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Motivation

Market makers post both the price and quantity of shares that they are willing to trade.

Example

Bid price = $22 1/16    Bid size = 1000 shares

Ask price = $22 5/16   Ask size = 1400 shares    

Most previous studies focus only on price quotes.  The main focus of these studies has been:

· how securities dealers establish their bid-ask spreads to          recoup the order processing, inventory, and adverse                selection costs    

· how spreads can be divided into these components. 

Studies of spreads and depths

Lee, Mucklow, and Ready (1993)

· Examine intraday variation in spreads and depths on the NYSE and show that wide spreads are accompanied by small depths.

· Spreads widen and depths drop immediately prior to        quarterly earnings announcements.

· Information asymmetry risk increases immediately

   prior to anticipated news events.

Harris (1994)

· Analyzes the effect of the minimum price variation

   (MPV) on NYSE specialists' quotes.

· MPV affects the depth when it is larger than the spread

   that dealers would otherwise quote (i.e., when MPV is a

   binding constraint).

· Harris suggests that a binding MPV increases depths. 

· When the spread equals MPV as a binding constraint, liquidity providers will find it profitable to supply             liquidity and as a result, they are likely to offer large         depths.  

Kavajecz (1996) and Kavajecz and Odders-White (2001)

· Suggest that NYSE specialists use depths as a strategic             variable to reduce risks associated with information                events.

Kavajecz (1999)

· Shows that both specialists and limit order traders post

   smaller depths around earnings announcements and

   thereby reduce their exposure to adverse selection costs.

Goldstein and Kavajecz (2000)

· Find that both quoted spreads and depths declined after the           NYSE’s tick size changed from eighths to sixteenths.

Unanswered questions

– Why this study?

· Previous studies of spreads and depths focus only on specialists’ quotes on the NYSE.  None of these studies examined the interactive nature of spreads and depths on multiple dealer markets such as Nasdaq.

· Do dealers post the inside market quotes more frequently for certain stocks than others?

· It is unclear whether dealers’ quantity (depth) quotes are in any way related to price quotes.

Major findings

· Percentage of dealer quotes (time) at the inside market is higher for stocks with wider spreads, fewer market makers, and more frequent trading, and lower for stocks with larger trade sizes and greater return volatility.

· Nasdaq dealers selectively participate in the establishment of the inside market quotes by offering competitive quotes more often for stocks with larger market-making revenues and smaller costs.

· Dealers tend to quote large depths when they post the inside market quotes.

· Dealers frequently quote the minimum required depth (100 shares) when they post noncompetitive price quotes.

· This quotation behavior leads to the negative inter-temporal correlation between the quoted spread and depth.

· Quote midpoint revisions are largely driven by inventory control motives.

Hypotheses

Cross-sectional implications
· Percentage of time the market maker’s quotes are at the inside is related to competition for order flow and the market-making profit.

· For stocks with a large number of active market makers, the spread is likely to be narrow and the expected market-making profit is small.  Hence, the market maker’s incentive to be at the inside is likely to be lower.

· For a given market maker, there is a lower probability of being at the inside for these stocks since there are more market makers submitting the quotes.

· Percentage of time during which the market maker’s quotes are at the inside market will be negatively related to the number of market makers.

· Market makers are more likely to post competitive quotes for stocks with smaller order processing, inventory, and adverse selection costs.

· Percentage of quotes at the inside is likely to be higher for high-volume and low-risk stocks because dealers face smaller order processing and inventory costs from these stocks. 

· Percentage of dealer quotes at the inside is likely to be lower for stocks with larger trade sizes as dealers face greater adverse selection costs from these stocks.

· To the extent that the expected market-making profit is larger for stocks with wider spreads, market makers have greater incentives to be at the inside market for such stocks. Hence, we expect that the percentage of time the market maker’s quotes are at the inside is positively related to the width of the inside spread.

These considerations lead to our first hypothesis:



Hypothesis 1:



The percentage of time (quotes) at the inside market is negatively related to the number of market makers, trade size, and risk, and positively related to the inside spread and the number of transactions. 

Inter-temporal implications
· Suppose that the market maker is quoting $20 bid for 1000 shares (his proprietary interest) and receives a customer limit buy order for 1000 shares at $20.  If the inside market bid happens to be $20½, the market maker may not want to change his quote from 1000 to 2000.

· However, suppose instead that the inside market bid happens to be $20. The market maker is already at the inside market bid because he wants to buy, perhaps for inventory reasons.  Now, he has received another limit buy order of 1000 shares at $20.  In this case, he is likely to quote 2000 shares since, if he does not, he could miss the opportunity to execute his proprietary interest if an order comes in.

These considerations lead to our second hypothesis:



Hypothesis 2:



The quoted depth at the inside market is greater than the quoted depth at the non-inside market.  



Hypothesis 3:



For a given market maker, the quoted depth varies inversely with the quoted spread over time.
Data

· We obtain data for this study from Nastraq® Trade and Quote Data.

· We use trade data, inside quote data, and dealer quote data for the entire month of April 1999.

· To secure a sample of reasonably active stocks, we use only those with at least 500 transactions during the entire month.

· We rank our sample of stocks according to the total number of transactions during the study period and select three portfolios of 100 stocks based on their trading frequencies.

Empirical results

Regression Model:

PTINSi = α0 + α1log(NTRAi) + α2log(NMMi)

+ α3log(TSIZEi) + α4RISKi + α5SPRDi + (i
PQINSi = α0 + α1log(NTRAi) + α2log(NMMi)

+ α3log(TSIZEi) + α4RISKi + α5SPRDi + (i;

PTINSi = Percentage of time during which dealer quotes are at the inside on at least one side of the quote for stock i,

PQINSi = Percentage of dealer quotes that are at the inside on at least one side of the quote,

NTRAi = the daily number of trades,

NMMi = the number of dealers,

TSIZEi = the average dollar trade size,

RISKi = the standard deviation of daily stock returns,

SPRDi = the average inside spread, and (i  is an error term. 

 DIFDEP = (0 + (1DNI + (2DIN   + ((i Intraday time dummyi + (;

DIFDEP = (Ask depth – Bid depth)/

[(Ask depth + Bid depth)/2],

DNI = dummy variable which equals one if the ask price is at the inside and the bid price is not at the inside  and zero otherwise,

DIN = dummy variable which equals one if the bid price is at the inside and the ask price is not at the inside and zero otherwise,

Ask depth = (0 + (1DAI  + ((i Intraday time dummyi  + (;

Bid depth = (0 + (1DIA  + ((i Intraday time dummyi  + (; and

Total depth = (0 + (1DNI  + (2DIN  + (3DII   + ((i Intraday time dummyi  + (;

Dxy = one if quote class is (x,y) and zero otherwise and all other variables are the same as defined above. 

Dummy variable DAI equals one if the ask is at the inside and zero otherwise, regardless of whether the bid is at the inside (A denotes ‘all’).

DIA equals one if the bid is at the inside and zero otherwise, regardless of whether the ask is at the inside.

Do dealer quotes have any

information content?
· Does the fact that dealer quotes are at the inside only on the bid side (i.e., dealers are interested only in buying) imply that share price is likely to rise?
· Is a decrease in share price likely to follow dealer quotes that are competitive only at the ask (i.e., dealers are interested only in selling)?

· Does the fact that the bid size is greater (smaller) than the ask size imply that share price is likely to rise (fall) (i.e., do dealers want to buy large amounts in anticipation of price increase)?

dM(t)  = α0 + ΣατDNI(t-τ+1) + Σ(τDIN(t-τ+1) + ΣθτdM(t-τ) + (
dM(t)  = α0 + ΣατDIFDEP(t-τ+1) + ΣθτdM(t-τ) + (;

dM(t)  = the change in two consecutive quote midpoints, 

DNI(t-τ) = the dummy variable which equals one if the ask price is at the inside and the bid price is not at the inside at time t-τ,

DIN(t-τ) = the dummy variable which equals one if the bid price is at the inside and the ask price is not at the inside at time t-τ,

DIFDEP(t-τ+1) = the differential depth at time t-τ+1,

· If dealer information is the major driving force for quote midpoint revisions, we expect ατ to be negative and (τ to be positive in regression model.

· We expect ατ to be positive and (τ to be negative if dealer inventory control is the major driving force.

· We expect ατ to be negative if dealer information dictates quote revisions and positive if inventory considerations dictate dealer quote revisions.

Conclusion

· Dealers selectively reflect their interests in the quote in a manner consistent with the profit-maximizing behavior.

· Dealers quote at the inside market more frequently for stocks with greater market-making revenues and with smaller market-making costs.

· Dealers selectively add their proprietary interest to the quoted depth, depending on whether or not their quotes are at the inside market.

· Negative inter-temporal correlation between the quoted depth and spread.

· Asymmetry in dealer quotes affects quote revisions that are in line with dealer inventory control.

Suggestions for future research

· How dealers change their price and quantity quotes in response to outside shocks.

· Inter-temporal link between these quote changes and concurrent shocks such as changes in trade size, price volatility, and the number of trades.

· Causality can go the other way around.  For instance, having limit orders in addition to their own interest or having accumulated a lot of inventory, market makers may want to be at the inside market to generate executions.

 Table 1. Descriptive statistics

We obtain data for this study from Nastraq® Trade and Quote Data.  We use the trade data, inside quote data, and dealer quote data for the entire month of April 1999.  To obtain our study sample, we rank our sample of stocks according to the total number of transactions during the study period and select three portfolios of 100 stocks each based on their trading frequencies. The first portfolio consists of the 100 stocks with the largest number of transactions, the second portfolio consists of the middle 100 stocks, and the third portfolio consists of the 100 stocks with the least number of transactions.  Because the main purpose of this study is to analyze the quotation behavior of market makers, we use only those market makers who submit at least five quotes per day during the study period.  Share price is measured by the mean transaction price during the study period. Inside market spread ($) is the difference between the lowest ask and highest bid.  Inside market spread (%) is obtained by diving inside market spread ($) by the midpoint of the quote.  Dealer spread ($) is the difference between the ask price and the bid price of a given dealer.  Dealer spread (%) in obtained by dividing dealer spread ($) by the midpoint of the quote.

________________________________________________________________________________________________________________________











Portfolios formed by number of trades








_________________________________________________________________________

Whole sample


Most active


Middle



Least active




100 stocks


100 stocks


100 stocks

_____________________________________________________________________________________________


Standard


Standard


Standard

           Standard

Mean 
Deviation

Mean 
Deviation 

Mean 
Deviation

Mean Deviation

_______________________________________________________________________________________________________________________

Share price ($)


29.4
40.5


65.9
52.4


13.0
11.0


9.2
8.3

Daily number of trades

2272
5057


6701
6894 


92
4.3


25
0.8

Trade size


1048
610


679
302


1263
535


1201
733

Standard deviation of returns
0.067
0.059


0.095
0.083


0.055
0.040


0.051
0.032

Number of market makers
19.7
14.9


35.8
15.4


14.1
4.0


9.1
2.9


Inside market spread ($)

0.24
0.16


0.25
0.18


0.21
0.13


0.26
0.15

Inside market spread (%)
0.025
0.026


0.005
0.003


0.026
0.019


0.045
0.028

Dealer spread ($)

1.82
1.31


3.04
1.47


1.25
0.64


1.18
0.63

Dealer spread (%)

0.146
0.123


0.070
0.042


0.161
0.126


0.207
0.135

Bid depth  (in round lots)
5.49
1.85


5.16
1.47


5.73
2.13


5.57
1.86

Ask depth (in round lots)
5.63
1.86


5.39
1.55


5.87
2.05


5.63
1.92

Total depth (in round lots)
11.12
3.57


10.55
3.00


11.60
4.08


11.20
3.50

_____________________________________________________________________________________________________________________

Table 2.  Percentage of time (quotes) at the inside market

This table shows the average percentage of time the market maker is at the inside market.  We first calculate the percentage of time during which each dealer is at the inside market (i.e., the number of seconds at the inside divided by the total number of seconds during which the market is open) for each stock in our study sample. We then calculate the mean value of this percentage across all market makers for each stock. Finally, we calculate the average of this mean percentage for the entire study sample of 300 stocks and for each portfolio of 100 stocks.  Similarly, we calculate the average percentage of quotes at the inside market (i.e., the number of quotes at the inside divided by the total number of quotes).

_______________________________________________________________________________________________________________











Portfolios formed by number of trades

__________________________________________________________

Whole sample


Most active

Middle 


Least active





100 stocks

100 stocks

100 stocks


____________________________________________________________________________________





% of
% of 


% of
% of

% of
% of

% of
% of





time 
quotes


time 
quotes

time
quotes

time
quotes

_______________________________________________________________________________________________________________

Neither the bid nor the ask
80.8
70.4


86.7
75.0

75.1
65.4

66.5
60.1

is at the inside market

Only the bid is at the

  9.1
14.2


  6.5
12.2

11.8
16.6

15.2
18.5


inside market

Only the ask is at the

  8.8
13.6


  6.4
12.1

11.2
15.3

14.6
16.9


inside market 

Both the bid and the ask

  1.3
  1.8


  0.4
  0.7

  1.9
  2.7

  3.7
  4.5 

are at the inside market

_______________________________________________________________________________________________________________

Table 3.
  Percentage of time at the inside market for most aggressive market makers

This table shows the percentage of time at the inside market for most aggressive market makers.  We cluster our sample stocks into 10 portfolios according to the number of market makers. For each stock, we rank market makers according to the percentage of time at the inside market on at least one side of the quote (PTINS) and then calculate the cross-sectional average of PTINS for each portfolio. We show the mean values of PTINS for the 20 most aggressive market makers within each portfolio.  For instance, in the case of portfolio 6, there are on average 15 market makers for each stock and the most aggressive market maker is at the inside market 66.7% of the time, the second most aggressive one is at the inside market 53.84% of the time, and so on.

	
	
	
	
	
	Portfolio
	
	
	
	
	

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	A. Number of market makers
	
	
	
	
	
	
	
	

	Mean
	5.70
	8.33
	9.87
	11.17
	13.03
	15.13
	17.47
	24.43
	36.93
	54.53

	Maximum
	7
	9
	10
	12
	14
	16
	20
	30
	43
	73

	Minimum
	3
	7
	9
	11
	12
	14
	16
	20
	30
	43

	B. % of time at the inside
	
	
	
	
	
	
	
	

	1
	79.64 
	71.22 
	72.70 
	71.09 
	71.00 
	66.70 
	67.01 
	57.28 
	57.33 
	55.00 

	2
	67.39 
	59.85 
	57.36 
	55.27 
	54.35 
	53.84 
	50.88 
	43.11 
	42.79 
	45.13 

	3
	50.11 
	47.99 
	46.73 
	45.73 
	43.81 
	45.48 
	43.30 
	35.99 
	36.41 
	39.77 

	4
	37.70 
	38.15 
	38.31 
	38.97 
	36.64 
	40.27 
	37.20 
	31.19 
	31.02 
	35.98 

	5
	28.41 
	29.85 
	31.62 
	31.28 
	31.42 
	34.63 
	31.69 
	26.72 
	26.39 
	32.86 

	6
	17.85 
	23.26 
	25.19 
	25.00 
	25.80 
	29.07 
	26.81 
	23.64 
	23.86 
	29.69 

	7
	7.14 
	13.53 
	18.39 
	21.03 
	22.82 
	24.25 
	24.79 
	21.61 
	21.91 
	27.86 

	8
	
	7.92 
	11.65 
	16.19 
	17.32 
	19.96 
	21.22 
	19.55 
	20.09 
	26.52 

	9
	
	4.77 
	6.09 
	11.04 
	13.35 
	15.79 
	18.41 
	16.93 
	18.48 
	24.82 

	10
	
	
	2.00 
	6.23 
	9.66 
	12.36 
	15.73 
	15.32 
	17.11 
	23.65 

	11
	
	
	
	2.85 
	5.65 
	9.24 
	12.40 
	13.88 
	15.76 
	22.06 

	12
	
	
	
	1.27 
	3.63 
	6.26 
	10.35 
	12.20 
	14.22 
	20.94 

	13
	
	
	
	
	1.71 
	3.58 
	8.30 
	10.59 
	13.10 
	19.39 

	14
	
	
	
	
	0.84 
	1.16 
	5.66 
	8.98 
	12.36 
	18.02 

	15
	
	
	
	
	
	0.22 
	3.38 
	7.94 
	11.53 
	17.07 

	16
	
	
	
	
	
	0.00 
	1.83 
	6.97 
	10.51 
	16.22 

	17
	
	
	
	
	
	
	1.07 
	5.39 
	9.57 
	15.33 

	18
	
	
	
	
	
	
	0.74 
	4.24 
	8.72 
	14.35 

	19
	
	
	
	
	
	
	0.30 
	3.20 
	8.10 
	13.21 

	20
	
	
	
	
	
	
	0.00 
	2.40 
	7.48 
	12.30 


Table 4.
 Cross-sectional relation between dealer quotation behavior and stock characteristics

This table shows the results of the following regression models: PTINSi = α0 + α1log(NTRAi) + α2log(NMMi) + α3log(TSIZEi) + α4RISKi + α5SPRDi + (i and PQINSi = α0 + α1log(NTRAi) + α2log(NMMi) + α3log(TSIZEi) + α4RISKi + α5SPRDi + (i; where PTINSi is percentage of time during which dealer quotes are at the inside market on at least one side of the quote for stock i, PQINSi is the percentage of dealer quotes that are at the inside market on at least one side of the quote for stock i, NTRAi is the average daily number of trades for stock i, NMMi is the number of dealers for stock i, TSIZEi is the average dollar trade size for stock i, RISKi is standard deviation of daily stock returns for stock i, SPRDi is the average inside spread of stock i, and (i  is the error term. We use the log of NTRA, NMM, and TSIZE since these variables are highly skewed.

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	Independent variables
	
	

	Dependent
	
	
	
	
	
	
	
	

	Variable
	
	Intercept
	log(NTRA)
	log(NMM)
	log(TSIZE)
	RISK
	SPRD
	Adj R2
	F-value

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Panel A
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	PTINS
	Coefficient
	96.50
	1.55
	-17.66
	-3.14
	-20.60
	
	0.81
	326.01

	
	t-statistic
	24.90
	4.67
	-19.06
	-7.58
	-3.20
	
	
	

	
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001
	0.0015
	
	
	

	
	
	
	
	
	
	
	
	
	

	PQINS
	Coefficient
	90.69
	1.63
	-15.13
	-2.29
	-26.53
	
	0.75
	220

	
	t-statistic
	24.5
	5.12
	-17.11
	-5.79
	-4.32
	
	
	

	
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Panel B
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	PTINS
	Coefficient
	73.26
	1.54
	-16.60
	-1.24
	-23.21
	112.50
	0.83
	293.23

	
	t-statistic
	13.10
	4.84
	-18.39
	-2.38
	-3.77
	5.54
	
	

	
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0178
	0.0002
	0.0001
	
	

	
	
	
	
	
	
	
	
	
	

	PQINS
	Coefficient
	80.48
	1.62
	-14.67
	-1.46
	-27.67
	49.43
	0.75
	180.19

	
	t-statistic
	14.49
	5.14
	-16.35
	-2.81
	-4.53
	2.45
	
	

	
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0053
	0.0001
	0.0148
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


Table 5. Depth quotes as a function of price quotes.

We identify all the dealers who make a market for each stock and estimate the following regression model for each dealer: DIFDEP = (0 + (1DNI + (2DIN   + ((i Intraday time dummyi + (; where DIFDEP is defined as (Ask depth – Bid depth)/[(Ask depth + Bid depth)/2], DNI is the dummy variable which equals one if the ask price is at the inside market and the bid price is smaller than the best bid [i.e., quote class (N,I), where N denotes the non-inside market quote for the bid and I denotes the inside market quote for the ask] and zero otherwise, DIN is the dummy variable which equals one if the bid price is at the inside market and the ask price is greater than the best ask [i.e., quote class (I,N), where I denotes the inside market bid quote and N denotes the non-inside market ask quote] and zero otherwise, (s are the regression coefficients, and ( is an error term.  We also include in the regression the six dummy variables representing the first and last three 30-minute intervals of the trading day to control for intraday variation in DIFDEP.  The intercept measures the average DIFDEP of quote classes (N,N) & (I,I). The coefficient ((1) for the dummy variable DNI measures the difference in DIFDEP between quote class (N,I) and quote classes (N,N) & (I,I). Similarly, the coefficient ((2) for the dummy variable DIN measures the difference in DIFDEP between quote class (I,N) and quote classes (N,N) & (I,I).  For each dummy variable, we report the average coefficient estimate from dealer-by-dealer regressions. To determine whether each dummy variable coefficient is significantly different from zero, we calculate both the t-statistic and z-statistic with their respective p-values.  The t-statistic is obtained by dividing the average coefficient by the cross-sectional standard deviation of the coefficient. The z-statistic is obtained by adding individual regression t-statistics across dealers and then dividing the sum by the square root of the number of regression coefficients. 
	

	
	
	Whole sample
	Most active
	Middle
	Least active

	 
	 
	 
	100 stocks
	100 stocks
	100 stocks

	Intercept
	Mean coefficient
	0.0247
	0.0284
	0.0337
	0.0232

	
	t-statistic
	10.68
	14.4
	5.02
	1.3

	
	(p-value)
	0.0001
	0.0001
	0.0001
	0.1958

	
	z-statistic
	41.53
	47.5
	8.71
	2.96

	 
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0031

	DNI
	Mean coefficient
	0.3215
	0.3305
	0.3023
	0.3393

	
	t-statistic
	51.77
	42.5
	22.98
	13.4

	
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	
	z-statistic
	266.93
	289.11
	53.22
	26.52

	 
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	DIN
	Mean coefficient
	-0.3098
	-0.3145
	-0.2898
	-0.3495

	
	t-statistic
	-50.21
	-42.32
	-21.6
	-13.59

	
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	
	z-statistic
	-252.53
	-271.12
	-52.27
	-27.24

	 
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001


Table 6.  Depth quotes as a function of price quotes

	This table shows the results of the following regressions: Ask depth = (0 + (1DAI  + ((i Intraday time dummyi  + (;   Bid depth = (0 + (1DIA  + ((i Intraday time dummyi  + (; and  Total depth = (0 + (1DNI  + (2DIN  + (3DII   + ((i Intraday time dummyi  + (; where Dxy equals one if quote class is (x,y) and zero otherwise and all other variables are the same as defined in Table 5. I denotes the inside market quote and N denotes the non-inside market quote.  Dummy variable DAI equals one if the ask is at the inside and zero otherwise, regardless of whether or not the bid is at the inside (A denotes ‘all’).  Likewise, DIA equals one if the bid is at the inside and zero otherwise, regardless of whether or not the ask is at the inside. We include the six dummy variables representing the first and last three 30-minute intervals of the trading day in the regression to control for the effect of intraday variation on the depth. For each dummy variable, we report the average coefficient estimate from dealer-by-dealer regressions. To determine whether each dummy variable coefficient is significantly different from zero, we calculate both the t-statistic and z-statistic with their respective p-values.  The t-statistic is obtained by dividing the average coefficient by the cross-sectional standard deviation of the coefficient. The z-statistic is obtained by adding individual regression t-statistics across dealers and then dividing the sum by the square root of the number of regression coefficients. 



	
	
	Whole sample
	Most active
	Middle
	Least active

	 
	 
	 
	100 stocks
	100 stocks
	100 stocks

	Panel A: Ask depth = 
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	Intercept
	Mean coefficient
	5.3296
	5.5441
	5.1641
	4.6276

	
	t-statistic
	109.60
	101.48
	43.48
	31.62

	
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	
	z-statistic
	2576.89
	2912.70
	398.20
	189.55

	 
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	DAI
	Mean coefficient
	2.1863
	1.7342
	3.0530
	2.8156

	
	t-statistic
	34.99
	26.30
	19.10
	14.18

	
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	
	z-statistic
	203.18
	191.33
	71.03
	45.82

	 
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	Panel B: Bid depth =
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	Intercept
	Mean coefficient
	5.1450
	5.3173
	5.0701
	4.5010

	
	t-statistic
	103.40
	98.33
	38.84
	31.66

	
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	
	z-statistic
	2420.74
	2659.55
	502.79
	189.35

	 
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	DIA
	Mean coefficient
	2.0672
	1.5337
	2.9347
	3.0258

	
	t-statistic
	36.77
	31.23
	19.49
	14.15

	
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	
	z-statistic
	201.75
	187.71
	69.87
	51.66

	 
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001


	Table 6 – continued

	
	
	Whole sample
	Most active
	Middle
	Least active

	 
	 
	 
	100 stocks
	100 stocks
	100 stocks

	Panel C: Total depth =
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	Intercept
	Mean coefficient
	11.1879
	11.7113
	11.0969
	11.1450

	
	t-statistic
	83.26
	74.14
	29.75
	21.93

	
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	
	z-statistic
	2419.94
	2865.19
	250.16
	108.14

	 
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	DNI
	Mean coefficient
	1.9725
	1.1686
	3.1946
	3.8114

	
	t-statistic
	22.75
	20.05
	13.74
	8.86

	
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	
	z-statistic
	91.36
	82.03
	36.03
	19.96

	 
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	DIN
	Mean coefficient
	1.9813
	1.1124
	3.224
	3.8564

	
	t-statistic
	24.57
	19.48
	13.94
	9.71

	
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	
	z-statistic
	91.25
	79.78
	38.17
	19.93

	 
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	DII
	Mean coefficient
	3.3997
	1.7560
	5.6505
	7.1820

	
	t-statistic
	19.74
	11.07
	12.01
	8.53

	
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	
	z-statistic
	56.39
	36.93
	32.93
	23.38

	 
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001


Table 7.  Percentage of depth quotes that are equal to the mandatory minimum (100 shares)

This table shows the percentage of depth quotes that are equal to the mandatory minimum of 100 shares when the quote is at the inside market and when the quote is not at the inside market.  We perform t-test to determine whether the difference in the percentage between the two cases is statistically significant. 

_____________________________________________________________________________________________________________________

Portfolios formed by number of trades










_________________________________________________________










Most active

Middle


Least active









 Whole sample

100 stocks

100 stocks
 
100 stocks

 ____________________________________________________________________________







  %
t-statistic
  %
t-statistic
  %
t-statistic
  %
t-statistic

_____________________________________________________________________________________________________________________

When the bid is at the inside market

  5.1
89.08*

  3.7
75.15*

  6.7
41.01*

  8.0
29.55*



When the bid is not at the inside market 

40.0


39.1


41.5


41.4

When the ask is at the inside market

  4.7
89.3*

  3.5
74.50*

  6.1
41.70*

  7.4
30.31*

When the ask is not at the inside market 

39.2


38.0


41.0


41.2

_____________________________________________________________________________________________________________________

*Significant at the 1% level.

Table 8.  Inter-temporal correlation between the depth and the spread

We estimate the following regression model for each market maker using the time-series data for each stock: log(Total depth)  = (0 + (1log(Spread)  + ((i Intraday time dummyi  + (.   We include in the regression model the six dummy variables representing the first and last three 30-minute intervals of the trading day to control for intraday variation in the depth and spread. Because we use the logarithm of the spread and depth in the regression, the estimated coefficient measures the ‘elasticity’ of the depth with respect to changes in the spread, i.e., % change in the depth given 1% change in the spread. We report the average coefficient estimate from dealer-by-dealer regressions, t-statistic, and z-statistic with their respective p-values. As in previous tables, we test the significance of the estimated coefficients for our entire study sample as well as for each portfolio of 100 stocks.  In panel A, we report the results using all the estimated coefficients.  In panel, we report the results using only those coefficient estimates that are significant at the five percent level.

	

	
	
	Whole sample
	Most active
	Middle 
	Least active 

	 
	 
	
	100 stocks
	100 stocks
	100 stocks

	Panel A: Using all regression coefficients



	Intercept
	Mean coefficient
	2.0364
	2.0800
	2.0158
	1.8959

	
	t-statistic
	64.13
	57.01
	21.75
	58.19

	
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	
	z-statistic
	5770.59
	6712.83
	782.02
	408.97

	 
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	Log(Spread)
	Mean coefficient
	-0.1533
	-0.0996
	-0.2547
	-0.2074

	
	t-statistic
	-8.40
	-5.73
	-4.27
	-7.49

	
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	
	z-statistic
	-146.35
	-135.92
	-53.02
	-37.08

	 
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	Panel B: Using regression coefficients with p-value < 0.05



	Intercept
	Mean coefficient
	2.0650
	2.0968
	2.0858
	1.8446

	
	t-statistic
	36.80
	46.49
	9.27
	26.56

	
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	
	z-statistic
	4772.13
	5421.91
	498.80
	255.71

	 
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	Log(Spread)
	Mean coefficient
	-0.2856
	-0.1639
	-0.5737
	-0.4809

	
	t-statistic
	-8.39
	-7.33
	-4.04
	-7.28

	
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001

	
	z-statistic
	-203.05
	-183.92
	-73.02
	-54.41

	 
	(p-value)
	0.0001
	0.0001
	0.0001
	0.0001


Table 9.  Quote revisions as a function of quote asymmetry

This table show the results of the following regression models: dM(t)  = α0 + ΣατDNI(t-τ+1) + Σ(τDIN(t-τ+1) + ΣθτdM(t-τ) + ( and dM(t)  = α0 + ΣατDIFDEP(t-τ+1) + ΣθτdM(t-τ) + (; where  dM(t)  = the change in two consecutive quote midpoints M(t+1) and M(t), Σ  = the summation over τ = 1 to 5, DNI(t-τ) = the dummy variable which equals one if the ask price is at the inside market and the bid price is smaller than the lowest bid at time t-τ, DIN(t-τ) = the dummy variable which equals one if the bid price is at the inside market and the ask price is smaller than the highest ask at time t-τ, dM(t-τ) = the lagged value of dM(t), DIFDEP(t-τ+1) = the differential depth at time t-τ+1, and ατ,  (τ, and θτ  are the regression coefficients. We include lagged values of the dependent and independent variables in the regression to capture lagged effects arising from many microstructure imperfections such as price discreteness, inventory control effects, exchange-mandated price smoothing, and lagged adjustment to information.   In both panels, we show the mean coefficients and z-statistics together with their p-values for the whole sample and for each sub-sample of 100 stocks.

	 
	 
	 
	 
	 
	 

	
	
	Whole sample
	Most active
	Middle 
	Least active 

	 
	 
	 
	100 stocks
	100 stocks
	100 stocks

	Panel A: dM(t)  = α0 + ΣατDNI(t-τ+1) + Σ(τDIN(t-τ+1) + ΣθτdM(t-τ) + (

	Intercept
	Mean coefficient
	0.0103
	0.0111
	0.0143
	-0.0067

	
	z-statistic (p-value)
	-1.46 (0.1445) 
	-1.09 (0.2743)
	0.64 (0.5203)
	-2.91 (0.0036)

	DNI(t)
	Mean coefficient
	0.1476
	0.1759
	0.0610
	0.1205

	
	z-statistic (p-value)
	193.04 (0.0001)
	208.28 (0.0001)
	22.60 (0.0001)
	24.91 (0.0001)

	DNI(t-1)
	Mean coefficient
	0.0483
	0.0535
	0.01549
	0.0865

	
	z-statistic (p-value)
	37.60 (0.0001)
	40.08 (0.0001)
	6.52 (0.0001)
	2.92 (0.0035)

	DNI(t-2)
	Mean coefficient
	0.0137
	0.0167
	0.0169
	-0.0209

	
	z-statistic (p-value)
	15.94 (0.0001)
	16.71 (0.0001)
	2.80 (0.0051)
	2.02 (0.0436)

	DNI(t-3)
	Mean coefficient
	0.0268
	0.0301
	0.0129
	0.0336

	
	z-statistic (p-value)
	10.98 (0.0001)
	10.32 (0.0001)
	3.95 (0.0001)
	1.68 (0.0931)

	DNI(t-4)
	Mean coefficient
	0.0192
	0.0267
	0.0118
	-0.0276

	
	z-statistic (p-value)
	7.61 (0.0001)
	7.71 (0.0001)
	1.96 (0.0503)
	0.75 (0.4560)

	DIN(t)
	Mean coefficient
	-0.1416
	-0.1711
	-0.0650
	-0.0800

	
	z-statistic (p-value)
	-191.32 (0.0001)
	-210.44 (0.0001)
	-25.62 (0.0001)
	-7.69 (0.0001)

	DIN(t-1)
	Mean coefficient
	-0.0422
	-0.0535
	-0.0184
	-0.0047

	
	z-statistic (p-value)
	-30.90 (0.0001)
	-33.63 (0.0001)
	-4.41 (0.0001)
	-1.87 (0.0612)

	DIN(t-2)
	Mean coefficient
	-0.0341
	-0.0329
	-0.0173
	-0.0873

	
	z-statistic (p-value)
	-16.82 (0.0001)
	-16.97 (0.0001)
	-3.58 (0.0003)
	-3.07 (0.0022)

	DIN(t-3)
	Mean coefficient
	-0.0171
	-0.0174
	-0.0128
	-0.0258

	
	z-statistic (p-value)
	-8.08 (0.0001)
	-6.76 (0.0001)
	-3.87 (0.0001)
	-2.17 (0.0304)

	DIN(t-4)
	Mean coefficient
	-0.0184
	-0.0266
	-0.0083
	0.0279

	
	z-statistic (p-value)
	-8.17 (0.0001)
	-9.14 (0.0001)
	-0.91 (0.3615)
	-0.17 (0.8628)

	DM(t-1)
	Mean coefficient
	-0.0879
	-0.0580
	-0.1532
	-0.1831

	
	z-statistic (p-value)
	-131.37 (0.0001)
	-134.54 (0.0001)
	-32.81 (0.0001)
	-10.39 (0.0001)

	DM(t-2)
	Mean coefficient
	-0.0251
	-0.0055
	-0.0724
	-0.0756

	
	z-statistic (p-value)
	-4.88 (0.0001)
	-7.53 (0.0001)
	-9.50 (0.0001)
	-24.18 (0.0001)

	DM(t-3)
	Mean coefficient
	-0.0160
	-0.0058
	-0.0560
	-0.0035

	
	z-statistic (p-value)
	-7.81 (0.0001)
	-3.64 (0.0003)
	-7.15 (0.0001)
	-5.20 (0.0001)

	DM(t-4)
	Mean coefficient
	-0.0155
	-0.0114
	-0.0361
	0.0013

	
	z-statistic (p-value)
	-8.42 (0.0001)
	-6.96 (0.0001)
	-4.11 (0.0001)
	-2.39 (0.0170)

	DM(t-5)
	Mean coefficient
	-0.0007
	0.0028
	0.0056
	-0.0471

	
	z-statistic (p-value)
	-0.46 (0.6460)
	-2.04 (0.0414)
	-1.02 (0.3083)
	-6.05 (0.0001)

	
	
	
	
	
	

	Table 9 – continued 

	 
	 
	 
	 

	
	
	Whole sample
	Most active
	Middle  
	Least active 

	 
	 
	 
	100 stocks
	100 stocks
	100 stocks

	Panel B: dM(t)  = α0 + ΣατDIFDEP(t-τ+1) + ΣθτdM(t-τ) + (

	Intercept
	Mean coefficient
	0.0015
	-0.0009
	-0.0009
	0.0257

	
	z-statistic (p-value)
	-5.43 (0.0001)
	-9.25 (0.0001)
	4.30 (0.0001)
	1.10 (0.2709)

	DIFDEP(t)
	Mean coefficient
	0.0234
	0.0324
	0.0053
	-0.0043

	
	z-statistic (p-value)
	74.88 (0.0001)
	86.67 (0.0001)
	5.72 (0.0001)
	-0.73 (0.4656)

	DIFDEP(t-1)
	Mean coefficient
	0.0116
	0.0101
	0.0215
	-0.0002

	
	z-statistic (p-value)
	37.16 (0.0001)
	41.11 (0.0001)
	4.01 (0.0001)
	3.16 (0.0016)

	DIFDEP(t-2)
	Mean coefficient
	0.0034
	0.0017
	0.0115
	-0.0028

	
	z-statistic (p-value)
	18.96 (0.0001)
	22.03 (0.0001)
	0.95 (0.3419)
	0.33 (0.7436)

	DIFDEP(t-3)
	Mean coefficient
	0.0065
	0.0113
	-0.0006
	0.0171

	
	z-statistic (p-value)
	10.63 (0.0001)
	10.91 (0.0001)
	1.74 (0.0812)
	2.33 (0.0196)

	DIFDEP(t-4)
	Mean coefficient
	0.0024
	0.0014
	0.0119
	0.0099

	
	z-statistic (p-value)
	9.20 (0.0001)
	9.49 (0.0001)
	2.47 (0.0136)
	0.44 (0.6620)

	DM(t-1)
	Mean coefficient
	-0.1160
	-0.0846
	-0.1623
	-0.2519

	
	z-statistic (p-value)
	-200.93 (0.0001)
	-206.31 (0.0001)
	-43.82 (0.0001)
	-27.61 (0.0001)

	DM(t-2)
	Mean coefficient
	-0.0559
	-0.0272
	-0.0913
	-0.1958

	
	z-statistic (p-value)
	-50.99 (0.0001)
	-42.00 (0.0001)
	-21.41 (0.0001)
	-20.17 (0.0001)

	DM(t-3)
	Mean coefficient
	-0.0419
	-0.0154
	-0.0836
	-0.1502

	
	z-statistic (p-value)
	-40.41 (0.0001)
	-36.02 (0.0001)
	-14.50 (0.0001)
	-12.13 (0.0001)

	DM(t-4)
	Mean coefficient
	-0.0354
	-0.0123
	-0.0801
	-0.1107

	
	z-statistic (p-value)
	-33.11 (0.0001)
	-29.12 (0.0001)
	-13.30 (0.0001)
	-8.84 (0.0001)

	DM(t-5)
	Mean coefficient
	-0.0096
	-0.0035
	-0.0066
	-0.0633

	
	z-statistic (p-value)
	-18.79 (0.0001)
	-17.89 (0.0001)
	-4.87 (0.0001)
	-5.32 (0.0001)
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