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ABSTRACT 

This paper examines unique data on dark pool activity for a large cross-section of US stocks in 

2009.  Dark pool activity is concentrated in large firms, stocks with high share volume, high price, low 

spreads, high depth, and low short-term volatility.  NASDAQ (AMEX) stocks have significantly higher 

(lower) dark pool activity than NYSE stocks controlling for size, share volume, and price.  For a given 

stock, dark pool activity is significantly higher on days with higher share volume, higher depth, and lower 

intraday volatility.  Dark pool activity is significantly lower for days with larger order imbalances relative 

to share volume and larger absolute returns.  We find no evidence supporting the hypothesis that dark 

pool activity has a detrimental effect on market quality. 
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1. INTRODUCTION 

There are several reasons for why institutional traders may want to avoid displaying their orders 

in the continuous limit order market.  Order display invites imitation, potentially reducing the alpha of 

the underlying investment strategy.  Displayed orders also invite front running and quote matching by 

broker-dealers as well as by opportunistic traders, resulting in higher trading costs.  Further, traditional 

order display is associated with direct broker involvement, generating significant commission costs.  

Institutional traders worry about counterparty risk, the risk of trading against informed order flow 

especially order flow from proprietary trading desks.  Institutional sized orders also face another 

problem; average trade and order sizes have fallen dramatically in recent years, making it virtually 

impossible to trade in size in the continuous limit order market. 

It is therefore not surprising that there is a growing demand for trading venues that make it 

possible for institutions to keep their orders secret, offer low commission rates, maximizes the chances 

of trading with other institutions (as naturals), and allow institutions to trade in size at the mid-quote.  

Such non-displayed pools of liquidity have been present in US equity markets for a very long time.  

Examples include reserve and iceberg orders within exchanges’ and Electronic Communication 

Networks’ (ECNs) trading systems, floor broker orders and specialist capital on floor-based exchanges, 

working orders handled by agency brokers or broker-dealers, dealer capital and stand-alone as well as 

broker and exchange/ECN operated crossing networks.2  More recently, non-displayed liquidity pools 

such as Internalization Pools and Ping Destinations have been added to the list.  Nowadays opaque 

sources of liquidity are often grouped under a single label (with unfortunate nefarious connotations): 

Dark Pools. 

In broad brush terms, dark pools are characterized by limited or no pre-trade transparency, 

anonymity, and derivative (almost exclusively mid-quote) pricing.  However, they differ in terms of 

whether or not they attract order flow through Indications Of Interests (IOIs)/advertising and whether 

or not they allow interaction with proprietary and black box order flow.3  It is difficult to accurately 

                                                           
2
 Sofianos (2007). 

3
 See Mittal (2009) for a discussion of Dark Pool characteristics. 
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measure the amount of volume that is actually matched through Dark Pools but estimates range from 8-

9% of share volume.4  

The SEC has recently openly criticized the impact of dark pools on the price discovery process.  

In May, 2009, James Brigagliano, SEC’s Division of Trading and Markets, said dark pools could impair 

price discovery by drawing valuable order flow away from the public quoting markets.  “To the extent 

that desirable order flow is diverted from the public markets, it potentially could adversely affect the 

execution quality of those market participants who display their orders in the public markets,” he said.  

He added that anything that “significantly detracts from the incentives to display liquidity in the public 

markets could decrease that liquidity and, in turn, harm price discovery and worsen short-term 

volatility.”5   

SEC Chairman Mary Schapiro announced on June 19th, 2009, that the SEC is “taking a serious 

look at what regulatory actions may be warranted” and that she has asked SEC staff to review ways to 

“best bring light” to dark pools.6  In testimony before the House Committee on Financial Services’ 

Subcommittee on Capital Markets, Insurance and Government-Sponsored Enterprises, on July 14, 2009, 

Chairman Schapiro further stated: “We have heard concerns that dark pools may lead to lack of 

transparency, may result in the development of significant private markets that exclude public investors 

(through the use of ‘indications-of-interest’ that function similar to public quotes except with implicit 

pricing), and may potentially impair the public price discovery function if they divert a significant 

amount of marketable order flow away from the more traditional and transparent markets.” 

In its recent Concept Release on Equity Market Structure (SEC, 2010), the SEC raises concerns 

about the consequences of a rising dark pool market share on public order execution quality and price 

discovery.  In Congressional testimony, Dr. Hatheway (Nasdaq OMX) speaks to this issue and argues that 

when stocks experience “dark” trading in excess of 40 percent of total volume, execution quality begins 

to deteriorate.  Weaver (2010) studies broader measures of market fragmentation and also argues that 

dark trading is associated with a reduction in market quality.  In contrast O’Hara and Ye (2009) find that 

fragmentation of trading generally reduces transactions costs and increases execution speed.  These 

                                                           
4
 Rosenblatt Securities, Inc. started tabulating monthly share volume for Dark Pools of Liquidity in its Trading Talk 

publication in March 2008 and TABB Group started its Liquidity Matrix publication in April 2007.  Efforts to track 
volume in these venues are problematic due to a lack of uniform Dark Pool reporting standards. 
5
 Chapman, Peter, SEC Worried About Dark Pools, Traders Magazine, July 2009. 

6
 David Scheer and Jesse Westbrook, SEC May Force More Disclosure About ‘Dark Pools,’ Schapiro Says, 

Bloomberg.com, June 19
th

, 2009. 



5 
 

contradictory results are not surprising as the researchers rely on very imprecise proxies for dark 

trading.  The O’Hara and Ye (2009) study focuses on the effect of fragmentation on market quality 

during 2008 and uses TRF volume as a proxy without even netting out fully transparent venues such as 

BATS and DirectEdge.  The same strategy is used by Weaver (2010), but his sample is more recent, from 

October 2009.  The Nasdaq OMX study uses TRF volume minus BATS and DirectEdge as a proxy for dark 

pools, but this still includes internalized order flow.   

To better inform the regulatory debate, we use more granular data to empirically assess the 

relationship between dark pools on market quality and price discovery.   Specifically, the Securities 

Industry and Financial Market Association (SIFMA) solicited daily stock-level dark pool share volume 

data for the 2009 calendar year from all their members operating dark pools.  The reporting was 

completely voluntary, and in the end SIFMA collected data on daily single-counted share volume from 

eleven dark pools on our behalf.  The data is anonymous, and no attempt to study the data by individual 

dark pools will be made.    

This study will focus on answering three questions: 

1. What are the determinants of volume (market share) in Dark Pools? 

2. What are the effects of Dark Pools on market quality? 

3. What are the effects of Dark Pools on price efficiency? 

There is very limited empirical evidence on dark pool activity in the cross-section and the time-

series.  A few studies have focused on crossing networks.  Gresse (2006) finds that crossing networks 

have a very limited market share and do not have a detrimental effect on the liquidity of the continuous 

market.  Conrad, Johnson, and Wahal (2003) find that institutional order executed in crossing networks 

have significantly lower realized execution costs and that traders use the continuous market to trade 

their exhaust.  Naes and Odegaard (2006) find that institutional orders sent first to crossing networks 

and then to the continuous market obtain lower realized execution costs for the crossed component, 

but not necessarily for the entire order.  Fong, Madhavan, and Swan (2004) find no evidence of a 

liquidity drain away from the continuous market when traders can trade in a crossing network.  The only 

empirical study that we are aware of that takes a more comprehensive look at dark pools is by Ready 

(2009).  He studies monthly volume by stock in three dark pools: Liquidnet, POSIT, and Pipeline during 

June 2005-September 2007.  He finds that the market share of these dark pools is less than one percent 
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of consolidated volume, and that dark pool volume is concentrated in liquid stocks (low spreads, high 

share volume).   

Our sample has several advantages compared to the Ready (2009) sample: it covers more dark 

pools, includes daily share volume data, and is more recent.  Nevertheless, several caveats apply.  First 

of all, the SIFMA dark pool data covers only those eleven dark pools that voluntarily responded to the 

data request.  According to the SECs 2010 Concept Release on Market Structure, there are 

approximately 32 active Dark Pools during our sample period.  Hence, our sample of eleven dark pools 

captures only roughly 1/3rd of Dark Pools operating in the US equity market.  Second, to our knowledge 

there is no publicly available data on Dark Pools which makes it difficult to check the SIFMA data for 

accuracy.  To gauge the coverage of our data, we compare it to monthly data reported by Rosenblatt, 

Inc.  However, we note that this source is based on a combination of self-reported data and Rosenblatt 

estimates.  Third, while our data permits a study of both time-series and cross-sectional variation in dark 

pool activity for the SIFMA sample of dark pools, we have no way of knowing if these eleven dark pools 

represent the same fraction of dark pool activity over stocks and over time.  Therefore, we cannot claim 

that the variation in dark pool activity within our sample is representative of the entire population of 

dark pools.  These caveats should all be kept in mind when drawing conclusions based on the SIFMA 

data. 

We describe our sample construction in Section 2, and provide a univariate analysis of dark pool 

activity in Section 3.  Descriptive statistics for our explanatory variables are in Section 4.  Our analysis of 

the determinants of dark pool activity in the cross-section and in the time series is in Section 5.  In 

Section 6, we analyze the relationship between dark pool activity and measures of market quality.  

Section 7 (TBA) will discuss the relationship between dark pool activity and price efficiency.  Section 8 

concludes. 

2. SAMPLE CONSTUCTION 

We first benchmark the raw SIFMA data against the monthly total share volume in dark pools as 

reported by Rosenblatt, Inc. in their monthly Let There Be Light publication.  Figure 1 shows that the 

SIFMA data mirrors the monthly time series variation in the Rosenblatt share volume pretty closely.  

Figure 2 shows that Dark Pool share volume as reported in the SIFMA (Rosenblatt) data represents 3.65 

(7.74) percent of consolidated volume in January, and 6.10 (10.15) percent of consolidated volume in 

December.  Finally, Figure 3 shows that the SIFMA data covers roughly half of the Rosenblatt share 
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volume.  Specifically, the market share of the dark pools submitting data for our study increases from 

47% in January to 60% in December.  

The raw SIFMA data covers 10,178 unique securities and the coverage by individual Dark Pools 

ranges from a low of 5,646 to a high of 8,251 securities.  In order to merge the SIFMA data with data 

from TAQ, CRSP, etc., we screen the data following standard practice as summarized in Table 1.  We first 

exclude 1,525 ticker symbols with suffixes (e.g., preferred, warrants, non-voting, etc) and the ticker 

symbols with a fifth character (unless also in CRSP as A, B, or K).  Second, we exclude 4,035 stocks that 

are not common stocks (SHRCD 10 or 11) covered by CRSP.  As we need to merge CRSP with the SIFMA 

data, we also exclude 87 stocks with missing ticker symbols in CRSP and 49 stocks with duplicate permno 

or cusip for the same ticker symbol.  Our SIFMA sample consists of 4,482 stocks.  For comparison 

purposes, we create subsamples that are similar to the samples used by Weaver (2010) and O’Hara and 

Ye (2009).  Weaver (2010) excludes stocks with price above $1,000 and O’Hara and Ye (2009) exclude 

stocks with price below $5.00 and with less than 1,000 shares average daily volume. 

3. UNIVARIATE STATISTICS 

To examine the cross-sectional distribution of dark pool activity, we compute dark pool volume 

(DPVOL) as the number of shares per stock per day (single-counted) that execute in one of our eleven 

dark pools.  We also compute the fraction of daily consolidated share volume (VOL) as reported in CRSP 

that was executed in one of the dark pools as 100*DPVOL/VOL for every stock in our sample.  This 

variable will be labeled RELDP.  Further, we count the number of different dark pools that are active in a 

stock on a given day and call this variable COUNTDP.  To get a better sense of the degree of competition 

among dark pools, we compute the inverse Herfindahl index (IHERF) based daily stock-level dark pool 

market shares.  Recall that if the market shares are evenly distributed across dark pools, IHERF will be 

equal to COUNTDP.  IHERF will be lower than COUNTDP the more concentrated dark pool trading 

activity is for a given stock day.  We report the overall results in Panel A, and the subsamples that are 

similar to Weaver (2010) and O’Hara and Ye (2009) in Panels B and C. 

In the overall sample, dark pool volume represents on average 4.51 percent of consolidated 

volume.  Dark pool activity is skewed as the median is lower, at 3.05 percent.  On average almost half 

the SIFMA reporting dark pools (5.27) are active in a stock on any given day.  However, dark pool activity 

is concentrated based on the inverse of the Herfindahl Index (IHERF=2.43).   The Weaver (2010) sample 

excludes a handful of very high priced stocks, but the distributions of dark pool activity looks very 
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similar.  By contrast, O’Hara and Ye (2009) exclude low priced stocks and the dark pool activity is 

considerably higher for this subsample (5.27 percent). 

Previous research has found significant differences across NASDAQ and NYSE when it comes to 

fragmentation.  Specifically, fragmentation has been found to be higher for small stocks on NASDAQ by 

both O’Hara and Ye (2009) and Weaver (2010).  To examine the extent to which the SIFMA sample has a 

similar pattern, we compare dark pool activity across primary listing venues in Table 3.  Dark pool 

activity is much lower on AMEX/ARCA with 1.87 percent of consolidated volume on average.  In fact, the 

median stock day in this subsample has no dark pool activity.  NASDAQ dark pool activity is 4.32 percent 

and NYSE dark pool activity is 5.49 percent of consolidated volume on average.  Again, the distributions 

are skewed, particularly on NASDAQ.   This is not surprising as the NASDAQ sample includes many low 

priced stocks.  Recall from Table 1 that 2,254 stocks in the overall sample have a price below $5.00 and 

these are mostly listed on NASDAQ.  The median NYSE stock has as many as nine out of eleven active 

dark pools trading on any given day.  However, note that dark pool activity is more concentrated based 

on the Inverse Herfindahl Index (IHERF=3.35). 

Finally, we subsample based on market capitalization to show how dark pool activity varies with 

firm size.  We sort stocks on market capitalization based on the number of shares outstanding multiplied 

by the closing price from CRSP.  SMALL capitalization stocks have market capitalization less than $50 

million, MEDIUM capitalization stocks have market capitalization between $50 million and $1 billion, 

and LARGE capitalization stocks have market capitalization above $1 billion.  The results are in Table 4. 

Table 4 shows that dark pool activity is highest for the LARGE capitalization stocks with an 

average RELDP of 5.74 percent.  For LARGE capitalization stocks, 75 percent of the stock days have nine 

or more active dark pools.  In other words, dark pools appear to compete intensively for this group of 

stocks.  However, the dark pool share volume is much more concentrated based on the Inverse 

Herfindahl index (median IHERF=3.70).  Also note that dark pool activity is not simply focused on LARGE 

stocks.  The MEDIUM capitalization category has almost as much dark pool activity on average, 5.11 

percent, but there is much more variation across stocks and days.  Moreover, there appears to be more 

specialization for this group of stocks judging by the distribution of COUNTDP and the IHERF.  By 

comparison, Panel A shows that there is relatively limited dark pool activity for SMALL capitalization 

stocks. 
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4. DESCRIPTIVE STATISTICS 

Our first goal is to examine both what factors explain the cross-sectional distribution and the 

time-series evolution of dark pool activity.  To do so, we gather additional information for our sample 

stocks from CRSP and from TAQ.  We get daily market capitalization, closing stock price, intraday price 

range based on quotes, stock returns and market (S&P 500) returns from CRSP.  We compute daily time-

weighted quoted and share-weighted effective spreads bid and offer depth at the National Best Bid 

Offer (NBBO), intraday range of prices based on quotes, closing mid quote, the standard deviation of 

mid-quote returns, and (bid) depth and (buy) order imbalances from TAQ.  Table 5 provides the 

descriptive statistics for our SIFMA sample in Panel A while descriptive statistics for the reference 

subsamples are in Panels B and C. 

The main difference between the SIFMA sample and the Weaver (2010) sample is the average 

price: $39.78 in the SIFMA sample compared to $15.38 in the Weaver sample.  Using the screens 

employed by O’Hara and Ye (2009) we lose almost half the observations, and the average price is now 

$74.67 as a result of excluding all stocks with prices below $5.00 (but including high-priced stocks).  This 

sample also has substantially lower spreads and much lower volatility of mid-quote returns than the 

other two subsamples. 

5. DETERMINANTS OF DARK POOL ACTIVITY 

 To better understand how dark pool activity varies with market characteristics, we first sort 

stocks every day into quintiles based on a particular market characteristic.  We then compute the daily 

average dark pool activity, RELDP, and the average number of active dark pools, COUNTDP, for each 

quintile portfolio.  This gives us 252 daily observations of means for RELDP and COUNTDP for each 

quintile.  We test whether RELDP and/or COUNTDP are higher for the fifth quintile (High) than for the 

first quintile (Low) portfolio based on a particular market characteristic using a time-series t-test of the 

difference in means.  The market characteristics are size, volume, spreads, depth, price, volatility 

measures, and depth and order imbalance measures.  The results are in Table 6.  

 Panel A of Table 6 shows that dark pool activity is higher for the fifth quintile than for the first 

quintile based on firm size, volume, and price.   Dark pool activity is significantly higher for the low 

spread portfolio than for the high spread portfolio.  By comparison, the differences across quintile 

portfolios based on depth and depth imbalance measures are small and insignificant.  Dark pool activity 

is significantly lower for the high volatility than for the low volatility portfolio regardless of measure.  
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Moreover, we find that dark pool activity is significantly higher on large absolute order imbalance days 

than when absolute order imbalances are low.  However, this is effectively a proxy for share volume so 

we also divide absolute order imbalances by total share volume.  The results show that dark pool activity 

in percent of share volume is lower on days with high absolute order imbalances.  This makes sense as 

the likelihood of getting an order executed in a dark pools should be lower when the market is one-

sided, i.e., when there is significant buying or selling pressure in the market.  Dark pool activity is 

significantly lower for stock days with large absolute returns than for stock days with small absolute 

returns.  This is consistent with the result that dark pool activity appears to be declining in volatility. 

 We report the corresponding results for the number of active dark pools, COUNTDP, by quintile 

portfolios in Panel B of Table 6.  The results are very similar to those reported for RELDP.  Specifically, 

more dark pools are active for: large firms, stocks with high share volume, high price, low spreads, and 

low volatility.  A larger number of dark pools are active for stock-days with large absolute order 

imbalances, but fewer on stock-days with large relative order imbalances and absolute returns. 

 Our next step is to try to explain the cross-sectional and time series variation in dark pool 

activity.  We explore the cross-sectional variation using monthly Fama-Macbeth cross-sectional 

regressions with RELDP on the left hand side and a number of stock and market characteristics on the 

right hand side.  The average monthly estimated coefficients are reported in Table 7.  The t-statistics are 

based on the Newey-West adjusted standard errors using three lags.   

Specification (1) shows that dark pool activity is decreasing in the log of market capitalization 

but increasing in the log of volume and the log of price.  These three variables alone explain about 7.7 

percent of the time-series variation in the left hand side variable.  We add dummy variables for the 

primarily listing exchange in specification (2) and find that these are highly significant.  NASDAQ (AMEX) 

stocks have significantly higher (lower) dark pool activity than NYSE stocks controlling for size, volume, 

and stock price.  In Specification (3) we include the percentage time-weighted quoted spread, the log of 

the bid-depth and the log of the absolute depth imbalance.  The estimated coefficients are all significant 

and show that dark pool activity decreases in the spread, increases in depth, and decreases in bid-

imbalance.  Note, however, that the marginal addition to the adjusted R-squared is limited (not 

reported).  We find similar results in specification (4) when we replace the percentage time-weighted 

quoted spread with the percentage share-weighted effective spread.   



11 
 

Specification (5) adds volatility variables, and we find that dark pool volume decreases 

significantly in volatility both measured based on mid-quote returns and based on the intraday range.  

Finally, we include the log of the absolute order imbalance and the absolute return in specification (6).   

Dark pool activity increases in the order imbalance, but decreases in absolute returns.  For robustness, 

we also rerun specification (6) on the O’Hara and Ye (2009) sample and report the results in column (7).  

Our conclusions are generally robust to applying their sample screens (excluding low priced and low 

volume stocks), but for this sample the associations between the price and dark pool activity and bid 

depth and dark pool activity are not statistically significant. 

 In sum, the multivariate Fama-Macbeth regression analysis shows that dark pool activity is 

significantly higher (lower) for NASDAQ (AMEX) stocks than for NYSE stocks all else equal.  Dark pool 

activity is significantly lower for high market capitalization stocks but also significantly higher for high 

volume stocks.  In other words, liquid stocks with high share volume relative to market capitalization 

(turnover) have more dark pool activity as predicted by Buti, Rindi, and Werner (2010).  Stocks with 

higher price have more dark pool activity than low-price stocks.  We also find that dark pool activity is 

higher for stocks with narrow quoted and effective spreads and high inside bid depth.  These results 

confirm that dark pools are more active the higher the degree of competition in the limit order book as 

predicted by Buti, Rindi, and Werner (2010).   Dark pool activity is higher for stocks with low intraday 

volatility as measured either by the intraday range and the standard deviation of mid-quote returns, or 

average absolute returns.  Finally, dark pool activity is significantly higher for stocks with low average 

order imbalances relative to share volume, low average depth imbalance (measures of one-sided order 

flow).  As mentioned in the discussion of the univariate results, this makes sense as the likelihood of 

getting an order executed in a dark pool should be lower when the market tends to be one-sided.  

  We explore the time-series variation in dark pool activity in Table 8.  We de-mean all variables 

to take stock fixed effects into account and cluster standard errors by firm and day.  Specification (1) 

shows that dark pool activity is significantly higher on days with higher than average share volume, 

wider quoted spreads, higher bid depth, lower depth imbalances, and lower volatility as measured by 

the High-Low range as defined using CRSP data.  The results are very similar when we add the standard 

deviation of mid-quote returns from TAQ in specification (2), but the new variable is not statistically 

significant.  When we use the standard deviation of mid-quote returns in lieu of the High-Low range of 

prices based on CRSP, it has a negative and statistically significant coefficient but the overall explanatory 

power of the regression is lower (not reported).  We add order imbalance measures in specification (3) 
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and find that unusually large absolute order imbalances are associated with more dark pool activity.  By 

contrast, we find that larger relative order imbalances and larger absolute returns are associated with 

significantly lower dark pool activity.  This is natural as it is more difficult to obtain an execution in a dark 

pool when the market is one-sided.  Finally we include lagged dark pool activity and lagged absolute 

returns in specifications (4) and (5).  The results show that unusually large lagged dark pool activity is 

associated with unusually large contemporaneous dark pool activity, i.e., dark pool activity is auto-

correlated.   Furthermore, we find that large lagged absolute returns are associated with lower dark pool 

activity.  For robustness, we rerun this specification for the O’Hara and Ye (2009) sample and the results 

are in column (6).  Our conclusions are robust to applying their sample screen (excluding low price and 

low volume stocks), but note that the association between the quoted spread and dark pool activity is 

not statistically significant for this sample. 

 In sum, the time-series analysis shows that after controlling for stock fixed effects, days with 

unusually high share volume, unusually wide quoted spreads, unusually high bid depth, unusually low 

degree of one-sided order flow, and unusually low volatility tend to have higher dark pool activity.  

These results make sense as it is more likely that dark pool orders execute when trading interest is high 

and two-sided (balance between buyers and sellers).  As described in Buti, Rindi, and Werner (2010), 

wider quoted spreads makes it relatively more attractive to send an order to a dark pool that would 

execute at the mid-quote instead of sending a marketable order to the limit order book and incur the 

spread.  Similarly, higher limit order bid depth reduces the incentives for an institution to submit a limit 

order relative to submitting an order to a dark pool.  The reason is that the limit order would have to 

compete with the orders already in the limit order book, reducing the probability of the order getting 

filled without offering price improvement.  Finally, during periods of unusually high volatility traders are 

more likely to forgo the uncertain executions associated with dark pools and instead rely on marketable 

orders to gain immediacy. 

 Having analyzed the cross-sectional and time-series patterns of dark pool activity as captured by 

the SIFMA sample, we now move on to examining the relationship between dark pool activity and 

market quality and price efficiency, respectively. 

6. DARK POOLS AND MARKET QUALITY 

A central question is whether there are any detrimental effects of dark pool activity on public 

market quality.   This question is challenging to answer as causality is notoriously difficult to prove.  In 
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our case, this is particularly complicated as dark pool activity and market quality measures are jointly 

determined.  For example, the theoretical model developed in Buti, Rindi, and Werner (2010) predicts 

that dark pool market share is higher when limit order depth is high, when limit order spreads are 

narrow, and when the tick size is larger.  In other words, strategic traders decide whether to submit an 

order to a dark pool or to the public limit order book makes their decisions based on observing the 

depth and the spread.  Therefore, we cannot simply run a regression of contemporaneous market 

quality measures on dark pool activity and interpret the coefficients as evidence of a causal relationship.  

At best, we can hope to show that there is an association between dark pool activity and market quality.  

Our approach is to first examine the cross-sectional relationship between market quality measures and 

dark pool activity.  We will then examine the time-series relationship between market quality measures 

and dark pool activity by using lagged dark pool activity as an instrument. 

We first follow Weaver (2010) in estimating a cross-sectional regression of average daily market 

quality measures on average daily dark pool activity controlling for factors that the previous literature 

has been shown to affect market quality measures in the cross-section.  In addition market quality 

measures already discussed in previous sections, Weaver (2010) adds the Amihud measure (the average 

absolute daily return divided by share volume from CRSP) as a measure of price impact.  The results are 

reported in Table 9.  In order to compare our results to those of Weaver (2010), we conduct this analysis 

for several sub-samples: the SIFMA sample (Panel A); the Weaver (2010) sample (Panel B); the O’Hara 

and Ye (2009) sample; and for Nasdaq and NYSE stocks separately (Panels C and D). 

Weaver (2010) runs regressions of market quality statistics on controls and a quadratic function 

in his measure of fragmentation, percent TRF volume.   We examine the effect of different specifications 

of the functional form of the relationship between our measure of dark pool activity, RELDP, and market 

quality in Figure 4.  On the left hand side, we have the quoted spread in percent and on the right hand 

side an intercept, share volume, price, and the standard deviation of mid-quote returns.  We estimate 

this cross-sectional regression with: a linear RELDP; a quadratic function of RELDP; and a third-order 

polynomial in RELDP.  The linear specification suggests a negative relationship between dark pool 

activity and quoted spreads.  The quadratic specification instead suggests that quoted spreads decline 

initially as dark pool activity increases, but that beyond RELDP of about 8 percent, a higher amount of 

dark pool activity is associated with higher quoted spreads.  By contrast, the third-order polynomial 

instead shows that there is no significant effect of increases in dark pool activity beyond a RELDP of 

roughly 10 percent.  The reason for the different results is the data.  As shown in Figure 5, the bulk of 
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the data has a RELDP below 10 percent.  Beyond this point, the estimates become unstable and 

unreliable.  Based on this graphical illustration, we estimate third-order polynomials instead of quadratic 

functions of RELDP in our cross-sectional analysis.  However, the conclusions are robust to both linear 

and quadratic specifications.7 

Focusing on the effect of RELDP on market quality measures, we see in Panel A that virtually all 

market quality measures are declining significantly in RELDP.  Moreover, both the positive quadratic and 

the negative third order RELDP terms are statistically significant.  In other words, we find that the 

relationship between RELDP and market quality measures is non-linear as described in Figure 4.   For 

completeness, we repeat this analysis for the different sub-samples and find very similar results.  

Statistically and in terms of magnitude, the relationship between dark pool activity and market quality is 

stronger for the SIFMA and Weaver samples than for the O’Hara and Ye samples, and it is also stronger 

for NASDAQ stocks than for NYSE stocks.  Recall that Weaver (2010) excludes a handful of high priced 

stocks, while O’Hara and Ye (2009) instead exclude all stocks with price below $5.00 and average daily 

volume below 1,000 shares (but include high priced stocks).  When high priced stocks like Berkshire 

Hathaway are included, price is an extremely important explanatory variable for the cross-section of 

cent spreads and we obtain unrealistically high t-statistics as a result.  We conclude that in the cross-

section, a higher amount of dark pool activity is associated with lower quoted and effective spreads, 

lower price impacts, and lower short-term volatility.  In other words, more dark pool activity is generally 

associated with higher market quality. 

Note that our results are different from those found by Weaver (2010) even when we select a 

sample very similar to the one he analyzes (Panel B).  Recall that he finds that fragmentation is 

detrimental for market quality.  His data is from October 2009, while ours is January through December 

2009.  We do not, however, believe that the difference in sample periods can explain the results.  

Rather, the most likely explanations for the different results is that the data he uses is TRF volume which 

includes not just dark pools but also internalized trades and trades using DirectEdge and BATS.  

Consequently, while fragmentation may be detrimental more generally based on the Weaver (2010) 

                                                           
7
 These results are available from the authors on request. 
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study, there is no evidence in Table 9 that more dark pool activity, and specifically more dark pool 

activity in the venues that participated in the SIFMA sample, is associated with poorer market quality.8  

   To get a better handle on the association between dark pool activity and market quality, we 

conduct a matched sample analysis similar to O’Hara and Ye (2009).   We start with our version of the 

O’Hara and Ye (2009) sample, but constrain it further by only including stocks with either NASDAQ or 

the NYSE as their primary listing exchange and requiring at least 90 days of trading in both the first and 

the second half of 2009.9  This leaves us with 954 NASDAQ stocks and 919 NYSE stocks.  We collect the 

price and market capitalization for each firm in our sample as of January 2, 2009, and sort stocks 

separately for each exchange by size.  Ten stocks are sampled randomly from each size decile to select 

100 stocks from each exchange.    For each stock i in our stratified random sample, we then search all 

stocks with the same primary listing exchange to find the stock j that minimizes the sum of the absolute 

percentage difference in size and the absolute percentage difference in price (Davies and Kim (2008)): 

Di,j=|Sizei/Sizej-1|+|Pi/Pj-1|. 

The matching is done by the exchange of primary listing to control for exchange-specific effects.   

 We proceed to compute the average daily dark pool activity (RELDP) based on our SIFMA data 

for both stocks in each matched pair, i,j, over January – June, 2009.  The stock in the pair with the lowest 

dark pool activity is designated as a Low RELDP stock while the one with the highest dark pool activity is 

designated as the High RELDP stock in the pair.  Having controlled for factors that should affect market 

quality statistics such as size, price, and primary listing exchange, we then conduct tests for differences 

in market quality over the July – December, 2009, between our High and Low RELDP samples.  The 

results are in Table 10. 

 Panel A reports the overall results based on a battery of market quality statistics referred to 

previously in this paper.  We conduct both a paired t-test for difference in means and a Wilcoxon signed 

rank test for differences in medians for each market quality statistic.  Note that we have daily data for 

between 90-128 days for each stock for this test, so we have more power than previous researchers 

                                                           
8
 It is tempting to conclude that it is internalization that produces the Weaver (2010) result that increased 

fragmentation is detrimental for market quality.  However, as we do not believe that this analysis proves a causal 
relationship between fragmentation and market quality, such a conclusion is definitely premature. 
9
 Our results are not sensitive to this requirement, but it avoids manually dealing with a few cases of stocks that 

are either IPOs or delisted in the initial sample. 



16 
 

using monthly Rule 605 data.10   The results show that stocks with high amounts of dark pool activity 

(RELDP) have significantly lower quoted and effective average percentage spreads.  The differences are 

small, 3.51 basis points for the quoted spread and 0.53 basis points for effective half spreads.  Similarly, 

stocks with high amounts of dark pool activity have lower average quoted and effective cent spreads.  

Stocks with high dark pool activity have significantly higher depth both at the bid and the offer than 

their matched stocks.  In terms of volatility, there is no significant difference in our High-Low measures, 

but the standard deviation of mid-quote returns is significantly lower for stocks with high dark pool 

activity.  Finally, our various imbalance measures suggests that stocks with high dark pool activity have 

larger absolute depth and order imbalances, but significantly lower order imbalances relative to share 

volume.   

 To verify that our aggregate results in Panel A does not mask differences across large and small 

stocks, we repeat the analysis based on Large and Small capitalization stocks separately in Panel B.  Note 

that our definition of Large is the top three deciles, while Small are the lowest three deciles in the size 

distribution.  It is clear from the table that average quoted and effective percent spreads are 

significantly lower for stocks with high dark pool activity whether they are Large caps or Small caps.  The 

magnitude of the differences is large for small caps, on the order of 7.6 basis points or 3.64 cents for the 

quoted spread.  The picture is a bit more mixed for cent spreads.  For Small caps stocks, cent spreads are 

also uniformly significantly lower for stocks with high dark pool activity.  However, there is some 

evidence based on the Wilcoxon test of medians that cent spreads for Large caps may be somewhat 

higher.  Note though that the magnitude of the difference is miniscule, on the order of 0.04 to 0.01 

cents depending on the test.  For both groups, stocks with higher dark pool activity have significantly 

more depth.  Interestingly, the evidence suggests that stocks with higher dark pool activity have more 

intraday variation in prices based on the High-Low measures, but not based on the standard deviation of 

mid-quote returns.  The imbalance measures are consistent with the overall sample, absolute depth and 

order imbalances are higher but relative order imbalances tend to be lower for stocks with higher dark 

pool activity. 

 We conclude that there is no evidence in Table 10 that stocks with high dark pool activity have 

worse market quality than stocks with low dark pool activity, controlling for size, price, and market of 

primary listing.  We also do not find any evidence that small capitalization stocks with higher dark pool 

                                                           
10

 Conducting the paired t-tests based on differences in daily equally-weighted means for the high and low 
portfolios does not change the conclusions from Table 10. 
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activity have worse market quality.  The same is true for large capitalization stocks.  One caveat should 

be kept in mind.  While we are eliminating look-ahead bias by matching stocks based on dark pool 

activity for January – June, 2009, and then estimating market quality over July – December, 2009, this 

methodology has the drawback that the distance between the matching and the market quality 

measures is significant.  In our case, this should bias the results against finding that dark pool activity is 

associated with higher market quality if in reality the relationship was the opposite.  The reason is that 

the activity in our SIFMA reporting dark pools, as well as the overall dark pool activity based on 

Rosenblatt Securities Inc., was rising significantly (Figure 2.).  In other words, if more dark pool activity 

were to be associated with worse market quality, this would weaken our results.  Yet, our results are 

highly significant. 

Finally, we study the relationship between dark pool activity and market quality by examining 

the relationship between the time-series variation in dark pool activity and the time-series variation in 

market quality.  As we have daily panel data, we can conduct such an analysis and the results are in 

Table 11.  We already know that there is a relationship between dark pool activity and market quality in 

the cross-section from Table 9, so we need to control for stock fixed effects in our panel regressions.  

Given the large number of firms in our sample, the easiest way to accomplish this is to de-mean all 

variables.  Moreover, we do not believe that our observations for an individual stock over time, or for a 

particular day across stocks are independent.  To deal with this statistically, we cluster standard errors 

by stock and day.  Finally, as mentioned above we use lagged dark pool activity as an instrument for 

contemporaneous dark pool activity to reduce the problems of endogeneity.  Note that past dark pool 

activity predicts today’s dark pool activity with a positive and significant coefficient (Table 8). 

 The results in Table 11 show that unusually high dark pool activity is associated with significantly 

lower percent (Panel A) and cent (Panel B) quoted spread, significantly larger depth (Panel C), and 

significantly lower standard deviation of mid-quote returns (Panel D).  We add more contemporaneous 

and lagged explanatory variables in column (2):  absolute returns, share volume, standard deviation of 

mid-quote returns, percent High-Low intraday prices, and absolute and relative order imbalances.    

These all tend to be significant with the predicted signs. Specifically, percent and cent quoted spreads 

tend to increase on days with unusually high volatility and relative order imbalances and decrease on 

days with unusually high volume.   Depth is higher for days with unusually high volume, but lower on 

days with unusually high volatility.  Short-term volatility is unusually high on days with large stock price 

moves, and on days with unusually low volume and relative order imbalances.  However, even 
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controlling for these additional variables, we find that unusually high dark pool activity is either 

associated with better market quality (cent spreads and bid-depth) or not significantly related to market 

quality (percentage spreads, short-term volatility), depending on the measures used. 

We repeat this analysis for different subsamples to examine how robust our findings are to the 

sample selection criteria.  The results for the O’Hara and Ye (2009) sample are in column (3), NASDAQ 

stocks in column (4), NYSE stocks in column (5), large cap stocks in column (6), and small cap stocks in 

column (7).  Unusually high dark pool activity is generally associated with unusually high market quality 

for a particular stock.  While the statistical significance varies across subsamples, we find not one single 

case where unusually high dark pool activity is associated with poorer market quality.  Therefore, we 

conclude that there is no evidence that an unusually high level of dark pool activity is associated with a 

worsening of market quality. 

7. DARK POOLS AND PRICE EFFICIENCY 

TO BE ADDED. 

8. SUMMARY AND CONCLUSIONS 

In this paper, we study dark pool trading activity for a large cross-section of stocks based on a 

unique self-reported sample of daily dark pool share volume during 2009.  The sample was collected by 

SIFMA and covers eleven out of roughly 32 dark pools active in the US equity markets during our sample 

period.  We find that our SIFMA sample represents roughly 50 to 60 percent of dark pool volume as 

reported by Rosenblatt Securities Inc.  The market share of reported dark pools increase over the 

sample period, from  slightly below 4 percent of consolidated share volume in January to above 6 

percent of consolidated share volume in December.  Moreover, we note that SIFMA sample dark pools 

report activity in over 10,000 distinct securities.  For individual dark pools, this figure ranges from a low 

of 5,646 to a high of 8,251 securities.  In other words, the dark pools in our sample are active for a very 

large cross-section of stocks. 

The average daily market share of our SIFMA dark pools based on the benchmark sample of 

common stocks also in CRSP with non-zero share volume is 4.5 percent of share volume.  If we exclude 

low price and low liquidity stocks, dark pool activity increases to 5.3 percent of share volume on 

average.  While we do not have data on all dark pools, we surmise that the overall market share of dark 

pools is roughly twice as large based on the overall market share of our SIFMA reporting dark pools.   
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We examine whether dark pools specialize by computing the number of different dark pools 

active on the typical stock-day as well as the inverse of the Herfindahl index which measures market 

concentration.  The average stock-day in our SIFMA screened sample has five active dark pools, and the 

market-share equivalent number of dark pools is 2.4.  If we screen out low-price stocks, the median 

stock-day has 8 active dark pools with a market share equivalent number of dark pools of 3.1.  In other 

words, there is significant competition among dark pools for institutional order flow. 

We study dark pool activity separately for stocks based on the primary listing exchange and 

based on market capitalization.  Generally, we find that dark pool activity is higher for the NYSE (5.5 

percent of share volume) than for Nasdaq (4.3 percent of share volume).  There are also more active 

dark pools for a typical NYSE stock-day (9) than for a Nasdaq stock-day (4).  SIFMA dark pool activity is 

strongly increasing in market capitalization, with a market share of 1.8 percent for firms below $50 

million, 5.1 percent for firms between $50 million and $1 billion, and 5.7 percent for firms with market 

capitalization above $1 billion.  For firms above $1 billion, a typical stock-day has ten active SIFMA dark 

pools with a market share equivalent number of dark pools of 3.7.   

In a preliminary analysis of dark pool activity and market quality, we sort stocks into quintiles by 

dark pool activity and test for differences in market quality measures between the group of high dark 

pool and the group of low dark pool activity.  We find strong evidence that stocks with high dark pool 

activity are significantly larger, more liquid stocks with higher average price.  Stocks with higher dark 

pool activity are also associated with lower quoted and effective spreads, lower intraday volatility, and 

lower measures of absolute buy-sell imbalances relative to share volume.  From this analysis, we cannot 

conclude that dark pool activity causes higher market quality as we have not yet controlled for 

characteristics that are likely to affect market quality such as market capitalization and price. 

Taken together, our univariate results confirm aggregate market statistics from for example 

Rosenblatt Securities Inc. indicating that dark pool activity is a significant component of equity trading in 

US markets.  Moreover, our results show that dark pool activity is concentrated in stocks with higher 

market capitalization and higher price.  Statistics commonly referred to in the regulatory debate do not 

address this cross-sectional variation in dark pool activity so we have no benchmarks to compare our 

study to in this regard. 

A unique feature of the SIFMA sample is that it permits us to examine the cross-sectional and 

time-series variation in dark pool activity at a more granular level.  Our cross-sectional analysis shows 

that dark pool activity is increasing in average share volume and price, but is decreasing in average 

quoted and effective spreads, average intraday volatility, average absolute buy-sell order imbalances 
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relative to share volume.  We also find that dark pool activity is higher (lower) for NASDAQ (AMEX) 

stocks controlling for size, share volume, and stock price.  In the time-series, we find that dark pool 

activity is significantly higher on days with unusually high share volume, unusually wide quoted spreads, 

unusually high depth at the inside, and unusually low intraday volatility for a particular stock.  We also 

find that dark pool activity is lower on days with more imbalanced order flow, more imbalanced depth 

and larger absolute return for a particular stock.  In other words, holding the stock constant, dark pool 

activity is lower when the market is one-sided. 

Given that dark pool activity is not only significant on average, but also displays significant cross-

sectional and time-series variation, it is clearly important to understand how dark pool activity is related 

to measures of market quality and market efficiency.  We address this topic from several different 

angles, using different empirical methods.   

We first show that higher dark pool activity is associated with better market quality in the cross-

section based on a simple cross-sectional regression analysis.  The relationship is not linear, but we do 

not find a tipping point beyond which dark pool activity is associated with poorer market quality in the 

cross-section.  For low levels of dark pool activity, market quality improves rapidly, but then flattens out 

at a market share of around 6 to 7 percent.  Dark pool activity and market quality are jointly determined, 

so we are careful not to interpret this evidence as a causal relationship. 

Second, we use a matched-sample methodology to examine differences in measures of market 

quality across stocks with high and low dark pool activity, controlling for factors that are known to 

influence market quality measures such as size and price.  To be conservative, we also control for 

market of primary listing.  Our results show that higher past dark pool activity is associated with 

significantly better future market quality based on measures such as quoted and effective spreads, 

depth, intraday volatility, and measures of order imbalances relative to share volume.  Again, we 

emphasize that our results do not prove a causal relationship because it is possible that underlying 

unobserved factors drive both dark pool activity and market quality.  However, since we measure dark 

pool activity over a time-period that predates the measurement of market quality, this analysis provides 

stronger evidence of a relationship between market quality and dark pool activity than the cross-

sectional regression analysis. 

Third, we study the relationship between dark pool activity and market quality in the time-series 

using regression analysis that control for stock fixed effects.  Our results show that unusually high levels 

of dark pool activity are associated with better market quality in the time series.  Even after controlling 

for other factors that are known to affect time-series variation in market quality, we find that unusually 
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high dark pool activity tends to be associated with better market quality: lower spreads, higher depth, 

lower short-term volatility, and lower absolute returns. 

Our analysis suggests that there is a positive association between dark pool activity and market 

quality.  While it is premature to conclude that this is a causal relationship between, we have no 

evidence to suggest the contrary.  In other words, we find no empirical evidence supporting the 

hypothesis that dark pool activity has a detrimental effect on market quality. 

In future work, we plan to include analyses of the relationship between dark pool activity and 

price efficiency based on both the autocorrelation of intraday 15-minute mid-quote returns, and 

variance ratios of intraday 15- and 30-minute mid-quote returns.  Moreover, we plan to conduct an 

analysis based on Rule 605 market quality data which has the advantage of being measured at the order 

level as opposed to the execution point which is the case for TAQ data. 
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TABLE 1.  SAMPLE CONSTRUCTION 

  Sample   Securities 

SIFMA data 10,178 

Exclude symbol.XX and NDQ 5th 1,525 

 
8,653 

CRSP SHRCD=10, 11 4,035 

 
4,618 

CRSP missing symbol 87 

 
4,531 

Duplicate permno/cusip 49 

SIFMA Sample 4,482 

Stocks with Price > $1,000 3 

Weaver Sample 4,479 

Stocks with Price < $5.00 2,254 

Stocks with volume < 1,000 shares/day 23 

O'Hara and Ye Sample 2,205 
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TABLE 2.  UNIVARIATE DARK POOL ACTIVITY BY SAMPLE 
 

        A. SIFMA SAMPLE Average StDev Min Q1 Median Q3 Max 

DPVOL 85.08 794.03 0.00 0.21 5.55 37.90 309,209.50 
RELDP 4.51 5.74 0.00 0.65 3.05 6.22 100.00 
COUNTDP 5.27 3.97 0 1 5 9 11 
IHERF 2.43 1.74 0.00 1.00 2.40 3.70 9.78 

B.  WEAVER (2010) SAMPLE Average StDev Min Q1 Median Q3 Max 

DPVOL 85.14 794.32 0.00 0.22 5.58 37.96 309,209.53 
RELDP 4.52 5.74 0.00 0.65 3.05 6.22 100.00 
COUNTDP 5.27 3.97 0 1 5 9 11 
IHERF 2.43 1.74 0 1 2.4 3.7 9.78 

C.  O'HARA & YE (2009) SAMPLE Average StDev Min Q1 Median Q3 Max 

DPVOL 102.37 363.93 0.00 2.20 16.30 73.96 40,109.73 
RELDP 5.27 5.30 0.00 1.95 4.11 7.01 100.00 
COUNTDP 6.88 3.66 0 4 8 10 11 
IHERF 3.03 1.65 0 1.93 3.07 4.19 9.78 

 

  



25 
 

 
TABLE 3.  UNIVARIATE DARK POOL ACTIVITY BY PRIMARY LISTING EXCHANGE 
 

        A. AMEX/ARCA (8%) Average StDev Min Q1 Median Q3 Max 

DPVOL 3.60 20.22 0.00 0.00 0.00 0.95 1,446.63 

RELDP 1.87 5.19 0.00 0.00 0.00 1.58 100.00 

COUNTDP 1.34 2.11 0 0 0 2 11 

IHERF 0.84 1.14 0 0 0 1.34 7.94 

C.  NASDAQ (60%) Average StDev Min Q1 Median Q3 Max 

DPVOL 41.74 221.90 0.00 0.10 2.12 15.90 34,103.95 

RELDP 4.32 6.19 0.00 0.15 2.45 5.87 100.00 

COUNTDP 4.27 3.7 0 1 4 7 11 

IHERF 2.13 1.7 0 1 2 3.34 9.12 

D.  NYSE (32%) Average StDev Min Q1 Median Q3 Max 

DPVOL 184.08 1,355.02 0.00 8.55 35.15 125.07 309,209.53 

RELDP 5.49 4.64 0.00 2.51 4.48 7.16 88.19 

COUNTDP 8.02 3.05 0 6 9 11 11 

IHERF 3.35 1.46 0 2.33 3.32 4.34 9.78 
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TABLE 4.  UNIVARIATE DARK POOL ACTIVITY BY MARKET CAPITALIZATION 
 

        A.  SMALL (23%) Average StDev Min Q1 Median Q3 Max 

DPVOL 1.83 12.79 0.00 0.00 0.00 0.40 1,204.95 

RELDP 1.82 5.47 0.00 0.00 0.00 1.24 100.00 

COUNTDP 0.97 1.6 0 0 0 1 11 

IHERF 0.68 0.98 0 0 0 1 8.26 

B. MEDIUM (51%) Average StDev Min Q1 Median Q3 Max 

DPVOL 22.67 86.72 0.00 0.80 5.00 18.91 20,196.52 

RELDP 5.11 6.23 0.00 1.27 3.31 6.68 100.00 

COUNTDP 5.16 3.26 0 2 5 8 11 

IHERF 2.56 1.53 0 1.47 2.5 3.6 9.09 

C. LARGE (26%) Average StDev Min Q1 Median Q3 Max 

DPVOL 283.23 1,541.20 0.00 27.52 82.04 228.46 309,209.53 

RELDP 5.74 3.87 0.00 3.14 4.98 7.40 77.62 

COUNTDP 9.34 2.15 0 9 10 11 11 

IHERF 3.73 1.34 0 2.79 3.7 4.63 9.78 
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TABLE 5.  DESCRIPTIVE STATISTICS 
 

 

   A. SIFMA Sample 
   Daily Measures Observations Mean StDev 

Market Capitalization (CRSP) 1,011,760 2.59 12.45 

Share Volume (CRSP) 1,011,760 1.59 13.26 

Quoted Spread Percent (TAQ) 1,010,740 174.98 352.28 

Quoted Spread Cents (TAQ) 1,010,740 13.23 246.70 

Effective Spread Percent (TAQ) 1,001,464 41.25 127.95 

Effective Spread Cents (TAQ) 1,001,464 2.61 1.08 

Bid Depth (TAQ) 1,010,740 124.08 750.81 

Offer Depth (TAQ) 1,010,740 116.11 696.96 

Absolute Depth Imbalance (TAQ) 1,010,740 99.81 982.34 

Price (CRSP) 1,011,760 39.78 1485.09 

Price (TAQ) 1,010,815 39.69 1481.25 

(High-Low)/High (CRSP, quotes) 1,011,760 5.88 5.21 

(High-Low)/High (TAQ, quotes) 1,010,815 8.27 6.56 

StdDev of Mid-quote Returns (TAQ) 1,010,388 26.59 60.02 

Absolute Order Imbalance in Shares (TAQ) 1,010,815 99.81 982.34 

Relative Order Imbalance in Percent (TAQ) 1,001,464 20.42 23.92 

Absolute Return (CRSP) 1,011,643 0.27 6.47 

B. Weaver (2010) Sample 
   Daily Measures Observations Mean StDev 

Market Capitalization (CRSP) 1,011,004 2.55 12.34 

Share Volume (CRSP) 1,011,004 1.59 13.26 

Quoted Spread Percent (TAQ) 1,009,986 175.08 352.39 

Quoted Spread Cents (TAQ) 1,009,986 9.63 27.24 

Effective Spread Percent (TAQ) 1,000,710 41.28 128.00 

Effective Spread Cents (TAQ) 1,000,710 1.88 6.66 

Bid Depth (TAQ) 1,009,986 124.11 751.08 

Offer Depth (TAQ) 1,009,986 116.14 697.22 

Absolute Depth Imbalace (TAQ) 1,009,986 9.66 67.95 

Price (CRSP) 1,011,004 15.38 23.05 

Price (TAQ) 1,010,061 15.38 23.05 

(High-Low)/High (TAQ, quotes) 1,010,061 8.27 6.56 

(High-Low)/High (CRSP, quotes) 1,011,004 5.88 5.21 

StdDev of Mid-quote Returns (TAQ) 1,009,634 26.60 60.04 

Absolute Order Imbalance in Shares (TAQ) 1,010,061 99.88 982.70 

Relative Order Imbalance in Percent (TAQ) 1,000,710 20.43 23.92 

Absolute Return (CRSP) 1,010,887 3.44 5.50 
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TABLE 5.  DESCRIPTIVE STATISTICS (CONTINUED) 
 
C. O'Hara and Ye (2009) Sample 

   Daily Measures Observations Mean StDev 

Market Capitalization (CRSP) 510,433 1.83 6.42 

Share Volume (CRSP) 510,433 1.83 6.42 

Quoted Spread Percent (TAQ) 510,115 62.91 169.51 

Quoted Spread Cents (TAQ) 510,115 18.08 346.71 

Effective Spread Percent (TAQ) 507,272 11.64 45.02 

Effective Spread Cents (TAQ) 507,272 3.48 151.80 

Bid Depth (TAQ) 510,115 119.99 82.77 

Offer Depth (TAQ) 510,115 112.31 77.47 

Absolute Depth Imbalance (TAQ) 510,115 9.33 9.78 

Price (CRSP) 510,433 74.67 2090.26 

Price (TAQ) 510,117 74.46 2084.52 

(High-Low)/High (TAQ, quotes) 510,117 5.53 3.87 

(High-Low)/High (CRSP, quotes) 510,433 4.12 2.71 

StdDev of Mid-quote Returns (TAQ) 510,053 8.98 22.76 

Absolute Order Imbalance in Shares (TAQ) 510,117 97.08 365.80 

Relative Order Imbalance in Percent (TAQ) 507,272 13.48 18.20 

Absolute Return (CRSP) 510,356 2.34 2.59 
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TABLE 6.  DARK POOL ACTIVITY AND CONTEMPORANEOUS STOCK AND MARKET CHARACTERISTICS 
 

        A.  RELDP 
       Daily Measures Low 2 3 4 High High-Low t-statistic 

Market Capitalization (CRSP) 1.642 4.013 5.473 5.789 5.673 4.031 53.97 

Share Volume (CRSP) 1.872 3.820 5.399 5.791 5.547 3.675 52.21 

Quoted Spread Percent (TAQ) 5.760 5.986 5.460 3.769 1.625 -4.134 -53.08 

Quoted Spread Cents (TAQ) 4.818 5.348 5.302 5.542 2.590 -2.229 -31.89 

Effective Spread Percent (TAQ) 5.161 6.063 5.688 4.051 1.848 -3.313 -42.58 

Effective Spread Cents (TAQ) 4.415 5.726 5.268 4.592 2.809 -1.606 -22.22 

Bid Depth (TAQ) 4.461 4.441 4.659 4.581 4.459 -0.002 -0.02 

Offer Depth (TAQ) 4.461 4.440 4.660 4.580 4.460 -0.001 -0.02 

Absolute Depth Imbalance (TAQ) 4.510 4.495 4.566 4.542 4.488 -0.022 -0.30 

Price (CRSP) 2.311 4.430 5.115 5.571 5.164 2.853 38.15 

Price (TAQ) 2.319 4.429 5.115 5.571 5.164 2.844 37.97 

(High-Low)/High (CRSP, quotes) 4.294 5.319 5.123 4.632 3.221 -1.073 -15.16 

(High-Low)/High (TAQ, quotes) 5.437 5.417 4.947 4.167 2.631 -2.806 -37.77 

StdDev of Midquote Returns (TAQ) 5.646 5.839 5.382 3.949 1.792 -3.854 -49.92 

Absolute Order Imbalance in Shares (TAQ) 2.546 4.083 5.017 5.499 5.453 2.907 42.61 

Relative Order Imbalance in Percent (TAQ) 5.231 5.334 5.161 4.504 2.551 -2.710 -36.81 

Absolute Return (CRSP) 4.702 5.040 4.875 4.537 3.438 -1.264 -17.92 

B. COUNTDP 
       Daily Measures Low 2 3 4 High High-Low t-statistic 

Market Capitalization (CRSP) 0.878 2.778 5.472 7.581 9.647 8.769 250.70 

Share Volume (CRSP) 0.464 2.695 5.560 7.830 9.808 9.344 280.11 

Quoted Spread Percent (TAQ) 9.736 7.796 5.589 2.648 0.599 -9.136 -258.84 

Quoted Spread Cents (TAQ) 7.668 6.936 6.014 4.327 1.422 -6.246 -140.06 

Effective Spread Percent (TAQ) 7.943 7.901 6.087 3.597 1.083 -6.860 -154.97 

Effective Spread Cents (TAQ) 4.904 7.700 6.836 5.180 1.989 -2.914 -54.26 

Bid Depth (TAQ) 5.307 5.233 5.334 5.277 5.217 -0.090 -1.93 

Offer Depth (TAQ) 5.307 5.233 5.335 5.275 5.219 -0.088 -1.89 

Absolute Depth Imbalance (TAQ) 5.322 5.267 5.284 5.277 5.218 -0.104 -2.17 

Price (CRSP) 2.163 4.042 5.229 6.996 7.929 5.766 130.88 

Price (TAQ) 2.169 4.045 5.227 5.995 7.929 5.759 130.58 

(High-Low)/High (CRSP, quotes) 4.873 6.457 6.017 5.255 3.755 -1.118 -17.43 

(High-Low)/High (TAQ, quotes) 7.577 6.775 5.570 4.092 2.351 -5.225 -99.65 

StdDev of Midquote Returns (TAQ) 9.185 7.861 5.539 2.856 0.936 -8.249 -198.62 

Absolute Order Imbalance in Shares (TAQ) 1.527 3.526 5.340 7.072 8.900 7.373 181.90 

Relative Order Imbalance in Percent (TAQ) 7.462 7.141 6.171 4.355 1.482 -5.981 -136.08 

Absolute Return (CRSP) 5.147 5.907 5.794 5.353 4.158 -0.988 -14.95 
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TABLE 7.  CROSS-SECTIONAL DETERMINANTS OF DARK POOL ACTIVITY 
 

 

        
        Explanatory variables (1) (2) (3) (4) (5) (6) (7) 

Intercept -0.607 -1.071 0.850 -0.521 1.871 5.466 9.907 

 
-0.92 -1.80 1.06 -0.84 2.54 7.10 13.81 

NASDAQ 
 

0.382 0.337 0.365 0.316 0.324 0.199 

  
9.24 10.35 9.28 9.32 10.09 5.32 

AMEX 
 

-1.015 -1.308 -1.083 -1.260 -1.193 -1.364 

  
-14.51 -12.95 -16.59 -12.97 -14.57 -9.50 

Market Capitalization (CRSP) -0.244 -0.192 -0.171 -0.196 -0.333 -0.330 -0.820 

 
-3.70 -3.19 -2.83 -2.96 -7.18 -7.04 -34.69 

Share Volume (CRSP) 0.560 0.543 0.399 0.506 0.517 0.204 0.534 

 
31.50 31.22 15.01 20.36 19.83 4.14 9.68 

Price (CRSP) 0.755 0.683 0.528 0.621 0.546 0.520 0.079 

 
16.94 14.20 8.69 12.48 8.18 7.65 0.35 

Quoted Spread Percent (TAQ) 
  

-0.191 
 

-0.134 -0.109 -0.138 

   
-11.49 

 
-7.99 -7.34 -7.74 

Effective Spread Percent (TAQ) 
   

-0.287 
   

    
-10.82 

   Bid Depth (TAQ) 
  

0.057 0.060 0.085 0.060 0.031 

   
6.78 8.32 7.54 7.90 1.77 

Absolute Depth Imbalance (TAQ) 
  

-0.035 -0.037 -0.034 -0.035 -0.050 

   
-4.43 -4.45 -4.19 -4.10 -3.80 

(High-Low)/High (CRSP, quotes) 
    

-0.081 -0.086 -0.150 

     
-6.00 -6.52 -5.28 

StDev Mid-quote Returns (TAQ) 
    

-0.003 -0.002 -0.006 

     
-21.83 -13.75 -7.02 

Absolute Order Imbalance in Shares (TAQ) 
     

0.272 0.260 

      
11.63 9.10 

Relative Order Imbalance in Percent (TAQ) 
    

-0.025 -0.025 

      
-11.04 -7.38 

Absolute Return (CRSP) 
     

-0.027 -0.057 

      
-5.13 -3.07 

Number of Observations 12 12 12 12 12 12 12 
Adjusted R-Square 0.077 0.081 0.090 0.080 0.093 0.092 0.068 
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TABLE 8.  TIME-SERIES DETERMINANTS OF DARK POOL ACTIVITY 
 

 

       

       Deviations from stock means (1) (2) (3) (4) (5) (6) 

Lag RELDP 
   

0.225 0.225 0.222 

    
43.51 43.52 36.54 

Lag Absolute Return (CRSP) 
    

-0.007 -0.027 

     
-3.43 -4.07 

Share Volume (CRSP) 0.481 0.482 0.340 0.280 0.283 0.615 

 
17.29 17.23 7.87 6.04 6.08 7.69 

Quoted Spread Percent (TAQ) 0.016 0.017 0.030 0.029 0.030 0.032 

 
1.96 1.99 3.13 3.21 3.25 1.20 

Bid Depth (TAQ) 1.230 1.257 1.196 0.942 0.930 1.456 

 
9.23 9.18 8.82 7.36 7.27 8.68 

Absolute Depth Imbalance (TAQ) -0.074 -0.075 -0.073 -0.073 -0.073 -0.099 

 
-3.02 -3.06 -3.01 -3.16 -3.16 -3.37 

(High-Low)/High (CRSP, quotes) -0.080 -0.090 -0.085 -0.075 -0.073 -0.165 

 
-19.55 -19.53 -18.06 -17.53 -17.31 -15.05 

StDev Mid-quote Returns (TAQ) 
 

0.000 
    

  
-0.29 

    Absolute Order Imbalance in Shares 
(TAQ) 

  
0.169 0.156 0.155 0.153 

   
11.76 10.12 10.05 8.11 

Relative Order Imbalance in Percent (TAQ) 
 

-0.016 -0.016 -0.016 -0.016 

   
-14.88 -13.79 -13.76 -8.18 

Absolute Return (CRSP) 
  

-0.014 -0.012 -0.012 -0.014 

   
-3.92 -3.93 -3.89 -2.00 

Number of Observations 1,010,740 1,010,388 997,156 992,874 992,759 503,687 

Adjusted R-square 0.012 0.012 0.014 0.012 0.064 0.075 
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TABLE 9.  DARK POOL ACTIVITY AND MARKET QUALITY IN THE CROSS-SECTION 
 

 
 

     

          A. SIFMA Sample Intercept Volume Price StDev MQR No. Trades RELDP RELDP^2 RELDP^3 Adjusted R2 

Quoted Spread in Percent (TAQ) 1.644 -0.003 
 

0.052 
 

-0.545 0.056 -0.002 0.862 

 
17.83 -1.29 

 
100.00 

 
-10.63 6.10 -3.66 

 
Quoted Spread in Cents (TAQ) 28.683 -0.073 0.140 0.012 

 
-8.638 0.809 -0.021 0.985 

 
16.43 -1.99 

531.5
5 1.23 

 
-8.91 4.68 -2.32 

 
Effective Spread in Percent (TAQ) -0.016 0.000 

 
0.016 

 
0.012 -0.002 0.000 0.841 

 
-0.60 0.65 

 
104.84 

 
0.78 -0.75 0.50 

 
Effective Spread in Cents (TAQ) 5.344 -0.012 0.027 0.001 

 
-1.597 0.161 -0.005 0.985 

 
15.77 -1.65 

531.7
2 0.75 

 
-8.49 4.80 -2.73 

 
Amihud Measure (CRSP) 0.036 

    
-0.018 0.003 0.000 0.022 

 
11.15 

    
-7.60 5.30 -4.31 

 
StDev Mid-quote Returns (TAQ) 48.990 

   
-6.028 -44.987 6.259 -0.255 0.578 

 
89.4 

   
-20.27 -35.69 26.95 -20.52 

 
B. Weaver (2010) Sample Intercept Volume Price StDev MQR No. Trades RELDP RELDP^2 RELDP^3 Adjusted R2 

Quoted Spread in Percent (TAQ) 1.668 -0.025 
 

0.052 
 

-0.556 0.057 -0.002 0.862 

 
17.99 -1.3 

 
99.49 

 
-10.8 6.25 -3.79 

 
Quoted Spread in Cents (TAQ) 24.079 -0.076 0.341 0.037 

 
-8.194 0.736 -0.017 0.206 

 
15.87 -2.40 22.35 4.35 

 
-9.77 4.93 2.22 

 
Effective Spread in Percent (TAQ) -0.015 0.000 

 
0.016 

 
0.011 -0.002 0.000 0.841 

 
-0.56 0.65 

 
104.42 

 
0.75 -0.73 0.48 

 
Effective Spread in Cents (TAQ) 4.145 -0.012 0.058 0.007 

 
-1.306 0.119 -0.003 0.263 

 
19.27 -2.68 26.69 6.04 

 
-11.00 5.64 -2.71 

 
Amihud Measure (CRSP) 0.036 

    
-0.018 0.003 0.000 0.022 

 
11.17 

    
-7.63 5.62 -4.33 

 
StDev Mid-quote Returns (TAQ) 149.353 

   
-5.945 -45.425 6.317 -0.257 0.579 

 
89.71 

   
-20.00 -36.00 27.22 -20.73 
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C. O'Hara and Ye (2009) Sample Intercept Volume Price StDev MQR No. Trades RELDP RELDP^2 RELDP^3 Adjusted R2 

Quoted Spread in Percent (TAQ) 0.006 -0.001 
 

0.076 
 

0.017 -0.008 0.000 0.911 

 
0.10 -0.67 

 
112.62 

 
0.59 -1.73 1.96 

 
Quoted Spread in Cents (TAQ) 19.580 -0.169 0.140 0.779 

 
-6.445 0.544 -0.012 0.991 

 
5.60 -1.59 496.11 19.76 

 
-3.84 2.02 -0.98 

 
Effective Spread in Percent (TAQ) 0.064 0.000 

 
0.012 

 
-0.015 0.001 0.000 0.891 

 
6.03 -0.88 

 
98.58 

 
-2.85 1.23 -0.59 

 
Effective Spread in Cents (TAQ) 5.208 -0.025 0.027 0.108 

 
-1.801 0.190 -0.006 0.989 

 
6.68 -1.05 430.44 12.26 

 
-4.80 3.16 -2.14 

 
Amihud Measure (CRSP) 0.024 

    
-0.010 0.001 0.000 0.189 

 
23.18 

    
-16.48 11.83 -8.94 

 
StDev Mid-quote Returns (TAQ) 62.364 

   
-3.717 -10.897 1.289 -0.046 0.532 

 
49.42 

   
-24.23 -13.52 10.00 -7.50 

 
D. NASDAQ Intercept Volume Price StDev MQR No. Trades RELDP RELDP^2 RELDP^3 Adjusted R2 

Quoted Spread in Percent (TAQ) 3.037 -0.026 
 

0.050 
 

-1.056 0.118 -0.004 0.879 

 
22.98 -3.04 

 
72.58 

 
-14.50 9.70 -5.91 

 
Quoted Spread in Cents (TAQ) 67.417 -0.655 0.565 -0.002 

 
-13.093 1.309 -0.038 0.236 

 
15.84 -4.34 17.93 -0.18 

 
-10.15 5.72 -3.14 

 
Effective Spread in Percent (TAQ) -0.014 0.002 

 
0.016 

 
0.028 -0.006 0.000 0.854 

 
-0.37 0.80 

 
81.47 

 
1.34 -1.6 1.35 

 
Effective Spread in Cents (TAQ) 5.832 -0.098 0.072 0.003 

 
-1.861 0.187 -0.006 0.269 

 
17.92 -4.72 17.71 1.69 

 
-10.48 5.93 -3.38 

 
Amihud Measure (CRSP) 0.052 

    
-0.027 0.004 0.000 0.030 

 
10.35 

    
-7.09 5.26 -4.02 

 
StDev Mid-quote Returns (TAQ) 169.716 

   
-6.765 -55.536 7.940 -0.329 0.616 

 
77.15 

   
-15.20 -33.52 25.62 -19.34 

 
E. NYSE Intercept Volume Price StDev MQR No. Trades RELDP RELDP^2 RELDP^3 Adjusted R2 

Quoted Spread in Percent (TAQ) -0.037 0.000 
 

0.055 
 

0.003 -0.001 0.000 0.938 

 
-1.34 -0.40 

 
120.63 

 
0.24 -0.48 0.40 

 
Quoted Spread in Cents (TAQ) 6.519 -0.013 0.140 0.193 

 
-3.179 0.399 -0.015 0.991 

 
5.21 -1.32 1998.49 9.44 

 
-5.60 4.46 -3.40 

 
Effective Spread in Percent (TAQ) 0.002 0.000 

 
0.018 

 
0.003 -0.001 0.000 0.891 

 
0.15 1.68 

 
74.23 

 
0.41 -1.06 1.15 

 
Effective Spread in Cents (TAQ) 2.728 -0.002 0.027 0.031 

 
-1.088 0.137 -0.005 1.000 

 
11.88 -1.17 2105.10 8.20 

 
-10.44 8.36 -6.42 

 
Amihud Measure (CRSP) 0.002 

    
-0.001 0.000 0.000 0.300 

 
24.94 

    
-21.26 16.85 -13.40 

 
StDev Mid-quote Returns (TAQ) 47.351 

   
-2.713 -7.284 0.819 -0.029 0.456 

 
37.09 

   
-20.23 -11.53 8.04 -5.84 
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TABLE 10.  MARKET QUALITY FOR SAMPLES WITH HIGH AND LOW DARK POOL VOLUME 
   

 
 

     A.  Matched Sample 
     Market Quality Measure Test High RELDP Low RELDP High-Low RELDP p-value 

Quoted Spread Percent (TAQ) Mean 41.49 45.00 -3.51 0.00 

 
Median 11.16 11.86 -0.42 0.00 

Quoted Spread Cents (TAQ) Mean 7.71 8.93 -1.22 0.00 

 
Median 2.76 2.74 0.00 0.00 

Effective Spread Percent (TAQ) Mean 7.88 8.23 -0.53 0.01 

 
Median 3.39 3.72 -0.19 0.00 

Effective Spread Cents (TAQ) Mean 1.52 1.65 -0.15 0.00 

 
Median 0.80 0.80 0.00 0.00 

Bid Depth (TAQ) Mean 146.51 129.85 16.65 0.00 

 
Median 148.29 132.10 9.42 0.00 

Offer Depth (TAQ) Mean 135.08 119.85 5.23 0.00 

 
Median 137.70 122.45 3.24 0.00 

Absolute Depth Imbalance (TAQ) Mean 12.24 10.84 1.39 0.00 

 
Median 9.07 7.96 0.34 0.00 

(High-Low)/High (CRSP, quotes) Mean 3.32 3.31 0.01 0.58 

 
Median 2.89 2.90 0.00 0.89 

(High-Low)/High (TAQ, quotes) Mean 4.38 4.41 -0.03 0.15 

 
Median 3.59 3.64 0.00 0.22 

StDev Midquote Returns (TAQ) Mean 5.79 6.42 -0.64 0.00 

 
Median 2.56 2.68 -0.11 0.00 

Absolute Order Imbalance in Shares (TAQ) Mean 78.42 73.58 4.83 0.00 

 
Median 22.07 18.93 0.92 0.00 

Relative Order Imbalance in Percent (TAQ) Mean 11.54 11.82 -0.35 0.00 

 
Median 7.50 7.38 0.06 0.75 

Absolute Return (CRSP) Mean 1.74 1.77 -0.02 0.09 

 
Median 1.26 1.29 -0.03 0.04 
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TABLE 10.  MARKET QUALITY FOR SAMPLES WITH HIGH AND LOW DARK POOL VOLUME BY MARKET CAPITALIZATION 
 

      B. Matched Sample by Capitalization 
 

Large Caps Small Caps 
 Market Quality Measure Test High-Low RELDP p-value High-Low RELDP3 p-value4 

Quoted Spread Percent (TAQ) Mean -1.32 0.00 -7.60 0.00 

 
Median -0.18 0.00 -4.23 0.00 

Quoted Spread Cents (TAQ) Mean 0.04 0.72 -3.64 0.00 

 
Median 0.00 0.03 -0.45 0.00 

Effective Spread Percent (TAQ) Mean -0.17 0.00 -0.71 0.28 

 
Median -0.05 0.00 -0.80 0.00 

Effective Spread Cents (TAQ) Mean 0.02 0.11 -0.29 0.00 

 
Median 0.01 0.00 -0.06 0.00 

Bid Depth (TAQ) Mean 27.10 0.00 21.77 0.00 

 
Median 23.83 0.00 19.95 0.00 

Offer Depth (TAQ) Mean 14.90 0.00 10.60 0.00 

 
Median 12.75 0.00 9.75 0.00 

Absolute Depth Imbalance (TAQ) Mean 2.42 0.00 1.81 0.00 

 
Median 0.75 0.00 0.84 0.00 

(High-Low)/High (CRSP, quotes) Mean 0.09 0.00 0.13 0.00 

 
Median 0.08 0.00 0.04 0.02 

(High-Low)/High (TAQ, quotes) Mean 0.05 0.04 -0.07 0.21 

 
Median 0.07 0.00 -0.05 0.09 

StDev Midquote Returns (TAQ) Mean -0.15 0.00 -1.34 0.00 

 
Median -0.02 0.00 -0.52 0.00 

Absolute Order Imbalance in Shares (TAQ) Mean 18.40 0.00 2.92 0.00 

 
Median 8.98 0.00 0.52 0.00 

Relative Order Imbalance in Percent (TAQ) Mean -0.04 0.69 -1.31 0.01 

 
Median 0.09 0.39 0.00 0.08 

Absolute Return (CRSP) Mean 0.05 0.02 -0.01 0.75 

 
Median 0.00 0.24 -0.01 0.40 
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TABLE 11.  DARK POOL ACTIVITY AND MARKET QUALITY IN THE TIME SERIES 
 

  

 

       A.  Relative Quoted Spread in Percent (TAQ) 
       Deviations from stock means (1) (2) (3) (4) (5) (6) (7) 

Lag RELDP -0.010 -0.001 0.000 -0.001 0.000 0.000 -0.006 

 
-10.36 -0.81 -0.70 -0.74 -0.80 -0.92 -4.84 

Absolute Return (CRSP) 
 

0.005 0.015 0.005 -0.001 0.000 0.008 

  
2.22 5.13 1.73 -1.53 0.53 2.06 

Lag Absolute Return (CRSP) 
 

0.015 0.018 0.017 0.003 0.000 0.020 

  
5.59 7.22 4.14 5.82 -0.29 3.90 

Share Volume (CRSP) 
 

-0.515 -0.247 -0.638 -0.089 -0.037 -0.784 

  
-35.99 -14.28 -34.78 -10.00 -2.48 -21.83 

StDev Mid-quote Returns (TAQ) 
 

0.014 0.022 0.015 0.014 0.032 0.011 

  
18.80 12.66 17.35 6.23 1.99 18.17 

(High-Low)/High (CRSP, quotes) 
 

0.093 0.042 0.122 0.018 -0.001 0.145 

  
23.04 10.13 23.51 8.27 -0.16 27.25 

Absolute Order Imbalance in Shares (TAQ) 
 

-0.066 -0.026 -0.092 -0.009 -0.002 -0.126 

  
-8.84 -5.43 -7.81 -4.16 -1.54 -4.39 

Relative Order Imbalance in Percent (TAQ) 
 

0.012 0.006 0.013 0.003 0.001 0.014 

  
15.62 7.52 14.01 5.12 1.55 10.67 

Observations 1,006,266 992,691 503,686 591,497 326,561 
259,84

4 
222,55

7 

Adjusted R-square 0.001 0.213 0.197 0.233 0.211 0.093 0.232 
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TABLE 11.  DARK POOL ACTIVITY AND MARKET QUALITY IN THE TIME SERIES (CONTINUED) 

B.  Absolute Quoted Spread in Cents (TAQ) 
       Deviations from stock means (1) (2) (3) (4) (5) (6) (7) 

Lag RELDP -0.051 -0.016 0.011 -0.020 0.009 0.304 -0.018 

 
-6.27 -2.16 0.54 -1.99 0.44 1.04 -2.74 

Absolute Return (CRSP) 
 

0.058 0.237 0.060 0.081 0.524 0.051 

  
3.34 2.82 3.14 0.83 1.04 3.20 

Lag Absolute Return (CRSP) 
 

0.080 0.397 0.065 0.139 -0.254 0.062 

  
2.88 1.84 4.45 1.04 -1.05 4.60 

Share Volume (CRSP) 
 

-2.027 -4.116 -2.550 -0.487 -3.828 -1.793 

  
-10.40 -7.28 -10.27 -2.88 -1.71 -10.48 

StDev Mid-quote Returns (TAQ) 
 

0.037 0.311 0.040 0.462 15.038 0.021 

  
7.43 4.72 8.46 1.06 1.12 9.65 

(High-Low)/High (CRSP, quotes) 
 

0.272 0.836 0.322 -0.073 -4.129 0.237 

  
6.91 3.71 12.28 -0.42 -1.05 13.55 

Absolute Order Imbalance in Shares (TAQ) 
 

-0.162 -0.267 -0.358 0.624 0.520 -0.082 

  
-1.46 -1.18 -4.70 0.81 0.83 -0.66 

Relative Order Imbalance in Percent (TAQ) 
 

0.033 -0.081 0.046 -0.046 -0.024 0.137 

  
4.59 3.86 5.96 0.84 -0.31 2.71 

Observations 1,006,266 992,691 503,686 591,497 326,561 259,844 222,560 

Adjusted R-square 0.000 0.000 0.001 0.044 0.000 0.007 0.053 
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TABLE 11.  DARK POOL ACTIVITY AND MARKET QUALITY IN THE TIME SERIES (CONTINUED) 

C.  Log of Bid Depth (TAQ) 
       Deviations from stock means (1) (2) (3) (4) (5) (6) (7) 

Lag RELDP 0.003 0.002 0.003 0.001 0.004 0.007 0.001 

 
10.288 9.83 9.88 6.51 9.45 11.14 3.84 

Abslute Return (CRSP) 
 

0.000 0.001 0.000 0.004 0.007 0.000 

  
-0.64 0.64 -1.38 2.93 3.76 -2.19 

Lag Absolute Return (CRSP) 
 

-0.004 -0.013 -0.003 -0.007 -0.011 -0.001 

  
-5.74 -10.08 -4.78 -8.17 -6.78 -4.60 

Share Volume (CRSP) 
 

0.023 -0.002 0.034 -0.023 -0.032 0.027 

  
6.48 -0.34 8.55 -2.97 -3.17 5.14 

(High-Low)/High (CRSP, quotes) 
 

-0.013 -0.029 -0.011 -0.024 -0.038 -0.005 

  
-14.45 -13.44 -13.82 -14.33 -14.21 -11.85 

Absolute Order Imbalance in Shares (TAQ) 
 

0.006 0.009 0.028 0.006 0.000 0.000 

  
4.93 7.36 1.75 5.51 -0.35 -0.08 

Relative Order Imbalance in Percent (TAQ) 
 

-0.001 -0.001 -0.001 0.000 0.001 0.000 

  
-8.93 -9.04 -6.59 -2.28 4.04 -2.29 

Number of observations 1,006,266 992,759 503,687 591,555 326,561 259,844 222,623 

Adjusted R-square 0.004 0.067 0.128 0.061 0.141 0.182 0.032 
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TABLE 11.  DARK POOL ACTIVITY AND MARKET QUALITY IN THE TIME SERIES (CONTINUED) 

D.  Standard Deviation of Mid-quote Returns (TAQ) 
       Deviations from stock means (1) (2) (3) (4) (5) (6) (7) 

Lag RELDP -0.135 -0.003 -0.011 -0.011 -0.001 -0.017 -0.166 

 
-11.220 -0.31 -1.75 -1.07 -0.21 -9.19 -5.74 

Abslute Return (CRSP) 
 

-0.042 0.083 0.064 -0.137 -0.270 0.128 

  
-0.69 2.12 1.18 -4.36 -4.05 2.34 

Lag Absolute Return (CRSP) 
 

0.161 0.260 0.213 0.077 0.050 0.221 

  
4.23 9.51 3.83 6.26 10.36 3.09 

Share Volume (CRSP) 
 

-5.510 -1.608 -5.498 -1.220 0.015 -8.164 

  
-19.93 -8.93 -15.64 -8.35 0.28 -12.03 

(High-Low)/High (CRSP, quotes) 
 

2.977 0.937 2.978 0.949 0.351 4.154 

  
30.42 18.97 27.86 14.21 31.96 30.23 

Absolute Order Imbalance in Shares (TAQ) 
 

-0.007 -0.067 -0.189 -0.044 -0.004 0.262 

  
-0.07 -1.21 -1.24 -1.15 -0.65 0.59 

Relative Order Imbalance in Percent (TAQ) 
 

0.063 0.036 0.088 0.018 -0.003 0.084 

  
6.19 3.63 6.76 2.11 -1.60 4.02 

Number of observations 1,005,915 992,691 503,686 591,497 326,561 259,844 222,557 

Adjusted R-square 0.000 0.086 0.028 0.080 0.120 0.229 0.108 
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FIGURE  1.  Dark Pool Share Volume 

 

 

FIGURE 2.  Dark Pool Relative to Consolidated Volume 
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FIGURE 3.  SIFMA Dark Pool Activity Relative to Rosenblatt 
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FIGURE 4. Percent Quoted Spread and RELDP – Functional Form 

 

FIGURE 5.  Histogram of RELDP 
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