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Abstract

This paper investigates the commonality of liquidity in an open limit order book
market. We find that commonality in liquidity becomes stronger the deeper we look
into the limit order book. While commonality is only about 2% at the best prices, it
increases up to about 20% inside the limit order book. Furthermore, we find strong
time variation in commonality both on an intradaily basis and with the movement of
the market return. Our study thus suggests that previous estimates of commonality
do not hold for liquidity beyond best prices. Therefore, systematic liquidity risk in
a limit order book market is much higher than previous evidence implies.
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1 Introduction

Liquidity risk is a major concern to investors, because it implies that they
might have to trade when markets are especially illiquid, and trading in illiquid

markets is very costly. If the liquidity of different stocks also moves together,
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liquidity risk will be an even greater concern to investors: ! common liquidity
movements imply that liquidity risk is market-wide and, apart from idiosyn-
cratic shocks, cannot be diversified. Investors will have to bear the systematic

component of liquidity risk and will therefore ask for compensation.

Empirical asset pricing papers such as Amihud (2002), Pastor and Stambaugh
(2003) or Gibson and Mougeot (2004) show that investors receive a notable
compensation for bearing liquidity risk. In contrast, empirical microstructure
papers such as Chordia, Roll and Subrahmanyam (2000), Hasbrouck and Seppi
(2001), Halka and Huberman (2001) and Brockman and Chung (2002) suggest
that liquidity risk is almost entirely firm- specific. It implies that liquidity risk

is diversifiable and should not be priced.

One possible explanation for the weak evidence of commonality in the mi-
crostructure literature is that earlier studies used poor proxies for liquidity.
For example, Chordia, Roll and Subrahmanyam (2000), Hasbrouck and Seppi
(2001), Halka and Huberman (2001) and Brockman and Chung (2002) all
measure liquidity by looking at quotes and quantities at best prices. However,
if investors want to trade large positions, their orders will walk up the book
and therefore they will not only care about liquidity at best prices, but also

about liquidity beyond best prices.

A second explanation is that best quotes are particularly noisy and therefore
not well-suited for the study of commonality. Since liquidity suppliers compete
fiercely for new price priority, the bid-ask spread and depth at best prices are
subject to strong idiosyncratic variation. This hypothesis is consistent with
Domowitz, Hansch and Wang (2005) who show that order type correlation
has far more explanatory power for liquidity commonality inside the limit

order book than at the best prices.

I The theoretical literature develops several kinds of mechanisms through which
the liquidity supply of different stocks is linked. In these models, the correlation of
liquidity preferences, intermediary behavior or informational shocks create conta-
gion effects in the liquidity of different stocks. See Allen and Gale (2000), Kyle and
Xiong (2001), Gromb and Vayanos (2002), Fernando (2003), Watanabe (2003) and
Brunnermeier and Pedersen (2005).



A third explanation is time variation. Chordia, Roll and Subrahmanyam (2001)
show that liquidity is time-varying and that it is particularly low in falling
markets. If commonality exhibits a similar time variation, it might be low on
average but higher in falling markets. The empirical evidence on this issue
is ambiguous. For the US market, Coughenour and Saad (2004) find that in
falling markets specialist behavior tends to be more strongly correlated across
the stocks that they manage than in rising markets, while Domowitz, Hansch

and Wang (2005) observe no systematic differences for the Australian market.

In our paper we focus on (i) the level of commonality in liquidity beyond best
prices and (ii) the time variation of commonality in a pure limit order market.
Our basic methodology follows the market model used in Chordia, Roll and
Subrahmanyam (2000) and extends it to liquidity measures beyond the bid-ask
spread and depth. Furthermore, we examine the link between commonality in

the limit order book and movements of the market return.

Our paper is most closely related to the work of Bauer (2004) and Domowitz,
Hansch and Wang (2005). Bauer (2004) performs a Principal Component
Analysis (PCA) for liquidity measures of the limit order book and relates
commonality to underlying financial variables. Domowitz, Hansch and Wang
(2005) investigate the impact of order-type and order-flow correlations on re-
turn and liquidity commonality. We differ from these papers in three ways:
firstly, we focus on how commonality in liquidity depends on how deep we look
into the limit order book (as opposed to its relation with underlying financial
variables or order-type and order-flow commonality). Secondly, from a method-
ological point of view, we apply the Chordia, Roll and Subrahmanyam (2000)
market model instead of using a correlation or common factor approach. Our
approach has the advantage that it allows us to control for external factors
and that the common factor can directly be interpreted as market liquidity.
Thirdly, we use data from the German stock market, one of the world’s largest

and most important markets, instead of the Swiss and Australian market. 2

2 The growing availability of limit order book data has produced many further
studies on such markets. With regard to commonality, Chordia, Sarkar and Sub-
rahmanyam (2005) study common liquidity movements across asset classes. Irvine,



Based on the Xetra limit order book, which is used at the Frankfurt Stock
Exchange (FSE), we measure liquidity both at best prices (using the bid-ask
spread and its depth) and beyond best prices (using depth deeper in the limit
order book and the slope of the price-quantity schedule). Our study yields the
following main results: (i) We find evidence of significant common variation
in liquidity throughout the order book. The more the liquidity measures are
extended beyond best prices, the stronger commonality is: at best prices, com-
mon variation in depth only accounts for roughly 2% of all liquidity variation,
while it increases to a maximum level of about 20% deeper in the book. (ii)
Commonality exhibits strong time variation associated both with the time of
the day and the movement of the market. Most notably, liquidity commonal-
ity increases strongly with the absolute value of negative returns. This implies
that diversifying liquidity risk becomes more difficult in falling markets when

diversification is particularly important.

2 Market Structure, Data and Liquidity Measures

In the following sections we present the market structure of the Xetra trading
facility and give some descriptive statistics for the data set. Furthermore, we
explain the construction of our liquidity measures and eliminate trends from

the data.

2.1 Market Structure of Xetra

Our study uses data from the electronic limit order book market at the Frank-
furt Stock Exchange (FSE). The electronic system used in Frankfurt is called
Xetra and allows trading to anyone who is connected to the Xetra computer

system. Although trading through Xetra at the Frankfurt Stock Exchange

Benston and Kandel (2000) and Cao, Hansch and Wang (2004) study the infor-
mation content of the limit order book. Coppejans, Domowitz, Madhavan (2003)
focus on dynamic issues of the limit order book. Beltran, Giot and Grammig (2005)
relate commonalities across price-volume pairs of the limit order book to underlying
microstructural factors.



does face some competition from regional exchanges or floor trading facilities,

Xetra accounts for roughly 98% of all blue-chip trading activity.

The FSE operates as an open limit order book market. Market participants
can submit limit orders, market orders, market-to-limit orders and iceberg
orders (which provide hidden liquidity). Trading is based on a continuous
double auction mechanism with automatic matching of orders. Matching takes
place on a price and time priority. Trading hours at the FSE extend from
9.00 to 17.30 CET. During these hours all limit orders that are submitted
to the limit order book are displayed to all traders connected to the system.
This is a considerable difference compared to other systems like NYSE where
only specialists can access the complete book or Paris where only the best
five orders are displayed. The blue-chip segment of the FSE (which we focus
on) operates without any market makers and relies purely on the anonymous
submission of limit orders. While the book is open, it gives all limits, the
accumulated order volumes at each limit and the number of orders in the book
at each limit. 3 The tick size is 1 Eurocent (0.01 Euros) which corresponds to

the currency’s smallest possible value.

2.2 Raw Data and Order Book Reconstruction

Our data set consists of the thirty equities which make up the blue-chip index
DAX 30. It ranges from 02 January 2004 to 31 March 2004. This period
does not contain any extraordinary events nor was the market environment

particularly volatile.

The raw data is the computerized trading protocol in which the FSE keeps

track of all entries, cancellations, revisions, executions and expirations of or-

3 The continuous trading phase begins after an opening auction at the beginning of
the day and it is closed by a closing auction at the end of the day. During auctions,
the order book is closed, yet during continuous trading, the limit order book is
visible to all market participants. Note that only the visible peak of iceberg orders
appear in the order book.

4 For more details on the Xetra market model at the FSE see the Deutsche Boerse
Group (2004) manual of the stock trading model.



Table 1
Summary Statistics

Mean  Median Max Min

Market capitalization 18.20 10.39 61.29 2.95
Average daily trading volume 114.79 75.22  348.60 14.13
Absolute bid-ask spreads 0.04 0.03 0.09 0.01
Relative bid-ask spreads 0.09 0.10 0.15 0.05
Depth (at the best limit price) 180,487 148,461 979,214 65,773

Table 1 summarizes the main characteristics of the stocks in our data set. Market
capitalization is in billions of Euros as of 02 January 2004. Trading volume is the
average daily trading volume in millions of Euros between 02 January 2004 and 31
March 2004. The average spread and depth at the best bid and ask are computed
from the time series of limit order books at 30-minutes intervals. Absolute spreads
and depth at the best price are in Euros and relative spreads in %.

ders. The database has between 867,369 and 3,920,169 entries for each stock.
Additionally, the stock exchange recorded the initial state of the order book
at the beginning of our data range. From there, the order book was recon-
structed by implementing the Xetra market model. This leads to an order
book for each point in time when an order book event takes place. We take
snapshots at 30-minute intervals from this sequence of order books. We ex-
clude order books which have been preceded by an auction, since the supply
mechanism for liquidity might be different in auctions. Finally, we end up with

17 order books per day and stock.

Table 1 gives some summary statistics.® The stocks’ market capitalizations
range from 2.95 billion to 61.29 billion Euros. Average daily trading volume
varies between 14.13 million Euros and 348.60 million Furos. We use the 30-
minute snapshots of the order book to compute a time series of the bid-ask
spread and associated depth of all stocks. Average absolute spreads of a stock
lie between 0.01 and 0.09 Euros. Relative spreads (absolute spreads scaled
by the midquote) vary between 0.05% and 0.15%. The average depth is the
number of shares at the best bid and ask multiplied by the best ask and
bid price, respectively. It lies between 65,773 and 979,214 Euros on average.

5 Detailed descriptive statistics are provided in Table A in the appendix.



These figures show that liquidity for blue chip stocks is fairly high on average.

Nevertheless, there is considerable cross-sectional variation.

With regard to the order submission behavior we observe that 97.3 % of all
submissions are limit orders. Of the submitted limit orders, 23 % get executed
and 77 % cancelled. These figures show that the liquidity consumed by trans-
actions is only a fraction of the liquidity provided to the book.® About 80%
of all transactions take place within the best prices, while the remaining 20%
consume more liquidity. Such transactions can actually be very large and walk

up the book more than 100 ticks.

2.3 Time-of-Day Effects

Previous literature such as Wood, Mclnish and Ord (1985), Jain and Joh
(1988), Foster and Viswanathan (1990) or Mclnish and Wood (1992) docu-
ments that liquidity shows strong seasonal patterns, in particular on an intra-
day basis. We plot time-specific averages of the spread and the corresponding
depth against the time of day. Consistent with previous empirical evidence
Figure 1 shows higher spreads and lower depth at the opening of the trading
day. Spreads exhibit a pronounced L-shape over the time of the day, while
depth exhibits the corresponding upside-down L-pattern.

Like Hasbrouck and Seppi (2001) we standardize liquidity by subtracting time-
specific means and dividing by time-specific standard deviations. Thus we
focus on unexpected liquidity which corresponds to the liquidity risk that
investors bear. We illustrate the standardization procedure for the bid-ask
spread: let A denote the best ask price, B the best bid price and M@ the
midquote. We compute bid-ask spreads relative to the midquote, SP = (A —
B)/MQ@. Then let p denote the time of the day and k a specific trading day

6 With regard to iceberg orders, we include visible peaks and exclude all hidden
parts of the order. Therefore we take the exact limit order book which an investor
observes and uses to condition his behavior on. However, the treatment of iceberg
orders has no qualitative impact on the results in the later sections as the percentage
of iceberg orders to overall order submissions is very low (0.55%).



Fig. 1. Intraday Pattern of Average Spreads and Depth
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Figure 1 shows time-of-day effects for spreads and depth. The x-axis gives the time
of day and the y-axis the average relative spread (in %) or the average depth (in
100,000 of Euros).

(with £ = 1,...,n). For every stock j, we take subsamples that include ob-
servations at one time of the day but over all days. From these subsamples

we calculate the time-specific mean of the spread, p;, = X3_1SP;,,/n, and

its standard deviation, 0}, = \/E’,}:l(SPj,p,k — ;)% /n. For all stocks we then
demean and standardize each observation of the spread according to its time

of the day. Let SP* denote spreads adjusted for trends:

* SP7 7k; — M‘v
SP]"PJC = ]po.jp - (1)

The same procedure is applied to depth at the best prices. Let n* be the
number of shares quoted at the best ask and n” at the best bid. We compute
depth as DE = n?A + n®B and then correct it for time-of-day effects to
obtain DE*. The detrended time series of the spread and depth are the input

for the following analysis of commonality at best prices.



3 Commonality at Best Prices

Previous studies have implicitly assumed that best limit prices and quantities
alone are sufficient to capture the liquidity of an asset. To relate our results to
the literature, we analyze the commonality of liquidity for the bid-ask spread

and for the depth of the order book at the best bid and ask prices.

The standard approach to estimate commonality is the market model in Chor-
dia, Roll and Subrahmanyam (2000). It relates the liquidity of a single stock to
the liquidity of the market in the same way as the CAPM does for returns. It
employs a regression framework to measure the sensitivity of stock j’s liquid-
ity, L;, to market liquidity, Ly ;. © Market liquidity is computed as the average
liquidity across all stocks (leaving out the j-th stock), Las; = %32, ;. Lit/29,
where ¢ is a time subscript.® The estimation includes lead and lag market
liquidity (Lpsj¢+1 and Lasjs—1), contemporaneous, lead and lag market re-
turns (rary, rag+1 and rae—1) as well as individual stock return volatility
vol;, (proxied by the squared return) as additional regressors. With ¢ as an

error term, we obtain the following specification:

Ljv = o+ B Larje + B Lo jeer + 32 Larji— + 07000 4 0570041
+(5§’7"M¢_1 + njvolj, + €j4 (2)

Tables 2 and 3 summarize the estimation results of Equation (2) for liquidity
at best limit prices. Table 2 gives a detailed picture of all 30 3! coefficients. 3*
measures how strongly individual stock liquidity is determined by the market
level of liquidity. For the spread the level of the coefficients varies between
0.1291 and 1.1994 with an average of 0.6472. For all stocks the coefficients

are significantly different from zero. The R? values vary between 1% and 11%

" The Chordia, Roll and Subrahmanyam (2000) model is in first differences. We
follow Hasbrouck and Seppi (2001) and use standardized variables instead.

8 For each stock j’s regression, stock j is dropped in the calculation of market
liquidity, because it would lead to additional correlation otherwise. Further robust-
ness checks show that the results are unchanged for value-weighted market liquidity
instead of the arithmetic average.



Table 2

Market Model for Spreads and Depth at Best Prices — Individual Stocks

Spreads Depth

Stock ok t R2 Bt + R?

Adidas-Salomon 0.6990 6.7864 0.0584 0.0753 1.1615 0.0109
Allianz 0.3734 6.0024 0.0579 0.2386 1.7794 0.0071
Altana 0.9078 6.5176 0.0512 0.0953 1.8156 0.0125
BASF 0.4568 6.8301 0.0720 0.4295 3.5770 0.0227
BMW 0.7256 7.8778 0.0822 0.4742 4.8448 0.0290
Bayer 0.5154 6.0242 0.0569 0.2042 2.0234 0.0275
Commerzbank 1.0406 9.9498 0.1098 0.2087 1.9895 0.0141
Continental 0.8969 6.2345 0.0497 0.1703 3.0950 0.0282
DaimlerChrysler 0.6308 8.6423 0.0885 0.3181 2.3183 0.0120
Deutsche Bank 0.3601 6.3999 0.0487 0.3441 1.9998 0.0299
Deutsche Boerse 0.6747 5.7529 0.0455 0.1925 2.7269 0.0201
Deutsche Post 0.7599 6.1584 0.0610 0.1286 1.3530 0.0104
Deutsche Telekom 0.3184 6.8685 0.0500 0.7755 1.1039 0.0420
E.ON 0.9983 8.7036 0.1132 0.2041 4.1170 0.0344
Fresenius 0.7957 5.2823 0.0357 0.2129 4.2120 0.0318
Henkel 0.4142 6.3119 0.0731 0.6281 5.1925 0.0409
HypoVereinsbank 0.1291 2.0315 0.0123 0.0179 0.1488 0.0087
Infineon Technologies 0.5589 6.5592 0.0468 1.0661 4.2320 0.0456
Linde 0.7843 6.4774 0.0574 0.2169 3.6965 0.0206
Lufthansa 0.9678 8.0727 0.0739 0.2359 2.6843 0.0195
MAN 1.1994 7.9897 0.0786 0.0931 1.5158 0.0197
Metro 0.8874 6.4716 0.0535 0.1176 1.6893 0.0193
Muenchener Rueck 0.5454 7.8595 0.0955 0.1777 1.0794 0.0055
RWE 0.5170 5.8814 0.0510 0.2081 1.9924 0.0066
SAP 0.3906 5.4891 0.0373 0.3358 3.0865 0.0239
Schering 0.5941 6.0253 0.0462 0.4035 5.4434 0.0552
Siemens 0.4222 6.5354 0.0715 0.1327 1.1256 0.0168
ThyssenKrupp 0.2495 3.8854 0.0273 0.0532 0.4538 0.0056
TUI 1.0952 6.4770 0.0465 0.2431 3.6895 0.0250
Volkswagen 0.5061 6.4617 0.0590 0.1066 1.2058 0.0148

Table 2 reports the parameter estimates of the liquidity market model for spreads
and depths for each stock (Equation 2). It gives the coefficients of market liquidity
(8Y), their corresponding t-values and the adjusted R? values of the regression.

with an average of 6.04%. For depth at the best prices, 3! varies between 0.02

and 1.06 with an average of 0.27 across stocks. The coefficients are significant

in 70% of all regressions. The R? values vary between 0.01 and 0.06. The R? of

10



Table 3
Market Model for Spreads and Depth at the Best Limit Prices — Averages

Spreads: Averages Depth: Averages

Parameters t-statistics Parameters t-statistics

Intercept « 0.1309 0.2765 0.1186 3.6111
Market Liquidity 3! 0.6472 6.5520 0.2703 2.5118
Jox 0.0383 0.5094 0.1412 0.6699
33 0.0508 0.6317 0.1268 1.0269
Market Return ~ 6? -0.0132 -0.2541 0.0053 0.0508
52 0.0064 0.0176 0.0797 0.4039
53 -0.0144 -0.0105 -0.1220 -0.2933
Return volatility n 0.1115 0.6725 0.0049 0.0899
Adjusted R? 0.0604 0.0220

Table 3 reports the parameter estimates of the liquidity market model (Equation 2)
for spreads and depths. It gives the mean parameter estimates across all 30 stocks
and the corresponding average t-values for spreads and depth. The last row reports
the average adjusted R? values of the regressions.

the regressions is a measure of commonality, since it explains the percentage
of individual liquidity variation that is explained by market liquidity.® Thus,
commonality in spreads is about 6% while it is lower at 2% for depth. Table
3 shows the average parameter estimates and t-values for all regressors. We
follow Chordia, Roll and Subrahmanyam (2000) and Brockman and Chung
(2002) by averaging parameters and t-values across all stocks. The averages

are clearly insignificant for all variables except market liquidity.

The market model results that we obtain are very much along the lines of
Chordia, Roll and Subrahmanyam (2000) and Brockman and Chung (2002).
In their studies, only the market liquidity parameter is significant, while the
additional regressors are not. They report adjusted R? values of anywhere
between 2% and 3% for spreads and 1% and 2% for depth. We obtain a value

of 6% for spreads and 2% for depth while all control variables are insignificant.

9 See Chordia, Roll and Subrahmanyam (2000). R? captures the effects of all ex-
planatory variables rather than market liquidity alone. However, leaving out the
insignificant regressors does not lower the adjusted R? values much. Therefore its
magnitude is nearly completely driven by the market liquidity coefficient.

11



Evidently, the depth market model leads to very similar results for our data,

while, for the spread, commonality is stronger.

4 Commonality Beyond Best Prices

In this section we extend commonality to liquidity beyond best prices. Firstly,
we construct liquidity measures for the limit order book. Secondly, we use
a market model to compute the level of commonality. Thirdly, we employ
principal components analysis (PCA) as a robustness check. We compare the

level of commonality to the levels evidenced at the best prices.

4.1 Construction of Liquidity Measures

In limit order book markets, all orders are executed against the limit orders in
the order book. If an order is very large, it hits unexecuted limit orders which
have different price limits. The larger the order, the more price limits will be
hit and the further a market order walks up the limit order book. Evidently,
the spread and depth at best prices alone are not sufficient to characterize the

liquidity of a limit order book market.

The bid-ask spread gives the price discrepancy between the best prices in the
book, while depth at the spread is the corresponding volume in the order book.
A natural extension is to move away from the best prices and to consider prices
P and volumes = deeper in the order book. Because of possible asymmetries
of the bid and ask side we construct separate measures for each order book
side. In a first step we compute the price difference between all limit order
prices (P) in the book and the midquote (M) at that point in time. In a
second step we transform these price differences into price impacts relative
to the midquote and link them to the cumulative volume in the order book,
IA@) = (Py(x) — MQ,)/MQ, and IP(z) = (MQ, — Fj(x))/MQ,. Finally,
we compute the volumes that correspond to price impacts of 0.5%, 1%, 1.5%

and 2%. We choose 2% as the cut-off value for this extended depth measure

12



because in our data set market orders that are executed against the limit order

book seldom incur higher price impacts. 1°

An advantage of this extended depth measure is that it is non-parametric
and is not based on any restrictive assumptions. A disadvantage, however, is
that it only characterizes one point on the price-quantity schedule at a time.
We therefore introduce the slope of the price-quantity schedule as a second
measure that summarizes all price-volume combinations in the limit order
book simultaneously. Knowledge of the slope of the price-quantity schedule
enables a trader to compute price impacts for any order size. Let m denote
the pairs of price-volume combinations of the order book of stock j, let ¢
denote the individual points in time for which we have order book snapshots
and let x denote the volume in the order book. Denoting ¢ as the error term,

we obtain the following equation for a linear model:

Litm =Nt " Tjem + €jtm (3)

As with the extended depth measures, we cut off the price-quantity schedule
for price impacts higher than 2%. The indices indicate that we estimate the
model in each point in time and for each stock. Furthermore, we do the estima-

tion separately for the ask side and bid side. We also estimate Equation 3 with

2

1.m» to check our specification of the price-

an additional quadratic term, p;,x
quantity schedule.™ Negative estimates of p;, imply a concave order book
function and positive estimates imply a convex relationship. We find neither a
high number of significantly positive nor significantly negative estimates and

therefore we choose the linear model. 1> We obtain two time series Aj ¢ for each

10 The measure is similar to the cost of round trip measure in Irvine, Benston and
Kandel (2000), the XLM measure in Gomber, Schweickert and Theissen (2004) or
hypothetical price impacts as in Kumar (2003). Bauer (2004) measures the depth
in a similar way and converts it into a percentage of a stock’s free float.

1'With regard to the specification, the empirical literature comes to mixed con-
clusions: Biais, Hillion and Spatt (1995) document linearity, while Coppejans, Do-
mowitz, Madhavan (2003) or Cao, Hansch and Wang (2004) find evidence of some
non-linearities.

12 For stability we also estimate a polynomial model with a quadratic term and
perform our later study for its coefficients. The linear coefficient taken from the

13



stock, one for the ask side, )\ft, and one for the bid side )\ft. The model does
not include a constant to ensure that the estimated graph starts at the origin.
Therefore, the state of the order book is summarized by one parameter. Since
price impact functions are upward-sloping by construction, it is not surprising
that the fits turn out to be very good and that the parameters estimates are

highly significant.

Table B in the appendix gives some descriptive statistics of our liquidity prox-
ies. The average volume associated with 2% price impacts is 4,219,230 Euros
on the ask side and 4,032,470 Euros on the bid side, yet there is considerable
variation in these figures. The average slope estimate is 0.8992 on the ask side
and 0.9557 on the bid side. Again there is considerable cross-sectional varia-
tion across stocks: As the model of the order book slope has no constant, the
slope is a direct measure of the level of liquidity: for example, an investor who
wishes to buy a position of 500,000 Euros of Fresenius shares will incur a price
impact of 1.1258%. In comparison, the half-spread is 0.0655%. Evidently, the

spread is a poor liquidity proxy for large volumes.

4.2 Empirical Results

In this section we investigate market-wide liquidity movements of the entire
limit order book. We use the same methodology as before, yet this time we
substitute L;; and L in Equation 2 by our new measures of order book
liquidity. Again we follow the standardization procedure of Equation 1 to

eliminate trends from the data.

Tables 4 and 5 give the results for order book depth at 2% price impact. In
Table 4 we list all individual 8' coefficients, their corresponding t-statistics
and the R% The coefficients lie between 0.2957 and 1.0261 (on the ask side)
and 0.1019 and 1.0605 (on the bid side). Both on the ask side and on the bid
side, 3! is significant for 28 out 30 stocks (93.33%). Table 5 shows the average

linear and non-linear model behave in exactly the same way. The coefficient of the
quadratic term also shows the same commonality.

14



Table 4
Market Model for the Extended Depth Measure — Individual Stocks

Ask Side Bid Side

Stock B t R? G t R?

Adidas-Salomon 0.7766 3.6945 0.0579 0.9571 5.0424 0.1020
Allianz 1.0389 4.9800 0.1042 0.8625 5.0533 0.2375
Altana 0.6372 3.0701 0.0918 0.8732 4.4712 0.0410
BASF 0.8268 4.1595 0.1397 1.0128 5.5817 0.1301
BMW 0.5456 2.7432 0.1508 0.6165 3.2135 0.0588
Bayer 0.8077 5.2372 0.3513 0.5407 2.7524 0.0205
Commerzbank 0.7146 3.8567 0.1980 0.6950 3.8881 0.1745
Continental 0.9604 4.7992 0.1835 0.5895 3.0350 0.0426
DaimlerChrysler 0.8281 5.1474 0.2641 1.0605 5.9898 0.2049
Deutsche Bank 0.7954 4.0889 0.1865 0.5277 2.8419 0.0753
Deutsche Boerse 0.6987 3.2872 0.0702 0.7246 3.7491 0.0341
Deutsche Post 0.8217 4.7963 0.3750 0.6051 3.3161 0.0704
Deutsche Telekom 0.5922 2.9398 0.1522 0.5497 3.0045 0.1287
E.ON 0.2957 1.4514 0.0636 0.3482 1.8335 0.0388
Fresenius 0.9057 5.0962 0.1631 0.9372 4.8645 0.0396
Henkel 0.8850 4.1493 0.0705 0.8781 4.6440 0.0517
HypoVereinsbank 0.0117 0.0557 0.0190 0.1885 0.9859 0.0017
Infineon Technologies 0.3439 1.6709 0.0830 0.1019 0.5343 0.0159
Linde 1.0261 4.9520 0.1348 0.7600 3.8896 0.0393
Lufthansa 0.5429 2.7324 0.1600 0.5930 3.2281 0.0770
MAN 0.7349 3.4949 0.0731 0.9213 4.7641 0.0706
Metro 0.9738 4.9160 0.1847 0.6173 3.1637 0.0164
Muenchener Rueck 0.8404 4.6200 0.3087 0.8559 4.5013 0.0777
RWE 0.6269 2.9312 0.0564 0.6129 3.1520 0.0496
SAP 0.9122 4.6560 0.2048 0.7529 3.9907 0.0819
Schering 0.5815 2.8550 0.1180 0.4207 2.1680 0.0328
Siemens 0.8535 4.3360 0.2043 1.0537 5.8729 0.1852
ThyssenKrupp 0.6324 3.5943 0.3301 0.4752 2.3938 0.0097
TUI 0.6339 3.1542 0.0716 0.6700 3.7105 0.1365
Volkswagen 0.8125 4.0291 0.1541 0.9084 5.3488 0.2565

Table 4 reports the parameter estimates of the liquidity market model (Equation
2) for the extended depth measure at a price impact of 2.0% for each stock. It gives
the coefficients of market liquidity, their corresponding t-values and the adjusted
R? values of the regression for the ask and bid side.
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Table 5
Market Model for the Extended Depth Measure — Averages

Ask Side Bid Side

Parameters t-statistics Parameters t-statistics

Intercept o -0.0084 -0.3581 -0.0034 -0.1151
Market Liquidity 3! 0.7219 3.7165 0.6903 3.6995
Jox 0.0634 0.4276 -0.0048 0.0121
Ik 0.0725 0.4719 0.0009 0.0515
Market Return 5t 0.0794 0.5497 -0.0230 -0.1714
52 0.0323 0.2202 -0.0729 -0.5156
53 -0.0240 -0.1726 -0.0177 -0.1301
Return volatility n 0.0492 1.1742 0.0760 1.5074
Adjusted R? 0.1609 0.0827

Table 5 reports the parameter estimates of the liquidity market model (Equation
2) for the extended depth measure at a price impact of 2.0%. It gives the mean
parameter estimates across all 30 stocks and the average t-values for the ask side
and the bid side of the order book. The last row reports the average R? values of
the regressions.

values. On average, (' is 0.7219 (on the ask side) and 0.6903 (on the bid
side). The beta coefficient for contemporaneous market liquidity is the only
coefficient with a significant t-value. Compared to the results of liquidity at
the best limit price, however, the adjusted R? values are much higher. They
climb to an average of 16.09% on the ask side and 8.27% on the bid side. In
comparison, the corresponding R? value of depth at best prices was 2.20%.
In other words, commonality increases strongly if we consider the aggregate
liquidity supplied to the limit order book instead of focusing at best quotes

and quantities alone.

Next we proceed to the slope of the price-quantity schedule which is also
estimated for price impacts up to 2%. Tables 6 and 7 present the results.
Table 6 shows that the 3! coefficient varies between 0.1139 and 1.0966 on the
ask side of the limit order book and 0.2043 and 0.9949 on the bid side. 29 out
of 30 stocks have significant coefficients on the ask side and 28 out of 30 on the

bid side. On average, the market liquidity coefficients are 0.7302 on the ask side
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Table 6
Market Model for the Slope of the Price-Quantity Schedule — Individual Stocks

Ask Side Bid Side

Stock B t R? G t R?

Adidas-Salomon 0.6706 4.2422 0.0812 0.8405 5.2077 0.1162
Allianz 1.0966 7.1134 0.1493 0.6913 4.8021 0.2748
Altana 0.8954 5.6654 0.0926 0.8583 5.1036 0.0495
BASF 0.8401 5.4983 0.1448 0.9949 6.4469 0.1969
BMW 0.4935 3.3006 0.1516 0.7096 4.3513 0.0897
Bayer 0.8649 6.1124 0.2614 0.6234 3.8197 0.0813
Commerzbank 0.9036 6.3157 0.2441 0.6266 4.4515 0.2953
Continental 0.8532 5.5842 0.1459 0.6429 3.7752 0.0211
DaimlerChrysler 0.6369 4.4276 0.2296 0.6894 4.4588 0.1678
Deutsche Bank 0.5673 3.7430 0.1380 0.5583 3.4095 0.0675
Deutsche Boerse 0.7413 4.7605 0.1053 0.7071 4.1456 0.0201
Deutsche Post 0.7483 5.7654 0.3705 0.5078 3.1506 0.0956
Deutsche Telekom 0.5207 3.6392 0.2253 0.4125 2.5542 0.0775
E.ON 0.2965 1.8984 0.0758 0.2043 1.2425 0.0384
Fresenius 0.7951 5.4021 0.1983 0.6289 3.7117 0.0283
Henkel 0.8211 5.1907 0.0945 0.7626 4.5393 0.0468
HypoVereinsbank 0.1139 0.7140 0.0173 0.3489 2.0703 0.0092
Infineon Technologies 0.3975 2.7986 0.2269 0.2417 1.4622 0.0308
Linde 0.7843 4.9910 0.0978 0.8434 4.9817 0.0434
Lufthansa 0.6055 3.9815 0.1325 0.5983 3.6188 0.0557
MAN 0.8529 5.4123 0.1103 0.8673 5.4119 0.1434
Metro 0.9083 6.0797 0.1832 0.6825 4.0259 0.0237
Muenchener Rueck 0.9139 6.8574 0.3416 0.9219 6.1417 0.2288
RWE 0.5247 3.3518 0.0853 0.4731 2.8092 0.0171
SAP 0.7750 5.1553 0.1674 0.7169 4.4542 0.1158
Schering 0.8488 5.7700 0.2030 0.7115 4.3647 0.0874
Siemens 0.8625 5.9839 0.2408 0.9600 6.6583 0.2860
ThyssenKrupp 0.8374 6.1046 0.3025 0.6241 3.6965 0.0342
TUI 0.8308 5.4249 0.1379 0.5796 3.7072 0.1507
Volkswagen 0.9060 6.1559 0.2029 0.9083 6.7677 0.3775

Table 6 reports the parameter estimates of the liquidity market model (Equation 2)
for the slope of the price-quantity schedule for each stock. It gives the coefficients
of market liquidity, their corresponding t-values and the adjusted R? values of the
regression for the ask and bid side.
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Table 7
Market Model for the Slope of the Price-Quantity Schedule — Averages

Ask Side: Averages Bid Side: Averages

Parameters t-statistics Parameters t-statistics

Intercept o 0.0017 0.0600 0.0010 0.0335
Market Liquidity 3 0.7302 4.9147 0.6645 4.1780
Jox 0.0600 0.4901 0.0568 0.4831
Ik 0.0854 0.6713 0.0704 0.5787
Market Return ~ §? -0.1063 -0.7185 0.0592 0.4333
52 -0.0359 -0.2520 0.0558 0.4003
53 0.0332 0.2250 -0.0109 -0.0677
Return volatility 7 -0.0041 -0.2888 -0.0003 -0.1862
Adjusted R? 0.1719 0.1090

Table 7 reports the parameter estimates of the liquidity market model (Equation 2)
for the slope of the price-quantity schedule. It gives the mean parameter estimates
across all 30 stocks and the average t-values for both the bid side and the ask
side of the order book. The last row reports the average adjusted R? values of the
regressions.

and 0.6645 on the bid side; both are highly significant. All other coefficients are
close to zero in a range between -0.1063 and 0.0704 with insignificant t-values.
Commonality on the ask side is 17.19% and on the bid side 10.90%. Evidently,
the results for slope parameters of the price-quantity schedule are very similar
to those for depth. The slope model is minimally more powerful (17.19% versus
16.09% on the ask side and 10.90% versus 8.27% on the bid side). Compared to
commonality at best prices, the extent of systematic liquidity risk is once again
much higher. These results underline that the high extent of commonality for
liquidity in the limit order book remains a robust result irrespective of the

measure used.

Obviously systematic movements in liquidity are quite different for the liquid-
ity flow at best prices and the liquidity flow up until ticks further beyond best
prices. As we have only focused on liquidity at 2% price impacts so far, we now
turn our attention to smaller price impacts. Table 8 shows how commonality

changes for different cut-off points of aggregate order book depth. On the ask
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side, 8! starts out at 0.53 for 0.5% impacts and increases continually to 0.72
for order book depth at a 2% price impact. The corresponding average t-values
are clearly above the critical value. Turning to the level of commonality, we
see that the adjusted R? value on the ask side is 9% for a price impact of 0.5%.
It increases continually up to 16%. The pattern holds for the bid side of the
order book as well where commonality increases to a value of 8%. In Figure 2
we illustrate the results graphically. In contrast to our previous liquidity mea-
sures, we have not cut liquidity off at 2% to show how commonality increases
even further in the order book. It approaches levels beyond 20% on the ask
side and beyond 10% on the bid side.

4.3 Robustness to Methodology

In the following section we approach commonality from a different angle. While
Chordia, Roll and Subrahmanyam (2000) set up a model in which market lig-
uidity explains individual stock liquidity, other studies such as Hasbrouck and
Seppi (2001), Hansch (2001) or Bauer (2004) use principal component analy-
sis (PCA). Instead of imposing any pre-specified restrictions on the common
liquidity factor, they use PCA to extract the factor with the highest explana-
tory power for individual liquidity variation. We compare the results of these
two methodologies for our data and conclude to what extent the methodology

influences the findings. 13

The main input of the PCA is the correlation matrix of our liquidity mea-
sures. Again we standardise all liquidity measures first as in Equation 1. PCA
then extracts the linear combination of individual liquidity measures with the
highest explanatory power for the variability in the data. This linear combi-
nation — called the first principal component — is effectively a weighting vector

of individual liquidity and is given by the first eigenvector of the correlation

13 Beltran, Giot and Grammig (2005) have also used principal components analysis
in the context of limit order books. They apply PCA to price-quantity pairs to
examine whether variation in such pairs can be attributed to one or more under-
lying factors. While they link variation within the order book of single stocks to
microstructural factors, we focus on the variation of liquidity across stocks.
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Table 8
Market Model for Increasing Depth of the Limit Order Book — Averages

Ask Side Bid Side
Price impact Bt t R? B t R?
0.5% 0.53 3.19 0.09 0.46 2.74 0.06
1.0% 0.53 2.50 0.12 0.49 242 0.07
1.5% 0.67 3.33 0.14 0.62 3.22 0.08
2.0% 0.72 3.72 0.16 0.69 3.70 0.08

Table 8 reports parameter estimates of the liquidity market model (Equation 2)
for increasing depth. The first column lists the price impact up to which depth is
aggregated. The further columns give average parameter estimates, corresponding
t-values and average adjusted R? values for the ask side and the bid side of the
order book.

matrix. Its explanatory power is given by the corresponding eigenvalue. From
the weighting vector we compute the value of the principal component for
each point in time. We then regress this time series onto the time series of

individual stock liquidity measures for each stock:
Ljy =&+ PCiy+ €, (4)

In the equation above, PC}; denotes the realization of the first principal com-
ponent in ¢. §; and v; are parameters and ¢; is an error term. To generate
a test statistic, we bootstrap new time series from the regression residuals of
all stocks, compute the correlation matrix and perform PCA. We repeat this
procedure 10,000 times until we obtain a smooth empirical distribution of the

first eigenvalue and sample the 95%-quantile as our critical value.

Table 9 summarizes the PCA results for aggregate depth. On the ask side,
the first principal component of aggregate depth at 0.5% price impact is 4.0.
With a critical value of 2.1 it is clearly significant and accounts for 13% of
overall variation in depth. If we successively increase aggregate depth up to
2%, the amount of common variation rises continually from 13% to 20%. All

first principal components remain strongly significant.!* On the bid side of

14 To make the results more comparable with the previous section, we eliminate the
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Fig. 2. Commonality for Increasing Depth of the Limit Order Book
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Figure 2 shows how the extent of commonality increases as more liquidity in the
order book is considered. The x-axis gives the price impact up to which depth
is aggregated and the y-axis gives the amount of commonality . Commonality is
measured as the R? value of the market model (Equation 2) of liquidity .

the book, the pattern is identical. All first principal components for aggregate
depth are significant. In level, commonality starts out at 11% and rises to 13%

if we consider depth up to 2% price impacts.

Let us compare our results with the PCA results in Bauer (2004) for the Swiss
market: using intradaily data, Bauer (2004) reports that for depth at 1% price
impact the first principal component accounts for 11.3% of the overall variation
(on the ask side) and 9.0% on the bid side. This is very similar to our values at
1% price impact (12% for the ask and 7% for the bid). In particular, our results
confirm the asymmetric effect that, for depth-related liquidity measures, the

explanatory power is slightly lower on the bid side than on the ask side.

Comparing these results to the regression approach in the previous section,
we see that they are very similar. Firstly, commonality increases with order

book depth. Secondly, commonality is stronger on the ask side of the book.

impact of the control variables on our liquidity measures. We regress the liquidity
measures onto the same explanatory variables and then take the correlation matrix
of the residuals for the further PCA procedure. This leads to minimally lower levels
of commonality, yet qualitatively identical results.
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Table 9
PCA Results for the Extended Depth Measures

Price Impacts

PCA Output 0.5% 1.0% 1.5% 2.0%
Ask Side

First eigenvalue 4.00 4.85 5.69 6.04
Critical value 2.13 253 284 292
Proportion of variation 0.13 0.16 0.19 0.20
Bid Side

First eigenvalue 3.24  3.57 3.66 3.80
Critical value 201 219 248 254
Proportion of variation 0.11 0.12 0.12 0.13

Table 9 gives the results of PCA for the extended depth measure at different price
impacts. In the first section, the table lists the first eigenvalue, its critical values at
the 95% confidence level and the proportion of total variability explained by the
first principal component (in %) for the ask side of the order book. The second
section gives the same information for the bid side.

In level, the PCA results are about 4 percentage points above the market
index approach for ask side depth and 2 percentage points for the bid side.
Somewhat higher PCA results are not surprising, since PCA is not restricted

to a predetermined measure of market liquidity.

For the sake of brevity we have not reported the PCA results for the spread
measures or the slope estimate of the price-quantity schedule. Qualitatively,
they provide similar evidence as before: commonality around the bid-ask
spread and best depth is lower than deeper in the limit order book (at 9% and
7%). In contrast, commonality of the slope estimates is considerably higher
(24% on the ask side and 18% on the bid side). As with depth, PCA reinforces
the patterns of the Chordia, Roll and Subrahmanyam (2000) market model.

5 Time Variation of Commonality

The previous section showed that the use of the bid-ask spread and depth at

the best prices is one reason why the impact of commonality in liquidity has
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Table 10
Impact of the Time of Day

Ask Bid

Morning  Midday Evening  Morning  Midday  Evening

Impact ﬁl RQ 61 R2 ﬁl RQ 51 RQ 61 RQ 61 RQ

0.5% 057 13 046 09 052 11 052 10 042 07 039 08
1.0% 051 15 041 12 054 14 046 13 037 08 054 09
1.5% 0.57 17 046 15 075 18 055 14 046 07 073 11
2.0% 056 19 047 16 082 19 0.60 15 0.51 07 081 12

Table 10 reports the average coefficients of market liquidity and the corresponding
R? values of the regressions (in %) for the morning period (until 11 a.m.), the
midday period (from 11.30 a.m. until 3.30 p.m.) and the evening period (from 4
p.m. until 5.30 p.m.). The results are reported for the depth measure of the limit
order book at different price impacts. The table gives the results for the bid side
and the ask side of the book.

been so low in the past. A second reason is that commonality might be time-
varying. In the following section we explore the time variation with regard to

intradaily patterns and with regard to the movement of the market.

5.1 Time of Day

It is widely recognized that liquidity exhibits strong time-of-day effects. In
particular, liquidity is low in the morning at the opening of the market. This is
illustrated very clearly in the L-shape over the bid-ask spread and the upside-
down L-shape of depth. To examine the time-of-day effects we investigate
commonality on an intradaily basis. We split our data into three subsamples:
a morning sample (order book liquidity until 11 a.m.), a midday sample (from
11.30 a.m. until 3.30 p.m.) and an evening sample (from 4 p.m. to 5.30 p.m.).

We then reestimate Equation 2 separately for all three subsamples.

Table 10 summarizes the results for the extended depth measure. Although
time-of-day effects have been eliminated from individual liquidity levels, the
systematic movement of liquidity across stocks shows clear intraday patterns.

For example, the adjusted R? value for ask side depth at a price impact of 2%
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is 19% in the morning, drops to 16% in the course of the day and goes back up
to 19% in the late trading period. On the bid side, the R? value is 15% in the
morning, 7% during the trading day and 12% at the close of the day. There
is a clear U-shape in the commonality of liquidity: commonality is higher in
the morning, falls to lower levels during the day and rises again in the evening
before the exchange closes. This pattern is visible for every depth measure
from 0.5% to 2% price impacts. It is also robust with regard to the ask and
bid side of the limit order book. We obtain the same qualitative results if we
use the slope of the price-quantity schedule as our measure of the liquidity in

the limit order book. For the sake of brevity we do not repeat the results here.

Evidently commonality in liquidity exhibits a strong U-shape. We should stress
that we obtain this result although we have already eliminated time-of-day ef-
fects from the liquidity proxies. We hypothesize that this pattern is linked to
the dissemination process of information: firm-specific information which leads
to heavier trading of an individual stock is typically released in press releases
over the trading day. Therefore, liquidity movements over the trading day
are predominantly idiosyncratic. In contrast, information from the overnight
period typically concerns other markets and is more macro-economic in its
nature. Likewise, shortly before the European market closes the US market
opens which leads to a flow of information that is market-wide. As a conse-
quence, liquidity movements are more strongly correlated. We find this link
between the type of information and the strength of commonality an interest-

ing question for future research.

5.2 Market Movements

While time-of-day effects are an explanation of variation in commonality over
an intraday horizon, market movements are a possible explanation for varia-
tion over an inter-day horizon. High commonality in falling markets implies
that trading becomes more expensive in situations in which investors typi-
cally wish to rebalance their portfolios or seek to limit their losses by selling

off stock positions.
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Numerous studies provide evidence that the correlation of stock returns is
strongest in falling markets (see Conrad, Gultekin and Kaul (1991), Kroner
and Ng (1998), Bekaert and Wu (2000), Longin and Solnik (2001) or Ang and
Chen (2002)). In such environments, a flight to quality reduces the liquidity of
equity markets in favor of safer investments. More specifically, Coughenour and
Saad (2004) argue that liquidity providers are more likely to feel capital con-
straints in falling markets and, in an effort to manage their wealth, withdraw
liquidity across many different stocks. In consequence, liquidity commonal-
ity increases with the absolute size of negative returns. While their empirical
results support this view, Domowitz, Hansch and Wang (2005) find little ev-
idence of systematic differences in commonality for extreme up and down
markets. Therefore, we examine the relationship between the market return

and commonality more closely for subsamples of varying market conditions.

Let w with w = 1,2, 3,...,53 denote rolling ten-day intervals. For each such
interval we calculate the equally weighted portfolio return of our sample stocks,
R, and estimate Equation 2. We take the R? of each interval as measure
of commonality, C\,. The highest ten-day return is 1.48% and the lowest is -
4.60%. In a first step, we present the results for these two subsamples in Table
11. If we compare the R? values for the upwards and downwards trending
markets we see that there is strong evidence of a momentum effect: liquidity
comoves far more strongly in falling markets than in rising markets. At a price
impact of 2% commonality is about 15% in the rising market and 22% in the
falling market. On the bid side commonality in the rising market is 10% and

in the falling market 14%.

In a second step we relate the degree of commonality to the portfolio return
in the same time window. With ¢ as the error term we estimate the following

regression:

Co=a+ 0 R, + ¢y (5)

In the above equation,  measures the relation between commonality and

15 The results are qualitatively identical for value-weighted portfolio returns.
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Table 11
Impact of Market Movements

Ask Bid
Up Down Up Down
Price impact ok R? Bt R? JoR R? ok R?
0.5% 0.51 0.10 0.63 0.15 0.31 0.06 0.53 0.15
1.0% 0.49 0.14 0.62 0.18 040 0.07 0.56 0.20
1.5% 0.61 0.14 0.74 0.21 0.55 0.09 0.72 0.18
2.0% 0.72 0.15 0.78 0.22 0.63 0.10 0.73 0.14

Table 11 reports the average parameter estimates of the market liquidity parameter
and R? values for rising markets (“up”) and falling markets (“down”). It lists the
results for the ask side and the bid side of the order book and also differentiates
with regard to the price impact up to which order book depth is aggregated.

market momentum. For the extended depth measure at 2% price impacts 3 is
-1.125 with a Newey-West adjusted t-statistic of -2.110. On the bid side, (3 is -
0.602 with a Newey-West corrected t-statistic of -3.853. Clearly, the coefficients
on both sides of the book are significantly negative. The significance is just as
strong for all other depth measures as well. This implies that commonality is
stronger if momentum is negative and weaker if it is positive. The results are
virtually identical if we measure liquidity by means of the slope of the limit

order book.

6 Conclusion

This paper is motivated by the observation that market-wide liquidity appar-
ently gets priced, yet there is only weak evidence that stock liquidity movement
does actually exhibit a market-wide component. Two reasons for the weak ev-
idence are, firstly, the mismeasurement of liquidity and, secondly, the time
variation of commonality. We examine these hypotheses with the help of an

extensive order book data set from the Frankfurt Stock Exchange (FSE).

In our methodology we follow the Chordia, Roll and Subrahmanyam (2000)

market model which we extend to liquidity measures beyond best prices. In
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a reference scenario, we analyze commonality for liquidity at the best price.
Although we document significant commonality, it is fairly weak as in the
literature (2% for depth and 6% for spreads). However, once we take the lig-
uidity supply in the order book into account, commonality increases strongly.
If depth measures at 2% price impacts are used, commonality rises up to 16%
on the ask side and 8% on the bid side. A closer examination of the results also
reveals that ask side commonality is stronger than on the bid side. Measures
of the price-quantity schedule lead to similar results. Obviously, the common-
ality of liquidity provision is far higher than the spread or depth at the best

prices suggest.

In addition, we also examine the time variation of commonality. We find that
commonality is far stronger at the opening and closing of the trading day
than during the day. This finding occurs even after controlling for time-of-day
effects in liquidity. A likely explanation is that the information flows from the
overnight period and the opening of the US market are more market-wide and
therefore induce increased levels of commonality at the open and the close of
the trading day. Furthermore, we find that commonality is associated with the
general movement of the market: in down markets commonality is much higher
than in up markets. The values of 16% and 8% over the whole sample rise to
22% and 14% for a falling market environment. In all, our results provide

strong evidence of time variation in liquidity commonality.

In sum, our study suggests that commonality in liquidity and thus liquidity
risk is much higher than estimated in previous papers. It is important that
the estimation of commonality takes liquidity beyond best prices into account

so that an investor’s systematic liquidity risk is not underestimated.
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A Descriptive Statistics of Spread and Depth Measures at the Best
Limit Prices in the Limit Order Book

Market Trading Absolute Relative Best Price

Stock Capital. Volume  Spread Spread Depth

Adidas-Salomon 4.17 34.76 0.086 0.093 94,230
Allianz 38.50  295.99 0.056 0.057 194,850
Altana 6.73 33.47 0.052 0.106 79,820
BASF 25.39 135.67 0.027 0.063 182,560
BMW 23.08 97.23 0.021 0.091 156,100
Bayer 17.05 94.15 0.026 0.075 152,060
Commerzbank 9.36 56.29 0.017 0.108 157,800
Continental 4.09 27.82 0.038 0.119 88,490
DaimlerChrysler 37.36  201.79 0.025 0.068 221,550
Deutsche Bank 38.34 324.95 0.036 0.053 252,420
Deutsche Boerse 4.87 36.55 0.046 0.098 109,200
Deutsche Post 18.23 45.42 0.020 0.111 144,860
Deutsche Telekom 61.29 348.60 0.012 0.074 979,210
E.ON 36.15 178.47 0.069 0.104 76,630
Fresenius 3.94 14.13 0.071 0.131 65,770
Henkel 3.70 19.61 0.033 0.063 218,860
HypoVereinsbank 9.19 101.00 0.020 0.111 198,140
Infineon Technologies 8.01 153.05 0.012 0.106 361,810
Linde 5.15 24.03 0.047 0.107 82,390
Lufthansa 4.96 45.19 0.017 0.121 135,730
MAN 3.42 28.34 0.035 0.128 89,570
Metro 11.42 42.63 0.043 0.123 96,300
Muenchener Rueck 22.13 221.43 0.058 0.062 201,930
RWE 16.49 106.93 0.028 0.083 165,730
SAP 4249  201.83 0.080 0.061 171,560
Schering 7.91 53.69 0.037 0.092 106,230
Siemens 57.16  339.02 0.030 0.050 263,520
ThyssenKrupp 8.19 40.37 0.020 0.110 134,610
TUI 2.95 26.53 0.028 0.149 89,860
Volkswagen 14.19 114.85 0.028 0.073 142,820
Averages 18.20 114.793 0.037 0.093 180,487

Table A reports descriptive statistics of our data set. The columns report market
capitalization as of 02 January 2004 (in billions of Euros), average daily trading
volume (in 1,000 Euros), absolute spreads in Euros, relative spreads in % and depth
at the best limit prices in Euros.
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B Descriptive Statistics for the Depth of the Order Book at 2%
Price Impact and for the Slope of the Order Book

Depth Slopes
Stock Ask Side Bid Side Ask Side Bid Side
Adidas-Salomon 2,437.00  2,044.00 0.8522 0.9701
Allianz 8,833.00  8,657.00 0.2263 0.2332
Altana 1,776.00  1,602.00 1.2289 1.2673
BASF 3,924.00  4,360.00 0.4721 0.4463
Bayer 3,273.00  2,922.00 0.6139 0.6919
BMW 3,075.00  3,186.00 0.6809 0.6602
Commerzbank 2,885.00  2,295.00 0.7663 0.9186
Continental 1,239.00  1,036.00 1.6666 1.9632
DaimlerChrysler 5,789.00  5,547.00 0.3326 0.3441
Deutsche Boerse 11,145.00 10,916.00 0.1836 0.1866
Deutsche Bank 1,830.00  1,861.00 1.1555 1.1305
Deutsche Post 2,411.00  2,060.00 0.8619 1.0021
Deutsche Telekom 17,655.00 16,668.00 0.1084 0.1133
E.ON 1,173.00 997.00 1.6551 1.7904
Fresenius 823.00 831.00 2.2516 2.2441
Henkel 5,459.00  5,303.00 0.3422 0.3631
HypoVereinsbank 3,943.00  3,408.00 0.6082 0.7217
Infinineon 7,150.00  5,614.00 0.3391 0.395
Linde 1,079.00  1,123.00 1.8555 1.8497
Lufthansa 1,734.00  1,621.00 1.1827 1.3244
MAN 1,046.00 945.00 2.0172 2.1075
Metro 1,485.00  1,429.00 1.4324 1.4314
Muenchener Rueck 7,815.00  7,048.00 0.2832 0.3002
RWE 2,770.00  2,705.00 0.7139 0.7267
SAP 6,423.00  6,915.00 0.2982 0.284
Schwering 2,200.00  2,467.00 1.0523 0.9295
Siemens 11,007.00 11,107.00 0.1747 0.1752
ThyssenKrupp 1,762.00  1,318.00 1.2102 1.4617
TUI 1,223.00  1,102.00 1.7401 2.0498
Volkswagen 3,213.00  3,887.00 0.6709 0.5903
Average 4,219.23  4,032.47 0.8992 0.9557

Table B gives descriptive statistics of the liquidity of the order book. The second
and third column give the aggregate depth (in 1,000.00 Euros) of the order book
up to a price impact of 2%. The fourth and fifth column give parameter estimates
of a linear model of the order book function.
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