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ABSTRACT

Regulation Fair Disclosure (FD), imposed by the Securities and Exchange
Commission in October 2000, was designed to prohibit disclosure of mate-
rial private information to selected market participants. The informational
advantage such select participants gain is unclear. If multiple “insiders” re-
ceive identical information, private information is immediately incorporated
in price and each insider has zero expected profit. If, on the other hand,
Regulation FD has curtailed the flow of information from firms, private infor-
mation becomes longer-lived and more valuable. Hence, market makers will
demand increased compensation by widening the adverse selection compo-
nent of the bid-ask spread. We identify the cost components of the bid-ask
spread for a sample of NASDAQ stocks surrounding the implementation of
Regulation FD. Controlling for other factors affecting the spread, we find that
adverse selection costs increase approximately 36% after Regulation FD. We
interpret our finding as Regulation FD failing to achieve one of its desired
objectives.
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1. Introduction

We estimate the probability of informed trading and the cost of adverse
selection in the period surrounding the implementation of Regulation Fair
Disclosure (FD) by examining the cost components of market maker bid-ask
spreads in the NASDAQ market.1 We focus on NASDAQ stocks to avoid the
confounding effects of decimalization for New York Stock Exchange (NYSE)
stocks, which occurred in proximity to the effective date of Regulation FD.
In contrast to prior research investigating this issue for NYSE-listed secu-
rities (Eleswarapu, Thompson, and Venkataraman [2004]), our evidence
indicates, after controlling for other factors affecting the market maker’s
spread, Regulation FD has led to an increase in adverse selection costs.

The Securities and Exchange Commission’s (SEC) Selective Disclosure and
Insider Trading Regulation became effective on October 23, 2000.2 In a sec-
tion popularly referred to as Regulation Fair Disclosure (Regulation FD), the
SEC expressed its intention to create a level playing field for all investors
in accessing price-sensitive information. Regulation FD prohibits the dis-
closure of material nonpublic information to selective groups or individuals
such as financial analysts or institutional investors. If material disclosures are
intended through such briefings, the same information must be disclosed
simultaneously to the investing public.3

The motivation for imposing Regulation FD was the SEC’s view that certain
members of the investment community with access to private information
had a trading advantage relative to the wider investing public. Economic the-
ory offers little support for the SEC’s position. Holden and Subrahmanyam
[1992] and Foster and Viswanathan [1996], for example, show that if there
are multiple informed traders with identical information then that news is
immediately incorporated into share price and insiders’ expected profits
are zero. Thus, analysts and their clients receive no benefit from the pri-
vate briefing.4 Nonetheless, former SEC Chairman Levitt argued that such

1 A number of terms are used interchangeably with “adverse selection” in describing the risk
premium that market makers levy to cover losses they realize from trading against individuals
who possess superior information regarding the security’s value. Bagehot [1971], who originally
introduced the concept, called it an “information cost.” “Cost of informed trading” provides
the clearest description. “Informational asymmetry cost” highlights the difference between the
costs of trading with informed versus uninformed market participants.

2 See http://www.sec.gov/rules/final/33–7881.htm and http://www.sec.gov/news/extra/
seldisal.htm.

3 If an inadvertent selective disclosure of material information occurs, a public announce-
ment is required within 24 hours in a Form 8-K filing or through a medium capable of mass
and unbiased distribution (see SEC [2000a]).

4 Foster and Viswanathan [1996] also show that, if the information is not identical and
not perfectly correlated, insiders can exploit the information and earn some of the potential
profits—the amount depending upon the degree of correlation of the insiders’ information.
The SEC, however, in promulgating Regulation FD, appears to define selective disclosure in
the vein of multiple informed traders with identical information. In discussing its proposed
rule regarding selective disclosure, for example, the Commission stated, “In practice, issuers
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selective disclosure delayed the price discovery process, giving undue trad-
ing advantage to a favored few and their clients (see SEC [2000a]). He also
commented,

. . . when information travels only to a privileged few, when that informa-
tion is used to profit at the expense of the investing public, when that
information comes by way of favored access rather than by acumen, in-
sight, or diligence, we must ask, “Whose interest is really being served?”
If investors see a stock’s price change dramatically—but are given access
to critical market-moving information only much later—we risk nothing
less than the public’s faith and confidence in America’s capital markets.
(Arthur Levitt, Former Chairman of the SEC. See SEC [2000b]).

The SEC argues that Regulation FD will improve investor confidence in
the integrity of the capital markets by reducing the “potential for corporate
management to gain or maintain favor with particular analysts or investors”
(see SEC [2000a]). Thus, the regulation will improve information flow to
the entire market and remove the opportunity for select recipients to trade
on the private information.5 Moreover, whereas reliance on private brief-
ings may compromise analysts into issuing favorable reports to maintain
access to corporate management, the new regulation forces analysts to do
more independent research.6 Mohanram and Sunder’s [2006] findings are
consistent with this motivation; they find that analysts invest more in idiosyn-
cratic information search post–Regulation FD and also reduce the number
of firms they follow—presumably to compensate for the additional effort
they must exert in information gathering and analysis in a post–Regulation
FD world.7

Critics of Regulation FD, on the other hand, argue that it will have a
“chilling effect,” with firms reducing the quality and quantity of information
flowing to the market. For example, firms may prefer to release information
to a selected audience rather than broadly to reduce the proprietary costs of
disclosure and limit the litigation risk that may arise from misinterpretation
of information releases by less skilled users. In this vein, the Association

also retain control over the audience and forum for some important disclosures. If a dis-
closure is made at a time when no Commission filing is immediately required, the issuer
determines how and to whom to make its initial disclosure. As a result, issuers sometimes
choose to disclose information selectively—i.e., to a small group of analysts or institutional
investors—before making broad public disclosure by a press release or Commission filing”
(http://www.sec.gov/rules/proposed/34–42259.htm).

5 Admati and Pfleiderer [1988] show that informed trading reduces market liquidity and
increases price volatility.

6 Hutton [2004] finds that, pre–Regulation FD, selective disclosure was more common when
it was most likely to be useful, in settings where: financial statements were less informative (high
market-to-book ratios), accounting earnings were more important to valuation but difficult to
predict, and capital market intermediation was high.

7 Mohanram and Sunder [2006] conclude that, in making higher investments in idiosyn-
cratic information search, analysts reduce (increase) their coverage of previously well (less)
followed firms.
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for Investment Management and Research (now the Chartered Financial
Analyst Institute) argues,

Corporations will almost certainly curtail the information flow to the mar-
ket to avoid having to decide on the spot whether certain information will
be deemed to be material after the fact by the SEC . . . . (See AIMR [2000])8

Such a response could lead to longer-lived, and hence more valuable,
management inside information. Moreover, the information that is released
would tend to be disseminated in standard or raw form with little value
added in terms of management guidance. Without guidance from manage-
ment (through the financial analyst community), users must make their own
inferences (see Weber [2000]).9

Direct measures of the cost of information asymmetry are few. One pos-
sibility is to infer it from the market maker’s bid-ask spread. The market
maker’s bid-ask spread is a function of order-processing costs, inventory-
holding costs, competition, and adverse selection costs. If the first three
components are unaffected by Regulation FD, a change in spread surround-
ing the regulation must be driven by a change in adverse selection costs.
Sunder [2002] uses the relative bid-ask spread as a proxy for the level of
information asymmetry between informed and uninformed traders of firms
hosting conference calls. In the pre–Regulation FD period, he finds firms
disclosing information through “restricted” conference calls have higher
bid-ask spreads (higher information asymmetry) than firms that use “open”
conference calls.10 These differences do not persist in the post–Regulation
FD period, leading him to conclude that the playing field has been leveled.
Sunder’s [2002] regression model, however, does not explicitly isolate the
adverse selection cost component of the bid-ask spread. Thus, his results can
also be driven by cross-sectional variation in any of the other components

8 These disparate views are mirrored in survey evidence. For example, the Security Industry
Association (SIA) found that 72% of analysts interviewed believe that information flowing to
the public from corporations is now of lower quality. Likewise, a March 2001 survey of AIMR
members revealed that 57% (14%) of its members believe that Regulation FD has reduced
(increased) the quantity of information flow to investors; 56% (15%) believe that the quality
of information has decreased (increased). Furthermore, 71% state that the reduced informa-
tion flow increases market volatility (see AIMR [2001]). A survey by PricewaterhouseCoopers
finds 80% of executives surveyed see a positive or neutral effect through the introduction of
Regulation FD (PricewaterhouseCoopers [2001]).

9 Such a response (a “chilling effect”) by itself acts to increase the probability of informed
trading post–Regulation FD, regardless of whether prior analysts’ briefings involve multiple an-
alysts or not. Thus, the “multiple informed traders with identical information” assumption of
the Holden and Subrahmanyam [1992] and Foster and Viswanathan [1996] models is not cen-
tral to the theoretical argument suggesting the SEC’s concerns regarding a trading advantage
are unfounded. We are grateful to an anonymous referee for pointing this out to us.

10 Firms using “restricted” or “closed” conference calls make their calls available to analysts
and institutional investors; firms using “open” calls make such calls accessible to all investors.
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of the bid-ask spread including order-processing costs, inventory-holding
costs, and competition.11

Eleswarapu, Thompson, and Venkataraman [2004] proxy for information
asymmetry using not only the relative bid-ask spread but also a measure of the
order flow imbalance.12 Using data on trading days surrounding earnings-
related announcements, they find a reduction in information asymmetry af-
ter the introduction of Regulation FD, with the reduction being most notice-
able for less liquid firms. Straser [2002] attempts to focus more directly on
information asymmetry by measuring (1) the probability of informed trad-
ing based on Easley et al. [1996], and (2) the adverse selection component
of the spread derived from a modified version of Huang and Stoll [1997].
He finds that both approaches show that the probability of informed trading
does not change significantly between the pre– and post–Regulation FD pe-
riods. Aslan [2002] also uses the Easley et al. [1996] model and concludes
that the probability of informed trading decreases for medium and large
firms but increases for small firms. In summary, prior work presents con-
flicting evidence regarding changes in information asymmetry surrounding
Regulation FD. Some studies note a decrease (e.g., Aslan [2002] for medium
and large firms, Eleswarapu, Thompson, and Venkataraman [2004], Sunder
[2002]), some work finds an increase (e.g., Aslan [2002] for small firms),
and some research documents no change (e.g., Straser [2002].

Furthermore, these approaches depend on theoretical (or empirical)
models that assume that the only time-series variation in spread is driven by
informational asymmetry. Temporal movements in order-processing costs,
inventory-holding costs, and competition are assumed constant. Without
explicitly modeling the effects of these variables, the results must be in-
terpreted cautiously. To overcome these limitations, we adopt the bid-ask
spread regression model developed in Bollen, Smith, and Whaley [2004]
(hereafter, BSW). This model, summarized in the appendix, decomposes
the market maker’s spread into costs attributable to order-processing,
inventory-holding, adverse selection, and market maker competition. In
contrast to Eleswarapu, Thompson, and Venkataraman [2004], our evi-
dence indicates that, after controlling for other factors affecting the market
maker’s spread, Regulation FD has led to an increase in adverse selection
costs. Our results are robust to a number of sensitivity checks. We interpret
our finding as market makers responding in a manner inconsistent with the
SEC’s “level playing field” and “improved investor confidence” objectives
in imposing Regulation FD; that is, market makers respond as if informa-
tion asymmetry is increased, not diminished, after the implementation of
Regulation FD.

11 The use of relative spread in a regression model that includes an intercept is problematic
(see Bollen, Smith, and Whaley [2004]).

12 Following Huang and Stoll [1996], they measure percentage price impact as 200 times
the relative movement in the bid-ask midpoint in the 30 minutes following a trade.
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The paper proceeds as follows. In section 2, we summarize prior research.
We describe the sample in section 3, and section 4 contains the empirical
work. In section 5, we assess the robustness of our finding, then conclude
in section 6. A brief description of the BSW model is contained in the ap-
pendix.

2. Prior Research

Our study is related to prior research examining changes surrounding
Regulation FD in firms’ information environments and investors’ trading
behavior.

2.1 CHANGES IN FIRMS’ INFORMATION ENVIRONMENTS

Several studies assess the impact on firms’ information environments by
investigating changes surrounding Regulation FD in the accuracy and dis-
persion of analysts’ earnings forecasts and the market response to analysts’
reports. If analysts’ access to management is (1) an important source of in-
formation and (2) curtailed by Regulation FD, we would expect a reduction
(increase) in the accuracy (dispersion) of their earnings forecasts and a re-
duction in the share price response to their reports. Prior research generally
confirms these conjectures.

An early study by Heflin, Subramanyam, and Zhang [2003a] finds no sig-
nificant change in forecast accuracy and dispersion. Later work, however,
suggests that analysts’ forecasts have become less accurate and more dis-
persed13 in the post–Regulation FD period (Agrawal, Chadha, and Chen
[2005]). Furthermore, the deterioration in forecast accuracy tends to (1)
be associated with forecasts issued earlier in the quarter (Shane, Soder-
strom, and Yoon [2001], Agrawal, Chadha, and Chen [2005]), (2) be more
pronounced for smaller companies (Agrawal, Chadha, and Chen [2005],
Gomes, Gorton, and Madureira [2006]), (3) increase with the passage of
time since Regulation FD’s enactment (Agrawal, Chadha, and Chen [2005]),
and (4) occur for those analysts thought to have had preferential access to
firms (Mohanram and Sunder [2006]).

Again, consistent with Regulation FD reducing information provided by
managers to analysts, Gintschel and Markov [2004] find that the absolute
price response to information disseminated by financial analysts is 28%
lower in the post–Regulation FD period (see also Tehranian and Yalcin
[2004]). Moreover, the drop is systematically higher for (1) those constituen-
cies thought to have most benefited from preferential access to management
prior to Regulation FD, (2) highly ranked (by Institutional Investor) broker-
age houses and optimistic analysts, and (3) firms more difficult to value with
publicly available information, those with larger idiosyncratic risk. Further-
more, credit analysts, a group exempt from the provisions of Regulation FD,

13 Irani and Karamanou [2003] and Bailey et al. [2003] also report an increase in forecast
dispersion after Regulation FD.
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appear to have become “privileged conduits of selective disclosure to the
public” (Jorion, Liu, and Shi [2005, p. 329]). Jorion et al. [2005] find that,
after Regulation FD, both rating downgrades and upgrades have a large
stock price impact. They conclude that Regulation FD confers a strategic
advantage to credit ratings agencies.

Research investigating share price responses to earnings announce-
ments surrounding Regulation FD has yielded mixed conclusions. Heflin,
Subramanyam, and Zhang [2003a] measure the “information gap,” the
absolute deviation in stock price between various pre–earnings announce-
ment days and the post–earnings announcement day after controlling for
marketwide movements,14 before and after Regulation FD. Their evidence
suggests that the post–Regulation FD information available to the mar-
ket prior to earnings announcements may have improved.15 In contrast,
Ahmed and Schneible [2007] find that the absolute earnings announce-
ment period returns did not change in a post–Regulation FD period relative
to a pre–Regulation FD period. Moreover, in cross-section, the absolute
announcement period returns significantly increased after Regulation FD
for high-tech firms, consistent with a decline in the information environ-
ment for these firms. They conclude that, contrary to assertions of the SEC,
elimination of selective disclosure has worsened the information environ-
ment for some firms (particularly small, high-tech firms) without improving
the information environment for other firms.16

Last, researchers have studied firms’ voluntary disclosure practices, moti-
vated by concerns that Regulation FD would induce managers to withhold
information due to factors such as increased litigation risk. Inconsistent with
this concern, Heflin, Subramanyam, and Zhang [2003a] find a significant
increase in the frequency of voluntary public disclosures after Regulation
FD and Gomes, Gorton, and Madureira [2006] report a sharp increase in
the use of earnings preannouncements driven by large and mid-sized firms.
Meanwhile, Bushee, Matsumoto, and Miller [2004] conclude that the Reg-
ulation did not have a significant impact on the disclosure practices of firms
potentially most affected by Regulation FD, those holding closed conference
calls.

14 Specifically, they measure absolute cumulative abnormal return from 64 days before to
2 days after an earnings announcement. The smaller the “information gap,” the greater the
information available to the market before the earnings announcement.

15 The drivers of Heflin et al’s [2003a] finding that the information gap may have shrunk
are unclear. Their findings are consistent with there being more information in preannounce-
ment prices due to either increased public (vs. selective) corporate disclosures or a greater
production of private information that is also reflected in preannouncement prices.

16 Gadarowski and Sinha’s [2005] findings also are consistent with a curtailment in selective
disclosure. They investigate whether certain market participants have an unfair informational
advantage at the time of voluntary disclosures by firms in the pre– and post–Regulation FD
periods. They document stock price movements in the direction of the news two days prior
to announcements in the pre–Regulation FD period consistent with information leakage. The
leakage is significantly diminished post–Regulation FD (especially for large firms with bad
news), suggesting that the regulation has been successful in reducing selective disclosure.
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In summary, prior research generally characterizes the post–Regulation
FD information environment as one where analysts’ reports are less infor-
mative and their forecasts less accurate and more dispersed. Evidence on
the association between market returns and earnings announcements is less
conclusive. Contrary to early concerns, the incidence of firms engaging in
voluntary disclosure in response to Regulation FD has increased or remained
unchanged.

2.2 CHANGES IN INVESTORS’ TRADING BEHAVIOR

The effects of Regulation FD on stock return volatility and trading vol-
ume have also been examined. With continuous and complete information
flow, stock prices adjust quickly in an unbiased manner to new information.
Hence, if Regulation FD results in more continuous and complete infor-
mation to market participants, stock return volatility should decrease and
trading volume should increase after Regulation FD.

The empirical evidence regarding the effect of Regulation FD on return
volatility is mixed. Heflin, Subramanyam, and Zhang [2003b] and Shane,
Soderstrom, and Yoon [2001] find a significant decrease in return volatility
after Regulation FD, but do not account for the reduction in the minimum
tick size from sixteenths to decimal that occurred during the investigation
periods. Bailey et al. [2003] correct for this problem and find no significant
change in return volatility (see also Eleswarapu, Thompson, and Venkatara-
man [2004]). Bailey et al. [2003] also examine trading volume before and
after the implementation of Regulation FD. They report a significant in-
crease in trading volume in the post–Regulation FD period after controlling
for the effects of decimalization.

3. Sample

Measuring the effects of Regulation FD is complicated by the shift to dec-
imalization in the months surrounding October 2000, affecting our ability
to accurately measure the bid-ask spread and its components.17 The NYSE
began to switch from sixteenths to decimal pricing in August 2000 and did
not complete the transition until January 2001. To avoid the confounding
effects of decimalization, we focus on NASDAQ stocks, for which the change
to decimal pricing did not occur until April 9, 2001.18 The use of NASDAQ
stocks has the additional advantage that monthly information on the num-
ber of market makers for each stock used in our empirical models is available
(see http://www.Nasdaqtrader.com).

17 Bailey et al. [2003] argue that studies that document a reduction in return volatility in
the post–Regulation FD period are attributable to the move to decimal pricing.

18 Fifteen NASDAQ stocks began trading in decimal on March 12, 2001, with an additional
177 stocks beginning March 26, 2001. The remaining 4,650 stocks were converted to decimal
pricing on April 9, 2001.
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We define the pre–Regulation FD period as May 2000 through September
2000 and the post–Regulation FD period as November 2000 through March
2001. For all time-stamped trades available from NYSE’s Trade and Quote
(TAQ) data files, we matched the quotes prevailing immediately before each
trade. From this matched file, we compute five summary statistics for each
stock each day:19 (1) the end-of-day share price, S (the last bid-ask midpoint
prior to 4:00 p.m. EST), (2) the number of shares traded, TV , (3) the average
of the square root of the time between trades, Sqrt t, (4) the equal-weighted
quoted spread, EWQS, and (5) the volume-weighted effective spread, VWES.
We compute two measures of spread to assess the robustness of our results.

We measure the equal-weighted quoted spread (EWQS) as the arithmetic
average of the prevailing quoted spreads at the time of each transaction t of
a particular stock during the trading day:

Quoted spreadt = ask pricet − bid pricet . (1)

Our second spread measure, volume-weighted effective spread (VWES),
is a volume-weighted average of the effective spreads of the trades occurring
throughout the day. This metric assumes that the trade is only costly to the
investor if the trade price deviates from the true price, approximated by the
bid-ask price midpoint:

Midpointt = (bid pricet + ask pricet )
2

. (2)

On a round-trip basis, the cost is incurred twice; hence, the measure of
the effective spread is:20

Effective spreadt = 2|trade pricet − midpointt |. (3)

With the five summary statistics compiled for each stock each day, we
compute average values for each stock across all days in the month and
append three measures to each monthly stock record.

First, the modified Herfindahl Index (HI) is computed:

HI =
ND∑
i=1

(
Vi

V

)2

, (4)

The HI incorporates the numbers of dealers making a market in a particular
stock, ND, as well as their respective trading volumes, Vi .

Second, the rate of return volatility for each stock, σ , is computed using
daily returns over the 60 trading days before the sample month. The returns
are obtained from the Center for Research in Security Prices daily return

19 To mitigate the effects of outliers, we constrain the sample to include only stocks whose
shares trade at least five times each day in every day during the month.

20 If all trades take place at the prevailing bid and ask quotes, the effective spread equals the
quoted spread. If some trades take place within the spread, the effective spread is smaller than
the quoted spread.
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file, and the daily return standard deviation is annualized using the factor√
252.
Third, the inventory-holding premium for each stock, IHP , is computed

using

IHP = S[2N(.5σ E (
√

t)) − 1], (5)

where S is the stock’s average share price over the month, σ is the expected
annualized return volatility, and E (

√
t) is the expected value of the square

root of the time between trades.21 With more than one market maker, this
estimate causes the expected inventory-holding premium to be understated.
If trading volume is uniformly distributed across all dealers, we can multiply
the average by the number of dealers. This estimate would overstate the
inventory-holding premium because a small number of dealers account for
the majority of trading volume for any particular stock. Later, we use the
data to infer the square root of the average time between trades.22

4. Results

The analyses provided in this section have three parts. First, we examine
descriptive statistics for the bid-ask spread and its determinants in the peri-
ods before and after Regulation FD became effective. Second, we estimate
the change in the expected cost of informed trading. Third, we partition
the bid-ask spread into its basic cost components.

4.1 DESCRIPTIVE STATISTICS

Table 1 contains summary statistics of the bid-ask spread and its determi-
nants. The panel on the left contains the pre–Regulation FD results (N =
8,706 stock-month observations); the panel on the right contains the post–
Regulation FD results (N = 7,568 stock-month observations). Focusing first
on the pre–Regulation FD results, we see that the average equal-weighted
quoted spread, EWQS, is 18.14 cents while the average volume-weighted ef-
fective spread, VWES, is about 13.23 cents. As expected, a large number of
trades occur at prices between the bid-ask quotes, so the effective spread is
lower. On a relative basis, the bid-ask spreads are 1.8% and 1.3% of share
price, respectively. The average share price is $21.64, and the average num-
ber of shares traded each day is nearly 450,000. The markets for these NAS-
DAQ stocks appear quite competitive. An average of 89 firms make markets
in a typical stock. The modified HI is at the lower end of its zero/one range

21 Because volatility is expressed on an annualized basis, the time between trades must be
measured in years. To do this, we divide the number of minutes between trades by 390 (the
number of minutes in a trading day) and then by 252 (the number of trading days in a year).

22 Another approach is to infer the equivalent number of independent market makers by
using the modified Herfindahl Index. 1 − MHI is the proportion of market makers who are
competitive. Multiplying the average time between trades by 1 − MHI and then by the number
of market makers should produce the average time between trades for a typical market maker.
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T A B L E 1
Summary of Descriptive Statistics of Variables Used in the Cross-sectional Regressions of Spreads for

NASDAQ Stocks

EWQS is the equal-weighted quoted bid-ask spread; VWES is the volume-weighted effective bid-
ask spread; REWQS and RVWES are the equal-weighted quoted and volume-weighted effective
bid-ask spreads divided by share price, respectively; S is the share price; TV is the number of
shares traded in thousands; ND is the number of dealers; MHI is the modified Herfindahl
Index; σ , the expected volatility rate, is proxied for by the annualized return volatility of the
stock computed over the most recent 60 trading days prior to the estimation month; E (

√
t),

the expected value of the square root of the time between trades, is proxied for by
√

t, the
average of the square root of the number of minutes between trades; and IHP is expected
inventory-holding premium as defined by

IHP = S[2N(.5E (
√

t)) − 1].

Each observation in the sample is an average of the daily values of the variable across the days
in the month. To be included in the sample for a particular month, the stock must have traded
at least five times each day in every day during the month.

Pre–Regulation FD Period: Post–Regulation FD Period:
May 2000–September 2000 November 2000–March 2001
No. of observations = 8,706 No. of observations = 7,568

Variable Mean 25% Median 75% Mean 25% Median 75%

Spread measures
EWQS 0.1814 0.1004 0.1465 0.2208 0.1515 0.0852 0.1252 0.1843
VWES 0.1323 0.0772 0.1076 0.1577 0.1143 0.0681 0.0948 0.1360
REWQS 0.0181 0.0069 0.0128 0.0238 0.0217 0.0064 0.0125 0.0267
RVWES 0.0136 0.0050 0.0093 0.0178 0.0170 0.0049 0.0095 0.0207

Determinants of spread
S 21.64 5.65 13.41 28.11 17.48 4.44 12.13 25.06
TV 449.74 47.22 106.93 280.97 688.22 47.50 119.38 322.67
ND 89.06 43 67 110 79.41 33.75 56 97
MHI 0.1194 0.0772 0.1077 0.1454 0.1076 0.0666 0.0941 0.1306
a 0.9063 0.6222 0.8531 1.1426 1.0074 0.6496 0.9362 1.2628
Sqrt t 1.285 0.668 1.179 1.829 1.227 0.598 1.088 1.793
IHP 0.0181 0.0071 0.0129 0.0231 0.0144 0.0056 0.0109 0.0187

(zero reflecting perfect competition and one reflecting a monopoly). The
annualized standard deviation of stock return exceeds 90%, which is high
relative to historical standards. This result is expected because 2000 and
2001 were volatile years for the U.S. stock market in general, and the heavily
tech-laden NASDAQ market in particular.

Comparing the results of the pre– and post–Regulation FD periods indi-
cates that the bid-ask spread measures decrease after Regulation FD. The
average VWES is 13.23 cents during the pre–Regulation FD period and is
11.43 cents afterward. At this juncture, it is impossible to determine the cause
of the reduction. One possible explanation is that Regulation FD lowers the
information asymmetry cost component of the bid-ask spread. Another ex-
planation is that the order-processing cost per share fell as reflected by the
53% increase in average daily trading volume—from 450 thousand shares
in the first period to 688 thousand in the second—and the reduction in
the average of the square root of the time between trades—from 1.285 to
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T A B L E 2
Pairwise Cross-correlations among Regression Variables for NASDAQ Stocks

EWQS is the equal-weighted quoted spread, VWES is the volume-weighted effective spread,
InvTV is the inverse of the number of shares traded, MHI is the modified Herfindahl Index,
IHP is the expected inventory-holding premium, TV is the number of shares traded, S is the
closing bid–ask price midpoint, and PIN is the probability of informed trading. The value of
each variable (except IHP , MHI , and PIN ) is computed each trading day and averaged across
all days during the five-month period preceding Regulation FD (May 2000 through September
2000) and the five-month period after Regulation FD (November 2000 through March 2001).
The values of IHP and MHI are averages across the five months in each period.

Panel A: Pre–Regulation FD period: May 2000–September 2000
(No. of observations = 8,706)
Variable EWQS VWES InvTV MHI IHP TV S

EWQS 1
VWES 0.989 1
InvTV 0.330 0.358 1
MHI 0.089 0.084 0.361 1
IHP 0.889 0.868 0.239 0.045 1
TV −0.130 −0.114 −0.178 −0.228 −0.135 1
S 0.434 0.414 −0.199 −0.315 0.445 0.258 1

Panel B: Post–Regulation FD period: November 2000–March 2001
(No. of observations = 7,568)
Variable EWQS VWES InvTV MHI IHP TV S

EWQS 1
VWES 0.990 1
InvTV 0.501 0.519 1
MHI 0.187 0.187 0.340 1
IHP 0.862 0.848 0.430 0.135 1
TV −0.124 −0.110 −0.145 −0.175 −0.150 1
S 0.441 0.425 −0.095 −0.232 0.443 0.166 1

1.227. Yet another possibility is that the market making in NASDAQ stocks
became more competitive, with the average value of the modified HI, our
measure of market competition, falling from 0.1194 before Regulation FD
to 0.1076 afterward. The fact that there are competing explanations for the
reduction in spread shows the danger in using changes in the level of the
bid-ask spread (or relative bid-ask spread) to gauge whether Regulation FD
affects adverse selection costs. In order to make such an assessment, the cost
components of the spread must be separated.

The descriptive statistics in table 1 also suggest that other components of
the spread have changed. The reduction in share price from the first period
to the second suggests that inventory-holding costs have fallen. On the other
hand, the return volatility of stocks increased on average from 90.63% to
100.74%, which means inventory-holding costs may have increased. The
investor-holding premium, IHP , the sum of the inventory holding cost and
adverse selection cost components of the spread, fell by about 20%, from
0.0181 to 0.0144.

Table 2 contains Pearson correlations for our variables of interest from
which we draw the following conclusions. First, the correlation between the
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spread measures, EWQS and VWES, is 0.989 and 0.990 in the pre– and post–
Regulation FD periods, respectively. Thus, models explaining the variation
in EWQS also explain the variation in VWES. In the tests that follow, we
focus on VWES because it is a better reflection of actual trading costs. Sec-
ond, the correlations between the spread measures and the inverse of trad-
ing volume, InvTV , are stronger than the correlations between the spread
measures and trading volume, TV . In the post–Regulation FD period, for
example, they are 0.501 and 0.519 for the EWQS and VWES, and –0.124
and –0.110, respectively. This result is expected because this variable is in-
tended to capture order-processing costs, which are largely fixed. Hence,
their contribution to the bid-ask spread is amortized over the number of
shares traded. Consequently, we use the inverse of trading volume to proxy
for order-processing costs in our regression models. Third, the spread mea-
sures are strongly positively correlated with the inventory-holding premium
variable IHP . In the pre–Regulation FD period, they are 0.889 and 0.868
for EWQS and VWES, and, in the post–Regulation FD period, they are 0.862
and 0.848. Hence, we expect that IHP plays an important role in explaining
the variation in spread.

4.2 PRELIMINARY REGRESSION RESULTS

The ability to measure the adverse selection cost component of the bid-
ask spread depends critically on the structural model of the spread. For this
purpose, we use the BSW regression model,

SPRDi = α0 + α1InvTV i + α2MHI i + α3IHPi + εi , (6)

where SPRDi is the bid-ask spread of stock i, InvTVi is the inverse of trading
volume, MHIi is the modified HI, and IHPi is the inventory-holding pre-
mium. In this model, the specific components of the bid-ask spread are:
α0, the minimum tick size; α1InvTVi , order-processing costs; α2MHIi , com-
petition; and α3IHPi , the sum of the inventory holding and informational
asymmetry components of the spread. The BSW model includes proxies
for order-processing costs, competition, inventory-holding risk, and adverse
selection. Table 3 contains the estimation results of the BSW model for
our sample. All t-statistics are corrected for heteroskedasticity and auto-
correlation in the residuals. Panel A contains the estimation using equal-
weighted quoted spread as the dependent variable; panel B contains the
results using volume-weighted effective spread. Within each panel, the BSW
model is estimated separately for the pre–Regulation FD period (May 2000
through September 2000) and the post–Regulation FD period (November
2000 through March 2001).

The estimation results in panels A and B of table 3, with one minor ex-
ception, are qualitatively similar, so we focus our discussion on the volume-
weighted effective spread results (panel B). The results show that all cost
components are important determinants of the effective bid-ask spread. The
single most important explanatory variable appears to be the inventory-
holding premium. Its coefficient estimate is greater than one, indicating
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T A B L E 3
Summary of Cross-sectional Regression Results of Absolute Quoted and Effective Bid-Ask Spreads of

NASDAQ Stocks

EWQSi is the equal-weighted quoted spread of stock i, VWESi is the volume-weighted effective
spread, InvTVi is the inverse of the number of shares traded, MHIi is the modified Herfindahl
Index, and IHPi is the expected inventory-holding premium. The value of each variable is
computed each trading day, and then the values are averaged across all days during a month
to form a variable observation. The value of IHPi is computed using

IHPi = Si [2N(.5σi
√

ti ) − 1],

where Si is the average share price; σ i , the expected volatility rate, is proxied for by the
annualized return volatility of the stock computed over the most recent 60 trading days prior to
the estimation month; E (

√
ti ), the expected value of the square root of the time between trades,

is proxied for by
√

ti , the average of the square root of the number of minutes between trades.
To be included in the sample in either the five-month period preceding Regulation FD (May
2000 through September 2000) and the five-month period after Regulation FD (November
2000 through March 2001), the stock must have traded at least five times each day in every day
during the period. Panel A contains the regression results where the equal-weighted quoted
spread is used as the dependent variable, and panel B contains the results for the volume-
weighted effective spread. The regression model is

BSW : SPRDi = α0 + α1InvTVi + α2MHIi + α3IHPi + εi .

Coefficient Estimates/t-Ratios
No. of. Adjusted

Period Model Obs. R -Squared α̂0/t(α̂0) α̂1/t(α̂1) α̂2/t(α̂2) α̂3/t(α̂3)

Panel A: Equal-weighted quoted spread

Pre-FD BSW 8, 706 0.8049 0.0517 806.49 0.0122 6.3746
16.66 12.24 0.81 38.16

Post-FD BSW 8, 706 0.7772 0.0412 786.57 −0.0194 4.4633
12.58 13.71 −1.68 23.53

Panel B: Volume-weighted effective spread

Pre-FD BSW 7, 568 0.7646 0.0419 788.10 0.0525 6.3376
20.28 9.98 3.55 37.19

Post-FD BSW 7, 568 0.7484 0.0347 708.98 0.0287 4.5269
19.30 11.01 2.47 30.28

that, as expected, the average time between trades is a downward-biased es-
timate of the expected length of the market maker’s holding period.23 The
sign and the significance of the coefficient estimate α2 indicate that compe-
tition among market makers also plays an important role in determining the
absolute level of the bid-ask spread. The higher the modified HI (the lower
the competition), the greater the spread. The coefficient estimate of 0.0287
in the post–Regulation FD period, for example, implies that the effective
bid-ask spread is about three cents higher in a market with a monopolist than
in a market with perfect competition. The coefficient of competition in the
first period is 0.0525. The inverse of trading volume also enters significantly.

23 Later in this section, we allow the data to identify the average of the square root of the
time between trades.



REGULATION FAIR DISCLOSURE 711

Its magnitude is smaller in the second period than in the first, indicating
perhaps that the fixed cost per share of market making has fallen. Finally,
recall that equation (6) is structured so that the level of the intercept term
equals the minimum tick size. The estimate of the intercept term α0 in
the first period is 0.0419, which is less than the exchange-mandated 0.0625
(one-sixteenth). The intercept is 0.0347 in the second period. The differ-
ence between the estimates represents the reduction in revenue per share
for a market maker providing liquidity in an extremely active stock.

The results of the quoted spread regressions reported in panel B are simi-
lar to those of the effective spread regressions. The variable with the greatest
explanatory power is the expected inventory-holding premium, and its co-
efficient estimate is the same order of magnitude. The InvTV variable is also
highly significant and has similar coefficient magnitudes. The only excep-
tion appears to be the competition variable, which does not enter signifi-
cantly in either quoted spread regression. But, even in the effective spread
regression, the effect of competition is small from an economic standpoint.
The intercept estimates are slightly higher for the quoted spread regres-
sions than for the effective spread. This finding is not surprising because
the effective spread can have values as low as zero.

4.3 ESTIMATING THE PROBABILITY AND EXPECTED COST
OF INFORMED TRADES

We now estimate the probability and expected cost of informed trading
surrounding Regulation FD. As a preliminary investigation, we estimate the
regression model:

SPRDi = α0 + α1InvTV i + α2MHI i + α3IHPi + α4dt + α5InvTV i dt

+ α6MHI i dt + α7IHPi dt + εi (7)

where dt is a dummy variable whose value is zero in the months preceding
October 2000 and one in the months after October 2000. The coefficients
α4 through α7, therefore, measure changes in the cost components of the
bid-ask spread after the implementation of Regulation FD.

Panel A of table 4 contains the results. In general, the cost components
do not appear to have been affected by Regulation FD, with no signifi-
cant changes reported for minimum tick size α4, order-processing costs α5,
and inventory-holding premium α7. The only variable whose coefficient
changes significantly is competition, α6. One possible explanation for this
result is that market makers in less competitive markets increase spreads
post–Regulation FD to compensate for the increased prospect of informed
trading. In more competitive markets, this shift may not have been possible.

To further isolate the effect of informed trading on the bid-ask spread,
we focus on the components of the inventory-holding premium. Recall that
the inventory-holding premium, modeled in equation (5), incorporates the
trades of both uninformed and informed traders (see appendix.) While
the results in panel A show no change in the contribution of IHP to the



712 B. SIDHU, T. SMITH, R. E. WHALEY, AND R. H. WILLIS

T
A

B
L

E
4

Su
m

m
ar

y
of

C
ro

ss
-se

ct
io

na
lR

eg
re

ss
io

n
R

es
ul

ts
of

A
bs

ol
ut

e
Ef

fe
ct

iv
e

B
id

-A
sk

Sp
re

ad
s

of
N

A
SD

A
Q

St
oc

ks

VW
ES

i
is

th
e

vo
lu

m
e-

w
ei

gh
te

d
ef

fe
ct

iv
e

sp
re

ad
,I

nv
T

V i
is

th
e

in
ve

rs
e

of
th

e
n

um
be

r
of

sh
ar

es
tr

ad
ed

,M
H

I i
is

th
e

m
od

ifi
ed

H
er

fi
n

da
h

lI
n

de
x,

an
d

IH
P i

is
th

e
ex

pe
ct

ed
in

ve
n

to
ry

-h
ol

di
n

g
pr

em
iu

m
.T

h
e

va
lu

e
of

ea
ch

va
ri

ab
le

,e
xc

ep
tI

H
P i

an
d

M
H

I i
,i

sc
om

pu
te

d
ea

ch
tr

ad
in

g
da

y,
an

d
th

en
th

e
va

lu
es

ar
e

av
er

ag
ed

ac
ro

ss
al

ld
ay

s
du

ri
n

g
th

e
m

on
th

.T
h

e
va

lu
e

of
IH

P i
is

co
m

pu
te

d
us

in
g IH

P
i
=

S i
[ 2N

( .5
σ

i√ t i
) −

1] ,

w
h

er
e

S i
is

th
e

av
er

ag
e

sh
ar

e
pr

ic
e;

σ
i,

th
e

ex
pe

ct
ed

vo
la

ti
lit

y
ra

te
,i

s
pr

ox
ie

d
fo

r
by

th
e

an
n

ua
liz

ed
re

tu
rn

vo
la

ti
lit

y
of

th
e

st
oc

k
co

m
pu

te
d

ov
er

th
e

m
os

tr
ec

en
t

60
tr

ad
in

g
da

ys
pr

io
r

to
th

e
es

ti
m

at
io

n
m

on
th

;
E

(√ t i
),

th
e

ex
pe

ct
ed

va
lu

e
of

th
e

sq
ua

re
ro

ot
of

th
e

ti
m

e
be

tw
ee

n
tr

ad
es

,i
s

pr
ox

ie
d

fo
r

by
√ t i

,
th

e
av

er
ag

e
of

th
e

sq
ua

re
ro

ot
of

th
e

n
um

be
r

of
m

in
ut

es
be

tw
ee

n
tr

ad
es

.T
o

be
in

cl
ud

ed
in

th
e

sa
m

pl
e,

th
e

st
oc

k
m

us
t

h
av

e
tr

ad
ed

at
le

as
t

fi
ve

ti
m

es
ea

ch
da

y
in

ev
er

y
da

y
du

ri
n

g
th

e
m

on
th

.A
ll

m
on

th
s

du
ri

n
g

th
e

fi
ve

-m
on

th
pe

ri
od

pr
ec

ed
in

g
R

eg
ul

at
io

n
FD

(M
ay

20
00

th
ro

ug
h

Se
pt

em
be

r
20

00
)

an
d

du
ri

n
g

th
e

fi
ve

-m
on

th
pe

ri
od

af
te

r
R

eg
ul

at
io

n
FD

(N
ov

em
be

r
20

00
th

ro
ug

h
M

ar
ch

20
01

)
ar

e
in

cl
ud

ed
.T

h
e

re
gr

es
si

on
m

od
el

is

VW
ES

i
=

α
0

+
α

1
In

vT
V

i
+

α
2
M

H
I i

+
α

3
IH

P
U

,i
(τ

i)
+

α
4
(I

H
P

I,
i(

τ i
)
−

IH
P

U
,i

(τ
i)

)
+

α
5
d t

+
α

6
In

vT
V

id
t

+α
7
M

H
I i

d t
+

α
8
IH

P
U

,i
(τ

i)
d t

+
α

9
(I

H
P

I,
i(

τ i
)
−

IH
P

U
,i

(τ
i)

)d
t
+

ε
i,

w
h

er
e

IH
P

U
,i

is
th

e
ex

pe
ct

ed
in

ve
n

to
ry

-h
ol

di
n

g
pr

em
iu

m
fo

r
tr

ad
es

w
it

h
un

in
fo

rm
ed

tr
ad

er
sa

n
d

IH
P

I,
i

is
th

e
ex

pe
ct

ed
in

ve
n

to
ry

-h
ol

di
n

g
pr

em
iu

m
fo

r
tr

ad
es

w
it

h
in

fo
rm

ed
tr

ad
er

s.
Fo

r
a

tr
ad

e
at

th
e

as
k,

th
e

va
lu

e
of

IH
P

k,
i

is
co

m
pu

te
d

us
in

g

IH
P

k,
i
=

S k
,i

N

( ln
( S k

,i
/

X
i)

σ
i√ t i

+
.5

σ
i√ t i

) −
X

iN

( ln
( S k

,i
/

X
i)

σ
i√ t i

−
.5

σ
i√ t i

) .

IH
P

U
,i

is
va

lu
ed

as
an

ou
t-o

f-t
h

e-
m

on
ey

ca
ll

op
ti

on
w

it
h

an
ex

er
ci

se
pr

ic
e

eq
ua

lt
o

th
e

as
k

pr
ic

e
an

d
a

st
oc

k
pr

ic
e

eq
ua

lt
o

th
e

bi
d-

as
k

m
id

po
in

t.
IH

P
I,

i
is

va
lu

ed
as

an
in

-th
e-

m
on

ey
(I

T
M

)
ca

ll
op

ti
on

w
it

h
an

ex
er

ci
se

pr
ic

e
eq

ua
lt

o
th

e
as

k
pr

ic
e

an
d

a
st

oc
k

pr
ic

e
pe

rc
en

t
IT

M
ab

ov
e

th
e

ex
er

ci
se

pr
ic

e.
Fo

r
a

tr
ad

e
at

th
e

bi
d,

th
e

IH
P

is
va

lu
ed

us
in

g
a

pu
to

pt
io

n
fo

rm
ul

a
w

it
h

an
ex

er
ci

se
pr

ic
e

eq
ua

lt
o

th
e

bi
d

pr
ic

e.

C
oe

ffi
ci

en
tE

st
im

at
es

/t
-R

at
io

s

N
o.

of
A

dj
us

te
d

Pe
rc

en
tI

T
M

O
bs

.
R

-S
qu

ar
ed

α̂
0
/

t(
α̂

0
)

α̂
1
/

t(
α̂

1
)

α̂
2
/

t(
α̂

2
)

α̂
3
/

t(
α̂

3
)

α̂
4
/

t(
α̂

4
)

α̂
5
/

t(
α̂

5
)

α̂
6
/

t(
α̂

6
)

α̂
7
/

t(
α̂

7
)

α̂
8
/

t(
α̂

8
)

α̂
9
/

t(
α̂

9
)

P
an

el
A

:S
in

gl
e

co
m

po
si

te
in

ve
nt

or
y-

ho
ld

in
g

pr
em

iu
m

16
,2

74
0.

76
85

0.
04

12
78

6.
56

−0
.0

19
4

4.
46

32
−0

.0
06

5
−7

7.
56

0.
04

81
0.

06
37

11
.3

9
10

.6
7

−1
.2

8
21

.1
8

−1
.6

1
−0

.8
5

2.
72

0.
24



REGULATION FAIR DISCLOSURE 713

P
an

el
B

:S
ep

ar
at

e
in

ve
nt

or
y-

ho
ld

in
g

pr
em

ia
fo

r
un

in
fo

rm
ed

an
d

in
fo

rm
ed

tr
ad

er
s

1
16

,2
74

0.
66

90
0.

03
57

12
67

.9
0

0.
06

53
1.

09
21

0.
09

51
−0

.0
11

4
46

.7
0

0.
05

25
−0

.1
59

7
0.

04
97

8.
43

12
.6

2
3.

10
12

.8
0

8.
59

−2
.3

5
0.

36
2.

34
−1

.5
8

3.
86

2
16

,2
74

0.
77

96
0.

03
03

90
5.

30
0.

02
52

0.
94

19
0.

02
18

−0
.0

07
7

−3
3.

36
0.

04
90

−0
.0

27
4

0.
01

44
10

.2
8

11
.8

7
1.

50
17

.5
5

6.
78

−2
.0

1
−0

.3
4

2.
53

−0
.4

2
3.

28
3

16
,2

74
0.

77
98

0.
03

02
90

8.
57

0.
02

56
0.

93
78

0.
01

44
−0

.0
07

8
−3

1.
27

0.
04

93
−0

.0
31

4
0.

00
97

10
.4

9
11

.8
8

1.
51

17
.1

4
6.

50
−2

.0
5

−0
.3

1
2.

52
−0

.4
8

3.
21

4
16

,2
74

0.
77

99
0.

03
01

90
9.

92
0.

02
57

0.
93

50
0.

01
08

−0
.0

07
8

−3
0.

09
0.

04
95

−0
.0

34
0

0.
00

74
10

.5
9

11
.8

8
1.

51
16

.8
9

6.
36

−2
.0

7
−0

.3
0

2.
52

−0
.5

1
3.

19
5

16
,2

74
0.

78
00

0.
03

01
91

0.
54

0.
02

59
0.

93
32

0.
00

86
−0

.0
07

8
−2

9.
41

0.
04

96
−0

.0
35

7
0.

00
59

10
.6

4
11

.8
8

1.
51

16
.7

4
6.

29
−2

.0
8

−0
.2

9
2.

52
−0

.5
3

3.
19

6
16

,2
74

0.
78

01
0.

03
01

91
0.

84
0.

02
59

0.
93

18
0.

00
72

−0
.0

07
9

−2
8.

96
0.

04
97

−0
.0

36
8

0.
00

50
10

.6
7

11
.8

8
1.

51
16

.6
4

6.
26

−2
.0

9
−0

.2
9

2.
52

−0
.5

5
3.

19
7

16
,2

74
0.

78
01

0.
03

01
91

1.
01

0.
02

60
0.

93
08

0.
00

62
−0

.0
07

9
−2

8.
72

0.
04

97
−0

.0
37

6
0.

00
43

10
.6

7
11

.8
8

1.
52

16
.5

8
6.

25
−2

.0
9

−0
.2

9
2.

52
−0

.5
6

3.
19

8
16

,2
74

0.
78

01
0.

03
01

91
1.

11
0.

02
60

0.
93

00
0.

00
54

−0
.0

07
9

−2
8.

59
0.

04
98

−0
.0

38
2

0.
00

37
10

.6
8

11
.8

8
1.

52
16

.5
3

6.
24

−2
.0

9
−0

.2
9

2.
52

−0
.5

7
3.

19
9

16
,2

74
0.

78
01

0.
03

01
91

1.
17

0.
02

60
0.

92
94

0.
00

48
−0

.0
07

9
−2

8.
52

0.
04

97
−0

.0
38

7
0.

00
33

10
.6

8
11

.8
8

1.
52

16
.5

0
6.

24
−2

.0
9

−0
.2

9
2.

52
−0

.5
7

3.
19

10
16

,2
74

0.
78

01
0.

03
01

91
1.

19
0.

02
60

0.
92

89
0.

00
43

−0
.0

07
9

−2
8.

46
0.

04
97

−0
.0

39
0

0.
00

30
10

.6
8

11
.8

8
1.

52
16

.4
7

6.
24

−2
.1

0
−0

.2
8

2.
52

−0
.5

8
3.

19



714 B. SIDHU, T. SMITH, R. E. WHALEY, AND R. H. WILLIS

bid-ask spread, it is possible that the informed trader IHPI changes in one
direction and the uninformed trader IHPU changes in the other. To test this
proposition, we substitute the relation

IHP = IHPU + pI (IHP I − IHPU ) (8)

into equation (7):

SPRDi = α0 + α1InvTV i + α2MHI i + α3IHPU ,i + α4(IHP I,i − IHPU ,i )

+ α5dt + α6InvTV i dt + α7MHI i dt + α8IHPU ,i dt

+ α9(IHP I,i − IHPU ,i )dt + εi . (9)

In place of using a single at-the-money option to value the inventory-
holding premium, we use an out-of-the-money option value for uninformed
trades and an in-the-money option for informed trades. Valuing the out-
of-the-money option, we assume that the true stock price is the midpoint
between the bid and ask prices and that the exercise price is the bid or the ask
depending on whether the customer’s trade was a sale or a purchase. Valuing
the in-the-money (ITM) option, however, is more difficult. While we know
the option’s exercise price (i.e., the ask price on a customer purchase and
the bid price on a customer sale), we do not know the true price except that
it exceeds the ask price for an informed buy and is below the bid price for
an informed sell. Consequently, in the estimation of regression model (9),
we allow the true price to have a premium from 1% to 10% over the option’s
exercise price (column “Percent ITM” in panel B).

The results are reported in panel B of table 4. We conclude the follow-
ing. First, as the insider’s “true” price rises relative to the exercise price,
the probability that the trade is executed by an insider falls. This finding is
intuitive because the product of the probability of an informed trade and
the insider inventory-holding premium is nearly constant, as discussed in
the appendix. Second, once IHPI is 6% in the money, the adjusted R2 value
reaches its maximum value of 0.7801. This finding indicates that, while we
should be comfortable with models in which IHPI is at least 6% in the money,
we cannot partition the expected adverse selection cost into its probability
of informed trading and expected loss from informed trading components.
Third, over this maximal adjusted R2 range, the estimate of the probability
of an informed trade α4 is significant but has a value of less than 1%. When
one considers how little informed trading occurs in a single stock on any
given day, the estimate seems plausible. Fourth, the coefficient α9 is signif-
icantly positive independent of the degree to which IHPI is in the money.
The evidence indicates the probability of informed trading rose after the
introduction of Regulation FD.

The significance of the coefficient estimate α9 in the regression results
of table 4 indicates that the probability of informed trading has increased
significantly since the implementation of Regulation FD. This coefficient
estimate also allows us to estimate the dollar size of the increase in the ex-
pected cost of adverse selection. Moreover, we can calculate the relative size
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T A B L E 5
Summary of Cost Components of Absolute Effective Bid-Ask Spreads of NASDAQ Stocks

The notation is defined as follows: VWESi is the volume-weighted effective spread, InvTVi is the
inverse of the number of shares traded, MHIi is the modified Herfindahl Index , and IHPi is
the expected inventory holding premium. The value of each variable, except IHPi and MHIi , is
computed each trading day and then the values are averaged across all days during the month.
To be included in the sample, the stock must have traded at least five times each day in every
day during the month. The estimates are for the regression,

SPRDi = α0 + α1InvTVi + α2MHIi + IHP U ,i (τ i ) + α4(IHP I,i (τ i ) − IHP U ,i (τ i )) + ε i ,

where IHP U ,i is the expected inventory holding premium for trades with uninformed traders
and IHP I,i is the expected inventory holding premium for trades with informed traders. The
regression is run in both the pre–Regulation FD period (May 2000 through September 2000)
and the post–Regulation FD period (November 2000 through March 2001). Cost components
are computed using the method outlined in Bollen, Smith, and Whaley [2004].

Minimum Order Inventory Adverse
Percent Tick Processing Holding Selection
ITM Period Size Costs Competition Costs Costs

1 Pre-FD 26.97% 15.46% 5.89% 37.26% 14.41%
Post-FD 21.23% 18.32% 11.08% 28.72% 20.65%

2 Pre-FD 22.91% 11.04% 2.27% 57.80% 5.98%
Post-FD 19.77% 12.15% 6.98% 51.78% 9.33%

3 Pre-FD 22.81% 11.08% 2.31% 57.55% 6.25%
Post-FD 19.60% 12.22% 7.05% 51.32% 9.81%

4 Pre-FD 22.77% 11.10% 2.32% 57.38% 6.42%
Post-FD 19.51% 12.26% 7.08% 51.02% 10.13%

5 Pre-FD 22.75% 11.11% 2.33% 57.27% 6.54%
Post-FD 19.46% 12.28% 7.10% 50.82% 10.34%

6 Pre-FD 22.74% 11.11% 2.34% 57.18% 6.63%
Post-FD 19.43% 12.29% 7.12% 50.68% 10.49%

7 Pre-FD 22.73% 11.11% 2.34% 57.12% 6.69%
Post-FD 19.41% 12.29% 7.12% 50.57% 10.60%

8 Pre-FD 22.73% 11.11% 2.34% 57.08% 6.74%
Post-FD 19.40% 12.30% 7.13% 50.50% 10.68%

9 Pre-FD 22.72% 11.11% 2.35% 57.04% 6.78%
Post-FD 19.40% 12.30% 7.13% 50.44% 10.74%

10 Pre-FD 22.72% 11.11% 2.35% 57.01% 6.81%
Post-FD 19.40% 12.30% 7.13% 50.39% 10.78%

of each of the cost components of the spread before and after Regulation FD
by computing the average value of each independent variable in the regres-
sion, multiplying by its respective coefficient, and dividing by the average
spread.

Table 5 contains these estimation results, which indicate that there is
a shift in the weighting assigned to each cost category. Focusing on the
results that maximize the adjusted R2, (ITM ≥ 6%), we see that the order-
processing component of the volume-weighted effective spread does not
change much after Regulation FD—from 11.1 beforehand to 12.3 afterward.
The premium attached to competition, however, increases from about 2.3%
of the spread to about 7.1%. Inventory-holding costs are the single largest
cost component of spread, and fall in the post–Regulation FD period. The
adverse selection component rises from about 6.6% to about 10.5% of the
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volume-weighted effective spread. In dollar terms, this increase amounts to
0.0663 × $0.1323 or $.0088 per share pre–Regulation FD, and 0.1049 ×
$0.1143 or $.0120 post–Regulation FD—an increase of 36%. We conclude
that Regulation FD has an economically significant chilling effect, causing
inside information to become longer-lived and more valuable and market
makers to demand a larger adverse selection risk premium.

5. Robustness

We assess the robustness of our results along four dimensions. For brevity,
we present our results in table 6 and discuss them in sections 5.1 through
5.4 for cases where ITM = 6% (the value for which the adjusted R2 in
equation (9) is maximized). All our conclusions are unchanged regardless
of the value we use for percent ITM.

5.1 INCLUSION OF AMERICAN DEPOSITORY RECEIPTS

American Depository Receipts (ADRs), which constitute 2% of our sam-
ple of stock-months, are exempt from Regulation FD.24 Thus, we expect no
change in the probability of informed trading for ADRs. An analysis based
on subsets of our sample representing non-ADRs and ADRs is presented in
panels A and B, respectively, of table 6. Panel A indicates that the main re-
sults from table 4 are unaffected for our sample of non-ADRs; α4 and α9 are
both significantly positive. For non-ADRs, the probability of informed trad-
ing is 0.81% pre–Regulation FD and increases by 0.42% post–Regulation
FD; this statistically significant increase is consistent with our main results
in table 4. Interestingly, for the ADR sample, neither α4 nor α9 is signifi-
cantly different from zero. While no change in the probability of informed
trading is expected, the probability of informed trading in ADRs appears
negligible even before the implementation of Regulation FD. Our results
are consistent with those of Francis, Nanda, and Wang [2006], who find that
the informativeness of analyst reports for U.S.-based firms declines relative
to analyst reports for ADRs after the Regulation is in place. They interpret
this result as a signal that the intention of the Regulation to stem private
information flow to analysts is achieved.25 This is consistent with a chilling
effect for U.S.-based firms.

Because ADRs are exempt from Regulation FD, and we find no change in
adverse selection costs for these firms, we conduct the remaining sensitivity
checks on the non-ADR sample.

24 Rule 243.101(b) of Regulation FD explicitly excludes foreign issuers trading on U.S.
exchanges (see http://www.sec.gov/news/testimony/051701wssec.htm and Page and Yang
[2005]).

25 However, they find no differences between their U.S.-based and ADR subsets pre– and
post–Regulation Regulation FD, with respect to changes in either their public information
metrics (returns volatility, trading volume, and informational efficiency) or their analyst infor-
mation metrics (forecast dispersion and accuracy).
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5.2 INCLUSION OF EARNINGS ANNOUNCEMENTS

Prior work (e.g., Kim and Verrecchia [1994]) suggests that information
asymmetry is more pronounced surrounding earnings announcements.
Eleswarapu, Thompson, and Venkataraman [2004] focus their investigation
of changes in their measures of information asymmetry during earnings an-
nouncement periods, asserting that this period is where they expect to find
the sharpest impact of Regulation FD. Other research suggests that expec-
tations of higher adverse selection costs during earnings announcement
periods are less obvious. Venkatesh and Chiang [1986], for example, show
that information asymmetry before earnings announcements is normal on
average. Other studies examining adverse selection costs surrounding earn-
ings announcement periods find that these costs increase for firms with
low, but not high, earnings predictability (Affleck-Graves et al. [2002], Ng
[2006]).26 Hence, it is unclear how the inclusion of earnings announcement
and non–earnings announcement periods in our pre– and post–Regulation
FD sample periods would bias our results.

Nonetheless, to investigate this possibility, we obtain quarterly earnings an-
nouncement dates from Compustat and replicate our analysis separately for
earnings announcement and non–earnings announcement periods before
and after Regulation FD. We specify the announcement period as trading
days t = −20 to t = 0 where t = 0 is the quarterly earnings announcement
date.27 Since the observations in our tests are averages across days of the
month, we impose the conditions that the number of days on which a stock
is traded be (1) greater or equal to five to be included in the earnings an-
nouncement sample and (2) greater than or equal to the number of trading
days in the month less five to be included in the non–earnings announce-
ment sample. While these conditions are complements (i.e., a stock-month
is assigned to one sample or the other), the total across subsamples in-
creases from 15,971 (total firm-months in non-ADR sample in panel A of
table 6) to 21,416 (total stock-months in earnings/non–earnings announce-
ment samples in panels C and D of table 6) since we are no longer imposing
the constraint that the firm must trade in all days during the month to be
included in the overall sample.

The results reported in panels C and D of table 6 are interesting in a
number of respects. First, consistent with our main findings, α4 is signif-
icantly positive in the earnings announcement sample (panel C), which

26 The former measure the adverse selection component as the difference between the
actual bid-ask spread and a predicted spread estimated from historical data, while Ng [2007]
uses the probability of informed trading (PIN) measure of Easley et al. [1996].

27 Our choice of an announcement window of −20, 0 days is motivated by recent papers
that find that insiders tend to limit their trades nearer earnings announcements to avoid
litigation (Huddart, Ke, and Shi [2007], Jagolinzer and Roulstone [2007]). Huddart, Ke, and
Shi [2007], for example, find that insiders tend to shift trades from a −21, −1 day window
around the earnings announcement to a period (more than one day after the announcement)
when litigation risk is lower.
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means that in the pre–Regulation FD period, the probability of informed
trading is 0.82%. Second, also consistent with our main findings, α9 is sig-
nificantly positive. In other words, the probability of informed trading in-
creases by 0.45% from the pre–Regulation FD to the post–Regulation FD
periods. Third, α4 is insignificantly different from zero in the non–earnings
announcement sample (panel D). Apparently, during the pre–Regulation
FD period, the implied degree of informed trading during non–earnings
announcement periods appears to be small. Interestingly, α9 is significantly
positive, which means that in the post–Regulation FD period, market makers
are more concerned about trading with insiders, even during non–earnings
announcement periods. Thus, in contrast to Eleswarapu, Thompson, and
Venkataraman [2004], who find a decline in adverse selection costs in the
days before and including the announcement date, our results indicate a
chilling effect.

5.3 CHANGE IN ANALYST COVERAGE SURROUNDING REGULATION FD

Our finding of an increased probability of informed trading post–
Regulation FD could (potentially) be an artifact of a contemporaneous
reduction in analyst following post–Regulation FD (e.g., Mohanram and
Sunder [2006]) or an increasing trend of analysts being reassigned to trad-
ing desks (Urlocker [2007]). A reduction in analyst following, coupled with
Frankel and Li’s [2004] finding that the number of analysts plays a role
in reducing company insiders’ ability to profit from their trades, could be
associated with an increase in adverse selection costs. In other words, our
documented increase in adverse selection costs might not be attributable
to Regulation FD per se, but rather a decrease in analyst following in re-
sponse, and hence, enhanced profitability of insider trades after Regulation
FD. To test this proposition, we create three subsamples from the 15,971
stock-months in the non-ADR sample—firms with increased analyst follow-
ing after Regulation FD, firms with no change in analyst following, and firms
with decreased analyst following. Our objective is to isolate any potentially
confounding association between adverse selection and changes in analyst
following.

We obtain analyst following data from I/B/E/S. We define an analyst as
following a firm during the pre– (post–)Regulation FD period if s/he issued
one or more annual or quarterly earnings forecasts for the firm during the
12-month period ending October 31, 2000 (October 31, 2001). We replicate
our analysis on the above subsamples (of an increase, no change, and a
reduction in analyst following) and summarize the results in panels E, F,
and G of table 6. All three panels show positive and statistically significant
coefficients α4 and α9.28 Interestingly, even the firms with an increase in
analyst-following (in panel E) experience an increase in the probability of

28 Note that the coefficient α9 for the “no change” in coverage group is statistically significant
in a one-tailed test.
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informed trading post–Regulation FD, that is, α9 is statistically significant.29

We conclude that our results are generally robust with respect to changes
in analyst following surrounding Regulation FD.

5.4 POTENTIAL SEASONAL EFFECTS IN INFORMATION FLOW

The results in table 4 are based on a comparison of average spreads five
months before and after the implementation of Regulation FD. A poten-
tial problem with this approach is that the months comprising our pre–
and post–Regulation FD periods occur at different points in the calendar
year. To investigate whether a potential seasonal component in information
flow could drive our results, we compare spreads in months separated by a
quarter. Two of the comparisons, summarized in table 7, panel A, straddle
the month in which Regulation FD was implemented—August 2000 versus
November 2000 and September 2000 versus December 2000. Two of the
comparisons, presented in panel B, are confined to either the period be-
fore or the period after Regulation FD—June 2000 versus September 2000
(before Regulation FD) and November 2000 versus February 2001 (after
Regulation FD). If Regulation FD affects the adverse selection component
of the spread, there should be a significant difference detected in the panel
A comparisons but not in the panel B comparisons. Table 7 contains a sum-
mary of the results (again setting the percent ITM of the IHPI equal to
6%). Focusing on the coefficient α9, and consistent with our predictions,
we find that the probability of informed trading increases significantly in the
quarter-to-quarter comparisons that include the implementation of Regu-
lation FD, and stays the same in the quarter-to-quarter comparisons that do
not include the implementation date of Regulation FD. We conclude that
our finding regarding an increase in adverse selection costs surrounding
Regulation FD is unaffected by potential seasonality in information flow.

In summary, our principal finding of an increase in adverse selection costs
after the implementation of Regulation FD is unaffected by the inclusion of
ADR firms in our sample, a change in analyst following surrounding the im-
plementation of Regulation FD, the inclusion of earnings announcements,
or potential seasonality in information flow.

6. Conclusion

Regulation FD, imposed by the SEC in October 2000, was designed to
create a level playing field by prohibiting disclosure of material private in-
formation to select recipients such as financial analysts. What advantage

29 While we might expect firms that were previously covered by analysts would be affected
by the regulation, it does not follow that previously “unfollowed” firms are not affected by it. It
is not clear that the latter did not also provide private briefings to selected major institutional
or other investors pre–Regulation FD. Nevertheless, we also investigate this set of firms, and
our (untabulated) results indicate that these too experience an increase in the probability of
informed trading.
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analysts gain from selective disclosure is unclear. If multiple insiders re-
ceive identical information, information is immediately incorporated in the
share price and the expected profit of each insider is zero. If, on the other
hand, Regulation FD has curtailed the flow of information from firms to
the investment public, private information becomes longer-lived, yielding
higher adverse selection costs. With increased risk of providing immediacy
to informed traders, market makers will demand increased compensation,
widening the adverse selection component of the bid-ask spread. To test
this proposition, we identify the cost components of the bid-ask spread for
a sample of NASDAQ stocks in the period surrounding the implementa-
tion of Regulation FD. Inconsistent with the SEC’s objective, our evidence
indicates that Regulation FD has led to an increase in the expected cost
of information asymmetry. Our results are robust to a variety of sensitivity
checks such as the inclusion of ADRs, changing levels of analyst coverage,
potential seasonal effects in the flow of information, and the calculation of
our measurements inside or outside earnings announcement periods.

APPENDIX

Bollen, Smith, and Whaley [2004] Bid-Ask Spread Model

A.1 THE BASIC MODEL

The regression model developed in BSW specifies the market maker’s
bid-ask spread as:

SPRDi = α0 + α1InvTV i + α2MHI i + α3IHPi + εi , (A1)

where SPRDi is the bid-ask spread of stock i, InvTVi is the inverse of trading
volume, MHIi is the modified Herfindahl Index, and IHPi is the inventory-
holding premium. In this model, the specific components of the bid-ask
spread are: α0, the minimum tick size; α1InvTVi , order-processing costs;
α2MHIi , competition; and α3IHPi , the sum of the inventory holding and
informational asymmetry components of the spread.

The first term on the right-hand side of equation (A1), α0, is the exchange-
mandated minimum tick size. It serves as the lower bound for the bid-ask
spread. The second term models the effects of order-processing costs (e.g.,
the exchange seat, floor space rent, computer costs, informational service
costs, labor costs, and the opportunity cost of the market maker’s time).
Because these costs are largely fixed, at least in the short run, their contri-
bution to the size of the bid-ask spread should fall with trading volume—the
higher the trading volume, the lower the bid-ask spread. The third term
captures the effects of competition among market makers, measured by a
modified Herfindahl Index (MHIi), as:

MHI i = HI i − 1/NMi

1 − 1/NMi
, (A2)

where HIi is the Herfindahl Index and NMi is the number of market makers.
MHIi ranges from zero to one; when MHIi = 1, the coefficient is an estimate
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of the rent per share charged by a monopolistic market maker; when MHIi =
0, the rent is zero.

The fourth term on the right-hand side of equation (A1) is the market
maker’s “inventory-holding premium.” This premium is demanded by the
market maker to cover the expected cost of accommodating a customer
order and then having the stock price move against him, independent of
whether the trade is initiated by an informed or an uninformed customer.
IHPi is estimated as a single at-the-money option, with no distinction drawn
between informed and uninformed traders.

Assuming that the market maker sets his inventory-holding premium
(IHP) component of the bid-ask spread such that he minimizes the risk
of losing money should the market move against him, his demanded com-
pensation is:

IHP = −E (	S | 	S < 0) Pr(	S < 0). (A3)

According to equation (A3), the minimum IHP equals the expected loss
on the trade conditional on an adverse stock price movement times the prob-
ability of an adverse stock price movement. BSW show that under the Black
and Scholes [1973] and Merton [1973] (hereafter, BSM) option valuation
framework, the expected inventory-holding premium is an at-the-money
option whose value may be written

E (IHP) = S[2N(.5σ E (
√

t)) − 1], (A4)

where S is the true stock price at the time at which the market maker opens
his position, σ is the standard deviation of security return, E (

√
t) is the

expected value of the square root of the time between offsetting trades, and
N(·) is the cumulative unit normal density function. Because the expected
time until an offsetting order arrives is assumed to be small, the interest rate
term in the BSM model is ignored.

To summarize, in estimating equation (A1), the coefficient α1 is expected
to be positive and may be large because it represents the market maker’s
total order-processing costs.30 If the market is extremely competitive, how-
ever, the market maker may not have the ability to recover fixed costs,
in which case the coefficient is indistinguishable from zero.31 The coeffi-
cient α2 should be positive. The fewer the number of dealers and the less
evenly distributed the trading volume across dealers, the higher the modi-
fied Herfindahl Index and the higher the spread. The coefficient α3 should
also be positive. The higher the expected inventory-holding premium, the
greater the bid-ask spread. In this initial specification, IHPi is estimated as

30 This is somewhat misleading in the sense that it implicitly assumes that the market maker
deals in a single stock. In general, maker makers may handle hundreds of different stocks, in
which case order-processing costs are spread across that trading volume across all stocks.

31 In the empirical tests that follow, total trading volume across dealers, not trading volume
for a particular dealer, is used in the cross-sectional regressions. This, too, downward biases the
estimate of α1.
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a single at-the-money option, with no distinction drawn between informed
and uninformed traders. With a precise estimate of the expected length of
market maker’s holding period, the coefficient value should be one.

A.2 INFORMED VERSUS UNINFORMED TRADERS

A market maker demands different inventory-holding premia for trades
with informed and uninformed traders. Assume that the market maker cur-
rently has no inventory, and a trader steps forward and buys at the market
maker’s posted ask price, Sask . The market maker, now short a share of stock,
is concerned about his expected loss should the share price increase. If the
trader is uninformed (U ), the expected inventory-holding premium, IHPU ,
equals the value of a slightly out-of-the-money call option with an exercise
price equal to Sask . Presumably the true price of the underlying stock is some-
where between the bid and ask price quotes. If the trader is informed (I ),
the true price of the stock rests somewhere above the ask price, in which
case the expected inventory-holding premium, IHPI , equals the value of a
slightly in-the-money call. In either case, the valuation of the IHP is

IHPi = Si N
(

ln (Si/X)

σ
√

t
+ .5σ

√
t
)

− XN
(

ln (Si/X)

σ
√

t
− .5σ

√
t
)

, (A5)

where i = U , I depending upon whether the trade was with an uninformed
or an informed trader. From the market maker’s perspective, the required
inventory-holding premium, IHP , equals the sum of the expected inventory-
holding cost and expected adverse selection cost components of the spread,
that is,

IHP = (1 − pI )IHPU + pI IHP I , (A6)

where pI (1 − pI ) is the probability of an informed (uninformed) trade and
the expectations operator has been dropped for expositional convenience.

The expected inventory-holding premium, as specified by equation (A6),
has intuitive appeal. As the time between offsetting trades approaches zero,
the expected IHP converges to the expected cost of an informed trade.
To see this point, consider the market maker’s demanded compensation
for the two types of traders. If the market is highly active (i.e., t → 0), the
market maker does not require compensation for the inventory-holding
costs of the uninformed trader since the position acquired from providing
the market with immediacy is immediately unwound (i.e., the inventory-
holding premium of an uninformed trade, IHPU , goes to zero as t → 0
because the option is out of the money). The inventory-holding premium
of an informed trade, IHPI , however, approaches the dollar amount the
option is in the money (i.e., the difference between the true price and the
ask price in the case of a buy, and the difference between the bid price
and the true price in the case of a sell). In a highly active market, the
market maker immediately realizes the full cost of providing immediacy to
an informed trader. Thus, when the time between offsetting trades is zero,
the market maker’s demanded compensation is IHP = pI IHPI .
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The market maker’s inventory-holding premium (A6) may be rearranged
to yield

IHP = IHPU + pI (IHP I − IHPU ). (A7)

Equation (A7) illustrates that an expected inventory-holding premium of
IHPU exists for all trades, uninformed and informed alike, as a result of
the price risk associated with having the security in inventory. For informed
trades, however, there is an incremental expected cost associated with ad-
verse selection, that is, pI (IHPI − IHPU ). The structure of equation (A7)
also provides a means of estimating the probability of informed trades (sum-
marized next).

A.3 REGRESSION ESTIMATION

With the model of the IHP in hand, we return to estimating equation
(A1). Where values of the explanatory variables are, by and large, easy to
estimate, the expected time between offsetting trades needs special atten-
tion. In estimating the inventory-holding premium, we use the average time
between trades as a proxy for the market maker’s expected holding period.
But, because trades appearing in the database are executed by many market
makers, our proxy dramatically understates the length of the holding pe-
riod. To estimate the length of the holding period across market makers, we
set the coefficient α3 to one in equation (A1) and allow the data to estimate
the length of the holding period τ i by scaling each individual stock’s aver-
age square root of time between trades by a constant factor. The regression
specification is, therefore,

SPRDi = α0 + α1InvTV i + α2MHI i + IHPi (τi ) + εi . (A8)

With the time between trades, τ i , set so as to create a coefficient value
equal to one, we can estimate the probability of informed versus uninformed
trades across stocks. In equation (A7), we show that the inventory-holding
premium consists of a common expected cost across trades, IHPU , plus an in-
cremental expected cost associated with informed trades, pI (IHPI − IHPU ).
Substituting equation (A7) into equation (A8) provides the regression spec-
ification,

SPRDi = α0 + α1InvTV i + α2MHI i + IHPU ,i (τi )

+ α4(IHP I,i (τi ) − IHPU ,i (τi )) + εi ,
(A9)

where the coefficient α4 represents the probability of an informed trade.
Specifying the regression in this manner has two important advantages. First,
it removes a serious collinearity problem that likely exists between IHP I,i and
IHP U ,i . Second, it allows us to test the null hypothesis that the probability
of an informed trade is equal to zero.
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