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This appendix provides additional results supporting the discussion in the paper. For con-

venience, the structure of the appendix follows the structure of the paper.
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A1 Institutional details

This appendix presents results that complement the Institutional details section of the main

text. Figure A.1 and Figure A.2 plot relative tick sizes throughout the tick size war, separately

for blue-chip index and non-index stocks. Table A.1 summarizes the tick size schedules used

by the Oslo Stock Exchange before, during, and after the tick size war. Finally, to illustrate

changes to tick size schedules as a results of the tick size war, Figure A.3 and Figure A.4 plot

observed tick sizes (i.e., the inferred minimum distance in that stock-day's order book) against

closing prices for the Scandinavian markets on the day before the start of the tick size war (May

29, 2009), and the �rst day after the tick size war started (June 2, 2009).
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Figure A.1: The evolution of relative tick size, index stocks

The �gure plots weekly averages of the relative tick size � the inferred tick size divided by the stock price � throughout
the tick size war, separately for primary exchanges and MTFs in each of the three Scandinavian equity markets. The plots
only consider the trading in stocks listed on the blue-chip indexes at the primary exchanges. Note that the averages for
each primary exchange and MTF only considers stocks traded on that speci�c venue. Because di�erent venues o�ered
trading in di�erent stocks, the exact stock samples may di�er across trading venues within the same market.

Panel A: Denmark

Panel B: Norway

Panel C: Sweden
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Figure A.2: The evolution of relative tick size, non-index stocks

The �gure plots weekly averages of the relative tick size � the inferred tick size divided by the stock price � throughout
the tick size war, separately for primary exchanges and MTFs in each of the three Scandinavian equity markets. The plots
only consider the trading in stocks not listed on the blue-chip indexes at the primary exchanges. Note that the averages
for each primary exchange and MTF only considers stocks traded on that speci�c venue. Because di�erent venues o�ered
trading in di�erent stocks, the exact stock samples may di�er across trading venues within the same market.

Panel A: Denmark

Panel B: Norway

Panel C: Sweden
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Table A.1: Tick size schedules at the OSE, Chi-X, BATS, and Turquoise

The table summarizes the tick size schedules used by the Oslo Stock Exchange, Chi-X, Turquoise, and BATS Europe during
the tick size war. Chi-X implemented its tick size schedule on June 1, 2009, Turquoise on June 8, 2009, and �nally BATS
Europe on June 15, 2009. The tick size schedules for BATS Europe and Turquoise have been collected from BATS (2009).
The tick size schedule (`eurozone') for Chi-X has been collected from BATS-Chi-X (2012).

Panel A: The Oslo Stock Exchange

� July 2009
Price Tick
band Size

Most Liquid � 0.01
stocks (Statoil)

Other � 14.99 0.01
OBX stocks 15 � 49.95 0.05

50 � 99.90 0.10
100 � 249.75 0.25
250 � 499.50 0.50
500 � 1.00

Non- � 9.99 0.01
OBX 10 � 14.95 0.05
stocks 15 � 49.90 0.10
(illiquid) 50 � 99.75 0.25

100 � 249.50 0.50
250 � - 1.00

July 2009
Price Tick
band Size

All � 0.01
OBX
Stocks

Fall 2009 �
Price Tick
band Size

All � 0.4999 0.0001
OBX 0.5 � 0.9995 0.0005
stocks 1 � 4.9990 0.001

5 � 9.995 0.005
10 � 49.990 0.01
50 � 99.95 0.05
100 � 499.90 0.1
500 � 999.50 0.5

1,000 � 4,999.00 1
5,000 � 9,995.00 5
10,000 � � 10

Panel B: Chi-X and Turquoise/BATS

Chi-X � June 2009
Price Tick
band Size

All 0 � 9.99 0.001
Shares 10 � 0.005

Turqoise/BATS � June 2009
Price Tick
band Size

All � 0.9999 0.0001
shares 1 � 4.9995 0.0005

5 � 9.999 0.001
10 � 49.995 0.005
50 � 99.99 0.01
100 � 499.95 0.05
500 � 999.90 0.1

1,000 � 4,999.50 0.5
5,000 � 9,999 1
10,000 � 99,995 5
100,000 - 10
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Figure A.3: Inferred tick size schedules, index stocks

The �gures plot, for each trading venue in each of the Scandinavian markets, the empirically observed tick size schedules
just before and after Chi-X changed its tick size schedules on June 1, 2009. Speci�cally, for each trading venue, the �gures
plot the observed tick size on a given stock-day against the closing price for that stock-day. The left picture uses data from
the last trading day in May, 2009, while the right picture uses data from the �rst trading day in June, 2009. The plots
only consider the trading in stocks listed on the blue-chip indexes at the primary exchanges.

Panel A: Copenhagen

(a) May 29, 2009 (b) June 2, 2009

Panel B: Oslo

(c) May 29, 2009 (d) June 2, 2009

Panel C: Stockholm

(e) May 29, 2009 (f) June 1, 2009
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Figure A.4: Inferred tick size schedules, non-index stocks

The �gures plot, for each trading venue in each of the Scandinavian markets, the empirically observed tick size schedules
just before and after Chi-X changed its tick size schedules on June 1, 2009. Speci�cally, for each trading venue, the �gures
plot the observed tick size on a given stock-day against the closing price for that stock-day. The left picture uses data from
the last trading day in May, 2009, while the right picture uses data from the �rst trading day in June, 2009. The plots
only consider the trading in stocks not listed on the blue-chip indexes at the primary exchanges.

Panel A: Copenhagen

(a) May 29, 2009 (b) June 2, 2009

Panel B: Oslo

(c) May 29, 2009 (d) June 2, 2009

Panel C: Stockholm

(e) May 29, 2009 (f) June 1, 2009
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A2 Data

In this appendix, we provide additional details on variable construction (Section A2.2) and

present additional descriptives from the main estimation sample (Section A2.1).

A2.1 Variable de�nitions

We use trade-and-quote data from TRTH to construct several standard measures of market

quality. Our goal is to measure market quality at the individual trading venue, but also in the

aggregate across all trading venues. In this appendix we explain how we measure venue-speci�c

and aggregate market quality. As is standard in the empirical microstructure literature, all

our measures of market quality are calculated entirely based on data from continuous trading

sessions, which excludes trades that are executed during the opening and closing auctions. In

practice we do so by excluding the �rst and last half hour of the trading day.

Venue-speci�c measures: For each trading venue we construct four measures of bid-ask

spreads (trading costs). First, we construct the quoted spread, which measures the cost of

demanding liquidity before adjusting for post-trade price movements. The quoted spread at a

given trading venue is de�ned as the di�erence between the current best bid and ask in that

venue's order book divided by quote midpoint, mji. We update the quoted spread whenever the

limit order book is updated, and we calculate the daily Quoted spreadit for stock i on date t as
the average across all order book states throughout the trading day.

Second, we construct the e�ective bid-ask spread, which measures investors' actual trading

costs by accounting for trades that are executed inside or outside the quoted spread. We de�ne

the e�ective half-spread for a given trade j in stock i as:

Effective spreadji =
qji(pji −mji)

mji
(1)

where qji is an indicator that equals +1 for buyer-initiated trades and −1 for seller-initiated

trades; pji is the trade price; and mji is the quote midpoint at the time of the trade. To

determine whether an order is buyer or seller initiated, we compare the transaction price to the

previous quote midpoint � if the price is above (below) the midpoint we classify it as a buy

(sell). We construct the daily Effective Spreadit as the average across all trades on date t.
Following a comprehensive empirical literature (see for example Foucault et al. 2013, Colliard

and Ho�mann 2017), we decompose the e�ective bid-ask spread into two separate components:

price impact, which captures liquidity suppliers' adverse selection costs due to informed trading,

and realized spread, which captures liquidity suppliers' gross pro�ts. The one-minute price

impact for a trade j in stock i is de�ned as:

Price Impactji =
qji(mi,j+1min −mi,j)

mji
(2)

wheremi,j+1min is the quote midpoint one minute after the j'th trade. Analogous to the e�ective
bid-ask spread, we construct the daily Price Impactit for stock i as the average across all trades
j on date t. The one-minute realized spread for trade j is de�ned as:

Realized Spreadji =
qji(pji −mi,j+1min)

mji
(3)

where as before mi,j+1min is the venue's quote midpoint one minute after the j'th trade. Again,

the daily Realizedspreadit for stock i is the average across all trades on date t.
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We also construct several other standard measures of market quality. We de�ne the venue-

speci�c depth of the limit order book at any point in time as the value (in local currency) quoted

at the best bid and ask prices. Then, we calculate the daily Depthit as the average depth across

all order book states in stock i on date t. To proxy for the noise in the price process, we calculate
realized volatility, Rvolit, as the second (uncentered) sample moment of within-day ten-minute

returns, calculated from trades. Finally, we calculate V olumeit as stock i's total traded volume

(in local currency) on a given venue-day.

Aggregate measures. As discussed in the paper, while the European markets have no formal

notion of an national best bid and o�er (NBBO), we �nd it useful to construct an estimate of

the best bid and o�er prices across these competing market places. This is done by aligning

order books across markets and, at each point of time with an update to the limit order book,

record the best bid and ask prices. For simplicity we term these estimates the �NBBO.� That

is, we construct a �national best bid o�er NBBO� midquote price, denoted mNBBO
ji , by 1)

consolidating on a second-by-second basis all order books that o�er trading in a given stock,

2) identifying the best bid and ask prices across all venues, before 3) calculating the midpoint

of these best prices. Having constructed the national midquote price mNBBO
ji , we create four

aggregate (across-market) versions of the venue-speci�c trading cost measures. In the descriptive

table these are pre�xed with NBBO. These aggregate versions uses the same procedures as in

equations (1)�(2), with two important tweaks. First, trades are now evaluated against the

aggregate midpoint mNBBO
ji ; not the venue-speci�c midpoint mji. Second, when constructing

daily versions of the aggregate bid-ask spread measures, we average across all trades across all

trading venues in stock i on date t. Accordingly, we construct the market-wide average e�ective

spread, realized spread, and price impact, as evaluated against the market-wide best prices.

We similarly construct aggregate versions of the other quality measures. The measure of

depth sums the volumes (in currency) at the best quotes at the main market, together with all

quotes in the competing MTFs at prices that are equal to or improve on the primary exchange

best quotes. This measure is illustrated in Figure 1 in the main text. In that �gure, aggregate

depth is found by summing across the shaded areas. We construct RvolNBBOit , our measure of

aggregate volatility, as the realized volatility calculated using the NBBO midpoint prices. We

construct the aggregate volume as the sum of trading volume across all trading venues

Finally, we construct two venue-speci�c measures of market share of trading: a pre-trade

and a post-trade measure. We construct the pre-trade market share for stock i as a venue's

share of unexecuted volume, measured by the fraction of time the venue quotes NBBO prices.

We construct the post-trade measure as the venue's market share of executed volume.
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A2.2 More detailed descriptives

In the descriptive statistics table of the main text, we provide a single pooled measurement of the

market quality at the primary exchanges (COP, OSE, STO) and a single pooled measurement

for the competing MTFs (Chi-X, Turquoise, BATS). In this appendix, we present descriptive

statistics broken down by individual trading venue. Table A.2 provides for each of the three

Scandinavian markets descriptive statistics from trading days in the run-up to the tick size war,

January�May, 2009, separately for trading at the primary exchanges and the MTFs.

Table A.2: Summary statistics, January�May, 2009

Summary statistics for our main market quality measures in the period January-May 2009. Quoted spread : Di�erence best
bid and ask divided by midprice, calculated at each update of the order book, averaged over the trading day. E�ective
spread, Realized spread and Price impact are calculated at each trade, and average over the trading day. We calculate
�NBBO� versions of these where we, at each time with an update of the limit order book, identify the best bid and ask
prices. The NBBO quoted relative spread is the di�erence between these best prices divided by their average. NBBO
versions of e�ective spread, realized spread and price impact compares trades with the corresponding NBBO numbers.
Realized volatility is calculated daily as the (uncentered) second moment of ten-minute returns. For each limit order book
we calculate Depth as the sum of the bid and ask depth (in kroner). The daily depth is the average of these. The fraction
at the best quote is the fraction of the day each market is quoting the best price. Market Share is the daily volume on each
exchange divided by the aggregate daily volume for that stock. Market share is calculated for these four markets, only. The
order to trade ratio is the number of changes to the limit order book divided by the number of trades in a day. The market
capitalization is in millions. The volume and market capitalization are in local currency (kroner: Denmark�DKK, Norway�
NOK, Sweden�SEK). Averages for the primary exchanges (Copenhagen, Oslo and Stockholm) are calculated separately for
the stocks in the blue-chip indexes (Index) and other stocks (non-index). Statistics for the MTFs only for stocks in the
blue-chip indexes. Averages do not include �rst and last half hour of the trading day.

Panel A: Denmark

Main Market Chi-X Turquoise BATS
Index stocks Non-Index stocks Index stocks Index stocks Index stocks

mean med n mean med n mean med n mean med n mean med n

Quoted Spread(%) 0.36 0.34 2000 4.62 3.89 12688 1.81 1.33 1660 0.69 0.46 410 0.77 0.54 607
E�ective Spread(%) 0.13 0.12 1999 1.50 1.09 9893 0.52 0.39 1527 0.30 0.21 417 0.35 0.24 401
Realized Spread(%) 0.08 0.07 1999 1.09 0.72 9746 0.16 0.11 1521 0.17 0.11 416 0.26 0.19 392
Price Impact(%) 0.06 0.05 1999 0.48 0.19 9725 0.36 0.24 1521 0.15 0.10 416 0.16 0.08 392
NBBO Quoted Spread(%) 0.32 0.27 2000 4.62 3.89 12688 0.27 0.24 1524 0.23 0.20 278 0.27 0.24 125
NBBO E�ective Spread(%) 0.20 0.16 1999 1.50 1.09 9893 0.21 0.16 1512 0.20 0.19 611 0.21 0.16 1067
NBBO Realized Spread(%) 0.15 0.11 1999 1.09 0.72 9746 0.16 0.11 1512 0.17 0.13 611 0.17 0.11 1067
NBBO Price Impact(%) 0.06 0.06 1999 0.48 0.19 9725 0.06 0.06 1512 0.06 0.05 611 0.06 0.05 1067
Realized Volatility(%) 0.66 0.44 2000 0.95 0.64 9625 0.28 0.26 1524 0.29 0.27 501 0.26 0.22 528
Depth(thous) 877 445 2000 90 51 12887 390 220 1660 140 119 410 116 90 607
Kroner Volume(mill) 155.8 61.6 2000 1.6 0.1 15414 3.5 0.9 1741 1.8 0.6 645 0.3 0.1 1146
Fraction at best quote (%) 96.9 98.9 1990 99.9 100.0 15401 35.5 35.2 1524 14.0 8.8 278 7.9 4.7 125
Market Share(%) 98.0 98.8 2000 100.0 100.0 15414 1.9 1.3 1741 0.6 0.3 645 0.2 0.1 1146
Order to Trade 7 5 2000 11 6 15385 100 44 1741 25 16 628 60 23 1146
Market Cap(mill) 23217 11319 958 112
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Table A.2: (Continued)

Panel B: Norway

Main Market Chi-X Turquoise BATS
Index stocks Non-Index stocks Index stocks Index stocks Index stocks

mean med n mean med n mean med n mean med n mean med n

Quoted Spread(%) 0.40 0.34 2626 4.06 3.43 12976 2.12 1.64 2153 0.53 0.36 646 0.68 0.51 1217
E�ective Spread(%) 0.13 0.12 2626 1.17 0.90 9517 0.56 0.41 1863 0.23 0.17 608 0.29 0.22 654
Realized Spread(%) 0.04 0.03 2626 0.65 0.41 9396 0.19 0.08 1859 0.10 0.08 601 0.12 0.11 638
Price Impact(%) 0.09 0.08 2626 0.52 0.31 9397 0.36 0.27 1859 0.14 0.09 601 0.22 0.13 638
NBBO Quoted Spread(%) 0.36 0.29 2626 4.05 3.43 12976 0.27 0.25 1884 0.18 0.19 522 0.27 0.24 402
NBBO E�ective Spread(%) 0.17 0.16 2626 1.17 0.90 9517 0.16 0.14 1856 0.13 0.12 869 0.16 0.14 1433
NBBO Realized Spread(%) 0.10 0.07 2626 0.65 0.41 9396 0.11 0.08 1856 0.09 0.06 869 0.11 0.07 1433
NBBO Price Impact(%) 0.09 0.07 2626 0.52 0.31 9397 0.07 0.07 1856 0.06 0.06 869 0.07 0.06 1433
Realized Volatility(%) 0.64 0.44 2626 0.68 0.52 9036 0.33 0.31 1861 0.30 0.28 692 0.28 0.25 719
Depth(thous) 733 442 2626 213 92 13320 193 178 2171 138 125 723 79 75 1387
Kroner Volume(mill) 193.0 71.2 2626 2.4 0.3 13470 2.6 1.0 2241 1.6 0.8 889 0.2 0.1 1581
Fraction at best quote (%) 96.5 97.8 1962 99.7 100.0 38 37.3 37.7 1884 11.8 9.8 522 6.7 4.6 402
Market Share(%) 98.6 99.1 2626 100.0 100.0 13470 1.3 0.8 2241 0.4 0.3 889 0.2 0.1 1581
Order to Trade 8 6 2626 16 9 12061 109 56 2137 40 29 825 122 64 1305
Market Cap(mill) 28051 9983 1343 503

Panel C: Sweden

Main Market Chi-X Turquoise BATS
Index stocks Non-Index stocks Index stocks Index stocks Index stocks

mean med n mean med n mean med n mean med n mean med n

Quoted Spread(%) 0.33 0.32 3060 3.07 2.22 33475 0.40 0.39 2549 0.68 0.61 2639 0.92 0.81 1711
E�ective Spread(%) 0.13 0.13 3060 1.02 0.61 28248 0.15 0.15 2544 0.23 0.21 2602 0.29 0.24 1401
Realized Spread(%) 0.05 0.05 3060 0.60 0.30 27843 0.07 0.06 2544 0.11 0.09 2598 0.13 0.09 1388
Price Impact(%) 0.09 0.08 3060 0.46 0.18 27821 0.08 0.07 2544 0.12 0.10 2598 0.17 0.15 1387
NBBO Quoted Spread(%) 0.28 0.27 3060 3.07 2.22 33475 0.27 0.26 2547 0.27 0.26 2551 0.26 0.25 1399
NBBO E�ective Spread(%) 0.34 0.30 3060 1.02 0.62 28248 0.37 0.32 2548 0.38 0.32 2633 0.37 0.32 1810
NBBO Realized Spread(%) 0.31 0.27 3060 0.61 0.31 27843 0.35 0.30 2548 0.35 0.30 2633 0.35 0.29 1810
NBBO Price Impact(%) 0.06 0.04 3060 0.46 0.18 27821 0.05 0.03 2548 0.05 0.03 2633 0.05 0.03 1810
Realized Volatility(%) 0.76 0.37 3060 0.69 0.46 26564 0.33 0.30 2543 0.30 0.28 2614 0.26 0.23 1363
Depth(thous) 4424 2875 3060 214 65 33608 694 554 2549 1132 826 2643 355 263 1720
Kroner Volume(mill) 408.7 272.9 3060 5.9 0.2 35396 28.0 18.6 2549 9.5 5.3 2691 1.1 0.7 1811
Fraction at best quote (%) 58.6 55.5 3056 99.8 100.0 35298 52.8 52.1 2547 39.5 43.8 2551 15.0 12.9 1399
Market Share(%) 92.8 93.4 3060 99.9 100.0 35396 6.3 5.2 2549 2.1 1.7 2691 0.3 0.2 1811
Order to Trade 18 9 3060 20 7 35395 71 42 2549 768 252 2688 693 150 1811
Market Cap(mill) 88221 32154 5155 532
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A3 Main results

A3.1 Did the tick-size reducing MTFs capture market share?

This section complements Section 3.1 in the main text.

A3.1.1 More detailed market share plots

In the main text, we explore the e�ects of the tick size war on both pre-trade and post-trade

market shares. The market share analysis in the main text is graphical, and involves plotting

pre-trade and post-trade market shares throughout the tick size war for the primary exchanges

(COP, OSE, STO) only. Here, we expand on that analysis by plotting the evolution of market

shares for both the primary exchanges and the competing MTFs (Chi-X, Turquoise, BATS). The

results are presented in Figure A.5 (pre-trade) and Figure A.6 (post-trade).
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Figure A.5: Market shares during tick size war � pre-trade

The �gures present weekly averages of pre-trade market shares throughout the tick size war, as measured separately for
each primary exchange (COP, OSE, STO) and MTF (Chi-X, Turquoise, BATS) within each of the three Scandinavian
markets. The pre-trade market share is the fraction of the trading day a given venue quotes at the market-wide best prices.
The plots only consider the trading in stocks listed on the blue-chip indexes at the primary exchanges.

Panel A: Denmark

Panel B: Norway

Panel C: Sweden
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Figure A.6: Market shares during tick size war � post-trade

The �gures present weekly averages of post-trade market shares throughout the tick size war, as measured separately for
each primary exchange (COP, OSE, STO) and MTF (Chi-X, Turquoise, BATS) within each of the three Scandinavian
markets. The post-trade market share is the fraction of market-wide executed trading volume that takes place on a given
trading venue. The plots only consider the trading in stocks listed on the blue-chip indexes at the primary exchanges. The
primary exchange is plotted against the left axis, the MTFs against the right axis.

Panel A: Denmark

Panel B: Norway

Panel C: Sweden
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A3.1.2 Quantifying the market share e�ects

To complement the graphical market share analysis in the main text, here, we quantify the

market share e�ects of the tick size war by estimating the following before-after regression:

yit = a+ βPostit + γXit + εit, (4)

where yit is a measure of market share, either the fraction of the day each market place is quoting

the best price (pre-trade market share), or market share in terms of trading volume (post-trade

market share). Postit is an indicator equal to one in the period after the start of the tick size

war for a given trading venue. Xit is a vector of control variables. In this regression we limit

the controls to stock-level �xed e�ects.1 In equation (4), the coe�cient β captures the change

in the market share from before to after the start of the tick size war. To minimize the potential

for time-varying factors that bias β, we estimate equation (4) using a short sample period: May

15 to June 30. We only consider stocks in the blue-chip indexes in each market.

Table A.3: E�ect of June 2009 tick size reductions on market shares

The table presents coe�cient estimates from the following regression speci�cation: yit = a + βPostit + γXit + εit. The
dependent variable (yit) is either a given trading venues' market share of executed volume (columns 2-5) or the fraction of
the day each exchange is quoting the best price (columns 6-9). The indicator variable Postit equals one on and after the
date of the initial lowering of tick size in that market. The control variables Xit are per-stock �xed e�ects. Regressions are
estimated separately for each of the four market places (Primary exchanges, Chi-X, BATS and Turquoise) only considering
stocks in the blue-chip indexes in each market. The table reports estimates of β for eight regressions for each market. We

report estimates of β together with regression statistics. n: number of observations. R
2
: the adjusted R-squared.

Dependent variable:

Fraction Market Share Fraction at best
Main Market Chi-X Turquoise BATS Main Market Chi-X Turquoise BATS

Panel A: Denmark
β −0.029∗∗∗ 0.030∗∗∗ 0.001 0.001∗∗∗ −0.522∗∗∗ 0.177∗∗∗ −0.032 0.017

(0.004) (0.004) (0.001) (0.0003) (0.017) (0.018) (0.020) (0.010)
n 580 540 463 466 521 521 207 86

R
2

0.079 0.117 −0.002 0.025 0.649 0.154 0.008 0.020
Panel B: Norway
β −0.024∗∗∗ 0.023∗∗∗ 0.0004 0.0003∗ −0.448∗∗∗ 0.095∗∗∗ −0.053∗∗∗ −0.033∗∗∗

(0.003) (0.002) (0.0005) (0.0002) (0.013) (0.017) (0.007) (0.009)
n 806 773 673 631 764 760 398 215

R
2

0.095 0.106 −0.0003 0.003 0.592 0.037 0.132 0.058
Panel C: Sweden
β −0.035∗∗∗ 0.040∗∗∗ 0.0001 0.002∗∗∗ −0.165∗∗∗ −0.047∗∗∗ 0.063∗∗∗ 0.161∗∗∗

(0.005) (0.004) (0.001) (0.0003) (0.019) (0.012) (0.012) (0.012)
n 930 775 866 728 851 775 792 669

R
2

0.050 0.143 −0.001 0.067 0.083 0.017 0.032 0.213
Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

1We have also run the regression with additional control variables, such as the inverse of the stock price. The
coe�cient estimates of β are roughly the same.
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A3.2 Did the tick size war a�ect market quality?

This section complements Section 3.2 in the paper. Section A3.2.1 provides additional descriptive

statistics. Section A3.2.4 complements the di�erence-in-di�erence analysis in the paper.

A3.2.1 Time series of some market quality measures

Most of the market quality measures used in Section 3.2 are constructed using standard meth-

ods in the market microstructure literature. Some measures, however, such as those based on

approximations of the market-wide best bid and ask prices, are less common. Here, we provide

additional evidence on the more uncommon market quality measures

The quoted spread. Figure A.7 shows the evolution of quoted (relative) bid-ask spreads

throughout the tick size war. We compare our estimates of the market-wide best bid and ask

prices, the NBBO, with corresponding estimates at the individual trading venues.
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Figure A.7: Comparing the NBBO quoted spread to individual markets quoted
spreads

Long term evolution of the quoted bid-ask spread. Single country comparisons of the NBBO with corresponding estimates
for single exchanges. For each stock, at each point in time we identify the best bid and ask across the competing exchanges.
The NBBO quoted spread is the di�erence between the two divided by their average. For each stock, the daily estimate
is the time-weighted average of these NBBO quoted spreads. We also, for each market, calculate the comparable quoted
spread using only quotes valid in that market. The �gures shows weekly averages across index stocks. In the �gures we
plot the NBBO spread as a black solid line, and the primary exchange spread as the green broken line. The venue-speci�c
relative spreads for the MTFs are indicated by points.

Panel A: Denmark

Panel B: Norway

Panel C: Sweden
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NBBO versions of market quality measures. In addition to the NBBO quoted spread, we

also calculate NBBO version of e�ective spreads, realized spreads and price impacts. Figure A.8

shows the longer term evolution of these measures for the three Scandinavian markets.
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Figure A.8: The NBBO market quality measures

Time series of NBBO versions of the market quality trading cost measures. At each time with an update of the limit order
book we identify the best bid and ask prices across trading venues. The NBBO quoted spread is the di�erence between
these best prices divided by the average of the bid and ask. NBBO versions of e�ective spread, realized spread and price
impact compares trades with the corresponding NBBO numbers (e.g. pre-trade average of the NBBO bid and ask in the
case of the e�ective spread).

Panel A: Denmark

Panel B: Norway

Panel C: Sweden
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The depth measure When comparing depth across markets, we use a new depth measure

which compares the depth at the primary exchange with the corresponding depths at the com-

peting MTFs. The corresponding depth at the MTFs is de�ned as the total depth on that

trading venue at the current primary exchange best bid and ask prices (See �gure in paper).

In Figure A.9 we plot the time series of this measure, separately for the primary exchange

and the MTFs.
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Figure A.9: Aggregate depths at the main market best bid and ask

For the primary exchange, depth is calculated as the total volume (in currency) at the best bid and ask prices. For the
MTFs, depth is the sum of volumes at prices matching or improving on the main market. All of these are calculated at each
update of the order book. Time weighted averages across the day. The �gures show time series of cross-ectional averages
of these depth estimates, only considering stocks in the blue-chip indexes in each of the Scandinavian markets.

Panel A: Denmark

Panel B: Norway

Panel C: Sweden
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A3.2.2 Di�erence-in-di�erences

In Section 3.2 of the main text, we use a di�erence-in-di�erences model to estimate the impact

of the Scandinavian tick size war on measures of market quality. In the di�erences-in-di�erences

model, we compare the evolution of market quality in `treated' stocks a�ected by the tick size

war to `control' stocks una�ected by the war. In Appendix A3.2.4, we summarize our main

measures of market quality for treated and control stocks and explore whether the two groups

follow comparable market quality trends before the tick size war. In Appendix A3.2.5, we present

graphical evidence on the common trends assumption of the di�erence-in-di�erences model.

A3.2.3 Sample used in analysis

The baseline sample comprises data on all Scandinavian securities traded on either the OSE,

COP, STO, Chi-X, Turquoise, or BATS between 2008�2010. We restrict the sample in several

ways. We exclude the least-liquid stocks by requiring that all sampled stocks must trade at least

100 days during the calendar year 2009. Second, to ensure that we follow the same group of

stocks both before and after the tick size war, we exclude stocks that were listed after May 2009,

or delisted before January 2010, and we exclude stocks that become fragmented (i.e., traded

on the competing MTFs) after at the start of the tick size war. Finally, we exclude all stocks

that switch blue-chip index status during the sample period, in order to minimize confounding

e�ects from index inclusion or deletion. Whenever one of these sample restriction binds on the

primary exchange, we also exclude the stock from all the competing MTFs.

After applying these restrictions, we select two samples of �treated� stocks a�ected by the

tick size war, and one sample of �control� stocks una�ected by the tick size war. First, Treated

Group I comprises all stocks that were traded on Chi-X, Turquoise, or BATS before June 1,

2009 � i.e., the stocks a�ected by the June tick size reductions. This sample, which is the main

treated sample, comprises 89 securities from Norway (19 index, 12 non-index), Denmark (22

index, 9 non-index), and Sweden (27 index).2 Second, Treated Group II is a subset of Treated

Group I and only comprises each market's index stocks. Finally, the Control Group holds all

primary exchange stocks that were not traded on any competing trading venue throughout 2009.

This sample, which we use in our di�erence-in-di�erences model, comprises 136, 122, and 276

securities from the Denmark, Norway, and Sweden, respectively.

A3.2.4 Descriptive statistics: Treated and Control stocks

In Table A.4, we compare standard measures of market quality in our Treated Group I to the

market quality in our di�erence-in-di�erences Control Group. There are two main takeaways

from Table A.4 � one from Panel A, and one from Panel B. In panel A, we report the di�erence-

in-mean market quality between treated and control group stocks using all observations in May,

2009. The main takeaway from this panel is that treated and control stocks are widely di�erent

in the levels of their market quality characteristics. For example, the average NBBO spread

is 315 basis points smaller in treated stocks; and depth and volume are higher by 1.7 and 256

million, respectively. For comparison, the average quoted spread, depth, and volume in treated

stocks are 36, 2.2 million, and 269 million, respectively, Table 2 in the main text shows. These

di�erences between treated and control stocks persist when restricting the control group to more

2In the Stockholm market at the start of the tick size war, Chi-X hardly o�ered trading in stocks outside
the blue-chip index. In late July 2009, however, Chi-X greatly expanded its selection of tradable Swedish non-
index stocks, o�ering trading at smaller tick sizes than the primary exchange. Hence, at the start of the tick
size war, non-index Stockholm stocks were neither fully �treated� (as they were not traded on Chi-X) nor fully
�non-treated� (as many were traded on either BATS, TQ, or both). For simplicity, we exclude all non-index
Stockholm stocks from both Treated Group I, Treated Group II, and Control Group.
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liquid and frequently-traded stocks, Table A.4 shows (see columns labeled �Traded ≥ 70%� and

�Traded ≥ 90%�). Overall, Panel A of Table A.4 presents clear evidence that treated and control

group di�er widely in the levels of their market quality characteristics.3

The second main takeaway, which comes from Panel B of Table A.4, is that although treated

and control stocks di�er widely in the levels of their market quality, the two groups are remark-

ably similar in the trends of their market quality. Speci�cally, in Panel B of Table A.4, we use

our treated and control groups to estimate a �placebo� di�erence-in-di�erences e�ect between

two pre-treatment periods � January and May 2009. The resulting �placebo� di�erence-in-

di�erences estimate informs us whether or not the treated and control stocks followed similar

market quality trends before the tick size war started (June, 2009). Having in Panel A of Table

A.4 observed large level di�erences in market quality between treated and control stocks, we

transform our main market quality measures using the natural logarithm and, accordingly, es-

timate whether treated and control stocks' relative changes in market quality between January

and May 2009 were similar. The estimated �placebo� e�ects in Panel B are all statistically and

economically insigni�cant, suggesting that treated and control stocks indeed followed the same

market quality trends before the tick size war. In the next subsection, we provide additional

empirical evidence to support common trends.

Table A.4: Pre-war comparison of treatment and control group stocks

The table compares levels and changes in market quality between our treatment and control group stocks in time periods
before the tick size war. The treatment group comprises all stocks that in the period January�May 2009 were traded
on both primary exchanges and competing MTFs. For all treatment group stocks, we only include observations from the
trading that takes place on the primary exchange. The control group is de�ned in three separate ways. The baseline control
group comprises all primary exchange stocks not traded outside the primary exchange throughout the calendar year 2009.
The "Traded ≥ 70%" column excludes control stocks that are traded on less than 70% of the trading days in 2009. The
"Traded ≥ 90%" column excludes control stocks that are traded on less than 90% of the trading days in 2009. In panel
A, we report the di�erence-in-means between treatment and control group stocks using all observations in May, 2009. In
panel B, we present estimates from a di�erence-in-di�erences speci�cation based on data from January, 2009 and April,
2009. The regression speci�cation is yit = αi + αt × αm + τDit + ωit, where αi, αm, and αt represent RIC, market (e.g.,
Norway), and date-level �xed e�ects, respectively. Dit = 1 for observations in the treatment group during April, 2009 and
zero otherwise. Panel B reports estimates of τ , which captures the di�erence in market quality trends between treatment
and control group stocks in the pre-war period. In panel A, our market quality outcomes are measured in levels (NBBO in
basis points, depth in thousands, volatility in percentage points, and volume in millions). In panel B, the NBBO, depth,
and volume are all measured in natural logarithms, thus corresponding to the di�erence-in-di�erences analysis in the main
text. For ease of exposition, we have included N , the number of observations, only for regressions using Volume as the
dependent variable. The number of observations varies slightly across dependent variables. t-statistics in parentheses.
Standard errors are clustered at the RIC-level. * p < 0.10, ** p < 0.05, *** p < 0.01

Panel A: Levels, May Panel B: Trends, January�May

Baseline Traded ≥ 70% Traded ≥ 90% Baseline Traded ≥ 70% Traded ≥ 90%
NBBO -315.55*** -268.68*** -213.90*** -0.02 0.00 0.02

(-31.79) (-28.02) (-22.97) (-0.49) (0.00) (0.63)

Depth 1766.39*** 1755.30*** 1731.40*** 0.04 0.04 0.02

(7.50) (7.45) (7.32) (1.10) (0.91) (0.48)

Volatility -0.26*** -0.24*** -0.23*** 0.08 0.08 0.07

(-3.25) (-2.98) (-2.74) (1.03) (1.06) (0.95)

Volume 257.88*** 257.47*** 256.51*** -0.02 -0.03 -0.05

(7.35) (7.33) (7.30) (-0.33) (-0.41) (-0.69)

N 11321 9767 7529 22300 19752 15826

3Figure A.10 presents the full distribution of each market quality measure for treated and control stocks.
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Figure A.10: Distributions of market quality, by treatment status

The �gure presents distributions of our main market quality measures, separately for treatment group and control
group stocks. The sample comprises all stock-day observations from the three primary exchanges (STO, OSE,
COP) in the period January�May, 2009. For graphical purposes, the distributions of volume, depth, and volatility
have been censored with the following cuto�s: 1 billion, 5 millions, and 5 percentage points, respectively. In
all plots, blue observations correspond to treatment group stocks while green observations correspond to control
group stocks. Dashed vertical lines represent the sample mean for treatment group stocks and solid lines represent
the sample mean for control group stocks.
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A3.2.5 Descriptive statistics: Di�erence-in-Di�erences Plots

In Section A3.2.4, we showed that treated and control stocks di�er widely in the levels of their

market quality, but are remarkably similar in the trends of their log-transformed market quality.

Here, we provide additional time-series evidence on the common trends of treated and control

stocks prior to the tick size war of June, 2009. In Figure A.11, we plot time-series of our market

quality measures throughout 2009 separately for treated and control stocks. In Figure A.11, we

do not distinguish between stocks from the Norwegian, Swedish, and Danish markets. Before

the tick size war, Figure A.11 shows, treated and control stocks followed almost identical market

quality trends. After June 2009, however, the treated and control stock market quality diverged,

suggesting a causal e�ect of the tick size war. In Figure A.12, we split the treated group in three

� a Norwegian, Swedish, and Danish treated group � and reach the same conclusions in terms

of common pre-trends and diverging post-tick size war trends.4

4The advantage in Figure A.11 of creating a single market quality time-series for all treated stocks and a single
time-series for all control stocks � regardless of the stock's market of origin � is simplicity. The disadvantage
of this approach is that the di�erent markets (OSE, STO, COP) experienced their tick size changes at di�erent
times during the tick size war. As a result, the across-market averages in Figure A.11 might understate the e�ects
that take place in the individual markets surrounding the market-speci�c tick size events. By plotting separate
time-series for market-speci�c treated groups, Figure A.12 shows striking (post-war) market quality e�ects that
accurately match the timing of market-speci�c tick size changes.
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Figure A.11: Market quality at primary exchanges, by treatment

The �gure presents daily averages of log trading volume (panel a), log NBBO (panel b), and log order book depth (panel
c), and volatility (panel d), separately for treatment group and control group stocks. All outcomes have been normalized
to zero at the start of the tick size war. Daily averages are based on pooled data from all three primary exchanges (STO,
OSE, COP). In all plots, the left vertical break indicates June 1, 2009, the start of the tick size war. From left to right, the
subsequent dashed vertical breaks indicate the individual events of the tick size war: the July 6 OSE retaliatory tick size
reduction; the August 26 STO retaliatory tick size reduction; the August 31 OSE tick size harmonization; the October 26
STO tick size harmonization; and the January 4 COP tick size harmonization.
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Figure A.12: Market quality at primary exchanges, by treatment and market

The �gure presents daily averages of log trading volume (panel a), log NBBO (panel b), and log order book depth (panel
c), and volatility (panel d), separately for treatment group and control group stocks. All outcomes have been normalized
to zero at the start of the tick size war. Daily averages are based on data from all three primary exchanges (STO, OSE,
COP). For treatment group stocks, we provide a separate time-series for each of the primary exchanges. For control group
stocks, we provide a single times-series for all control stocks across all primary exchanges. In all plots, the left vertical break
indicates June 1, 2009, the start of the tick size war. From left to right, the subsequent dashed vertical breaks indicate the
individual events of the tick size war: the July 6 OSE retaliatory tick size reduction; the August 26 STO retaliatory tick
size reduction; the August 31 OSE tick size harmonization; the October 26 STO tick size harmonization; and the January
4 COP tick size harmonization.
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A3.3 Do binding tick sizes matter?

A3.3.1 Measuring whether tick schedules constrain trading

This section complements Section 3.3 in the main text, where we estimate separate e�ects of

the tick size war on market quality for stocks whose pre-war bid-ask spreads were constrained

and unconstrained by the tick size. In this appendix, we provide additional summary statistics

and details on the extents to which tick sizes constrain bid-ask spreads. First, in Section A3.3.2,

we look at the time series of a direct measure of whether a stock is constrained, the fraction of

the day a stock quotes at the minimum spread. Then, in Section A3.3.3 and A3.3.4, we provide

more details on the binary and continuous constraint measures used in the main text.

A3.3.2 How often is the primary exchange spread constrained at one tick?

A strict de�nition of the tick size constraining trading is whether the di�erence between the bid

and ask equals one tick. In the limit order data, we can observe such situations. We therefore

calculate the fraction of the trading day the bid-ask spread in the limit order book equals one

tick, and plot a times series of this measure throughout 2009 in Figure A.13.
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Figure A.13: The fraction of the day spreads are constrained at one tick

Time series of average fraction of day constrained (bid/ask spread equal to one tick). Averages for all stocks are presented
in bold. Separate averages for stocks in the blue-chip indexes and other (non-index) stocks.

Panel A: Copenhagen

Panel B: Oslo

Panel C: Stockholm
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A3.3.3 Descriptive statistics: Binary Constrainedi

In this appendix, we summarize the binary measure of spread constraints used throughout the

main text. The binary measure of spread constraints is constructed in two steps. In the �rst

step, for stock i on date t, we calculate:

TicksPerSpreadit =
TickSizeit
Qspreadit

,

where TickSizeit is the tick size and Qspreadit is the quoted bid-ask spread. Second, to assign

stocks to samples of Constrained or Unconstrained, we take the average of TickPerSpreadit
on primary exchanges during May, 2009, i.e., the month prior to the tick size war. Stocks with

Mean(TickPerSpreadit) ≥ 2 are de�ned as �Unconstrained�; stocks withMean(TickPerSpreadit) <
2 are �Constrained�.

In Figure A.14, we present summary statistics concerning the binary Constraint measure. In

Panel (a), we plot the distribution of Mean(TickPerSpreadit) separately for treated and control

group stocks. The �gure shows that treated stocks (in blue) have much smallerMean(TickPerSpreadit)
than control (in red) stocks and, for this reason, are more likely to be Constrained. This is also

evident in Panel (b), where we plot the counts of treated and control stocks that are Constrained

and Unconstrained in each of the Scandinavian markets. In the COP and OSE markets, about

half the treated groups are Constrained while in STO, 26 out of 27 treated stocks are Con-

strained. Combined across the three control groups, only 41 (≈ 7%) stocks are Constrained.

Figure A.14: Descriptive statistics: Binary Constrainedi

The �gure presents the distribution of the ticks-per-quoted spread variable (panel a) and the count of tick size constrained
and unconstrained stocks (panel b), separately for stocks in our treatment and control samples. We present separate counts
for the Copenhagen, Oslo, and Stockholm primary exchanges. Stocks are de�ned as constrained or unconstrained based on
trading activity at the primary exchange during May, 2009. In particular, stocks are de�ned as constrained (unconstrained)
if the average ticks-per-quoted spread is less (greater) than two in May, 2009. Note that the counts in the present �gure do
not include stocks traded on Chi-X, Turquoise, and BATS Europe. A stock that is de�ned as constrained (unconstrained)
in the primary exchange is de�ned as constrained (unconstrained) in all three competing MTFs as well.
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A3.3.4 Descriptive statistics: Binned Constrainedi

The second categorization of the extent to which trading in a stock is constrained by the tick size

is a three-category categorization following Kwan et al. (2015). This groups stocks into those

constrained by the tick size; at the margin of being constrained; and unconstrained by the tick

size. To construct these constraint bins, we use a variable ConstrainedCont.it . ConstrainedCont.it

is constructed for stock i on date t from the following relationship:

ConstrainedCont.it = ln(Qspreadit)− ln( ̂Qspreadit), (5)

where ln(Qspreadit) is the natural logarithm of the quoted spread for stock i on date t and

ln( ̂Qspreadit) is the predicted Ln(QuotedSpread) for that stock-day given a wide range of

stock and trading characteristics, such as market capitalization, trading volume, and volatil-

ity. When ConstrainedCont.it > 0, the actual quoted spread exceeds the predicted spread, which

suggests that the tick size may be a binding constraint on the spread. On the other hand, when

ConstrainedCont.it ≤ 0, the tick size appears to be a less binding constraint on the quoted spreed.

In Figure A.15, we plot the density of stocks' average ConstrainedCont.it during May, 2009.

We only consider trading on the primary trading venues. From Figure A.15, it becomes clear that

a large number of stocks are either constrained (ConstrainedCont.it > 0) or close to constrained

(ConstrainedCont.it ≈ 0). A much smaller number of stocks seem unconstrained by the tick size

(ConstrainedCont.it < 0). Based on Figure A.15, we create three similar-sized constraint bins:

� Constrained: ConstrainedCont.it > 0.15.

� At-margin: −0.15 ≤ ConstrainedCont.it ≤ 0.15.

� Unconstrained: ConstrainedCont.it < −0.15.

With these bin cuto�s, we have similar numbers of treated stocks in Constrained, At-margin,

and Unconstrained bins. These are the tick size bins used in the main text.
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Figure A.15: Density of Mean(ConstrainedCont.it )

The �gure plots the density of Mean(ConstrainedCont.
it ) for primary exchange stocks. The mean of ConstrainedCont.

it

is computed across all stock-days in May, 2009. We de�ne stocks with Mean(ConstrainedCont.
it )> 0.15 as con-

strained; stocks with −0.15 ≤ Mean(ConstrainedCont.
it )≤ 0.15 as at-the-margin of being constrained; and stocks with

Mean(ConstrainedCont.
it )< −0.15 as unconstrained. For stocks were we cannot determine PredictedSpreadit, for example

due to missing covariates, we set ConstrainedCont.
it = −1 � hence, the spike in distribution at minus 1.
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A4 Order submission strategies

This section complements Section 4 in the main text.

A4.1 Undercutting or price competition? The war begins...

A4.2 War and Peace: The role of competitive tick sizes
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Figure A.16: Quote placement at Turquoise relative to main market.

The lines are measures of the fraction of the day that Turquoise quotes at prices that (1) improves on the primary exchange
(red line), or (2) improves on the primary exchange price by more than one tick (blue line). The measure is calculated
for each stock separately for the bid and ask side before taking the average of the two. The �gure plots cross-sectional
averages across all stocks with Chi-X trading on a weekly basis.

Panel A: Copenhagen

Panel B: Oslo

Panel C: Stockholm
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Figure A.17: Quote placement at BATS relative to main market.

The lines are measures of the fraction of the day BATS quotes at prices that (1) improves on the primary exchange (red
line), or (2) improves on the primary exchange price by more than one tick (blue line). The measure is calculated for each
stock separately for the bid and ask side before taking the average of the two. The �gure plots cross-ectional averages
across all stocks with Chi-X trading on a weekly basis.

Panel A: Copenhagen

Panel B: Oslo

Panel C: Stockholm

35



A4.3 Mechanism: What drives price competition?

The paper shows results for June, only. This appendix provides comparable estimates for the

whole period of the war.

Table A.5: Are constrained stocks more likely to have Chi-X price competition?

The table summarizes the results for a number of regressions of the form yit = α0 + βconsConstrainedi,t + γXit + εit,
where the dependent variable yit is (a) The fraction of the trading day Chi-X improves by more than one tick on the main
exchange (regressions (1)-(3)), (b) The fraction of the trading day Chi-X improves by more than three ticks on the main
exchange (regressions (4)-(6)) and (c) The depth at the best quotes at Chi-X. (Regressions (7)-(9)). The table reports
the coe�cients on the Constrained measure, only. The estimation includes the stock price and market capitalization of
the stock as (unreported) explanatory variables. The variable Constrained(binary) is an indicator variable equal to one if
the stock is constrained by the binary measure de�ned in section 3.3 in the paper. The variables At-Margin(Kwan) and
Constrained(Kwan) are indicator variables equal to one if the stock is At-margin or Constrained using the Kwan et al.
(2015) de�nitions, as de�ned in section 3.3 in the paper. The variable Fraction at minimum tick is the fraction of the
trading day that the primary market quotes prices with a one-tick di�erence. The regression is estimated for the duration of
the tick size war. The sample uses all stock-days with trading at both Chi-X and the primary exchange. The regressions are
estimated as unbalanced panels. T-stats in parenthesis. The standard errors are adjusted for clustering, using the Arellano
(1987) adjustment of the White (1980) type of standard errors, as described in Croissant and Millo (2008). Signi�cance
levels indicated as: * p<10%, ** p<5%, *** p<1%

Dependent variable: (a) Fraction > 1 tick (b) Fraction > 3 ticks (c) Chi-X Depth
(1) (2) (3) (4) (5) (6) (7) (8) (9)

Constrained (binary) 0.056∗∗ 0.022 0.491∗∗∗

(1.961) (0.783) (5.086)

At-Margin(Kwan) −0.014 −0.027 0.378∗∗∗

(−0.499) (−0.893) (3.429)

Constrained(Kwan) 0.067∗∗ 0.031 0.695∗∗∗

(2.176) (0.923) (7.302)

Fraction at minimum tick 0.138∗∗∗ 0.097∗∗∗ 0.997∗∗∗

(4.957) (4.025) (12.930)

N 7,147 7,147 7,147 7,147 7,147 7,147 7,147 7,147 7,147

R
2

0.163 0.196 0.213 0.109 0.138 0.149 0.479 0.512 0.631
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A5 Extra � UK

In the main text, we do not empirically assess the e�ects of the June 2009 tick size war for stocks

traded at the London Stock Exchange (LSE). This is because the LSE tick size war only lasted

about two weeks. In this appendix we provide the interested reader with some information on

the LSE tick size war.

A5.1 The sequence of events at LSE

Turquoise was the �rst mover at the LSE, lowering tick sizes on June 8. The next move happens

on June 15, when BATS lowers tick sizes even further than Turquoise. Turquoise immediately

responds, matching the BATS tick sizes the next day (June 16). Chi-X lowers tick sizes at the

same time as the LSE, on June 22, when all exchanges again quote at the same (lower) ticks.

A5.2 Institutional, the tick size

We use Figure A.18 to illustrate how tick sizes changed during June 2009 at the LSE. In Panel

A we illustrate the tick size changes for one example company, BP.

At the beginning of June 2009, BP was trading at a minimum tick of 25p on all four ex-

changes. On the 8th of June, Turquoise lowers the minimum tick to 10p. BATS is the �rst of

the competitors to react, by lowering its tick size to 5p on June 15. Turquoise maintains its tick

size of 10p for one day, before also lowering the tick size to 5p. The beginning of the next week,

June 22, the remaining two exchanges, LSE and Chi-X follow, with all exchanges trading at the

new tick size of 5p.

In Panel B we illustrate the relative tick size, the tick size divided by the stock price, averaged

across stocks with tick size competition.
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Figure A.18: The evolution of tick size for UK stocks

Panel A plots the inferred minimum tick for BP shares. Panel B plots the relative tick (the inferred tick size divided by
the stock price). The inferred tick is estimated as the lowest distance between prices in the order book. Primary exchange
(LSE) vs Chi-X, BATS, Turquoise. The average in B only uses stocks where the tick size was competitively lowered. Daily
observations.

Panel A: Actual Spreads for BP

Panel B: Average Relative Tick Size
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A5.3 Market Share

Figure A.19 shows the evolution of pre-trade market share (fraction of day at the best price)

and post-trade market share (share of trading volume) for the four exchanges.
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Figure A.19: Evolution of UK market shares

Panels A and B: fraction of time at the estimated NBBO, Primary exchange (LSE) vs Chi-X, BATS, Turquoise. The
NBBO is estimated for each stock at each update of the limit order book on each of the four exchanges. For each NBBO
we check whether each exchange has the best price, on both the bid and ask side. The fraction of time at best is the
number of times at best divided by the total number of observations. Calculated separately for the bid and ask side and
then averaged. Panel A: BP, Panel B: average of stocks which lowered tick sizes. Panel C: Fraction of dollar volume traded
on each market. For each stock, we calculate the weekly cross-sectionally average fraction of total trading volume executed
on each exchange. Left axis: primary exchange (LSE), Right axis: Other markets (Chi-X, BATS, Turquoise). Numbers in
percent. The averages in B and C only uses stocks where the tick size was competitively lowered.

Panel A: BP - pre-trade market share

Panel B: Pre-trade market share

Panel C: Post-trade market share
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A5.4 Market Quality

We look at bid-ask spreads spreads at the individual trading venues, and compare them to an

estimate of the NBBO. Panel A of Figure A.20 shows the pound spreads for BP, and Panel B

shows averages of quoted spreads. In both cases we present numbers for individual venues, and

compare them with an estimate of the NBBO.
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Figure A.20: LSE market quality evolution

Long term evolution of quoted spread. Comparison of NBBO with corresponding estimates for single exchanges. For each
stock, at each point in time we identify the best bid and ask across the competing exchanges. The NBBO quoted relative
spread is the di�erence between the two divided by their average. For each stock, the daily estimate is the time-weighted
average of these NBBO quoted relative spreads. We also, for each market, calculate the comparable quoted spread using
only quotes valid in that market. The �gures shows weekly averages across index stocks. In the �gures we plot the NBBO
spread as a black solid line, and the main market spread as the green broken line. The individual relative spreads for the
satellite exchanges are indicated by points.

Panel A: BP quoted spreads

Panel B: Average quoted spread
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The NBBO type of quality measures Figure A.21 compares the NBBO estimates of quoted

spread, e�ective spread, realized spread and price impact.

Figure A.21: LSE market quality evolution

Time series of NBBO versions of the quality trading cost measures. At each time with an update of the limit order book
we identify the best bid and ask prices across markets. The NBBO quoted relative spread is the di�erence between these
best prices divided by the average of the bid and ask. NBBO versions of e�ective spread, realized spread and price impact
compares trades with the corresponding NBBO numbers (e.g. pre-trade average of the NBBO bid and ask in the case of
the e�ective spread).
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Aggregate depth We illustrate the cross-market depth measure, how depth at the LSE com-

pares to aggregate depth at the competing MTFs at the LSE quotes, i.e. we add depth at all

prices equal to or better than the LSE quotes. Figure A.22 shows the time series of this measure.
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Figure A.22: LSE depth evolution

For the LSE, depth is calculated as the total volume (in currency) at the best bid and ask prices. For the satellite markets,
depth is the sum of volumes at prices matching or improving on the main market. All of these are calculated at each
update of the order book. Time weighted averages across the day. Panel A shows the BP case. Panel B shows time series
of crossectional averages of depth estimates.

Panel A: BP-Aggregate depth at LSE quotes

Panel B: Depth average
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A5.5 Quoting strategies

We next show similar pictures to those in the paper, the fraction of the trading day each exchange

improves, and improves by more than one tick, on the LSE. We also show similar pictures for

trading of BP, only.

46



Figure A.23: Quoting strategies at LSE

The �gures illustrate the distribution of best quote at the small-tick exchanges (Turquoise, BATS and Chi-X) relative to
the current quote at the LSE. In doing the calculation, at each time with an update of the order book across the two
exchanges, we �nd the best bid and best ask at the LSE and the small tick exchange. We count the number of times the
small-tick exchange quote is worse, equal, improves by one tick, or improves by more than one tick the quote at the LSE.
The calculation is done separately for the bid and ask quotes. We calculate the average of the bid and ask side, before
averaging across stocks. The top �gures shows BP, the bottom ones averages for stocks with tick-size competition.

Panel A: Turquoise

BP

Average

47



Figure A.23: (Continued)

Panel B: BATS
BP

Average
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Figure A.23: (Continued)

Panel C: Chi-X

BP

Average
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