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This article analyzes intraday patterns for U.K.
and U.S. trading of British cross-listed stocks.
For each market, the intraday patterns for these
stocks closely resemble those of otherwise sim-
ilar, non-cross-listed stocks. There is a 2-hour
period each day when cross-listed stocks are
traded both in New York and in London. This
overlap is characterized by concentrated trad-
ing as private information, originating in New
York,gets incorporated into prices in both mar-
kets. Cross-border competition for orderflow
tends to reduce already declining spreads in Lon-
don. By contrast, New York specialists maintain
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high spreads during the overlap. Overall, the evidence indi-
cates that order flow for cross-listed securities is segmented.

This article presents an empirical analysis of intraday data for a set
of British stocks that were cross-listed on the NYSE and AMEX dur-
ing 1991. Information from both U.K. and U.S. trading is exploited to
examine whether the fact that these stocks are traded in multiple mar-
kets significantly affects information flow, trading patterns, and dealer
competition as captured by the intraday patterns of volatility, volume,
and spreads, respectively. The analysis provides a microscopic view
of market integration, defined as prices in both markets reflecting
the same fundamental information. There are several reasons why
London and New York trading in British cross-listed stocks have the
potential of being integrated. First, both London and New York are
open trading environments with virtually complete access for foreign
investors. Second, no regulatory constraints prevent cross-border ar-
bitrage in cross-listed stocks and the markets are heavily arbitraged
by institutional investors. Third, British cross-listed stocks are liquid
in both London and New York trading. Finally, since London and
New York trade different claims on the same British firms for 2 hours
each day, dealers in cross-listed stocks potentially face considerable
cross-Atlantic competition for order flow.

Previous empirical research has found U-shaped patterns in intra-
day securities prices and volume, like those in Figure 1, for singly
listed stocks in virtually all time-periods, specific samples, geographic
locations, and trading structures. Theoretical models have been de-
veloped to explain these empirical regularities as market participants’
responses to the nature of information flow, the trading hours of an
exchange, and other properties of the trading environment. If the
predictions of these models are to carry over to integrated trading
of cross-listed stocks, the resulting pattern should look like the thick
solid line in Figure 2. The first goal of this study is to examine whether
sequential trading of British cross-listed stocks produces such an in-
traday pattern.

There are, however, several reasons why London and New York
trading of British cross-listed stocks might be less than fully integrated.
The first is that these stocks trade in the form of dollar denominated
American Depositary Receipts (ADRs) in the United States. An ADR
is in essence a complex security that packages the claim to the un-
derlying British firm with a service contract. Consequently, the two
securities are not necessarily perfect substitutes for all investors. An-
other factor that might affect the degree of market integration is the
costs associated with cross-border arbitrage. ADRs are in principle
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Figure 1
Stylized intraday pattern
The thick solid black line traces out the stylized U-shaped intraday pattern for volatility, trading
volume, and percentage spreads.

Figure 2
Stylized intraday pattern for cross-listed stocks
The thick solid black line traces out the elongated U-shape that is the predicted intraday pattern for
volatility, trading volume, and percentage spreads under the hypothesis that U.K. and U.S. trading
of British cross-listed stocks is perfectly integrated. The thin solid black lines trace out two U-
shaped curves that represent the predicted intraday patterns for each market under the alternative
hypothesis that trading of British cross-listed stocks is segmented.

fully convertible into the underlying stock, but conversion is not cost-
less. In practice, this is less troublesome since large institutions trade
on price differences between London and New York without actually
converting underlying stock into ADRs, or vice versa. If an investment
house maintains portfolios in both markets, they can quasi-arbitrage
price differences by, for example, shorting the ADR in the United
States and buying the underlying stock in London. Note, however,
that such trades are not riskless.

Recognizing that London and New York trading of British cross-
listed stocks might be less than perfectly integrated, the question is
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to what extent cross-listing affects information flow, trading activity,
and spread costs as captured by intraday patterns? If the markets are
completely segmented, trading of cross-listed stocks in each market
would presumably be characterized by a distinct intraday pattern as
indicated by the thin lines in Figure 2. To determine whether cross-
listing affects intraday patterns, it is desirable to establish a benchmark
pattern for each market. Natural benchmarks are intraday patterns
for similar stocks traded in the same market, but that are not cross-
listed on a foreign exchange. The second goal of this article is to test
whether intraday patterns for British cross-listed stocks as they trade in
each market differ significantly from intraday patterns for such control
stocks.

If London and New York trading of cross-listed stocks is integrated,
the close in London and the open in New York should not exhibit any
exceptional levels of volatility, volume, or spreads. The evidence in-
stead shows that trading of British cross-listed stocks generates a dis-
tinct and separate intraday pattern for volatility, volume, and spreads
for each trading venue. These patterns resemble the U-shaped patterns
found in previous work, with the important exception that spreads for
cross-listed stocks decline throughout the trading day in each market.

Cross-listed stocks have significantly lower volatility during the
early morning London trading compared to non-cross-listed stocks
with similar trading volume, consistent with the shorter nontrading
period preceding London open for stocks trading in New York. Volatil-
ity of quote prices for the underlying stocks increases significantly
when New York starts trading the ADR. The explanation is that volatil-
ity for the ADRs is very high around, and immediately following, the
open in New York, despite the fact that these stocks have been trading
continuously for 6 hours in London. This suggests that new informa-
tion is being revealed through the activity of New York–based traders
and shows that there are contemporaneous information links between
the markets. Furthermore, the overlap of trading is characterized by
high trading volume on both sides of the Atlantic. Spreads are signifi-
cantly lower for cross-listed stocks in London during the overlap than
for non-cross-listed stocks. By contrast, spreads for the ADRs in New
York are not significantly different from that of comparable non-cross-
listed stocks despite the fact that volume is relatively more concen-
trated during the overlap (New York morning) for cross-listed stocks.

While no formal tests of a particular theory are conducted in this
article, the empirical results are contrasted with predictions from the
theoretical literature on intraday price formation and trading patterns.
The empirical evidence from London generally supports models of
sequential trading where traders have long-lived private information
[e.g., Foster and Viswanathan (1990), Freedman (1991), and Holden
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and Subrahmanyam (1992)]. However, it is difficult to reconcile these
models with high volatility, volume, and spreads at, and subsequent
to, the New York open. To explain these empirical regularities, it is
necessary both to assume a certain degree of market segmentation
and to borrow insights from models of specialist market power [e.g.,
Brock and Kleidon (1992) and Stoll and Whaley (1990)].

This article is among the first to examine international intraday data
for securities traded in multiple markets. Related work by DeJong, Ni-
jman, and Röell (1993) and Pagano and Röell (1991) compares the
quality of execution for Italian and French stocks that are cross-listed
on the International Section of the London Stock Exchange. These
studies focus on differences in transaction costs between markets [see
Reiss and Werner (1995) for a discussion of transaction costs in Lon-
don]. Their data differ distinctly from the data studied in this article
in that cross-listing within Europe does not create a substantial exten-
sion of the available trading hours. Several researchers have recently
studied NYSE intraday data for cross-listed securities [e.g., Chan et
al. (1995), Forster and George (1993), and Freedman and Terry (1993)].
This study complements their evidence by documenting intraday pat-
terns both in the home (British) market and in the market of foreign
listing (United States).1

1. Data and Methodology

This study uses trade and quote data from the AMEX, NYSE, and Lon-
don Stock Exchange’s SEAQ system for January 1 through December
31, 1991.2 The British (SEAQ) data are divided into two samples: 23
British stocks cross-listed on the NYSE or AMEX, and 23 British con-
trol stocks for NYSE/AMEX-listed British stocks. To be included in the
group of cross-listed stocks, a British stock had to have a U.K. trading
volume of at least £400 million and also have trades in each mar-
ket for more than 190 of the 253 trading days in 1991.3 The British
control stocks were selected to match 1991 pound trading volume of

1 In a companion article [Kleidon and Werner (1995)], we study the impact of both geography and
market structure for SEAQ, NASDAQ, and NYSE/AMEX stocks.

2 London intraday data for 1991 were kindly provided by the Quality of Markets Group at the
London Stock Exchange (LSE). Due to data retrieval problems, there are some missing days in the
LSE data set. Quotes are missing for January 1–13 (all firms) and October 1–14 [firms not in the
Financial Times Stock Exchange (FTSE) 100 index]. Trade data are missing for March 19–31, June
25–30, September 25–30, and December 28–31. Moreover, dates when the time difference between
London and New York was not 5 hours were excluded (March 31–April 7, 1991). U.S. data were
drawn from the 1991 transaction data tapes distributed by the Institute for the Study of Securities
Markets (ISSM).

3 These rules exclude Attwoods plc.; Beazer plc.; Courtaulds plc.; Huntingdon International plc.;
Manpower plc.; and Saatchi & Saatchi plc. from the sample.
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British cross-listed stocks in the U.K. as reported in Stock Exchange
Quarterly (Winter 1991, Table 8C). To ensure that the control stocks
did not trade in a major market during the London overnight, British
stocks cross-listed in Tokyo were excluded. This way, the nontrading
period is always going to be shorter for cross-listed stocks than for
their controls.

Similarly, the U.S. data are divided into two samples: 28 British
ADRs traded on the NYSE or AMEX, and 28 U.S. control stocks for
NYSE/AMEX-listed British ADRs. There are 28 British ADRs because
two of the firms have multiple ADRs listed on the NYSE.4 U.S. control
stocks were selected to match 1991 average daily dollar trading vol-
ume (and price level) of British ADRs in the United States, calculated
using data from the Center for Research in Security Prices (CRSP). S&P
500 stocks were excluded to reduce the risk of attributing to cross-
listing any differences in intraday patterns that might be the result of
differences in the extent of index trading. The stocks and their 1991
trading volume are reported in the Appendix (Table A1).

Market makers in London are obliged to post firm, two-way quotes
from 0830 to 1630 London time. Trading hours for the NYSE and AMEX
are 0930 to 1600 New York time. This study focuses exclusively on
these “regular trading hours.” The trading day in each market is di-
vided into 15-minute time intervals. The length of a time interval was
chosen to provide computational efficiency while still enabling detec-
tion of any spillovers between markets during the overlap of trading
(eight intervals). The first time interval in the British (U.S.) data is
0830–0844 (0930–0944) and the last time interval is 1630–1644 (1600–
1614). In other words, there are 33 intervals of 15 minutes for the
British data and 27 intervals for the U.S. data. The Appendix outlines
how volatility, pound (dollar) volume, and spreads as percent of price
were calculated from the raw data for each stock, time interval, and
trading day.

The literature does not provide any theoretical guidance for how
intraday seasonalities for groups of securities should be measured or
summarized. This article uses ordinary least squares regressions (with
heteroskedasticity-consistent standard errors) to characterize intraday
patterns. Preliminary analysis of the data indicated that there are strong
firm-specific effects (see Table 2). The data are also characterized
by considerable heteroskedasticity. In this article, two methods are
used to correct for firm-specific effects. Both entail expressing intraday
patterns as deviations from a benchmark level.

4 There are five separate ADR issues for Barclays Bank and two separate ADR issues for Royal Bank
of Scotland.
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The first regression model (Model I) estimates the time-of-day ef-
fects, denoted γt for non-cross-listed stocks and γt+µt for cross-listed
stocks, controlling for firm effects, denoted βf . The regressions take
the following form:

X j
f,t =

Nsmp+Nctl∑
i=1

F f
i βi +

∑
s 6=τ

I t
s γ

j
s +

Nsmp∑
i=1

∑
s 6=τ

F f
i I t

s µ
j
s + ε j

f,t , (1)

where X j
f,t is the variance of quote prices, variance of trade prices,

pound (dollar) volume, or spreads for data from market j ∈ (SEAQ,
NYSE/AMEX); Nsmp (Nctl ) is the number of firms in the sample (control
group); and s ∈ (1, T j ) where T j the number of time intervals per day
for market j . F f

i takes the value one if i = f and zero otherwise,
I t
s takes the value one if s = t and zero otherwise, and εf,t is an
error term. In other words, cross-listed firms and their controls are
combined into one regression. A significant coefficient µ̂ j

t means that
the time-of-day effect at time t in market j for cross-listed stocks is
significantly different from the time-of-day effect for control stocks in
that same market. Midday is taken to be τ = 1215–1230. Note that
all time-of-day effects are expressed as absolute deviations from the
common (group) time-of-day effect at midday.

The second model (Model II) provides an alternative way of cor-
recting for firm effects. Firm-specific means of each variable, ω̂ j

f , are
estimated in a first-pass regression that does not control for time-of-
day effects:

X j
f,t =

Nsmp+Nctl∑
i=1

F f
i ω

j
i + ν j

f,t . (2)

Each observation is then normalized by the appropriate firm-specific
mean, that is, Y j

f,t ≡ X j
f,t/ω̂

j
f . The following regression is then esti-

mated:

Y j
f,t =

Tj∑
s=1

I t
s α

j
s +

Nsmp∑
i=1

Tj∑
s=1

F f
i I t

s ν
j
s + η j

f,t , (3)

where time-of-day effects for non-cross-listed stocks are given by αt

and for cross-listed stocks by αt+νt . A significant coefficient ν̂ j
t means

that the time-of-day effect at time t in market j for cross-listed stocks
is significantly different from the time-of-day effect for control stocks
in that same market. Here, each time-of-day effect is the average of
individual firms’ time-of-day effect expressed as a percentage of the
firm-specific intraday level.

The maintained null hypothesis for the statistical tests is that there
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is no difference between the intraday patterns of cross-listed stocks
and controls. Two sets of tests consistent with this null hypothesis are
performed. The first is a set of t -tests of the null hypotheses µ j

t = 0
and ν j

t = 0 for each time interval t during the day in market j . The
second set of F -tests examines the joint restriction µ j

t = ν
j
t = 0 for

all t in market j . Differences in intraday patterns across markets are
not formally tested, since such tests would require intraday data on
exchange rates, interest rates (to calculate the cost of carry due to dif-
ferences in settlement rules), and information about commissions and
taxes in each market—data that are not publicly available. Standard
errors are calculated based on a heteroskedasticity-consistent covari-
ance matrix.5 The large sample sizes, however, dictate that statistical
inferences be both conservative in terms of significance levels and be
complemented with an assessment of the economic significance of
differences in calculated statistics.

2. Levels of Volatility, Volume, and Spreads

This section compares the average levels of intraday securities prices
and volume for stocks in the cross-listed (sample) and non-cross-listed
(control) groups. Such comparisons provide an assessment of whether
the control stocks are reasonable matches for the set of British cross-
listed stocks. They also provide an overview of the cross-sectional
distribution of volatility, volume, and spreads.

2.1 Average volatility, volume, and spreads by group of stocks
The distributions of the statistics calculated from the raw data for
sample stocks and controls are reported in Table 1, panels A and B.
Statistical tests of differences in means and medians (assuming inde-
pendence) between sample stocks and control stocks are reported in
panel C. Control stocks were chosen to match sample stocks based
on mean daily trading volume. Table 1, however, shows that mean
trading volume is significantly larger for sample stocks than for their
controls. In London, this is a reflection of the fact that cross-listed
stocks represent 13 of the 20 highest ranked stocks based on SEAQ
trading volume.6 New York trading volume is matched quite well in
terms of medians (not reported), whereas the mean trading volume

5 See White (1980). It proved computationally infeasible to calculate robust standard errors [Newey
and West (1987)] for the regressions in this article. The regressions have up to 370,440 observations
and 110 right-hand side variables.

6 Quality of Markets Companies Book (1992, Table 2).
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is higher for cross-listed stocks.7 Mean trading volume per sample
stock in London translates into about £7.9 million per day compared
to about £4.7 million per day for controls. New York mean trading vol-
ume corresponds to roughly $4.8 million per day for a typical sample
stock compared to roughly $3.6 million per day for a typical control
stock.

These numbers indicate that New York trading volume is a large
fraction of total trading volume for British cross-listed stocks. Based
on daily 1991 exchange rates, the total London trading volume per
stock is approximately $13.6 million. In other words, roughly one-
fourth of the combined U.K.–U.S. volume in British cross-listed stocks
is traded in the United States. U.S. trading would represent an even
larger fraction of the combined volume if the numbers were corrected
for double-counting of dealer-intermediated customer trades as well
as the extent of interdealer trading in each market. However, the im-
portance of U.S. trading would diminish somewhat if trading of dollar
ADRs in the U.K. was accounted for (see Table A1). The distribution
of U.S. order flow shows that British ADRs trade infrequently—less
than 50 percent of the 15-minute intervals contain a trade. On the
other hand, when trades occur they tend to be large. A similar, albeit
less extreme, order-flow pattern is found for U.S. control stocks.

The fact that trading volume for cross-listed stocks exceeds that of
controls might affect the average levels of both volatility and spreads.
Theoretical models predict, and empirical work confirms, that more
liquid stocks ceteris paribus are associated with lower volatility and
lower spreads [see, e.g., Amihud and Mendelson (1987), Biais (1993),
Demsetz (1968), Easley et al. (1995), Ho and Stoll (1981, 1983), and
Stoll (1978a,b)]. Mean intraday volatility is indeed significantly lower
for sample stocks than for controls during both U.K. and U.S. trad-
ing. The volatility difference is larger in magnitude in New York than
in London. Median volatility is generally significantly lower for sam-
ple stocks. The sole exception is that London quote-price volatility is
significantly higher for sample stocks than for controls, although the
difference in magnitude is relatively small.

Volatility based on trade prices is an order of magnitude larger
than volatility based on quotes during U.K. trading. This pattern might
derive from trade prices being excessively noisy due to time-stamping
errors.8 The large difference between trade-price volatility and quote-

7 The main reason for this is that it is difficult to find a non-S&P 500 stock that matches the trading
volume of Glaxo Holdings’ ADR. Glaxo Holdings featured on the list of most heavily traded NYSE
stocks during our sample period. See further Table A1 in the Appendix.

8 See, for example, DeJong, Nijman, and Röell (1993) and Reiss and Werner (1995) for discussions
of time-stamping errors in U.K. transaction data. This property of the data motivates the use of
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price volatility is also consistent with evidence that quotes on SEAQ
move relatively infrequently [see Reiss and Werner (1995)]. However,
the fact that quote-price volatility for NYSE/AMEX stocks is of similar
magnitude suggests that the problem is the trade data and not the
quotes.

Finally, mean and median spreads are significantly lower for sam-
ple stocks than for their controls. This is consistent with the negative
relationship between percentage spreads and trading volume that has
been found in the literature. Moreover, stocks with high volume are
also likely to have more competing market makers and, indeed, con-
trol stocks have on average one fewer market maker than sample
stocks.9 The U.S. median (mean) spread for sample stocks is slightly
lower (higher) than U.K. spreads at 67 (94) basis points. U.S. control
stocks have a median (mean) spread of 86 (99) basis points.

2.2 Average volatility, volume, and spreads by group of stock
during the overlap

Panel D of Table 1 examines the levels of intraday prices and volume
for sample stocks during the overlap of trading. To facilitate compar-
isons between U.K. and U.S. trading, pound volume was translated
into dollars using midpoint quotes of daily exchange rates sampled
around 1700 London time. These, and other intradaily exchange rates,
were retrieved from Tradeline International.10

Based on the first column of the table, mean quote-price volatil-
ity is higher in New York (8.44) than in London (3.66) during the
overlap. These numbers do not, however, correct for the impact of
exchange rates. To estimate (roughly) the effect of intraday exchange
rate volatility exchange rates were sampled daily at 1000 and 1300.
Under the assumption that exchange rate volatility is proportional to
time, the estimated mean 15-minute exchange rate volatility is 1.20
with a standard deviation of 7.03 (n = 249). This implies that the
correlation between the pound/dollar exchange rate and the price of
ADRs would have had to be less than -0.94 for New York quote-price
volatility, when expressed in pounds, to be lower than the one in
London. Thus, stock prices and exchange rates need to have been
almost perfectly negatively correlated for the volatility difference to
disappear. Trade prices are more volatile in London, but as discussed

volatility based on midpoint quote returns as an alternative measure of information flow.
9 The median number of market makers is 15 for sample stocks and 14 for controls. These statistics

were calculated based on the number of market makers for each individual stock, as of March
29, 1991 [Quality of Markets Companies Book (1991, Table 3)].

10 Tradeline International reports daily quotes from five separate geographic locations. The quotes
are retrieved approximately at 1000, 1300, 1500, 1800, and 2315 GMT each day.
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above, this is probably a result of a higher frequency of time-stamping
errors for the British data.

Mean and median dollar volume are both considerably higher in
London during the overlap. A British cross-listed stock trades on av-
erage $4.1 million in London compared to $2.3 million in New York
during the overlap each day. Thus, the primary (home) market seems
to dominate the secondary market while both markets are trading
British cross-listed stocks. However, the same caveat that was men-
tioned in Section 2.1 applies—trading volume for dealer markets and
floor trading systems should not be compared without correcting for
differences in the extent of dealer-intermediated trading and pure in-
terdealer trading [see Gould and Kleidon (1995)]. However, it seems
reasonable to conclude that both markets are highly liquid during the
overlap of trading.

As emphasized in Reiss and Werner (1995), it is impossible to com-
pare the spread costs between two markets without correcting for
the characteristics of each particular market. Moreover, spread costs
represent only part of the costs of trading. Other costs, for example,
commissions and turnover taxes, are also likely to affect investors’
transaction costs and hence their decision on where to transact. Ab-
sent detailed data on other costs of trading, it is impossible to conclude
whether London or New York offers significantly lower comprehen-
sive transaction costs. Keeping these caveats in mind, it is neverthe-
less instructive to compare spread costs between London and New
York for British cross-listed stocks. The last column of panel D shows
that British cross-listed stocks in London have lower mean spreads,
but slightly higher median spreads, than in New York. Mean spreads
are 86 basis points in London and 98 basis points in New York. The
spread distributions are thus both skewed, with New York being rela-
tively more skewed toward high spreads than London. The four basis
point difference in medians is almost negligible in economic terms.
Even small switching costs could thus be enough to deter traders
from switching from one market to the other for most of the British
cross-listed stocks in this sample based on spreads alone.

2.3 Average volatility, volume, and spreads by individual stock
The first-pass regressions [Equation (2)] that estimate firm effects can
be used to study the cross-sectional distribution of volatility, volume,
and spreads. The estimated firm effects are reported in Table 2, panels
A and B. All firm effects are significant at the 1 percent level based
on a heteroskedasticity-consistent covariance matrix.

A few things are worth noting about the cross section of firm ef-
fects. There is considerable dispersion of estimated firm effects for all
four subsamples. This motivates the correction for firm effects when

631



The Review of Financial Studies / v 9 n 2 1996

 T
ab

le
2

E
st

im
at

ed
fi

rm
ef

fe
ct

s
fo

r
B

ri
ti

sh
cr

o
ss

-l
is

te
d

st
o

ck
s

an
d

th
ei

r
co

n
tr

o
l

st
o

ck
s

Sa
m

p
le

st
o

ck
s

C
o

n
tr

o
l

st
o

ck
s

C
o

d
e

V
o

la
ti

li
ty

o
f

V
o

la
ti

li
ty

o
f

T
ra

d
in

g
P

er
ce

n
ta

ge
C

o
d

e
V

o
la

ti
li

ty
o

f
V

o
la

ti
li

ty
o

f
T

ra
d

in
g

P
er

ce
n

ta
ge

q
u

o
te

p
ri

ce
s

tr
ad

e
p

ri
ce

s
vo

lu
m

e
sp

re
ad

s
q

u
o

te
p

ri
ce

s
tr

ad
e

p
ri

ce
s

vo
lu

m
e

sp
re

ad
s

P
an

el
A

:
U

.K
.

tr
ad

in
g

G
LX

O
0.

04
15

0.
17

48
56

3.
6

0.
45

G
U

IN
0.

02
18

0.
15

92
31

6.
88

0.
56

H
N

SN
0.

02
85

0.
25

73
30

5.
5

0.
66

G
E
C

0.
03

22
0.

37
36

19
0.

10
0.

93
B

T.
A

0.
02

15
0.

09
95

39
3.

5
0.

51
T
SC

O
0.

03
02

0.
43

78
17

0.
94

0.
97

B
P.

0.
03

27
0.

22
17

41
1.

1
0.

70
M

K
S

0.
03

61
0.

32
77

20
4.

26
0.

79
IC

I
0.

02
78

0.
12

55
36

2.
8

0.
42

B
A

.
0.

04
98

0.
65

81
16

3.
18

1.
34

G
M

E
T

0.
02

32
0.

31
79

35
7.

9
0.

40
P
R
U

0.
03

97
0.

39
49

14
0.

93
0.

97
SH

E
L

0.
01

77
0.

16
36

36
2.

8
0.

55
AY

L
0.

02
06

0.
27

87
13

6.
82

0.
90

SB
.A

0.
02

41
0.

13
09

27
4.

5
0.

44
LL

O
Y

0.
05

21
0.

33
54

15
9.

24
1.

05
SB

.E
0.

02
27

0.
05

69
10

3.
7

0.
81

LA
D

B
0.

09
88

0.
26

02
14

5.
34

1.
10

G
A

S
0.

03
19

0.
16

54
36

2.
8

0.
73

R
O

Y
L

0.
07

00
0.

66
47

11
5.

75
1.

40
B

A
T
S

0.
02

80
0.

26
04

25
5.

1
0.

74
SB

R
Y

0.
02

38
0.

32
50

13
5.

30
0.

88
B

A
R
C

0.
04

29
0.

35
64

24
3.

1
0.

86
A

N
L

0.
02

66
0.

21
36

14
3.

20
0.

99
C
W

.
0.

03
32

0.
50

70
21

7.
9

1.
08

R
R
.

0.
06

39
0.

55
64

13
0.

87
1.

34
N

W
B

0.
07

38
0.

50
76

21
4.

8
1.

15
K

G
F

0.
02

48
0.

17
33

12
7.

18
0.

74
U

LV
R

0.
01

54
0.

24
47

22
5.

5
0.

75
B

O
O

T
0.

02
39

0.
22

05
14

4.
79

0.
73

B
A

SS
0.

03
16

0.
18

08
16

3.
7

0.
68

M
ID

0.
10

04
1.

03
87

12
7.

24
1.

70
B

S.
0.

08
50

0.
87

65
15

1.
0

1.
39

FT
E

0.
06

34
0.

50
57

12
6.

11
1.

06
R
T
Z

0.
02

41
0.

34
45

16
5.

9
0.

88
W

LM
S

0.
02

64
0.

40
49

82
.1

5
1.

13
B

AY
0.

05
84

0.
58

74
10

6.
5

1.
34

W
C
M

0.
04

70
0.

21
80

11
3.

86
0.

72
V

O
D

0.
04

50
0.

35
49

78
.8

1.
32

H
LD

0.
07

52
0.

84
41

74
.7

2
1.

66
W

IL
C

0.
03

48
0.

27
85

62
.1

1.
30

R
E
E
D

0.
02

85
0.

23
59

84
.7

6
1.

11
R
B

O
S

0.
03

73
0.

53
52

60
.2

1.
63

LA
N

D
0.

01
74

0.
26

02
10

2.
06

0.
88

N
FC

0.
02

68
0.

41
32

32
.5

1.
83

R
D

LD
0.

02
71

0.
21

41
95

.6
5

0.
82

A
d

ju
st

ed
R

2
0.

01
51

0.
01

41
0.

16
33

0.
91

50
A

d
ju

st
ed

R
2

0.
02

51
0.

06
11

0.
09

15
0.

91
82

F
-v

al
u

e
11

7.
1

10
3.

2
1,

51
2.

8
83

,9
28

.1
F

-v
al

u
e

19
6.

6
45

6.
4

75
9.

8
87

,8
32

.5

632



U.K. and U.S. Trading of British Cross-Listed Stocks

 T
ab

le
2

(c
o

n
ti

n
u

ed
)

Sa
m

p
le

st
o

ck
s

C
o

n
tr

o
l

st
o

ck
s

C
o

d
e

V
o

la
ti

li
ty

o
f

V
o

la
ti

li
ty

o
f

T
ra

d
in

g
P

er
ce

n
ta

ge
C

o
d

e
V

o
la

ti
li

ty
o

f
V

o
la

ti
li

ty
o

f
T

ra
d

in
g

P
er

ce
n

ta
ge

q
u

o
te

p
ri

ce
s

tr
ad

e
p

ri
ce

s
vo

lu
m

e
sp

re
ad

s
q

u
o

te
p

ri
ce

s
tr

ad
e

p
ri

ce
s

vo
lu

m
e

sp
re

ad
s

P
an

el
B

:
U

.S
.

tr
ad

in
g

G
LX

0.
05

77
0.

07
64

1,
93

2.
26

0.
40

R
N

0.
16

53
0.

42
07

1,
25

7.
08

1.
23

H
A

N
0.

05
81

0.
16

65
51

7.
84

0.
75

C
V

N
0.

15
26

0.
24

82
39

6.
58

0.
72

B
T
Y

0.
02

41
0.

02
99

21
4.

49
0.

47
FF

C
0.

02
16

0.
02

05
18

7.
91

0.
46

B
P

0.
01

84
0.

02
24

46
6.

31
0.

30
C
IR

0.
13

18
0.

15
77

38
1.

37
0.

57
IC

I
0.

02
24

0.
02

35
18

8.
97

0.
35

LI
T

0.
03

48
0.

03
69

21
1.

28
0.

34
G

R
M

0.
04

73
0.

10
45

52
8.

41
0.

55
PA

0.
12

10
0.

14
56

38
8.

16
0.

63
SC

0.
02

46
0.

03
95

83
.5

2
0.

54
P
M

S
0.

05
92

0.
06

00
94

.7
7

0.
68

SB
E

0.
03

71
0.

05
15

69
7.

47
0.

32
SL

M
0.

07
55

0.
08

94
69

0.
43

0.
46

SB
H

0.
02

87
0.

03
41

35
.1

9
0.

55
H

SB
0.

05
54

0.
05

99
43

.6
7

0.
60

B
R
G

0.
02

99
0.

04
18

64
.0

1
0.

71
A
T
E

0.
02

06
0.

05
99

59
.2

9
0.

64
B

T
I

0.
07

83
0.

09
21

84
.2

7
1.

10
T
D

W
0.

29
97

0.
40

38
66

.6
7

1.
51

B
C
S

0.
05

36
0.

13
47

5.
36

2.
71

B
R
E

0.
03

76
0.

05
24

6.
05

1.
11

B
C
B

.P
R
.A

0.
04

23
0.

16
35

14
.2

0
0.

94
R
JF

0.
14

75
0.

16
07

17
.7

2
1.

29
B

C
B

.P
R
.B

0.
03

17
0.

12
45

10
.6

4
0.

90
N

G
A

0.
06

20
0.

07
65

12
.0

2
1.

35
B

C
B

.P
R
.C

0.
02

28
0.

10
65

10
.5

6
0.

99
LO

G
0.

07
95

0.
18

42
12

.5
4

1.
10

B
C
B

.P
R
.D

0.
01

93
0.

10
55

26
.5

4
0.

72
W

P
S

0.
04

10
0.

10
07

27
.4

9
0.

91
C
W

P
0.

04
08

0.
06

12
72

.6
2

0.
85

C
Q

0.
06

29
0.

09
77

70
.6

7
0.

85
N

W
0.

03
57

0.
03

09
6.

68
1.

33
C
SS

0.
04

59
0.

05
51

5.
36

1.
10

U
L

0.
03

10
0.

04
22

45
.1

7
0.

64
O

E
A

0.
30

11
0.

12
46

42
.7

2
1.

00
B

A
S

0.
03

10
0.

06
20

5.
13

1.
48

B
K

F
0.

08
24

0.
15

33
8.

47
1.

21
B

ST
0.

07
49

0.
18

50
75

.9
9

0.
88

C
D

O
0.

13
55

0.
20

32
78

.8
2

1.
06

R
T
Z

0.
03

26
0.

03
44

5.
99

1.
35

R
SP

0.
07

87
0.

10
91

5.
12

1.
89

B
A

B
0.

05
71

0.
09

68
17

6.
68

0.
66

G
N

E
0.

11
42

0.
17

92
21

0.
72

0.
74

V
O

D
0.

04
47

0.
05

91
17

9.
31

0.
48

M
D

A
0.

03
15

0.
04

66
17

9.
38

0.
53

W
C
G

0.
05

37
0.

05
83

41
.0

6
1.

11
K

U
0.

04
29

0.
14

09
44

.3
8

0.
91

R
B

S.
P
R

0.
03

57
0.

10
51

12
.1

8
0.

88
M

I
0.

06
68

0.
08

43
18

.4
5

1.
28

R
B

S.
P
R
.B

0.
00

93
0.

07
89

35
.4

4
0.

59
P
C
L

0.
06

99
0.

18
11

44
.9

0
0.

94
N

FC
0.

36
25

0.
42

56
1.

61
3.

59
II

I
0.

18
93

0.
24

98
1.

31
2.

67
A

d
ju

st
ed

R
2

0.
01

75
0.

03
58

0.
23

22
0.

80
53

A
d

ju
st

ed
R

2
0.

03
33

0.
08

30
0.

09
43

0.
86

50
F

-v
al

u
e

11
0.

1
21

1.
4

1,
95

0.
8

26
,2

46
.0

F
-v

al
u

e
21

9.
1

54
5.

4
70

7.
2

42
,1

58
.5

633



The Review of Financial Studies / v 9 n 2 1996

 T
ab

le
2

(c
o

n
ti

n
u

ed
)

P
an

el
C

:
C

ro
ss

-s
ec

ti
o

n
al

si
m

p
le

co
rr

el
at

io
n

s
o

f
fi

rm
ef

fe
ct

s

U
.K

.
sa

m
p

le
V
o
la

til
ity

o
f

T
ra

d
in

g
P
er

ce
n
ta

ge
n
=

23
tr
ad

e
p
ri
ce

s
vo

lu
m

e
sp

re
ad

s

V
o
la

til
ity

o
f

0
.7

8
−0
.2

3
0
.4

8
q
u
o
te

p
ri
ce

s
(5

.7
1)

(−
1.

08
)

(2
.5

1)

V
o
la

til
ity

o
f

−
0
.4

8
0
.7

2
tr
ad

e
p
ri
ce

s
(−

2.
51
)

(4
.7

5)

T
ra

d
in

g
vo

lu
m

e
−

0
.8

1
(−

6.
33
)

U
.K

.
co

n
tr

o
ls

V
o
la

til
ity

o
f

T
ra

d
in

g
P
er

ce
n
ta

ge
n
=

23
tr
ad

e
p
ri
ce

s
vo

lu
m

e
sp

re
ad

s

V
o
la

til
ity

o
f

0
.7

0
−0
.1

8
0
.7

4
q
u
o
te

p
ri
ce

s
(4

.4
9)

(−
0.

84
)

(5
.0

4)

V
o
la

til
ity

o
f

−0
.2

4
0
.9

1
tr
ad

e
p
ri
ce

s
(−

1.
13
)

(1
0.

06
)

T
ra

d
in

g
vo

lu
m

e
−

0
.4

5
(−

2.
31
)

U
.S

.
sa

m
p

le
V
o
la

til
ity

o
f

T
ra

d
in

g
P
er

ce
n
ta

ge
n
=

28
tr
ad

e
p
ri
ce

s
vo

lu
m

e
sp

re
ad

s

V
o
la

til
ity

o
f

0
.8

7
−0
.0

3
0
.7

6
q
u
o
te

p
ri
ce

s
(9

.0
0)

(−
0.

15
)

(5
.9

6)

V
o
la

til
ity

o
f

−0
.1

0
0
.7

2
tr
ad

e
p
ri
ce

s
(0
.7

7)
(5

.6
1)

T
ra

d
in

g
vo

lu
m

e
−

0
.3

3
(−

1.
78
)

U
.S

.
co

n
tr

o
ls

V
o
la

til
ity

o
f

T
ra

d
in

g
P
er

ce
n
ta

ge
n
=

28
tr
ad

e
p
ri
ce

s
vo

lu
m

e
sp

re
ad

s

V
o
la

til
ity

o
f

0
.7

2
+0
.1

6
0
.4

1
q
u
o
te

p
ri
ce

s
(5

.2
9)

(0
.8

3)
(2

.2
9)

V
o
la

til
ity

o
f

0
.4

5
0
.4

3
tr
ad

e
p
ri
ce

s
(2

.5
7)

(2
.4

3)

T
ra

d
in

g
vo

lu
m

e
−0
.2

5
(−

1.
32
)

T
h
e

n
u
m

b
er

s
in

p
an

el
s

A
an

d
B

ar
e

th
e

es
tim

at
ed

fi
rm

ef
fe

ct
s

fr
o
m

E
q
u
at

io
n

(2
)

in
th

e
te

xt
.

A
ll

co
ef

fi
ci

en
ts

ar
e

si
gn

ifi
ca

n
t

at
th

e
1

p
er

ce
n
t

le
ve

l
b
as

ed
o
n

a
h
et

er
o
sk

ed
as

tic
ity

-c
o
n
si

st
en

t
co

va
ri
an

ce
m

at
ri
x

o
f
p
ar

am
et

er
s.

P
an

el
C

re
p
o
rt
s

co
rr

el
at

io
n
s

ca
lc

u
la

te
d

b
as

ed
o
n

th
e

cr
o
ss

-s
ec

tio
n

o
f
es

tim
at

ed
fi
rm

ef
fe

ct
s

in
p
an

el
s

A
an

d
B

.
C
o
rr

el
at

io
n
s

si
gn

ifi
ca

n
t
at

th
e

5
p
er

ce
n
t
le

ve
l
ar

e
b
o
ld

fa
ce

d
.
T
h
e

t-
va

lu
es

ar
e

gi
ve

n
in

p
ar

en
th

es
is

b
el

o
w

ea
ch

co
ef

fi
ci

en
t.

634



U.K. and U.S. Trading of British Cross-Listed Stocks

estimating time-of-day effects. Whereas firm effects explain most of
the variation in percentage spreads, they are less successful in explain-
ing the intraday variation in volume and volatility. As indicated in the
previous discussion, the firm-by-firm matching on trading volume is
considerably closer for U.S. trading in panel B than for U.K. trading
in panel A.

There is generally a negative correlation between spreads and trad-
ing volume and a positive correlation between spreads and volatility.
This impression is confirmed by the correlations reported in panel
C of Table 2. Spreads and trading volume are significantly negatively
correlated at the 5 percent level in 6 out of 8 cases. Spreads and volatil-
ity are significantly positively correlated at the 5 percent level for all
cases regardless of whether volatility of quote prices or volatility of
trade prices is used. These cross-sectional patterns are consistent with
previous evidence in the literature [see, e.g., Stoll (1978b)].

3. Intraday Volatility Patterns for Sample Stocks and Controls

Figure 3a shows that volatility patterns based on quote prices are U-
shaped for all subsamples (recall that overnight volatility is excluded
from the analysis). Quote-price volatility is higher during the morning
than at midday. Afternoon volatility is also higher than at mid-day,
but the increase is comparatively small in magnitude. This general
pattern is well known from previous work on U.S. data [Foster and
Viswanathan (1993) and Wood, McInish, and Ord (1985)]. U-shaped
volatility has also recently been shown to be a characteristic of British
data [Kleidon and Werner (1993), and Abhyankar et al. (1994)]. Sev-
eral theories have been proposed to explain this empirical regularity.
The models are generally more successful in explaining why volatility
of prices are initially high and then decline. This pattern could for
example be caused by prices only slowly reacting to overnight infor-
mation as suggested by Amihud and Mendelson (1991), or because
imperfectly competitive strategic traders with long-lived private infor-
mation trade more aggressively on this information early on in the
day as suggested by Foster and Viswanathan (1993) and Holden and
Subrahmanyam (1992).

These stories have trouble when it comes to explaining the evi-
dence for cross-listed securities. If the volatility pattern were simply
caused by information accumulated prior to the start of trading and
the two markets were integrated in an information sense, the intra-
day data should be characterized by continuously declining volatility
as British stocks are trading first in London and then in New York.
It might be overly optimistic to expect this extreme form of market
integration to characterize the data. A more modest request for evi-
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A. B.

C. D.

Figure 3a
Intraday quote price variances
The figures graph the estimated intraday quote price variance patterns. The top panels (A and
B) present the results for U.K. trading and the bottom panels (C and D) give the results for U.S.
trading. The estimated time-of-day effects for cross-listed stocks are represented by thick solid
black lines and the time-of-day effects for non-cross-listed stocks are represented by thin solid
black lines. Model I results are reported in panels A and C, while Model II results can be found
in panels B and D.

dence of market integration is that the intraday volatility pattern be
significantly affected by the fact that stocks are cross-listed. Essentially,
the intraday pattern should be “flatter” for cross-listed stocks than for
control stocks.

Table 3a reports the results from tests for differences in intraday
quote-price volatility for British cross-listed stocks and their controls
in each market. Volatility during the first interval of London trading
is significantly lower for sample stocks than for controls regardless
of model. The magnitude of this difference in terms of normalized
time-of-day effects (Model II) is roughly −0.74. Variability of quote
prices is low between 1300 and 1400—lunch time in London. As New
York open approaches, that is, 1430, volatility picks up for all British
stocks. Quotes are significantly more variable for the stocks that are
cross-listed in New York than for controls just prior to, and coinciding
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with, New York open. The difference in normalized time-of-day effects
(Model II) is between 0.30 and 0.40. In fact, volatility is relatively more
concentrated during the overlap for the British stocks that are also
listed in New York. These stocks have 26.1 percent of daily volatility,
as measured by the sum of coefficients in a regression estimating
only time-of-day effects (not reported), concentrated to the overlap
compared to 22.0 percent for control stocks.

The timing of the elevated volatility in London suggests that it is
related to the simultaneously ongoing trading activity in New York.
Indeed, panels C and D show that quote prices of cross-listed stocks
are highly volatile during New York morning trading. The same is true
for U.S. controls. While high volatility for control stocks potentially can
be explained by a process of price discovery following a nontrading
period, this story does not work for cross-listed stocks. These stocks
have been trading continuously in London for 6 hours prior to the
New York open.

If this were the full story, the results from U.S. trading in Table 3a
are somewhat puzzling. Model I results show that New York morn-
ing volatility relative to midday is lower for sample stocks than for
controls, but the difference for the first 15 minutes is insignificant.
Only between 0945 and 1015 are quote prices significantly less vari-
able for cross-listed stocks. In contrast, Freedman and Terry (1993)
find that returns of portfolios of dually listed U.S. stocks are signif-
icantly less volatile during the first half hour of trading than those
of stocks not traded abroad.11 Moreover, the results from Model II
indicate that volatility when measured relative to the firm-specific av-
erage is higher for sample stocks than for controls. The difference
is significant for a few time intervals during early morning trading,
just prior to the London close. Quotes for cross-listed stocks have a
relatively larger fraction of their average intraday volatility during the
overlap. Based on the estimated time-of-day effects (not reported),
British cross-listed stocks have 51.2 percent of their daily volatility
during the overlap compared to 42.0 percent for U.S. control stocks.
Chan et al. (1995) find a similar pattern for U.S. trading of European
and Japanese NYSE/AMEX-listed stocks during 1986 to 1987.

Intraday volatilities for sample stocks and controls are indistinguish-
able for most of the rest of the New York trading day. There is, for
example, no significant increase in New York volatility when London
closes at 1130 New York time despite the fact that quote-price volatil-
ity in London increases around that time. The explanation is probably

11 Freedman and Terry (1993) use Fitch data to study 95 U.S. stocks that were listed abroad during
1980 to 1985.

637



The Review of Financial Studies / v 9 n 2 1996

 

T
ab

le
3

a
T

es
ts

fo
r

d
if

fe
re

n
ce

s
in

in
tr

ad
ay

q
u

o
te

p
ri

ce
va

ri
an

ce
p

at
te

rn
s

b
et

w
ee

n
B

ri
ti

sh
st

o
ck

s
cr

o
ss

-l
is

te
d

in
th

e
U

.S
.

an
d

th
ei

r
co

n
tr

o
l

st
o

ck
s

U
.K

.
tr

ad
in

g
M

o
d

el
I

M
o

d
el

II
U

.S
.

tr
ad

in
g

M
o

d
el

I
M

o
d

el
II

T
im

e
o

f
d

ay
T

im
e

ef
fe

ct
t-

va
lu

e
T

im
e

ef
fe

ct
t-

va
lu

e
T

im
e

o
f

d
ay

T
im

e
ef

fe
ct

t-
va

lu
e

T
im

e
ef

fe
ct

t-
va

lu
e

Lo
n
d
o
n

tim
e

Sa
m

p
le

-
C
o
n
tr
o
l

Sa
m

p
le

-
C
o
n
tr
o
l

Sa
m

p
le

-
C
o
n
tr
o
l

Sa
m

p
le

-
C
o
n
tr
o
l

N
ew

Y
o
rk

tim
e

Sa
m

p
le

-
C
o
n
tr
o
l

Sa
m

p
le

-
C
o
n
tr
o
l

Sa
m

p
le

-
C
o
n
tr
o
l

Sa
m

p
le

-
C
o
n
tr
o
l

08
30

–0
84

5
−

0
.0

5
9

1
−6
.0

3
−

0
.7

3
9

5
−3
.8

1
09

30
–0

94
5

−0
.0

33
7

−1
.0

8
0.

41
50

0.
80

08
45

–0
90

0
−

0
.0

2
3

2
−2
.9

8
−

0
.3

2
7

4
−2
.5

0
09

45
–1

00
0

−
0
.0

3
1

5
−2
.3

5
0.

32
85

2.
15

09
00

–0
91

5
−0
.0

13
9

−1
.1

8
−0
.1

31
3

−0
.7

6
10

00
–1

01
5

−
0
.0

2
9

6
−2
.6

0
0.

09
48

1.
11

09
15

–0
93

0
−0
.0

08
6

−1
.0

7
−0
.0

76
4

−0
.4

7
10

15
–1

03
0

0.
01

12
0.

65
0
.4

3
9

7
3.

61
09

30
–0

94
5

−
0
.0

2
0

4
−2
.4

0
−

0
.3

2
1

3
−2
.5

5
10

30
–1

04
5

0.
00

06
0.

03
0.

17
09

1.
66

09
45

–1
00

0
−0
.0

08
1

−1
.7

0
−0
.1

55
0

−1
.4

9
10

45
–1

10
0

0.
01

07
0.

74
0
.4

6
9

2
4.

38
10

00
–1

01
5

−0
.0

03
5

−0
.7

5
−0
.0

14
0

−0
.1

8
11

00
–1

11
5

−0
.0

02
5

−0
.2

3
0.

25
16

2.
25

10
15

–1
03

0
−0
.0

13
1

−2
.1

5
−

0
.3

3
9

8
−3
.0

4
11

15
–1

13
0

−0
.0

07
0

−0
.7

1
0.

15
56

1.
44

10
30

–1
04

5
−0
.0

09
2

−2
.0

3
−

0
.2

0
6

2
−2
.5

2
11

30
–1

14
5

−0
.0

13
9

−1
.0

0
−0
.1

02
7

−1
.3

2
10

45
–1

10
0

−0
.0

10
1

−2
.1

9
−

0
.2

0
5

0
−2
.3

4
11

45
–1

20
0

−0
.0

06
6

−0
.7

7
−0
.0

92
0

−1
.4

7
11

00
–1

11
5

−0
.0

09
9

−1
.3

5
−0
.2

75
5

−1
.1

6
12

00
–1

21
5

−0
.0

13
0

−1
.5

7
−

0
.1

7
2

9
−2
.9

1
11

15
–1

13
0

−0
.0

02
8

−0
.2

8
−0
.0

61
1

−0
.3

3
12

15
–1

23
0

n
.a

.
n
.a

.
−0
.0

77
2

−1
.5

0
11

30
–1

14
5

0.
00

11
0.

26
0.

03
64

0.
46

12
30

–1
24

5
−0
.0

00
2

−0
.0

2
−0
.0

38
6

−0
.5

0
11

45
–1

20
0

0.
02

05
1.

35
0.

19
61

1.
06

12
45

–1
30

0
0.

01
08

0.
97

−0
.1

22
4

−1
.6

2
12

00
–1

21
5

0.
01

57
1.

52
0.

31
10

1.
42

13
00

–1
31

5
0.

00
65

0.
77

−0
.0

29
9

−0
.5

8
12

15
–1

23
0

n
.a

.
n
.a

.
−0
.0

27
5

−0
.4

2
13

15
–1

33
0

−0
.0

02
3

−0
.2

6
−0
.0

48
0

−0
.8

1
12

30
–1

24
5

0.
00

29
0.

69
0.

00
26

0.
03

13
30

–1
34

5
0.

00
51

0.
51

−0
.0

45
0

−0
.7

9
12

45
–1

30
0

0.
00

64
1.

83
0.

07
12

1.
65

13
45

–1
40

0
0.

00
88

1.
02

0.
03

73
0.

53
13

00
–1

31
5

0.
00

53
1.

61
0.

04
10

1.
01

14
00

–1
41

5
0.

00
81

0.
77

−0
.1

09
2

−2
.2

7
13

15
–1

33
0

0.
00

63
1.

88
0.

09
79

2.
09

14
15

–1
43

0
−0
.0

06
2

−0
.7

5
−

0
.1

6
3

0
−2
.5

4
13

30
–1

34
5

0
.0

1
1

6
3.

31
0
.2

4
0

5
3.

99
14

30
–1

44
5

−0
.0

07
4

−0
.8

7
−

0
.1

5
4

1
−2
.7

1

638



U.K. and U.S. Trading of British Cross-Listed Stocks

 T
ab

le
3

a
(c

o
n

ti
n

u
ed

)

U
.K

.
tr

ad
in

g
M

o
d

el
I

M
o

d
el

II
U

.S
.

tr
ad

in
g

M
o

d
el

I
M

o
d

el
II

T
im

e
o

f
d

ay
T

im
e

ef
fe

ct
t-

va
lu

e
T

im
e

ef
fe

ct
t-

va
lu

e
T

im
e

o
f

d
ay

T
im

e
ef

fe
ct

t-
va

lu
e

T
im

e
ef

fe
ct

t-
va

lu
e

Lo
n
d
o
n

tim
e

Sa
m

p
le

-
C
o
n
tr
o
l

Sa
m

p
le

-
C
o
n
tr
o
l

Sa
m

p
le

-
C
o
n
tr
o
l

Sa
m

p
le

-
C
o
n
tr
o
l

N
ew

Y
o
rk

tim
e

Sa
m

p
le

-
C
o
n
tr
o
l

Sa
m

p
le

-
C
o
n
tr
o
l

Sa
m

p
le

-
C
o
n
tr
o
l

Sa
m

p
le

-
C
o
n
tr
o
l

13
45

–1
40

0
0.

00
60

1.
27

0.
07

25
1.

13
14

45
–1

50
0

−0
.0

14
6

−1
.7

2
−

0
.2

2
5

4
−4
.0

3
14

00
–1

41
5

0.
00

38
0.

97
0.

02
73

0.
56

15
00

–1
51

5
−0
.0

12
3

−1
.0

1
−

0
.2

2
3

1
−3
.7

6
14

15
–1

43
0

0
.0

1
4

1
3.

73
0
.3

0
4

6
3.

93
15

15
–1

53
0

−0
.0

21
3

−2
.1

0
−

0
.2

4
7

0
−3
.4

3
14

30
–1

44
5

0
.0

1
1

5
2.

91
0
.4

0
3

4
5.

62
15

30
–1

54
5

−
0
.0

4
0

6
−3
.8

8
−

0
.2

3
9

4
−3
.3

1
14

45
–1

50
0

0.
00

74
1.

72
0
.2

7
9

4
3.

87
15

45
–1

60
0

−
0
.0

4
3

0
−4
.0

9
−

0
.2

4
4

4
−3
.2

0
15

00
–1

51
5

0.
00

35
0.

80
0.

15
86

1.
77

15
15

–1
53

0
0.

00
03

0.
06

0.
10

87
1.

35
A

d
ju

st
ed

R
2

0.
02

86
0.

02
16

15
30

–1
54

5
−0
.0

01
4

−0
.2

7
0.

09
59

0.
99

F
-v

al
u

e
97

.7
0

14
8.

70
15

45
–1

60
0

0.
00

32
0.

74
0.

14
77

2.
05

F
-t

es
t

2.
27

2.
90

16
00

–1
61

5
0.

00
85

1.
62

0
.1

9
4

6
2.

34
16

15
–1

63
0

0.
00

91
1.

73
0
.2

3
7

1
2.

72
T
h
e

ta
b
le

re
p
o
rt
s

es
tim

at
ed

tim
e-

o
f-
d
ay

ef
fe

ct
s,

i.e
.,
µ

t
in

M
o
d
el

I
an

d
ν

t

in
M

o
d
el

II
.

t-
va

lu
es

ar
e

b
as

ed
o
n

h
et

er
o
sk

ed
as

tic
ity

-c
o
n
si

st
en

t
co

va
ri
an

ce
m

at
ri
ce

s
o
f

th
e

es
tim

at
ed

p
ar

am
et

er
s.

A
b
o
ld

fa
ce

d
co

ef
fi
ci

en
t

in
d
ic

at
es

si
gn

ifi
ca

n
ce

at
th

e
1

p
er

ce
n
t

le
ve

l
(|t
|
>

2.
33
).

Fo
r

ea
ch

m
o
d
el

,
th

e
jo

in
t

si
gn

ifi
ca

n
ce

o
f
th

e
es

tim
at

ed
tim

e-
o
f-
d
ay

ef
fe

ct
s

re
p
o
rt
ed

in
th

e
ta

b
le

is
te

st
ed

u
si

n
g

an
F

-t
es

t.
A

te
st

st
at

is
tic

ab
o
ve

F
=

1.
70

m
ea

n
s

th
at

th
e

in
tr
ad

ay
p
at

te
rn

fo
r

cr
o
ss

-l
is

te
d

st
o
ck

s
is

si
gn

ifi
ca

n
tly

d
if
fe

re
n
t
fr

o
m

th
at

o
f
co

n
tr
o
ls

.

A
d

ju
st

ed
R

2
0.

02
74

0.
03

71
F

-v
al

u
e

91
.8

0
21

0.
55

F
-t

es
t

0.
61

0.
41

639



The Review of Financial Studies / v 9 n 2 1996

that the magnitude of volatility in London at this time is not large
enough to warrant transmission between markets, or that the increase
in London volatility is not caused by new information. Volatility for
British ADRs is significantly lower than for their controls at the end of
the U.S. trading day. The difference in normalized time-of-day effects
ranges from −0.15 to −0.25 (Model II). Based on the F -tests reported
at the bottom of Table 3a, there is strong statistical support for differ-
ences in the volatility pattern between cross-listed stocks and controls
during U.S. but not during U.K. trading.

The London morning volatility pattern supports Amihud and Mendel-
son’s (1991) conclusion that a shorter nontrading period tends to re-
duce price uncertainty. It is also consistent with the theoretical model
of security cross-listing developed by Freedman (1991). This model
predicts that the primary market volatility (after the opening trade)
should be lower for cross-listed stocks since risk-neutral traders with
long-lived information spread their trades over both markets.

It is more challenging to find an explanation for why volatility is
high during the overlap of trading. There are several candidate ex-
planations for this pattern. The first one follows arguments presented
in Stoll and Whaley (1990). They conclude that the monopoly power
of specialists on the NYSE is responsible for creating higher levels of
volatility around the open than around the close. However, a specialist
for cross-listed stocks faces nonnegligible competition from London
market makers at the New York open. Only if order flow segmentation
is severe will the specialist have enough market power to affect New
York opening prices in the way predicted by Stoll and Whaley (1990).
In addition, the fact that volatility spills over to London suggests that
it is not simply related to the opening mechanism of the NYSE.

A second hypothesis is that higher volatility is caused by a higher
level of public information flow for cross-listed stocks during the
overlap of trading. While the evidence does not permit a rejection
of this hypothesis, the literature does provide some guidance. In an
attempt to measure public information arrival using news releases,
Berry and Howe (1994) find New York open to have the lowest level
of U.S. business-hour information flow. Thus, only if British cross-
listed firms have a distinctly different news release pattern can the
volatility pattern potentially be explained by new public information
flow. It would seem that the most natural way in which British firms
might differ when it comes to news release patterns is by disclosing
information relative to British business hours in lieu of U.S. business
hours. Berry and Howe (1994) find that public information arrival
peaks just after the U.S. market close. If British firms follow the same
rule, they are likely to release most news after the U.K. market close.
This suggests that the volatility increase should take place after 1130
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New York time. At that time of day, New York volatility has virtually
bottomed out. It thus seems unlikely that morning volatility is caused
by a massive arrival of new public information during the overlap of
trading.

The third hypothesis, advocated by Chan et al. (1995), is that volatil-
ity is high because U.S. investors wait until the New York open to
update their priors based on public information released during Lon-
don (or Tokyo) business hours. Models developed by, for example,
Harris and Raviv (1993), Kim and Verrecchia (1991), and Wang (1994)
show that differences in how agents interpret public information can
generate both higher volume and more volatility. This hypothesis is
appealing since the information is public and it can be argued, as do
Chan et al. (1995), that U.S. investors do not risk anything by deferring
trades based on their revised expectations until New York opens. It
would thus not seem necessary to assume that markets are segmented
for this story to be consistent with the data. However, if this were the
reason, we would not expect volatility in London to increase around
the U.S. open.

The final candidate explanation is that private information gets im-
pounded into prices through the trading activity of U.S. investors. In
other words, U.S. order flow is informative. This hypothesis implic-
itly assumes a reluctance of U.S. investors to trade in London—that
is, some degree of order flow segmentation. A U.S. investor would
potentially benefit from trading earlier, that is, in London, on private
information. By combining the evidence from U.K. and U.S. trading of
cross-listed stocks, it is possible to infer whether volatility is caused by
old public or new private information. Specifically, the fact that volatil-
ity in London is significantly higher for cross-listed stocks around 1430
London time suggests that the explanation, at least in part, is related
to information not previously incorporated into London prices. The
data thus strongly suggest that U.S. order flow conveys information
not previously incorporated into London prices.

For completeness, the results for intraday trade-price volatility are
reported in Table 3b. The estimated time-of-day effects are graphed in
Figure 3b. At first blush, trade-price volatility seems to be U-shaped in
London. Closer scrutiny of the plotted time-of-day effects in panels A
and B, however, shows that the afternoon increase in volatility is en-
tirely due to the last interval. According to London dealers, this pattern
is likely to result from the practice of prearranged so-called protected
trades. These trades involve a dealer who at some point during trad-
ing agrees to give a customer the better of the prevailing quote, and
either an average best price or the single best price available for a
specific (subsequent) period of the day. The trade is typically booked
at close. Its price will tend to differ from that of previously recorded
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A. B.

C. D.

Figure 3b
Intraday trade price variances
The figures graph the estimated intraday trade price variance patterns. The top panels (A and
B) present the results for U.K. trading and the bottom panels (C and D) give the results for
U.S. trading. The estimated time-of-day effects for cross-listed stocks are represented by thick
solid black lines and the time-of-day effects for non-cross-listed stocks are represented by thin
solid black lines. Model I results are reported in panels A and C, while Model II results can be
found in panels B and D.

regular trades, hence the large volatility estimate for the last interval.
Panels C and D and the U.S. trading part of Table 3b indicate that the
trade-price volatility of control stocks in the United States is U-shaped,
but there is less afternoon volatility increase for British ADRs than for
control stocks.12

Results from Model I for U.K. trading in Table 3b confirm the im-
pression from panel A that there is no significant difference between
volatility for sample stocks and their controls. Some significant coeffi-
cients appear in Model II, but there is no distinct pattern except for a
high volatility at the close. Given the reservations about time stamps
for the British data, this result is not particularly surprising. In con-

12 The volatility decline in the last interval is due to forward-filling of trade prices. Few trades occur
at 1630 both for sample and control stocks.
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trast, the U.S. trading results in Table 3b and panels C and D show that
British ADRs have signficantly lower trade-price volatility than their
controls during the first 15 to 30 minutes of trading in New York. This
parallels the results for quote-price volatility based on Model I. Again,
the difference based on Model II is positive and insignificant. Volatility
patterns based on trade prices and quote prices are thus very similar
for U.S. data. A similar conclusion was reached by Chan et al. (1995).

4. Intraday Volume Patterns for Sample Stocks and Controls

Figure 4 shows that trading volume is strongly U-shaped for both sam-
ple stocks and controls in each market. Note that the opening minute
and the closing minute are estimated separately. Opening and closing
volumes are multiplied by 15 to make them comparable to the level of
time-of-day effects estimated for other intervals. Similar volume pat-
terns for U.S. stocks were first documented by Jain and Joh (1988).13

Closer scrutiny of panels A and B (Figure 4) shows that the London
volume pattern actually has more of a “two-humped” shape than a
simple U-shape. In contrast to evidence from the United States, nei-
ther the open nor the close in London is associated with exceptionally
high trading volume compared to adjacent time periods. This intraday
pattern is a general feature of British data [see Kleidon and Werner
(1993)]. Instead of volume being exceptionally high adjacent to peri-
ods of market closure, the “two-humped” volume pattern for British
stocks can be interpreted as evidence for volume being exceptionally
low during lunch. It is striking that the volume pattern for cross-listed
firms is so similar to that of control stocks. If market closure creates
this pattern, integrated trading of cross-listed stocks should result in
clustering of trading activity for these stocks only at the start of trading
in London and at the close in New York. To explore whether cross-
listing at least significantly affects intraday volume patterns, Table 4
reports results from tests for differences in intraday volume patterns
between cross-listed stocks and controls.

Both the results from U.K. trading in Table 4 and panels A and B
in Figure 4 show that cross-listed stocks have a more strongly “two-
humped” shape than their controls when the intraday pattern is es-
timated using Model I. This seemingly contradicts the notion that a
shorter nontrading period prior to London open should reduce the
liquidity demand during early trading. In addition, cross-listed stocks
are not subject to a period of market closure following the London
close. When the estimated time-of-day effects are scaled relative to

13 See also Foster and Viswanathan (1993).
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A. B.

C. D.

Figure 4
Intraday trading volume
The figures graph the estimated intraday trading volume patterns. The top panels (A and B) present
the results for U.K. trading and the bottom panels (C and D) give the results for U.S. trading. The
estimated time-of-day effects for cross-listed stocks are represented by thick solid black lines and
the time-of-day effects for non-cross-listed stocks are represented by thin solid black lines. Model
I results are reported in panels A and C, while Model II results can be found in panels B and D.

the firm-specific average level (Model II), however, the puzzle dis-
appears. The Model II results suggest that pound trading volume is
actually slightly lower, but not significantly so, for cross-listed stocks
than for controls during morning London trading. Models I and II
give different results because cross-listed stocks have higher average
trading volume.

Interestingly, pound trading volume is significantly higher for cross-
listed stocks just around the time when New York starts trading these
stocks, regardless of which model is used. In terms of magnitudes,
the difference in normalized time-of-day effects is about 0.15 (Model
II). The timing of the relative volume increase strongly suggests that
it has something to do with what is simultaneously going on in New
York. This conjecture can be confirmed by looking at panels C and
D. While the opening minute in New York itself does not have a
higher level of trading activity for sample stocks, the average level of
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U.K. and U.S. Trading of British Cross-Listed Stocks

U.S. trading volume is significantly higher for British ADRs than for
their controls following New York open, regardless of which model
is used to estimate the pattern.14 The differences in normalized time-
of-day effects during the morning range from 0.20 to 0.50 (Model II).
A similar conclusion was reached by Chan et al. (1995).

Curiously, based on Model II there is also a period about 1 hour
prior to New York open when London trading volume for sample
stocks is significantly higher than for controls. The difference in nor-
malized time-of-day effects is about 0.07. One explanation for this
phenomenon, suggested by London market makers, is that British
traders in cross-listed stocks are relatively more concerned about the
state of their “books” in light of the upcoming period when two mar-
kets are going to trade these stocks. While such a period offers op-
portunities for arbitrage, it also affects transparency because trading
is fragmented between two locations. In addition, as shown in the
previous section, volatility increases during the overlap. Thus, it can
be extra costly for traders to be caught unprepared.

Except for the last 15 minutes of trading, the positive difference be-
tween trading volume for sample stocks and controls relative to mid-
day is insignificant during the New York afternoon. Based on Model II,
however, trading volume for sample stocks is not significantly higher
than for controls around the New York close. Overall, the F -tests re-
ported at the bottom of Table 4 indicate that there is stronger support
for differences in the intraday patterns of cross-listed stocks and their
controls during U.S. trading. However, all patterns are significant at
the 1 percent level.

The graphs suggest that New York trading volume in cross-listed
stocks is much more concentrated in the morning session than trad-
ing volume in U.S. control stocks. We estimate the fraction of daily
volume that occurs during the overlap based on coefficients from
regressions with only time-of-day effects (not reported). British cross-
listed stocks trade 30.9 percent of their daily London volume during
the overlap, which is very similar to the fraction traded by British con-
trol stocks, 29.2 percent. By contrast, for cross-listed stocks as a group,
47.2 percent of daily New York volume is traded during the overlap
compared to 39.7 percent for control stocks. Thus, while both British
and U.S. traders have a tendency to skew their trading activity toward
the period of overlap, this tendency is much stronger for U.S. traders.

This pattern of concentrated trading volume could have several
explanations. The first, proposed by Brock and Kleidon (1992), is

14 One explanation for the relatively low trading intensity for the opening minute in New York could
be a higher frequency of delayed openings for ADRs compared to controls.
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that there is more, relatively inelastic, hedging demand adjacent to
periods of market closure. For this explanation to be consistent with
the fact that volume patterns are distinctly U-shaped in each market,
and specifically that volume is concentrated in both markets during
the overlap of trading, it has to be the case that at least some British
traders take the London close seriously despite the fact that trading
continues for another 4.5 hours in the United States. Traders in the
United States, on the other hand, must generally view the New York
open as the start of trading despite the fact that it occurs after 6 hours
of continuous (London) trading. In other words, a substantial part
of the order flow for British cross-listed stocks is segmented. The
Brock and Kleidon (1992) model does not provide an explanation
for the concentration of volatility during the period of overlapping
trading.

A second reason for volume to be concentrated during the period
of overlap is that prices are more informative at this time, in the sense
that they reflect traders’ private information. This story follows the
model developed by Admati and Pleiderer (1988). It is possible that
both discretionary liquidity traders and (privately) informed traders on
both sides of the Atlantic are attracted to the overlap; liquidity traders
because transaction costs are low and informed traders because they
are better able to disguise their trades when volume is high. This pre-
diction is consistent with the high levels of volatility in both markets
as discussed in the previous subsection. The model argues that high
volatility will result because new information is rapidly incorporated
into prices through the concentrated trading activity of competing risk-
neutral informed traders. While prices are volatile, they are still attrac-
tive in the sense that they are more informative than prices at other
times. However, a necessary prerequisite for discretionary liquidity
traders to volunteer their order flow at this time is that transaction
costs are low. This issue will be explored in Section 5.

A third reason for concentrated volume, focusing on the overlap,
is that most of the arbitrage activity between the two markets is likely
to be concentrated in periods when both markets are open. Cross-
border arbitrage transactions are presumably relatively more abundant
if British and U.S. investors either have different opinions about how
new public information should affect prices of cross-listed stocks as
suggested in, for example, Harris and Raviv (1993) and Wang (1994),
or they have different opinions about the value of cross-listed stocks
because U.S. investors have private information that is not yet incor-
porated into London prices. The models also predict that high vol-
ume generated by differences in opinion should be associated with
volatility increases, which is consistent with the evidence presented
in the previous subsection. The fact that London volatility increases
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significantly during the overlap for cross-listed stocks suggests that
the arbitrage activity is primarily motivated by U.S. traders acting on
private information. As traders in each market venue react to this new
information, prices gradually adjust on both sides of the Atlantic. For
the story to hold water, a reluctance for U.S. traders to act on their
information prior to New York open is required.

It is of course also possible that concentration of trading during the
overlap is entirely motivated by lower transaction costs. Lower trans-
action costs could, for example, result from competition for order
flow between the primary and secondary markets during the overlap.
However, for both markets to simultaneously experience concentrated
trading, either (comprehensive) transaction costs have to be identical
in both markets or market switching costs have to be substantial for
a large number of traders. The first condition would support the kind
of knife-edge two-market conjectural equilibrium that Pagano (1989)
derives. The existence of this equilibrium is, however, very sensitive
to the equilibrium concept used and Pagano (1989) argues that it is
an unlikely outcome. The two-market equilibrium generally does not
exist, and traders that are free to choose where to trade would typ-
ically concentrate their trades in one market. The second condition
is used by Chowdhry and Nanda (1991) to derive an equilibrium in
their model of multimarket trading. This equilibrium has the property
that as the fraction of institutional investors increases, the correlation
between trading volumes in the two markets increases because in-
stitutions split trades across markets. This might explain why trading
volume is high both in London and in New York during the overlap.
Again, a small change in the model would make the equilibrium col-
lapse into one of a single market trading venue. Specifically, if small
liquidity traders can choose where to trade, the lowest cost market
will dominate. In light of these models, the evidence indicates that at
least some traders face prohibitive market switching costs.

5. Intraday Spread Patterns for Sample Stocks and Controls

Kleidon and Werner (1993) show that the main difference between the
intraday patterns for British data compared to U.S. data is that spreads
tend to decline throughout the London trading day. This pattern is
evident for both sample stocks and controls during London trading as
captured in panels A and B of Figure 5. London spreads for sample
stocks are higher during the morning and lower in the afternoon than
at midday. For British control stocks, the spreads decrease markedly
in the afternoon, while spreads during the morning do not deviate
noticeably from the level at midday. These results closely resemble the
spread pattern found by Chan, Christie, and Schultz (1994) for liquid
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A. B.

C. D.

Figure 5
Intraday percentage spreads
The figures graph the estimated intraday percentage spread patterns. The top panels (A and
B) present the results for U.K. trading and the bottom panels (C and D) give the results for
U.S. trading. The estimated time-of-day effects for cross-listed stocks are represented by thick
solid black lines and the time-of-day effects for non-cross-listed stocks are represented by thin
solid black lines. Model I results are reported in panels A and C, while Model II results can be
found in panels B and D.

NASDAQ stocks—also a dealer market—suggesting that the difference
in part can be attributed to the differences in trading structure.

The trading structure cannot, however, be the entire explanation
for the different spread pattern since New York spreads for cross-listed
stocks in panels C and D also decline over the course of the trading
day. Afternoon sample stock spreads are about one to two basis points
lower than at midday. U.S. control stocks do have higher spreads in the
morning than at midday, while spreads in the afternoon are similar
to the level at midday. Spreads, particularly for cross-listed stocks,
contrast with the U-shaped spreads found in earlier studies for NYSE
data [see, e.g., Brock and Kleidon (1992), Foster and Viswanathan
(1993), and McInish and Wood (1992)].

Higher U.K. spreads in the morning for cross-listed and control
stocks alike is generally consistent with the adverse selection story
during price discovery as originally proposed by Bagehot (1971). Such
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spread patterns are also predicted by models of informed traders with
long-lived information, for example, Foster and Viswanathan (1993)
and Holden and Subrahmanyam (1992). While these models could
also explain the spread pattern for control stocks in New York, they
are unable to explain the intraday spread pattern for British cross-
listed stocks in New York if markets are fully integrated. Specifically,
it has to be the case that some (U.S.) traders with private information
wait until the New York open to execute their trades. Note that this is
consistent with the volatility patterns described in Section 3. As was
the case with volatility and volume, spread patterns for cross-listed
stocks closely resemble those for control stocks in each market. Table
5 reports the results of tests for differences in intraday spread patterns.

Spreads in London are significantly higher relative to their bench-
mark level for sample stocks than for controls during morning trading
regardless of regression model. The difference ranges from two to six
basis points in magnitude. No other individual 15-minute coefficients
are significant for U.K. trading based on Model I. Model II results,
however, show that sample stocks’ spreads are significantly lower
during the overlap. In terms of magnitude, the difference is about
two basis points. Again, the timing coincides exactly with the start of
trading in New York. By contrast, spreads at this time of day are at
their highest level in New York, both for sample stocks and controls.
Moreover, U.S. spreads are insignificantly different across samples for
most of the day. Sample stocks have significantly lower spreads (by
about three basis points) during the last 30 to 90 minutes of New
York trading. Based on the F -tests reported at the bottom of Table 5,
there is stronger evidence supporting differences in intraday spread
patterns for U.K. trading than for U.S. trading of cross-listed stocks.

This U.S. spread pattern is different from that found for dually listed
stocks by Chan et al. (1995). Their data show European cross-listed
stocks to have significantly higher spreads at New York open than
their U.S. control stocks. That result is puzzling in light of the fact that
volume for cross-listed stocks is relatively more concentrated during
the overlap. It suggests that U.S. traders are relatively prone to trade
during the overlap despite costs being significantly higher at the open
in New York. Based on more recent data covering only British ADRs,
we find here that while spreads for British ADRs are higher at the
open than during the rest of the day, they are not significantly higher
than spreads for similar U.S. stocks.

Spreads for cross-listed stocks are perhaps the most interesting fea-
ture of the intraday patterns presented in this article. Some guidance
for understanding the London spread pattern can be found in Freed-
man’s (1991) model of securities cross-listing. The model predicts that
spreads for cross-listed stocks will be relatively higher in the primary
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market (London) because volume is lost to the secondary market (New
York). Her model does not explicitly allow for an overlap of trading,
but stretching its implications to such a setting would suggest that
London spreads for cross-listed stocks are higher, both in absolute
terms and relative to spreads of non-cross-listed stocks, during the
London morning compared to the afternoon, because volume is rel-
atively more concentrated to the overlap for these stocks. However,
Freedman’s model also predicts that spreads in New York should be
lower for cross-listed stocks than for similar non-cross-listed stocks.
The intuition behind this prediction is that the (positive) effect on
New York spreads of information-based trading taking place in Lon-
don instead of New York is likely to outweigh the (negative) effect
on spreads of liquidity being lost to London. The evidence instead
shows that New York spreads are significantly higher for cross-listed
stocks than for controls during the overlap. Since New York volume is
relatively more concentrated during the overlap for cross-listed stocks
than for non-cross-listed stocks, which should lower trading costs at
this time, the results suggest that information trading is abundant in
New York during the overlap.

Whether the high New York spreads around the open are gener-
ally consistent with models of privately informed investors depends
on what one assumes about their attitudes toward risk and the abil-
ity of other traders to choose when to trade during the day. If all
traders are assumed to be risk neutral and a subset of liquidity traders
can choose when to trade based on transaction costs, as in Admati
and Pfleiderer (1988), these traders would avoid the New York open
and the overlap. Other models of asymmetric information with risk
averse investors, for example, Spiegel and Subrahmanyam (1992) and
Subrahmanyam (1991), have equilibria where spreads may be posi-
tively or negatively correlated with volatility and volume depending
on the particular market settings. However, if discretionary liquidity
traders were added to these models, they would avoid the overlap,
since it is characterized by high spreads, and the clustering of volume
at this time of day would break down. Thus, for these models to be
supported by the data there has to be some exogenous reason for
volume to be clustered during the overlap.

The fact that the spread patterns during the overlap are so differ-
ent between London and New York reinforces the impression that
trading of British cross-listed stocks is at least partially segmented. If
a substantial share of the order flow is indeed segmented, and new
private information is being revealed through the trading activities of
New York investors as suggested by the volatility and volume pat-
terns reported above, a simple adverse selection story might motivate
why New York spreads are equally high for cross-listed stocks as for
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controls during the overlap. By contrast, although London volatility
increases significantly at this time as well, the London market does
not respond by increasing spreads. On the contrary, spreads are if
anything significantly lower for cross-listed stocks than for controls
during the overlap. It seems that London dealers are, relatively speak-
ing, less concerned with the risk of facing informed trading at this
time of day.

A complementary interpretation of the London spread pattern dur-
ing the overlap is that London dealers are sensitive to the additional
competition for order flow from New York. Their response is to in-
corporate New York information into their prices which lowers the
spread costs for investors choosing to trade in London at this time of
day. By contrast, there is virtually no impact of this cross-border com-
petition from London on New York spreads. While dealers in London
seemingly worry about losing order flow to New York, the specialist
seems to be less concerned with orders flowing in the other direc-
tion. Thus, the mere fact that more dealers are actively posting prices
during the overlap does not necessarily mean that New York spreads
are lower for cross-listed stocks than for control stocks. Indeed, at
the New York open, spreads are higher in New York than in London.
This evidence lends credence to Brock and Kleidon’s (1992) conjec-
ture that New York specialists have some amount of market power
that enables them to keep spreads high at the open.

6. Summary and Conclusions

This study shows that the intraday patterns for British cross-listed
stocks closely resemble those of otherwise similar non-cross-listed
stocks. Specifically, London intraday patterns for British cross-listed
stocks are to a very limited degree affected by the fact that these
stocks have a shorter nontrading period prior to London open and
that they continue trading in New York for another 4.5 hours after
London close. Perhaps more surprisingly, New York intraday patterns
for British ADRs are almost completely unaffected by the fact that
British stocks have been trading continuously in London for 6 hours
prior to New York open.

The 2-hour period each day when both London and New York
are trading British cross-listed stocks is characterized by concentrated
trading volume on both sides of the Atlantic. Cross-listed stocks ex-
perience a larger fraction of their total daily volatility and trading vol-
ume than non-cross-listed stocks during the overlap. This clustering
of activity is more pronounced for New York trading than for London
trading. There is also evidence that morning volatility originating in
New York spills over to the London market. Despite this information
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spillover, London dealers for cross-listed stocks do not respond by
raising their spreads. On the contrary, spreads in London for these
stocks are if anything lower than for controls during the overlap of
trading. At the same time, New York spreads for British ADRs are as
high as they are for other similar NYSE/AMEX-listed stocks. There is
no measurable effect on volatility, volume, or spreads in New York of
the London close.

The combined evidence from U.K. and U.S. trading of British stocks
strongly suggests that each market leaves distinct “footprints” in the
data regardless of whether a security is traded in other (overseas) mar-
kets. This result is consistent with evidence from the foreign exchange
market presented in Hsieh and Kleidon (1994). They find that trad-
ing spot $/DM is characterized by distinct separate intraday patterns
in London and New York, respectively. Taken together, the empirical
evidence suggests that traders take a much less global view on trading
than one might expect given the relative ease by which information
is transmitted between markets and given the relatively modest costs
of cross-border arbitrage.

By comparing intraday patterns in London and New York during
the overlap, a more detailed analysis of market integration is possible.
The following five conclusions are drawn from the evidence during
the overlap: (i) new private information is being revealed through
U.S. trading of the ADR; (ii) the arbitrage activities set in motion as
this new information is incorporated into prices on both sides of the
Atlantic produces a relatively stronger concentration of volume to-
ward the overlap for cross-listed stocks; (iii) the New York specialist
keeps opening ADR spreads high, partly as a response to the increased
adverse selection risk associated with information trading around the
New York open and partly due to a desire to price discriminate against
inelastic liquidity demand at this time of day; (iv) London dealers in
the underlying stock at this time of day seem to be concerned about
the added competition for order flow represented by New York trad-
ing activity; and (v) the strikingly different dealer reactions on either
side of the Atlantic are consistent with informed trading at this time
of day almost exclusively affecting New York, that is, there is very
limited risk that U.S. informed traders take their trades to London
after the U.S. market opens. Overall, the evidence suggests that mar-
ket switching costs are high enough to prevent a substantial share of
U.S. informed traders from placing their trades in London.

Theoretical models of intraday price formation, whether they are
rational expectations models with asymmetrically informed agents or
models of intertemporal trading, have trouble explaining the com-
bined evidence for cross-listed stocks. This does not, however, mean
that these empirical regularities could not be caused by private infor-
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mation trading or that a particular market’s trading hours are unimpor-
tant for interpreting the evidence. It simply suggests that no model has
yet fully captured the dynamic interaction between volatility, volume,
and spreads.

Appendix

This appendix describes how the dependent variables of the regres-
sion analyses were calculated from the raw data. Minute-by-minute
time series of the best bid and offer for each stock were first calcu-
lated. For the British data, this entails finding the best bid and offer
among up to 18 market makers posting firm two-way prices and vol-
umes. The first price series is taken to be the midpoint of these best
bids and offers, sampled at the beginning of each time interval. The
percentage spread, defined as the difference between the best bid
and the best offer divided by the midpoint quote at the beginning of
each time interval, is also recorded. For each British (U.S.) stock ( f ),
this gives 33 (27) daily (d) time interval (t) spreads, Sf,d,t .

In calculating volatility of returns, quoted prices have the advantage
of being continuous and of not being affected by bid-ask bounce,
but the disadvantage of possible “staleness.” Consequently, also price
series based on trade prices, using ordinary bargains from the British
data and regular trades from the U.S. data.15 Trades are time stamped
to the second in the U.S. data and to the minute in the British data. The
British data include time stamps reported by both buyer and seller.
Since settlement in the U.K. is based on the seller’s time stamp, this
time stamp is used for determining when trades occurred.16 Trade
prices are recorded as missing until the first trade of the day, which
is recorded for the corresponding time interval. For subsequent time
intervals, the first trade price for that interval is recorded (unless there
are multiple trades in the same minute, when the average is used); if
no trades occurred, the previously recorded price is retained.

For each time interval, cumulative trading volume, defined as the
sum of the pound (dollar) value of ordinary trades during the interval,
is also recorded. Volume at 0830 (0930) [open] and 1630 (1600) [close]
in the U.K. (U.S.) are recorded separately, giving 34 (28) daily (d) time

15 Intrafirm trades, options related trades, and trades with special condition codes were excluded
from the LSE data.

16 When sorting trades by the seller’s time stamp, trade prices sometimes are outside the prevailing
quotes. While this seemingly violates the best execution rule of the London Stock Exchange,
a more likely explanation for the discrepancy is that the seller’s time stamp was misreported.
Misclassified trades will primarily affect inferences about the intraday volatility of trade prices. It
might also affect the intraday pattern of trading volume.
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interval (t) volume observations, Vf,d,t , for each British (U.S.) stock
( f ).

Finally, volatility based on quote prices, σ(quotes)2f,d,t , and on trade

prices, σ(trades)2f,d,t , are calculated. The volatility measure is con-
structed as follows. The return for stock f , on day d and time interval
t is defined as

Rf,d,t ≡ ln(Pf,d,t+1)− ln(Pf,d,t ). (A.1)

This produces 32 (26) return observations per stock and trading day
for the British and U.S. data, respectively. Note that the overnight
volatility is excluded, so the first observation is for 0830 to 0845 in
the U.K. and for 0930 to 0945 in the United States. For each stock
and each time interval, volatility is measured as the squared deviation
from the stock- and interval-specific mean return,

σ 2
f,d,t = (Rf,d,t − R̄f,t )

2. (A.2)

where R̄f,t =
∑Df

d=1(Rf,d,t/Df ) is the mean across Df trading days.
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