50.357 (3.06%) 62.140 (4.51%)
GK Volatility 17.818 (0.97)

Returns Volatility 33.491 (1.47)

Realized Volatility 2.074 (1.51)
Volume 0.022 (11.59%) 0.022 (11.32%) 0.022 (12.03%)
Depth 0.969 (519.61%) 0.969 (509.50%) 0.968 (527.07%*)
D, -786.89 (-4.75%) -787.09 (-4.75%) -787.86 (-4.75%)
D, -1017.7 (-10.17%) -1019.6 (-10.18%) -1048.0 (-9.94%)
D; 948.870 (9.98%) 954.299 (10.02%) 947.978 (9.99%)
D, 985.206 (12.16%) 992.898 (12.28%) 997.154 (12.29%)
Ds 234.599 (4.68%) 234.436 (4.69%) 234.731 (4.69%)
D¢ 29.112 (0.58) 28.847 (0.57) 29.261 (0.58)
Drs 27.557 (0.59) 27.377 (0.59) 28.057 (0.60)
D14 54.429 (1.18) 54.381 (1.17) 54.814 (1.19)
D13 6.685 (0.16) 5.906 (0.14) 7.760 (0.19)
Dr, -26.587 (-0.51) -27.860 (-0.53) -26.581 (-0.51)
Dt 12.869 (0.25) 12.731 (0.25) 13.681 (0.27)
Dy 172.189 (3.23%) 172.731 (3.25%) 171.000 (3.21%)
Panel B: Corn

Intercept 123.743 (29.48%) 128.864 (29.88%) 121.401 (28.09%)
GK Volatility -0.234 (-3.74%)

Returns Volatility -3.765 (-5.57%)

Realized Volatility 0.000 (0.03)
Volume -0.008 (-5.86%) -0.007 (-4.65%) -0.009 (-6.65%)
Depth 0.796 (109.89%) 0.793 (109.74%*) 0.798 (108.25%)
D, -61.360 (-3.71%) -66.754 (-4.04%) -61.149 (-3.74%)
D, 81.863 (7.68%) 79.756 (7.77%) 71.813 (6.51%)
D; 47.268 (5.12%) 46.186 (5.00%) 44.480 (4.81%)
D, 23.392 (2.37%%) 24.604 (2.50%%) 21.505 (2.19%%)
Ds 12.022 (1.28) 12.539 (1.34) 11.037 (1.18)
D¢ 23.216 (2.38%%*) 24.234 (2.50%%*) 22.503 (2.30%%*)
Drs 10.583 (1.31) 10.983 (1.36) 10.666 (1.33)
D14 5.791 (0.72) 5.946 (0.74) 5.897 (0.73)
D13 -2.970 (-0.32) -2.655 (-0.28) -2.973 (-0.32)
Dr, -0.476 (-0.05) -0.285 (-0.03) -0.704 (-0.07)
D1, 36.961 (3.75%) 37.032 (3.77%) 36.857 (3.74%)
Dy 58.991 (5.35%) 56.632 (5.11%) 60.340 (5.49%)
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Table 4.13 (Continued)

Panel C: Oil

Intercept 6.150 (18.71%) 6.740 (20.10%) 5.804 (16.51%)
GK Volatility -0.015 (-5.37%)

Returns Volatility -0.409 (-8.57%)

Realized Volatility -0.001 (-2.93%)
Volume 0.001 (13.89%) 0.001 (14.63%) 0.001 (13.18%)
Depth 0.913 (318.68%) 0.911 (319.94%) 0.915 (288.12%)
D, -15.794 (-10.71%) -15.348 (-10.39%) -16.116 (-11.03%)
D, 2.033 (2.18%%*) 2.167 (2.35%%) 2.470 (2.59%)
D; -0.301 (-0.33) -0.282 (-0.31) -0.319 (-0.35)
D, 0.586 (0.64) 0.663 (0.72) 0.580 (0.63)
Ds 0.637 (0.75) 0.607 (0.72) 0.648 (0.76)
Ds -1.381 (-1.48) -1.336 (-1.44) -1.376 (-1.48)
Drs -1.393 (-1.45) -1.450 (-1.50) -1.380 (-1.43)
D1y -0.363 (-0.44) -0.274 (-0.33) -0.403 (-0.49)
D13 -1.874 (-2.03*%*) -1.878 (-2.04*%*) -1.883 (-2.03*%*)
Dr, 0.156 (0.15) 0.101 (0.10) 0.129 (0.12)
D1, -0.886 (-0.93) -0.951 (-1.00) -0.934 (-0.98)
Dy 9.240 (7.38%) 8.675 (6.95%) 9.305 (7.29%)
Panel D: Euro

Intercept 10.514 (15.06%*) 11.200 (13.20%) 10.344 (15.11%)
GK Volatility -0.016 (-1.39)

Returns Volatility -1.316 (-1.74%**)

Realized Volatility 0.000 (0.03)
Volume 0.001 (4.19%) 0.001 (4.43%) 0.001 (4.17%)
Depth 0.978 (987.76%) 0.977 (912.76%*) 0.978 (1034.73%)
D, 101.725 (13.36%) 101.658 (13.36%) 101.728 (13.35%)
D, -115.32 (-17.11%) -115.00 (-17.02%) -115.31 (-17.10%)
D; 14.497 (4.00%) 14.160 (3.91%) 14.556 (4.02%)
D, 90.950 (17.69%) 91.107 (17.70%) 90.973 (17.74%*)
Ds 22.985 (7.81%) 23.100 (7.86%) 22.992 (7.82%)
Ds 11.870 (4.39%) 11.962 (4.43%) 11.883 (4.40%)
Drs 2.144 (0.77) 2.093 (0.75) 2.149 (0.77)
D14 4.676 (1.86%*%*) 4.665 (1.85%*%*) 4.700 (1.86%*%*)
D13 1.647 (0.67) 1.688 (0.69) 1.650 (0.67)
Dr, -5.003 (-1.77**%*) -5.123 (-1.81**%*) -4.991 (-1.77**%*)
D1, -5.605 (-2.32%*%*) -5.588 (-2.31*%) -5.589 (-2.32%*%*)
Dy 6.669 (2.67%) 6.750 (2.70%) 6.683 (2.68%)
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Table 4.13 (Continued)

Panel E: Yen

Intercept 4.194 (8.94%) 3.559 (7.13%) 4.172 (9.59%)
GK Volatility -0.009 (-0.60)

Returns Volatility 1.069 (2.43*%*)

Realized Volatility -0.001 (-0.48)
Volume 0.001 (2.50**) 0.001 (1.94**%*) 0.001 (2.57**)
Depth 0.988 (1230.67%) 0.988 (1219.65%) 0.988 (1343.15%)
D, 62.290 (9.42%) 62.423 (9.44%) 62.302 (9.42%)
D, -91.939 (-15.02%) -92.029 (-15.04%*) -91.913 (-15.00%)
D; 9.826 (2.81%) 10.138 (2.91%) 9.826 (2.81%)
D, 81.344 (16.99%) 80.858 (16.97%) 81.363 (17.03%)
Ds 27.720 (11.36%) 27.708 (11.36%) 27.714 (11.38%)
Ds 7.316 (3.24%) 7.275 (3.22%) 7.303 (3.23%)
Drs 0.763 (0.40) 0.806 (0.42) 0.777 (0.40)
D1y 4.313 (2.47%%) 4.298 (2.46%%) 4.315 (2.47%%)
D13 4.886 (2.32%%) 4.861 (2.30%%*) 4.867 (2.30*%*)
Dr, -8.826 (-3.75%) -8.847 (-3.76%) -8.824 (-3.76%)
D1, -0.667 (-0.34) -0.675 (-0.34) -0.668 (-0.34)
Dy 6.394 (3.07%) 6.552 (3.14%) 6.390 (3.08%)
Panel F: Gold

Intercept 13.962 (33.93%) 15.849 (36.10%) 13.740 (30.20%)
GK Volatility -0.042 (-3.85%)

Returns Volatility -1.510 (-12.82%)

Realized Volatility 0.000 (-0.04)
Volume 0.001 (14.25%) 0.002 (16.84%*) 0.001 (12.68%*)
Depth 0.843 (229.57%) 0.834 (222.77%) 0.845 (215.71%)
D, -12.501 (-6.77%) -12.810 (-6.95%) -12.418 (-6.71%)
D, -12.800 (-10.39%) -11.719 (-9.39%) -12.881 (-10.34%)
D; -3.087 (-2.59%) -3.728 (-3.13%) -2.988 (-2.52%*%*)
D, 5.122 (4.03%) 5.230 (4.14%) 5.065 (3.98%)
Ds -1.363 (-1.28) -1.053 (-1.00) -1.387 (-1.30)
Ds 0.290 (0.23) 0.497 (0.40) 0.256 (0.20)
Drs -2.887 (-2.16%%) -2.888 (-2.18*%*) -2.888 (-2.16%%*)
D14 2.512 (1.98%%) 2.546 (2.01%%) 2.479 (1.96**%*)
D13 1.783 (1.31) 1.606 (1.18) 1.797 (1.32)
Dr, 1.136 (0.81) 1.034 (0.74) 1.155(0.82)
D1, 3.078 (2.18*%) 3.010 (2.14*%) 3.080 (2.18**)
Dy 12.819 (9.67%) 12.287 (9.27%) 12.928 (9.78%)
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Table 4.14 Depth Frequency, Transitory Volatility, and Controls at Five-Minute Day

This table presents the coefficient estimates for the following model:

6
Depth Frequency, = a, + Volatility,_, + ,Frequency, + B,Depth,_, + E oD, +
i=1

i oD, +¢,

Depth frequency is calculated as the sum of the number of orders available across all five levels. GK
volatility is the Garman and Klass volatility (1980) measure composed of the high, low, open, and close
values in an interval. Returns volatility is calculated as the absolute value of returns across intervals.
Realized volatility is the sum of squared returns in each interval. Frequency is computed as the quantity of
trades in each time interval. D is a dummy variable for the time interval that takes a value of one or zero.
Each regression is estimated using Hansen’s (1982) generalized method of moments (GMM) procedure
along with the Newey and West (1987) correction. The T subscript represents the last time interval of a
trading day. *, **, and *** denote significance at the one percent level, five percent level, and ten percent

level, respectively.

Panel A: T-note

Intercept 194.319 (49.79%) 196.173 (48.82%) 192.768 (38.82%)
GK Volatility -13.813 (-7.32%)

Returns Volatility -12.852 (-6.41%)

Realized Volatility -0.439 (-1.99%%*)
Frequency 0.034 (7.57%) 0.030 (6.98*) 0.026 (4.96%)
Depth 0.035 (89.51%) 0.036 (89.16%) 0.036 (68.81%)
D, -91.453 (-11.00%) -91.271 (-11.00%) -91.172 (-10.84%)
D, -115.53 (-14.48%*) -115.60 (-14.48%) -110.49 (-12.69%)
D; -22.274 (-3.59%) -23.073 (-3.67%) -20.319 (-3.08%)
D, 30.145 (4.93%) 20.008 (3.41%) 17.079 (2.84%)
Ds -1.128 (-0.20) -1.329 (-0.24) -1.662 (-0.30)
Ds -0.876 (-0.16) -0.990 (-0.18) -1.284 (-0.23)
Drs -18.824 (-3.41%) -18.908 (-3.43%) -19.149 (-3.45%)
D1y -16.177 (-2.97%) -16.195 (-2.96%) -16.306 (-2.97%)
Dr; -13.389 (-2.38*%*) -13.525 (-2.39%%*) -14.272 (-2.51%%)
Dr, -16.472 (-2.78%) -15.847 (-2.67%) -16.289 (-2.73%)
D1, -14.903 (-2.49%*%*) -15.132 (-2.54%%*) -15.504 (-2.57*%)
Dy -20.756 (-3.55%) -20.079 (-3.43%) -19.260 (-3.26%)
Panel B: Corn

Intercept 55.972 (39.59%) 57.011 (39.86%) 55.674 (32.82%)
GK Volatility -0.021 (-1.58)

Returns Volatility -0.664 (-5.15%)

Realized Volatility 0.009 (3.37%)
Frequency 0.002 (1.66***) 0.002 (2.44**) 0.001 (0.99)
Depth 0.071 (28.71%) 0.070 (28.60%) 0.071 (23.42%)
D, -27.547 (-10.31%) -28.076 (-10.57%) -27.696 (-9.72%)
D, -0.819 (-0.39) -0.205 (-0.10) -6.292 (-2.71%)
D; 3.223 (1.57) 3.361 (1.66***) 2.670 (1.32)
D, 3.578 (1.75%*%*) 4.014 (1.97*%*) 3.233 (1.61)
Ds 5.056 (2.53*%) 5.277 (2.66%) 4.851 (2.47*%)
Ds 6.080 (3.06%) 6.354 (3.22%) 5.929 (3.06%)
Drs -4.064 (-2.32%%) -3.996 (-2.29%*%*) -4.050 (-2.33*%*)
Dr4 -6.435 (-3.61%) -6.408 (-3.60%) -6.422 (-3.61%)
D13 -8.137 (-4.32%) -8.075 (-4.29%) -8.120 (-4.31%)
Dr, -9.524 (-4.91%) -9.474 (-4.89%) -9.545 (-4.92%)
Dt -8.637 (-4.79%) -8.608 (-4.77%) -8.656 (-4.76%)
Dy -24.147 (-14.40%) -24.487 (-14.63%) -23.890 (-13.46%)
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Table 4.14 (Continued)

Panel C: Oil

Intercept 11.806 (26.33%) 11.048 (25.48%) 12.042 (22.73%)
GK Volatility 0.029 (4.51%)

Returns Volatility 0.733 (14.73%)

Realized Volatility 0.003 (4.08*)
Frequency 0.000 (-6.02%) -0.001 (-8.66*) 0.000 (-5.25%)
Depth 0.451 (120.04%*) 0.452 (122.98%) 0.449 (96.06%)
D, -7.980 (-9.21%) -8.586 (-10.30%) -8.703 (-9.16%)
D, 2.964 (4.60%) 2.763 (4.22%) 0.255(0.31)
D; 2.396 (3.62%) 2.402 (3.65%) 2.441 (3.70%)
D, 2.868 (4.36%) 2.758 (4.18%) 2.864 (4.37%)
Ds 2.423 (3.88%) 2.500 (4.02%) 2.421 (3.88%)
Ds 1.568 (2.44**) 1.503 (2.34**) 1.580 (2.46**)
Drs -4.325 (-7.10%) -4.232 (-7.05%) -4.353 (-7.15%)
D14 -4.074 (-6.55%) -4.225 (-6.84%) -4.054 (-6.52%)
D13 -5.253 (-9.85%) -5.237 (-9.73%) -5.327 (-9.86%)
Dr, -5.116 (-8.59%) -5.000 (-8.21%) -5.177 (-8.62%)
D1, -5.245 (-8.32%) -5.084 (-8.11%) -5.358 (-8.44%)
Dy -1.703 (-2.32*%) -0.849 (-1.15) -1.983 (-2.55%%)
Panel D: Euro

Intercept 41.306 (25.53%) 45.133 (26.68%) 40.337 (20.38%)
GK Volatility -0.138 (-11.36%)

Returns Volatility -8.313 (-9.06%)

Realized Volatility -0.006 (-5.88%)
Frequency 0.018 (22.99%) 0.019 (24.30%) 0.018 (20.31%)
Depth 0.189 (90.62%) 0.186 (89.73%) 0.190 (69.85%)
D, 36.446 (10.47%) 36.123 (10.33%) 36.865 (10.56%)
D, -15.665 (-4.61%) -13.617 (-3.93%) -15.210 (-4.49%)
D; -18.945 (-5.17%) -20.401 (-5.50%) -18.670 (-5.08%)
D, 17.219 (5.07%) 18.708 (5.58*) 17.596 (5.22%)
Ds 13.220 (4.18%) 14.232 (4.57%) 13.291 (4.25%)
Ds 13.903 (4.37%) 14.688 (4.67%) 13.945 (4.43%)
Drs -10.357 (-4.80%) -10.750 (-5.11%) -10.370 (-4.79%)
Dr4 -8.033 (-3.83%) -8.124 (-3.91%) -7.912 (-3.76%)
D13 -7.840 (-3.86%) -7.650 (-3.82%) -7.872 (-3.87%)
Dr, -10.321 (-5.05%) -11.119 (-5.44%) -10.234 (-4.97%)
D1, -9.724 (-4.84%) -9.649 (-4.82%) -9.560 (-4.75%)
Dy -14.349 (-7.04%) -13.791 (-6.55%) -14.289 (-6.98%)
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Table 4.14 (Continued)

Panel E: Yen

Intercept 64.842 (53.90%) 68.394 (55.00%) 64.372 (42.66%)
GK Volatility -0.194 (-11.58%)

Returns Volatility -8.760 (-10.40%*)

Realized Volatility -0.008 (-7.52%)
Frequency 0.014 (14.64%) 0.016 (16.31%) 0.014 (12.31%)
Depth 0.156 (102.85%) 0.154 (102.34%*) 0.156 (79.17%)
D, 18.248 (6.68%) 17.061 (6.26%) 18.326 (6.65%)
D, -18.215 (-6.85%) -17.626 (-6.57%*) -17.868 (-6.68%)
D; -15.265 (-5.66%) -16.825 (-6.07%) -15.112 (-5.49%)
D, 16.505 (6.68%) 20.327 (8.25%) 16.652 (6.67%)
Ds 13.776 (5.78%) 14.148 (6.02%) 13.714 (5.73%)
Ds 12.901 (5.63%) 13.026 (5.74%) 12.644 (5.52%)
Drs -14.069 (-7.81%) -14.557 (-7.99%) -13.919 (-7.60%)
D14 -12.611 (-6.87%) -12.743 (-7.11%) -12.669 (-6.86%)
D13 -11.978 (-6.48%) -12.621 (-6.97%) -12.502 (-6.74%)
Dr, -14.678 (-7.84%) -14.661 (-7.87%) -14.716 (-7.81%)
D1, -13.678 (-7.57%) -13.680 (-7.66%) -13.731 (-7.51%)
Dy -18.011 (-9.98%) -19.157 (-10.79%) -18.106 (-9.84%)
Panel F: Gold

Intercept 19.693 (58.74%*) 20.480 (60.99%) 19.482 (47.03%)
GK Volatility -0.058 (-7.22%)

Returns Volatility -0.906 (-16.33%)

Realized Volatility -0.003 (-4.40%)
Frequency -0.001 (-7.99%) -0.001 (-4.61%) -0.001 (-7.91%)
Depth 0.309 (101.52%) 0.306 (100.23%) 0.311 (82.62%)
D, -12.106 (-18.53%) -12.225 (-18.79%) -12.035 (-18.16%)
D, -10.736 (-19.54%) -10.132 (-17.92%) -10.316 (-17.75%)
D; -5.433 (-11.28%) -5.776 (-12.13%) -5.337 (-10.95%)
D, -0.691 (-1.34) -0.687 (-1.33) -0.786 (-1.50)
Ds -2.559 (-5.66%) -2.408 (-5.33%) -2.611 (-5.65%)
Ds -1.940 (-4.20%) -1.851 (-4.07%) -1.992 (-4.26%)
Drs -2.351 (-4.64%) -2.325 (-4.67%) -2.349 (-4.63%)
D14 -0.801 (-1.51) -0.768 (-1.45) -0.846 (-1.59)
D13 -1.629 (-2.93%) -1.682 (-3.04%) -1.620 (-2.92%)
Dr, -2.199 (-3.75%) -2.206 (-3.78%) -2.187 (-3.71%)
D1, -2.606 (-4.56%) -2.613 (-4.59%) -2.610 (-4.56%)
Dy -3.427 (-6.13%) -3.565 (-6.39%) -3.347 (-5.94%)
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Table 4.15 Depth Quantity, Transitory Volatility, and Controls Fifteen-Minute Day

This table presents the coefficient estimates for the following model:

2
Depth Quantity, = a, + BVolatility, , + B,Volume, + B,Depth,_, + E@Di +
i=1

i=T-1

i @D, +¢,

Depth quantity is calculated as the sum of the depth available across all five levels. GK volatility is the
Garman and Klass volatility (1980) measure composed of the high, low, open, and close values in an
interval. Returns volatility is calculated as the absolute value of returns across intervals. Realized volatility
is the sum of squared returns in each interval. Volume is computed as the sum of trade volume in each time
interval. D is a dummy variable for the time interval that takes a value of one or zero. Each regression is
estimated using Hansen’s (1982) generalized method of moments (GMM) procedure along with the Newey
and West (1987) correction. The T subscript represents the last time interval of a trading day. *, **, and
*#* denote significance at the one percent level, five percent level, and ten percent level, respectively.

Panel A: T-note

Intercept 125.541 (4.04%*) 118.704 (3.74%*) 154.607 (5.07%)
GK Volatility 21.438 (1.21)

Returns Volatility 43.550 (1.46)

Realized Volatility -2.426 (-0.81)
Volume 0.007 (4.84%) 0.007 (5.06%) 0.008 (6.10%)
Depth 0.957 (259.89%) 0.957 (282.52%) 0.954 (292.32%)
D, -928.99 (-5.60%) -930.96 (-5.60%) -948.92 (-5.65%)
D, 1660.58 (14.74%) 1677.75 (14.65%) 1731.00 (14.24%)
D1, 18.296 (0.34) 19.934 (0.37) 19.089 (0.35)
Dy 114.132 (1.98*%) 113.509 (1.96**) 116.264 (2.02*%)
Panel B: Corn

Intercept 166.565 (19.59%) 167.816 (19.90%) 163.062 (18.17%*)
GK Volatility -0.127 (-3.10%)

Returns Volatility -1.867 (-2.67%)

Realized Volatility -0.008 (-0.78)
Volume -0.003 (-2.95%) -0.002 (-2.53*%*) -0.003 (-3.33%)
Depth 0.720 (52.20%) 0.721 (53.16%) 0.724 (49.57%)
D, -6.455 (-0.42) -8.978 (-0.58) -5.120 (-0.33)
D, 59.810 (5.67%) 56.363 (5.56%) 55.846 (5.05%)
D1, 5.934 (0.66) 5.959 (0.67) 5.853 (0.66)
Dy 40.365 (3.45%) 39.761 (3.36%) 41.436 (3.58%)
Panel C: Oil

Intercept 2.967 (5.99%) 3.191 (6.29%) 2.297 (4.56%)
GK Volatility -0.009 (-4.89%)

Returns Volatility -0.210 (-5.18%)

Realized Volatility 0.000 (-0.02)
Volume 0.000 (10.70%*) 0.000 (11.33%) 0.000 (10.29%)
Depth 0.934 (234.85%) 0.934 (237.83%) 0.938 (225.16%)
D, -0.870 (-0.72) -0.930 (-0.78) -1.455 (-1.20)
D, 1.313 (1.77**%) 1.381 (1.86**%*) 1.279 (1.71**%)
D1, -1.789 (-2.10%%*) -1.936 (-2.27*%*) -1.748 (-2.04*%*)
Dy 3.596 (3.77%) 3.342 (3.50%) 3.651 (3.83%)
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Table 4.15 (Continued)

Panel D: Euro

Intercept

GK Volatility
Returns Volatility
Realized Volatility
Volume

Depth

D,

D,

Dr.y

Dy

14.560 (9.06%)
-0.068 (-4.42%)

0.000 (1.85%**)
0.968 (478.01%)
33.626 (3.89%)
84.826 (17.38%)
5.507 (1.91%%%)
-3.459 (-1.24)

16.851 (9.82%)
-3.609 (-5.15%)

0.000 (2.84%)
0.966 (464.04%)
32.122 (3.73%)
85.660 (17.58%)
5.873 (2.03%%)
-2.987 (-1.07)

13.215 (8.54%)

0.000 (-0.45)
0.000 (1.68%**)
0.970 (522.28%)
33.950 (3.91%)
85.080 (17.54%)
5.622 (1.94%*%)
-3.387 (-1.22)

Panel E: Yen

Intercept

GK Volatility
Returns Volatility
Realized Volatility
Volume

Depth

D,

D,

Dr.y

Dy

3.993 (4.05%)
-0.006 (-0.31)

0.001 (2.39%%)
0.982 (606.32%)
8.041 (1.12)
78.432 (16.16%)
5.008 (2.17%%)
0.100 (0.04)

4.038 (4.00%)
-0.112 (-0.22)

0.001 (2.30%*)
0.982 (593.94%)
7.996 (1.12)
78.454 (16.16%)
5.000 (2.16%*)
0.083 (0.04)

3.951 (4.27%)

0.000 (-0.12)
0.001 (2.46**)
0.982 (645.30%)
8.051 (1.12)
78.441 (16.27%)
5.001 (2.16%%)
0.084 (0.04)

Panel F: Gold

Intercept

GK Volatility
Returns Volatility
Realized Volatility
Volume

Depth

D,

D,

Dr.y

Dy

11.404 (17.88%)
-0.057 (-5.32%)

0.001 (10.01%)
0.864 (155.90%)
-15.398 (-9.58%)
2.741 (2.67%)
1.867 (1.68***)
11.340 (8.41%)

12.247 (19.25%)
-0.813 (-8.46%)

0.001 (10.48%)
0.861 (158.76*)
-15.669 (-9.78%)
3.271 (3.15%)
1.907 (1.72%%%)
11.302 (8.38%)

10.518 (15.65%)

-0.003 (-1.98*%)
0.000 (8.80%)
0.871 (151.84%)
-14.961 (-9.25%)
3.059 (2.91%)
1.873 (1.68***)
11.422 (8.46%)
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Table 4.16 Depth Frequency, Transitory Volatility, and Controls Fifteen-Minute Day

This table presents the coefficient estimates for the following model:

6
Depth Frequency, = a, + Volatility,_, + ,Frequency, + B,Depth,_, + E oD, +
i=1

i oD, +¢,

Depth frequency is calculated as the sum of the number of orders available across all five levels. GK
volatility is the Garman and Klass volatility (1980) measure composed of the high, low, open, and close
values in an interval. Returns volatility is calculated as the absolute value of returns across intervals.
Realized volatility is the sum of squared returns in each interval. Frequency is computed as the quantity of
trades in each time interval. D is a dummy variable for the time interval that takes a value of one or zero.
Each regression is estimated using Hansen’s (1982) generalized method of moments (GMM) procedure
along with the Newey and West (1987) correction. The T subscript represents the last time interval of a
trading day. *, **, and *** denote significance at the one percent level, five percent level, and ten percent

level, respectively.

Panel A: T-note

Intercept 196.999 (29.24%) 197.716 (28.85%) 195.446 (24.18%)
GK Volatility -5.801 (-3.44%)

Returns Volatility -7.210 (-3.28%)

Realized Volatility -0.393 (-2.58%)
Frequency 0.014 (4.44%) 0.012 (4.05%) 0.010 (3.29%)
Depth 0.035 (51.38%) 0.035 (52.15%) 0.035 (40.64%)
D, -104.57 (-11.16%) -102.47 (-10.88%) -100.93 (-10.94%*)
D, 57.864 (8.77%) 51.997 (7.91%) 57.052 (8.34%)
D1, -14.945 (-2.77%) -15.499 (-2.84%) -15.666 (-3.11%)
Dy -14.121 (-2.35%%) -14.579 (-2.42*%) -15.233 (-2.71%)
Panel B: Corn

Intercept 54.299 (22.15%) 54.965 (22.41%) 53.759 (19.43%)
GK Volatility -0.003 (-0.30)

Returns Volatility -0.285 (-2.05*%*)

Realized Volatility 0.010 (3.82%)
Frequency 0.001 (2.22**) 0.002 (2.59%) 0.001 (1.54)
Depth 0.072 (16.56%) 0.071 (16.61%) 0.072 (13.84%)
D, -13.945 (-5.19%) -14.282 (-5.33%) -13.856 (-4.95%)
D, 6.938 (3.57%) 7.588 (4.00%) 1.120 (0.55)
D1, -5.833 (-3.41%) -5.823 (-3.41%) -5.732 (-4.28%)
Dy -14.854 (-8.09%) -15.049 (-8.19%) -14.488 (-8.95%)
Panel C: Oil

Intercept 8.637 (11.40%) 8.656 (11.91%) 8.717 (10.29%)
GK Volatility 0.022 (4.35%)

Returns Volatility 0.417 (9.16%)

Realized Volatility 0.004 (5.01%)
Frequency 0.000 (-2.42%%*) 0.000 (-3.40%) 0.000 (-3.02%)
Depth 0.472 (73.69%) 0.469 (74.47%) 0.470 (61.48%)
D, -0.296 (-0.35) 0.188 (0.24) -2.397 (-2.41%*%)
D, 2.801 (4.58%) 2.703 (4.36%) -0.333 (-0.48)
D1, -4.610 (-8.00%) -4.365 (-7.51%) -4.734 (-8.91%)
Dy -3.149 (-4.74%) -2.834 (-4.29%) -3.318 (-5.24%)
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Table 4.16 (Continued)

Panel D: Euro

Intercept 38.113 (14.95%) 45.084 (17.32%) 35.441 (11.77%)
GK Volatility -0.150 (-9.76%)

Returns Volatility -10.066 (-11.19%)

Realized Volatility -0.002 (-3.77%)
Frequency 0.008 (18.96%) 0.008 (20.65%) 0.008 (17.55%*)
Depth 0.183 (56.32%) 0.178 (55.80%) 0.185 (44.96%)
D, 4.992 (1.32) 1.239 (0.33) 5.528 (1.50)
D, 19.415 (6.17%) 22.545 (7.03%) 19.912 (6.65%)
D1, -4.591 (-2.23*%*) -3.886 (-1.95%**%*) -4.311 (-2.19%%)
Dy -3.446 (-1.68***) -2.489 (-1.21) -3.170 (-1.61)
Panel E: Yen

Intercept 62.078 (31.24%) 66.245 (32.84%) 61.121 (25.33%)
GK Volatility -0.182 (-8.89%)

Returns Volatility -7.925 (-9.12%)

Realized Volatility -0.003 (-6.57%)
Frequency 0.007 (11.92%) 0.008 (13.17%) 0.006 (10.47%)
Depth 0.153 (62.63%) 0.151 (62.82%) 0.154 (49.95%)
D, -4.376 (-1.57) -7.626 (-2.70%) -4.104 (-1.52)
D, 19.008 (7.77%) 21.001 (8.61%) 19.304 (8.32%)
D1, -10.784 (-5.91%) -10.867 (-6.04%*) -11.031 (-6.40%)
Dy -11.326 (-6.29%) -11.734 (-6.72%) -11.886 (-7.01%)
Panel F: Gold

Intercept 17.630 (33.04%*) 17.807 (33.32%) 17.054 (26.89%)
GK Volatility -0.051 (-6.92%)

Returns Volatility -0.506 (-11.96%*)

Realized Volatility -0.004 (-4.11%)
Frequency 0.000 (-3.26%) 0.000 (-2.39%%*) 0.000 (-4.62%)
Depth 0.329 (70.08*) 0.330 (69.61%) 0.334 (57.77%)
D, -11.852 (-18.07%) -11.890 (-18.11%) -11.496 (-17.24%)
D, -1.017 (-2.26*%*) -0.726 (-1.58) -0.420 (-0.84)
D1, -1.433 (-3.11%) -1.389 (-3.00%) -1.458 (-3.27%)
Dy -2.393 (-4.80%) -2.359 (-4.73%) -2.387 (-4.92%)
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Table 4.17 Depth Quantity, Transitory Volatility, and Controls Five-Minute Night

This table presents the coefficient estimates for the following model:

6
Depth Quantity, = a, + p,Volatility, , + p,Volume, + ,Depth,_, + EQDI. +
i=1

i=T-5

i oD, +¢,

Depth quantity is calculated as the sum of the depth available across all five levels. GK volatility is the
Garman and Klass volatility (1980) measure composed of the high, low, open, and close values in an
interval. Returns volatility is calculated as the absolute value of returns across intervals. Realized volatility
is the sum of squared returns in each interval. Volume is computed as the sum of trade volume in each time
interval. D is a dummy variable for the time interval that takes a value of one or zero. Each regression is
estimated using Hansen’s (1982) generalized method of moments (GMM) procedure along with the Newey
and West (1987) correction. The T subscript represents the last time interval of a trading day. *, **, and
*#* denote significance at the one percent level, five percent level, and ten percent level, respectively.

Panel A: T-note

Intercept 83.931 (18.99%) 89.649 (19.33%) 85.012 (20.37%)
GK Volatility 17.674 (1.07)

Returns Volatility -26.729 (-2.25%%*)

Realized Volatility -0.691 (-0.70)
Volume 0.012 (3.05%) 0.015 (3.55%) 0.013 (3.48%)
Depth 0.979 (660.77%*) 0.978 (657.65%) 0.979 (692.29%)
D, -2293.0 (-19.67%) -2293.4 (-19.67%) -2293.4 (-19.67%)
D, 179.725 (4.61%) 182.066 (4.76%) 188.805 (4.97%)
D; 71.362 (1.92%*%*) 76.418 (2.05%*) 71.435 (1.92%*%)
D, 24.149 (1.07) 24.416 (1.09) 24.272 (1.08)
Ds -22.492 (-1.00) -23.364 (-1.04) -22.428 (-1.00)
Ds 28.473 (1.04) 27.463 (1.00) 27.963 (1.02)
Drs -127.53 (-3.69%) -128.40 (-3.71%) -128.14 (-3.71%)
Dr4 -55.940 (-1.75%***) -56.478 (-1.77**%*) -56.364 (-1.77**%*)
D13 -169.81 (-5.48%) -170.38 (-5.50%) -170.30 (-5.50%)
Dr, -172.36 (-5.08%) -173.21 (-5.10%) -172.95 (-5.10%)
D1, -235.04 (-6.72%) -236.07 (-6.75%) -235.66 (-6.74%)
Dy -456.90 (-13.55%) -458.42 (-13.58%) -457.79 (-13.56%)
Panel B: Corn

Intercept 14.845 (17.29%) 16.087 (17.02%) 14.837 (16.06%)
GK Volatility -0.013 (-0.08)

Returns Volatility -1.400 (-3.30%)

Realized Volatility -0.002 (-0.34)
Volume 0.018 (2.11*%) 0.020 (2.29**) 0.018 (2.18**)
Depth 0.921 (195.92%) 0.920 (193.84%) 0.921 (176.19%)
D, 54.275 (3.66%) 53.385 (3.61%) 54.251 (3.68%)
D, -17.555 (-2.31*%) -18.872 (-3.00%) -16.681 (-2.32%*%*)
D; 4.564 (0.81) 8.560 (1.50) 4.548 (0.81)
D, 6.490 (1.34) 7.411 (1.54) 6.458 (1.34)
Ds -2.022 (-0.42) -1.578 (-0.33) -2.045 (-0.42)
Ds 1.772 (0.32) 2.207 (0.40) 1.754 (0.32)
Drs 4.370 (0.95) 4.388 (0.95) 4.364 (0.94)
D14 2.588 (0.606) 2.590 (0.66) 2.587 (0.66)
D13 -3.400 (-0.81) -3.412 (-0.81) -3.403 (-0.80)
Dr, 3.986 (0.93) 4.161 (0.97) 3.983 (0.94)
D1, 5.685 (1.25) 5.948 (1.31) 5.680 (1.25)
Dy 3.650 (0.72) 3.881 (0.76) 3.640 (0.71)
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Table 4.17 (Continued)

Panel C: Oil

Intercept 9.374 (46.44%) 9.671 (47.67%) 9.337 (42.48%)
GK Volatility -0.011 (-4.12%)

Returns Volatility -0.397 (-8.75%)

Realized Volatility -0.001 (-4.46%)
Volume 0.003 (20.11%) 0.003 (20.16%) 0.003 (19.33%)
Depth 0.782 (158.02%) 0.783 (158.56%) 0.783 (146.41%)
D, -8.929 (-4.65%) -8.975 (-4.67%) -8.927 (-4.65%)
D, -2.458 (-2.40%%) -2.109 (-2.04*%*) -2.355 (-2.28*%*)
D; 0.032 (0.03) 0.337 (0.31) 0.049 (0.05)
D, -2.412 (-2.46%%) -2.353 (-2.40%*%*) -2.407 (-2.46%%*)
Ds -0.709 (-0.56) -0.702 (-0.55) -0.699 (-0.55)
Ds -0.765 (-0.71) -0.779 (-0.72) -0.755 (-0.70)
Drs -0.069 (-0.06) -0.162 (-0.15) -0.064 (-0.06)
D14 1.683 (1.44) 1.581 (1.35) 1.690 (1.45)
D13 0.882 (0.84) 0.823 (0.78) 0.885 (0.84)
Dr, 0.723 (0.62) 0.657 (0.57) 0.731 (0.63)
D1, -1.642 (-1.63) -1.736 (-1.72**%*) -1.635 (-1.62)
Dy 0.780 (0.82) 0.710 (0.75) 0.787 (0.83)
Panel D: Euro

Intercept 9.017 (25.03%) 10.099 (25.84%*) 8.955 (25.88%)
GK Volatility -0.091 (-6.64%)

Returns Volatility -2.712 (-8.91%)

Realized Volatility -0.008 (-5.80%)
Volume 0.001 (5.33%) 0.002 (6.25%) 0.001 (5.29%)
Depth 0.973 (889.68%) 0.972 (874.78%) 0.974 (921.88%)
D, 19.394 (4.73%) 18.804 (4.59%) 19.302 (4.71%)
D, 34.692 (10.90%) 34.776 (10.95%) 34.802 (10.95%)
D; 16.120 (5.21%) 16.036 (5.18%) 16.144 (5.22%)
D, 11.988 (5.28%) 11.780 (5.18%) 12.022 (5.30%)
Ds 7.824 (3.77%) 7.640 (3.67%) 7.841 (3.78%)
Ds 10.213 (3.67%) 9.989 (3.59%) 10.249 (3.68%)
Drs -9.404 (-5.24%) -9.807 (-5.45%) -9.453 (-5.27%)
D14 -7.209 (-4.13%) -7.613 (-4.34%) -7.247 (-4.14%)
D13 -9.982 (-5.61%) -10.407 (-5.81%) -9.912 (-5.58%)
Dr, -10.134 (-5.48%) -10.858 (-5.85%) -10.263 (-5.55%)
D1, -5.602 (-2.21*%) -6.026 (-2.36%%*) -5.522 (-2.18*%*)
Dy -17.185 (-5.82%) -17.895 (-6.06%) -17.197 (-5.83%)
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Table 4.17 (Continued)

Panel E: Yen

Intercept 4.410 (16.95%) 5.060 (17.77%) 4.375 (17.71%)
GK Volatility -0.044 (-3.06%)

Returns Volatility -1.587 (-6.48%)

Realized Volatility -0.003 (-1.87%***)
Volume -0.002 (-5.53%) -0.002 (-4.59%) -0.002 (-5.72%)
Depth 0.989 (1341.72%) 0.989 (1314.68%*) 0.989 (1405.57%*)
D, 53.699 (15.44%) 53.689 (15.42%) 53.701 (15.44%)
D, 27.932 (9.59%) 28.050 (9.63%) 27.996 (9.62%)
D; 20.605 (8.56%) 20.556 (8.54%) 20.633 (8.58%)
D, 14.918 (7.94%) 14.886 (7.93%) 14.935 (7.95%)
Ds 9.683 (4.68%) 9.641 (4.67%) 9.702 (4.69%)
Ds 3.163 (1.67**%*) 3.162 (1.67**%*) 3.178 (1.68***)
Drs -8.215 (-6.25%) -8.234 (-6.25%) -8.208 (-6.24%)
D14 -4.029 (-2.87%) -4.063 (-2.88%) -3.991 (-2.84%)
D13 -8.555 (-6.30%) -8.469 (-6.21%) -8.556 (-6.30%*)
Dr, -6.562 (-5.57%) -6.553 (-5.57%) -6.492 (-5.50%)
D1, -8.016 (-7.10%) -8.177 (-7.26%) -8.015 (-7.09%)
Dy -6.967 (-6.31%) -7.084 (-6.44%) -6.988 (-6.34%)
Panel F: Gold

Intercept 14.705 (66.97%*) 15.601 (66.89%) 14.645 (62.91%)
GK Volatility -0.049 (-5.11%)

Returns Volatility -1.330 (-12.20%)

Realized Volatility -0.001 (-1.44)
Volume 0.004 (15.59%) 0.004 (16.87%) 0.004 (13.93%)
Depth 0.777 (237.50%) 0.773 (234.56%) 0.778 (229.88%)
D, -12.314 (-5.91%) -12.661 (-6.09%) -12.316 (-5.91%)
D, -3.690 (-2.25%%*) -3.023 (-1.82%*%*) -3.777 (-2.30%%)
D; -5.569 (-4.39%) -5.164 (-4.05%) -5.593 (-4.40%)
D, -5.395 (-3.99%) -5.453 (-4.04%) -5.402 (-4.00%)
Ds -3.881 (-3.84%) -3.861 (-3.82%) -3.887 (-3.84%)
Ds -4.460 (-3.74%) -4.475 (-3.76%) -4.461 (-3.74%)
Drs -2.869 (-2.61%) -3.143 (-2.86%) -2.887 (-2.63%)
D14 -0.725 (-0.55) -0.961 (-0.73) -0.727 (-0.55)
D13 -4.966 (-3.60%) -5.132 (-3.72%) -4.983 (-3.60%)
Dr, -1.695 (-1.33) -1.889 (-1.48) -1.717 (-1.34)
D1, -1.276 (-1.04) -1.471 (-1.20) -1.278 (-1.04)
Dy -3.084 (-2.42*%) -3.395 (-2.67%) -3.098 (-2.43**)

150



Table 4.18 Depth Frequency, Transitory Volatility, and Controls Five-Minute Night

This table presents the coefficient estimates for the following model:

6
Depth Frequency, = a, + Volatility,_, + ,Frequency, + B;Depth,_, + E oD, +
i=1

S o0+,

Depth frequency is calculated as the sum of the number of orders available across all five levels. GK
volatility is the Garman and Klass volatility (1980) measure composed of the high, low, open, and close
values in an interval. Returns volatility is calculated as the absolute value of returns across intervals.
Realized volatility is the sum of squared returns in each interval. Frequency is computed as the quantity of
trades in each time interval. D is a dummy variable for the time interval that takes a value of one or zero.
Each regression is estimated using Hansen’s (1982) generalized method of moments (GMM) procedure
along with the Newey and West (1987) correction. The T subscript represents the last time interval of a
trading day. *, **, and *** denote significance at the one percent level, five percent level, and ten percent

level, respectively.

Panel A: T-note

Intercept
GK Volatility
Returns Volatility

Realized Volatility

Frequency
Depth

56.121 (43.29%)
22771 (-4.04%)

0.244 (21.71%)
0.034 (88.62%)
-132.20 (-29.72%)
-22.439 (-7.53%)
-30.220 (-9.70%)
-31.669 (-10.20%)
-31.856 (-10.02%)
-30.049 (-9.02%)
-42.810 (-10.73%)
-42.526 (-10.79%)
-41.733 (-11.90%)
-41.232 (-11.38%)
-45.639 (-12.71%)
-63.580 (-19.38%)

55.757 (42.86%)
-2.867 (-2.64%)

0.230 (20.24%)
0.034 (87.74%)
~131.73 (-29.80%)
-29.232 (-11.68%)
-29.757 (-9.77%)
-31.945 (-10.08%)
-32.196 (-9.84%)
-29.774 (-8.90%)
-42.474 (-10.65%)
-42.443 (-10.73%)
-41.567 (-11.82%)
-40.985 (-11.29%)
45314 (-12.62%)
-62.981 (-19.18%)

55.324 (33.95%)

-0.376 (-2.04%%)
0.228 (17.16%)
0.034 (68.73%)

131.77 (-29.64%)

-26.694 (-9.64%)

-30.224 (-9.75%)

-31.940 (-9.94%)

-32.080 (-9.71%)

-29.758 (-8.78%)

-42.546 (-10.66%)

-42.535 (-10.75%)

-41.658 (-11.76%)

-41.060 (-11.23%)

-45.367 (-12.55%)

-63.037 (-19.04%)

Panel B: Corn

Intercept
GK Volatility
Returns Volatility

Realized Volatility

Frequency
Depth

16.611 (18.17%)
-0.125 (-4.51%)

-0.021 (-5.56%)
0.099 (18.44%)
13.205 (6.14%)

4.745 (3.59%)
4.542 (3.82%)
3.891 (3.48%)
2.211 (2.00%%)
2.277 (2.15%%)
-3.063 (-3.53%)
-3.292 (-3.54%)
-3.238 (-3.32%)
-3.308 (-3.53%)

2.551 (-2.49%%)

-3.086 (-3.14%)

17.493 (18.54%)
-1.111 (-11.09%)

-0.019 (-5.16%)
0.098 (18.30%)
12.850 (6.03%)

1.233 (1.08)
7.237 (5.78%)
4316 (3.83%)

2.337 (2.12%%)
2.452 (2.30%*)
-3.099 (-3.57%)
-3.302 (-3.57%)
-3.283 (-3.37%)
3201 (-3.41%)

2387 (-2.33%%)

-2.994 (-3.05%)

16.537 (13.73%*)

0.000 (0.32)
-0.024 (-5.89%)
0.099 (13.96%)
13.883 (6.29%)

2.072 (1.56)
4.151 (3.44%)
3.639 (3.16%)

2.047 (1.78%%%)
2.158 (1.96**)
-3.116 (-3.53%)
-3.297 (-3.52%)
-3.270 (-3.34%)
-3.331 (-3.54%)

2.583 (-2.50%*)
-3.137 (-3.17%)
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Table 4.18 (Continued)

Panel C: Oil

Intercept 11.956 (69.67%*) 11.817 (69.66*) 11.957 (58.03%)
GK Volatility 0.001 (0.62)

Returns Volatility 0.171 (6.30%*)

Realized Volatility 0.000 (1.32)
Frequency 0.006 (19.23%) 0.006 (18.70%) 0.006 (18.16%)
Depth 0.204 (44.86%) 0.203 (45.06%) 0.204 (37.60%)
D, -8.369 (-23.93%) -8.352 (-24.00%) -8.369 (-23.76%)
D, -6.269 (-20.39%) -6.454 (-20.55%) -6.311 (-20.22%)
D; -5.846 (-24.45%) -5.987 (-23.66%) -5.853 (-24.11%)
D, -6.224 (-22.32%) -6.252 (-22.52%) -6.224 (-22.11%)
Ds -5.947 (-19.68%) -5.951 (-19.71%) -5.948 (-19.53%)
Ds -5.901 (-20.96%*) -5.896 (-20.93%) -5.902 (-20.77%)
Drs -3.972 (-10.65%) -3.933 (-10.57%) -3.971 (-10.56%*)
D14 -3.975 (-12.22%) -3.931 (-12.12%) -3.975 (-12.09%)
D13 -4.626 (-13.79%) -4.602 (-13.78%) -4.625 (-13.65%)
Dr, -5.154 (-17.29%) -5.127 (-17.24%) -5.154 (-17.07%)
D1, -5.816 (-17.41%) -5.779 (-17.38%) -5.817 (-17.24%)
Dy -6.294 (-21.40%) -6.264 (-21.40%) -6.293 (-21.16%)
Panel D: Euro

Intercept 12.414 (18.51%) 13.825 (20.74%*) 12.404 (15.41%)
GK Volatility -0.064 (-3.94%)

Returns Volatility -3.467 (-9.78%)

Realized Volatility -0.007 (-5.14%)
Frequency 0.044 (26.84%) 0.045 (26.89%) 0.044 (25.08%)
Depth 0.198 (111.03%*) 0.197 (109.91%) 0.198 (86.81%)
D, -8.465 (-8.91%) -9.006 (-9.57%) -8.483 (-8.61%)
D, -6.606 (-7.05%) -6.505 (-6.88%) -6.526 (-6.69%)
D; -11.166 (-11.13%) -11.279 (-11.29%) -11.161 (-10.81%)
D, -14.320 (-14.56%*) -14.609 (-14.88%) -14.310 (-14.16%)
Ds -15.785 (-16.67%) -16.026 (-17.05%) -15.781 (-16.23%)
Ds -16.043 (-16.94%) -16.362 (-17.33%) -16.032 (-16.47%)
Drs -11.107 (-14.33%) -11.446 (-14.78%) -11.102 (-13.66%*)
D14 -10.271 (-12.49%) -10.654 (-12.80%) -10.275 (-11.93%)
D13 -9.744 (-12.48%) -10.198 (-12.79%) -9.664 (-11.68%)
Dr, -9.336 (-12.00%) -10.021 (-13.17%) -9.381 (-11.48%)
D1, -8.850 (-11.06%) -9.306 (-11.70%) -8.763 (-10.32%)
Dy -13.556 (-18.30%) -14.345 (-19.84%) -13.541 (-17.24%)
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Table 4.18 (Continued)

Panel E: Yen

Intercept 19.138 (39.57%) 20.579 (41.46%) 19.056 (32.33%)
GK Volatility -0.106 (-9.13%)

Returns Volatility -3.806 (-12.86%)

Realized Volatility -0.006 (-5.52%)
Frequency 0.064 (39.81%) 0.066 (40.48*) 0.064 (35.11%)
Depth 0.158 (131.64%) 0.157 (130.92%) 0.158 (101.59%)
D, -17.120 (-31.12%) -17.015 (-28.40%) -17.139 (-28.20%)
D, -20.055 (-31.82%) -19.681 (-31.55%) -19.926 (-29.65%)
D; -20.891 (-28.18%) -20.935 (-28.47%) -20.831 (-26.89%)
D, -22.179 (-28.63%) -22.194 (-28.71%) -22.144 (-27.50%)
Ds -23.254 (-28.13%) -23.302 (-28.31%) -23.209 (-27.25%)
Ds -24.311 (-30.30%) -24.270 (-30.31%) -24.275 (-29.31%)
Drs -18.580 (-34.89%) -18.533 (-32.38%) -18.574 (-31.56%*)
D1y -17.942 (-33.04%*) -17.929 (-30.04%*) -17.887 (-29.51%)
D13 -18.499 (-34.40%*) -18.193 (-29.51%) -18.520 (-31.09%)
Dr, -17.753 (-35.11%) -17.631 (-31.04%) -17.622 (-30.51%)
D1, -17.765 (-36.80%) -18.051 (-35.95%) -17.782 (-32.30%)
Dy -18.561 (-39.31%) -18.748 (-37.34%) -18.633 (-34.67%)
Panel F: Gold

Intercept 14.585 (122.57%) 14.815 (122.52%) 14.540 (104.45%)
GK Volatility -0.051 (-9.80%)

Returns Volatility -0.432 (-11.33%)

Realized Volatility -0.002 (-6.65%)
Frequency 0.005 (14.02%) 0.005 (13.86%) 0.005 (11.11%)
Depth 0.161 (91.92%) 0.160 (90.70%) 0.162 (78.27%)
D, -9.937 (-25.97%) -10.053 (-26.27%) -9.927 (-25.75%)
D, -7.974 (-29.75%) -7.829 (-28.52%) -8.032 (-29.39%)
D; -7.606 (-23.63%) -7.489 (-23.11%) -7.624 (-23.45%)
D, -7.399 (-29.15%) -7.417 (-29.33%) -7.406 (-28.74%)
Ds -7.014 (-25.54%) -7.006 (-25.51%) -7.021 (-25.14%)
Ds -7.023 (-26.03%) -7.022 (-25.94%) -7.024 (-25.56%*)
Drs -5.237 (-18.68%) -5.338 (-19.18%) -5.243 (-18.55%)
D14 -5.409 (-20.68%) -5.484 (-21.10%) -5.404 (-20.38%)
D13 -6.169 (-20.55%) -6.235 (-20.78%) -6.173 (-20.36%)
Dr, -7.003 (-25.65%) -7.083 (-26.05%) -7.012 (-25.33%)
D1, -7.427 (-24.57%) -7.484 (-24.78%) -7.429 (-24.30%)
Dy -8.012 (-27.00%) -8.123 (-27.55%) -8.012 (-26.70%)
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Table 4.19 Depth Quantity, Transitory Volatility, and Controls Fifteen-Minute Night

This table presents the coefficient estimates for the following model:

2
Depth Quantity, = a, + BVolatility, , + B,Volume, + B,Depth,_, + E@Di +
i=1

i=T-1

i @D, +¢,

Depth quantity is calculated as the sum of the depth available across all five levels. GK volatility is the
Garman and Klass volatility (1980) measure composed of the high, low, open, and close values in an
interval. Returns volatility is calculated as the absolute value of returns across intervals. Realized volatility
is the sum of squared returns in each interval. Volume is computed as the sum of trade volume in each time
interval. D is a dummy variable for the time interval that takes a value of one or zero. Each regression is
estimated using Hansen’s (1982) generalized method of moments (GMM) procedure along with the Newey
and West (1987) correction. The T subscript represents the last time interval of a trading day. *, **, and
*#* denote significance at the one percent level, five percent level, and ten percent level, respectively.

Panel A: T-note

Intercept 194.694 (16.43%) 211.171 (18.88%) 189.206 (18.03%)
GK Volatility -28.199 (-1.24)

Returns Volatility -81.317 (-6.11%)

Realized Volatility -2.757 (-2.67%)
Volume 0.021 (6.48%) 0.024 (7.41%) 0.020 (6.87%)
Depth 0.947 (241.02%) 0.946 (252.26%) 0.948 (257.27%)
D, -2441.1 (-20.53%) -2437.8 (-20.43%) -2442.1 (-20.50%)
D, 203.094 (5.00%) 178.697 (4.19%) 213.034 (5.18%)
D1, -323.68 (-6.88%) -328.09 (-6.98%) -325.56 (-6.91%)
Dy -638.02 (-13.52%) -639.51 (-13.50%) -638.69 (-13.46%)
Panel B: Corn

Intercept 22.566 (12.29%) 23.568 (12.06%) 22.383 (10.60%)
GK Volatility -0.066 (-0.82)

Returns Volatility -0.848 (-1.80%*%*)

Realized Volatility 0.003 (0.56)
Volume 0.022 (3.47%) 0.023 (3.52%) 0.021 (3.41%)
Depth 0.870 (83.62%) 0.870 (83.33%) 0.870 (71.81%)
D, 34.018 (2.44%%*) 33.399 (2.38*%*) 34.959 (2.51%%)
D, 0.296 (0.04) -3.216 (-0.48) -4.081 (-0.56)
D1, 5.170 (1.14) 5.135(1.13) 5.141 (1.13)
Dy 9.484 (1.97**) 9.511 (1.97**) 9.544 (1.98**)
Panel C: Oil

Intercept 11.093 (33.88%) 11.385 (35.46%) 11.008 (32.88%)
GK Volatility -0.008 (-2.62%)

Returns Volatility -0.301 (-8.18%)

Realized Volatility -0.001 (-2.87%)
Volume 0.001 (19.90%) 0.001 (20.47%) 0.001 (19.89%)
Depth 0.736 (92.36%) 0.739 (92.96%) 0.737 (90.84%)
D, -7.838 (-6.52%) -7.972 (-6.61%) -7.831 (-6.49%)
D, -1.131 (-1.05) -0.954 (-0.88) -1.005 (-0.93)
D1, 0.044 (0.04) -0.125 (-0.12) 0.049 (0.05)
Dy -0.888 (-0.75) -1.058 (-0.90) -0.881 (-0.75)
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Table 4.19 (Continued)

Panel D: Euro

Intercept

GK Volatility
Returns Volatility
Realized Volatility
Volume

Depth

D,

D,

Dr.y

Dy

13.034 (16.26%*)
-0.221 (-7.25%)

0.002 (10.55%*)
0.952 (348.25%)
42.510 (9.79%)
46.107 (12.14%)
-20.171 (-9.00%*)
-18.714 (-8.48%)

17.614 (19.09%*)
-6.888 (-12.58%)

0.003 (11.92%*)
0.947 (338.23%)
40.153 (9.22%)
45.691 (12.01%)
-22.520 (-10.14%*)
-21.808 (-9.87%)

12.530 (16.78%*)

-0.013 (-6.87%)
0.002 (10.25%)
0.953 (368.66%)
42.087 (9.73%)
46.354 (12.29%)
-20.355 (-9.18%)
-19.149 (-8.64%)

Panel E: Yen

Intercept

GK Volatility
Returns Volatility
Realized Volatility
Volume

Depth

D,

D,

Dr.y

Dy

5.118 (8.52%)
-0.123 (-3.87%)

0.001 (2.44**)
0.979 (500.12%*)
77.552 (17.75%)
52.788 (16.10%)
-14.293 (-9.06%*)
-13.281 (-8.68%)

8.654 (12.18%)
-5.284 (-11.43%)

0.002 (4.62%)
0.976 (481.74%)
76.438 (17.50%)
53.282 (16.33%)
-14.999 (-9.41%)
-14.096 (-9.04%)

4.847 (9.16%)

-0.005 (-1.95%*%)
0.001 (2.13%*)
0.980 (544.00%)
77.374 (17.80%)
52.947 (16.17%)
-14.463 (-9.13%)
-13.275 (-8.63%)

Panel F: Gold

Intercept

GK Volatility
Returns Volatility
Realized Volatility
Volume

Depth

D,

D,

Dr.y

Dy

16.665 (42.20%*)
-0.083 (-5.65%)

0.002 (10.29%)
0.745 (130.89%)
-11.722 (-7.24%)
-5.307 (-4.13%)
2306 (-1.99%%)
2328 (-1.63)

17.437 (43.50%)
-0.940 (-9.78*)

0.002 (10.23%)
0.743 (130.13%)
-12.052 (-7.43%)

-5.060 (-3.92%)
-2.557 (-2.22%%)

-2.542 (-1.77%%%)

16.362 (39.18%)

-0.003 (-2.73%)
0.002 (8.79%)
0.748 (129.38%)
-11.674 (-7.17%)
-5.394 (-4.19%)
2269 (-1.96%%)
2316 (-1.62)
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Table 4.20 Depth Frequency, Transitory Volatility, and Controls Fifteen-Minute Night

This table presents the coefficient estimates for the following model:

2
Depth Frequency, = o, + 8, Volatility,_, + B,Frequency, + ,Depth, , + E@D,. +
i=1

i oD, +¢,

Depth frequency is calculated as the sum of the number of orders available across all five levels. GK
volatility is the Garman and Klass volatility (1980) measure composed of the high, low, open, and close
values in an interval. Returns volatility is calculated as the absolute value of returns across intervals.
Realized volatility is the sum of squared returns in each interval. Frequency is computed as the quantity of
trades in each time interval. D is a dummy variable for the time interval that takes a value of one or zero.
Each regression is estimated using Hansen’s (1982) generalized method of moments (GMM) procedure
along with the Newey and West (1987) correction. The T subscript represents the last time interval of a
trading day. *, **, and *** denote significance at the one percent level, five percent level, and ten percent

level, respectively.

Panel A: T-note

Intercept 57.712 (29.65%) 56.344 (28.83%) 55.794 (24.32%)
GK Volatility -14.341 (-5.37%)

Returns Volatility -2.627 (-2.24%%)

Realized Volatility -0.164 (-1.25)
Frequency 0.107 (15.41%) 0.097 (13.99%) 0.095 (13.12%)
Depth 0.033 (54.92%) 0.033 (54.83%) 0.033 (45.00%)
D, -123.75 (-28.08%) -124.03 (-28.20%) -124.15 (-27.98%)
D, -17.256 (-5.79%) -22.538 (-8.14%) -21.005 (-7.02%)
D1, -48.360 (-12.57%) -48.940 (-12.66%*) -48.933 (-12.43%)
Dy -61.136 (-17.36%) -60.967 (-17.20%) -61.029 (-17.09%)
Panel B: Corn

Intercept 16.228 (10.67%) 16.843 (10.93%) 16.105 (8.20%)
GK Volatility -0.059 (-3.61%)

Returns Volatility -0.565 (-6.29%)

Realized Volatility 0.001 (1.41)
Frequency -0.010 (-4.11%) -0.009 (-3.86%) -0.012 (-4.71%)
Depth 0.101 (11.35%) 0.100 (11.34%) 0.101 (8.75%)
D, 12.846 (6.40%) 12.510 (6.19%) 13.722 (6.72%)
D, 4.949 (3.43%) 2.050 (1.69**%*) 2.102 (1.63)
D1, -2.333 (-2.68%) -2.368 (-2.71%) -2.357 (-2.71%)
Dy -1.840 (-1.97*%) -1.824 (-1.95**%) -1.768 (-1.92%**)
Panel C: Oil

Intercept 11.267 (44.99%) 11.112 (45.23%) 11.299 (42.43%)
GK Volatility 0.004 (2.23**)

Returns Volatility 0.160 (6.93*)

Realized Volatility 0.001 (3.19%)
Frequency 0.002 (18.68*) 0.002 (18.64*) 0.002 (18.36%)
Depth 0.209 (32.24%) 0.208 (32.29%) 0.208 (29.98%)
D, -7.626 (-25.37%) -7.558 (-25.39%) -7.627 (-25.15%)
D, -5.626 (-21.40%) -5.729 (-21.42%) -5.818 (-20.59%)
D1, -4.345 (-13.10%) -4.258 (-12.99%) -4.340 (-13.00%)
Dy -5.959 (-20.24%) -5.873 (-20.21%) -5.955 (-20.09%)
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Table 4.20 (Continued)

Panel D: Euro

Intercept 9.382 (9.41%) 11.851 (12.09%) 9.194 (7.92%)
GK Volatility -0.085 (-5.31%)

Returns Volatility -3.734 (-12.17%)

Realized Volatility -0.004 (-4.32%)
Frequency 0.019 (24.39%) 0.019 (24.62%) 0.019 (22.78%)
Depth 0.192 (70.06%) 0.189 (69.68*) 0.192 (56.84%)
D, -1.578 (-1.70**%*) -2.623 (-2.87%) -1.780 (-1.81%*%*)
D, -4.844 (-4.67%) -5.067 (-4.84%) -4.758 (-4.42%)
D1, -9.054 (-9.62%) -10.067 (-10.86%) -9.183 (-9.24%)
Dy -8.821 (-9.93%) -10.245 (-11.88%) -9.031 (-9.55%)
Panel E: Yen

Intercept 14.691 (19.33%) 16.954 (21.49%) 14.445 (16.23%)
GK Volatility -0.117 (-7.40%)

Returns Volatility -3.886 (-12.49%)

Realized Volatility -0.003 (-3.45%)
Frequency 0.028 (30.57%) 0.029 (32.34%) 0.028 (26.84%)
Depth 0.157 (84.57%) 0.155 (84.25%) 0.157 (68.09%)
D, -8.274 (-11.45%) -8.921 (-12.17%) -8.517 (-10.66%)
D, -12.688 (-16.57%*) -12.156 (-16.23%) -12.568 (-15.39%)
D1, -15.108 (-21.76%*) -15.473 (-21.37%) -15.312 (-19.85%)
Dy -14.750 (-21.58%) -15.191 (-21.37%) -14.834 (-19.28%)
Panel F: Gold

Intercept 13.606 (71.69%) 13.700 (72.36%) 13.451 (62.58%)
GK Volatility -0.054 (-8.24%)

Returns Volatility -0.251 (-7.73%)

Realized Volatility -0.003 (-5.86%)
Frequency 0.002 (7.97%) 0.002 (7.21%) 0.002 (6.24%)
Depth 0.173 (62.28%) 0.174 (61.91%) 0.175 (55.65%)
D, -8.991 (-26.41%) -9.081 (-26.54%) -8.967 (-25.79%)
D, -6.764 (-24.20%) -6.761 (-23.96%) -6.824 (-23.57%)
D1, -5.156 (-19.61%) -5.229 (-19.97%) -5.144 (-19.07%)
Dy -7.196 (-23.40%) -7.270 (-23.37%) -7.201 (-22.67%)
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CHAPTER 5: CONCLUSION

Past research shows that depth beyond the best level is important in samples of
equity and international futures markets. Yet, little research has focused on depth beyond
the first level in the U.S. futures markets. Until recently, U.S. futures markets were
limited to floor trading where depth was either not recorded or not made available. This
dissertation employs the Chicago Mercantile Exchange (CME) Group proprietary
database on five-deep depth to analyze the characteristics of depth in U.S. electronic
futures markets in relation to distribution, spread, and volatility.

Chapter 2 examines the characteristics of depth for six futures contracts within the
context of a five-deep limit order book. Results show that a large amount of depth is
present in the book beyond the best level. The amount of depth across the five levels is
found to be unequal for all contracts. In addition, the amount of depth excluding the best
level is found to be uneven for all but the T-note futures contract. Chapter 3 examines the
relation between bid-ask spread and five-deep market depth. Evidence is found to support
an inverse relation between the spread and depth after controlling for known control
factors. Chapter 4 explores volatility in relation to depth in the limit order book. Overall,
an inverse relation is found between volatility and depth. In conclusion these results

contribute to the understating of the dynamics of depth in U.S. futures markets.
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