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This appendix provides additional results supporting the discussion in the paper.

A 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 first
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 figure 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 consider stocks traded on that specific venue. Because different venues offered trading in different
stocks, the exact stock samples may differ 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 figure 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 consider stocks traded on that specific venue. Because different venues offered trading in
different stocks, the exact stock samples may differ 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 new tick size schedule on June 1, 2009, Turquoise on June 8, 2009, and finally by 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 figures 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. Specifically, for each trading venue, the figures 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 first 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: Denmark

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

Panel B: Norway

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

Panel C: Sweden

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

The figures 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. Specifically, for each trading venue, the figures 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 first 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: Denmark

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

Panel B: Norway

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

Panel C: Sweden

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

In this appendix, we complement Section 2 in the main text with additional details on
variable construction (Section B.1) as well as additional summary statistics (Section
B.2).

B.1 Variable definitions

We use trade-and-quote data from TRTH to construct several standard measures of
market quality. Our goal is to measure market quality not only at the individual
trading venue, but also in aggregate across all trading venues. Here, we explain how
we measure both venue-specific 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 the continuous trading sessions, which excludes trades
that are executed during the opening and closing auctions. In practice we do so by
excluding the first and last half hour of the trading day.

Venue-specific measures: For each trading venue we construct four measures of bid-
ask spreads (trading costs). First, we construct the quoted bid-ask spread, which
measures the cost of supplying a marginal dollar of liquidity, before adjusting for
post-trade price movements. The quoted spread at a given trading venue is defined
as the difference 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 effective bid-ask spread, which measures investors’ ac-
tual trading costs by accounting for trades that are executed outside the best quotes.
We define the effective 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 trade 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
volume-weighted average across all trades on date t.

Following a comprehensive empirical literature (see, for example Foucault et al.
2013, Colliard and Hoffmann 2017), we decompose the effective bid-ask spread into
two separate components: the price impact, which captures liquidity suppliers’ ad-
verse selection costs due to informed trading, and the realized spread, which captures
liquidity suppliers’ gross profits. The one-minute price impact for a trade j in stock i
is defined as:

Price Impactji =
qji(mi,j+1min − mi,j)

mji
(2)

where mi,j+1min is the quote midpoint one minute after the j’th trade. Analogous to
the effective bid-ask spread, we construct the daily Price Impactit for stock i as the
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volume-weighted average across all trades on date t. The one-minute realized spread
for trade j is defined 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 Realized Spreadit for stock i is the volume-weighted average
across all trades on date t.

We also construct several other standard measures of market quality. We define
the venue-specific order book depth at any point in time as the value (in local cur-
rency) 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 (un-
centered) sample moment of within-day ten-minute returns, calculated from trades.
Finally, we calculate Volumeit as stock i’s total traded volume (in local currency) on a
given venue-day.

Aggregate measures. While the European markets have no formal notion of a na-
tional best bid and offer (NBBO), we construct an estimate of the best bid and offer
prices across the competing venues. This is done by aligning order books across
venues and, at each update to any order book, we record the best bid and ask prices
across all venues. For simplicity we term these estimates the “NBBO.” That is, we
construct a NBBO midquote price, denoted mNBBO

ji , by 1) consolidating on an update-
by-update basis all order books that offer trading in a given stock, 2) identifying
the best bid and ask prices across all venues, before 3) calculating the midpoint of
these prices. Having constructed the national midquote price, mNBBO

ji , we proceed
to construct four aggregate measures of trading costs. These aggregate measures are
calculated using the same procedures as in equations (1)–(2), with two important
modifications. First, trades are now evaluated against the NBBO midpoint, mNBBO

ji ,
not the venue-specific 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 effec-
tive spread, realized spread, and price impact, as evaluated against the market-wide
best prices.

We similarly construct aggregate versions of the other market quality measures.
Depth sums the volumes (in currency) at the best quotes at the primary market,
together with all quotes in the competing MTFs at prices that are equal to or improve
on the primary exchanges best quotes. This measure is illustrated in Figure 1 in the
main text. We construct RvolNBBO

it , our measure of aggregate volatility, as the realized
volatility of NBBO midpoint prices. We construct the aggregate volume as the sum
of trading volume across all trading venues

Finally, we construct two venue-specific measures of market share: 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. The post-trade measure is constructed as the venue’s market
share of executed volume.
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B.2 More detailed summary statistics

In the summary statistics table of the main text, we provide a single pooled measure-
ment 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 ap-
pendix, we present summary statistics broken down by individual trading venue.
Table A.2 provides (for each of the three Scandinavian markets) summary 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 by trading venue, January–May, 2009

The table summarizes our primary market quality measures in the period January-May 2009. Quoted spread: Difference best
bid and ask divided by midquote, calculated at each update of the order book, averaged over the trading day. Effective spread,
Realized spread and Price impact are calculated for each trade, and averaged over the trading day. We calculate venue-specific
(no prefix) and market-wide (NBBO prefix) versions of the quoted spread, effective spread, realized spread, and price impact.
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. Fraction at the best
quote is the fraction of the trading day each trading venue is quoting the best price. Market Share is the daily volume on each
exchange divided by the aggregate daily volume for that stock. The market share is calculated entirely based on the trading
that takes place on the primary exchange (COP, OSE, STO) and the three MTFs (Chi-X, Turquoise, BATS). 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).
For the primary exchanges (Copenhagen, Oslo and Stockholm), means and medians are calculated separately for the stocks in
the blue-chip indexes (Index) and other stocks (non-index). For the MTFs, we only report means and medians for the stocks in
the blue-chip indexes.

Panel A: Denmark

Primary 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
Effective 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 effective 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
Market cap(mill) 23217 11319 2000 958 112 15292
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Table A.2: (Continued)

Panel B: Norway

Primary 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
Effective 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 effective 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
Market cap(mill) 28051 9983 2626 1343 503 13334

Panel C: Sweden

Primary 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
Effective 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 effective 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
Market cap(mill) 88221 32154 3060 5155 532 31497
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C Difference-in-differences: Motivation and validity

In Sections 3.2–3.4 of the main text, we use a difference-in-differences model to es-
timate the effect of the Scandinavian tick size war on measures of market quality.
In the differences-in-differences specification, we compare the evolution of market
quality for a group of “treated” stocks affected by the tick size war to a group of
“control” stocks unaffected by the war. In the current appendix, we first motivate
why a difference-in-differences specification is necessary in our setting, before pre-
senting evidence on the common trends assumption of the difference-in-differences
specification. We show that the difference-in-differences is necessary in our setting
because there are strong seasonal effects that will contaminate a simple before-after
analysis. Supporting the validity of the difference-in-differences estimates, we find
that treated and control stocks experienced almost identical seasonal effects in the
period 1995–2008, and followed almost identical trends in the immediate run-up to
the tick size war, January–May, 2009.

The DiD analysis—motivation In the Scandinavian stock markets there is strong
seasonal variation in stock trading, with a clear slowdown in trading during the sum-
mer holiday season, which starts in early June. (Recall that the tick size war examined
in the main text started on June 1, 2009). To illustrate this seasonal variation, we have
gathered data for stock trading at the Oslo Stock Exchange for the period 1995-2008.
Figure A.5 illustrates the summer slowdown by showing the median turnover for
stocks in blue-chip index. It is clear from Figure A.5 that trading activity is signifi-
cantly lower during summer than the neighboring months.

Figure A.5: Illustrating the summer slowdown in trading

The figure plots the monthly turnover (trading volume/shares outstanding) for stocks at the Oslo Stock Exchange. The lines
indicate summer months (June–August).
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In Table A.3, we illustrate how such a summer effect would contaminate a simple
before-after analysis of the June, 2009, tick size war. We do so by running a “placebo”
analysis on data from Oslo for the years 1995–2008. We construct two groups that
mimic the treated and control groups in Sections 3.2–3.4 of the paper, and run two
sets of regressions: A before-after regression which captures the average change in
liquidity from May to June in the period 1995–2008, estimated separately for treated
and control stocks, and a difference-in-differences regression, which tests whether the
before-after change is different for treated and control stocks. Two facts stand out.
First, market quality is on average significantly worse in June than May, even in the
“placebo” period 1995–2008. Accordingly, a before-after comparison of May and June
2009 is likely to conflate the effects of the tick size war with this summer effect. Sec-
ond, the summer effect is almost identical for treated and control stocks. Accordingly,
as shown by the insignificant “placebo” effect in columns (2) of Table A.3, taking the
difference-in-differences allows us to isolate the effects of the June 2009 tick size war
from the effects of summer.

The DiD analysis—common trends The difference-in-differences design does not
require that treated and control stocks are similar in their levels of market quality,
only that they would have followed similar trends in the absence of “treatment”—
in our setting, the tick size war. Table A.3 shows that stocks that mimic our treated
and control groups followed common trends between May and June over the 14 year
“placebo” period 1995–2008. In the following, we present evidence of common trends
also in the immediate run-up to the tick size war, January–May, 2009, focusing on the
exact same treated and control stocks as in Sections 3.2–3.4.

Table A.4 compares levels (Panel A) and trends (Panel B) in market quality be-
tween our baseline treated and control stocks in the months leading up to the tick
size war. Two facts stand out. First, our treated and control stocks are vastly dif-
ferent in their levels of market quality. This is not surprising: by construction, the
treated sample comprises all the (typically liquid) stocks that could be traded on
MTFs before the tick size war, while the control sample comprises all the (typically
less liquid) stocks that could not be traded outside the primary exchanges. Sec-
ond, despite these large differences in their levels of market quality, our treated and
control stocks follow remarkably similar trends in market quality. This is shown in
Panel B of Table A.4, where we use our treated and control stocks to estimate a
“placebo” difference-in-differences effect between January and May 2009—i.e., two
pre-treatment periods. The “placebo” effects in Panel B are all statistically and eco-
nomically insignificant, suggesting that treated and control stocks followed the same
market quality trends before the tick size war. Similar to our approach in Table 3
of the main text, we explore robustness to restricting the control sample to more liq-
uid stocks, and reach the same conclusions—across all specifications, we find that
treated and control stocks followed statistically indistinguishable trends in their mar-
ket quality in the pre-treatment period January–May, 2009, supporting the common
trends assumption of the difference-in-differences model in Sections 3.2–3.4 of the
main text.

Graphical evidence also supports the common trends assumption. In Figure A.7,
we plot the time-series of our market quality measures throughout 2009 separately
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Table A.3: Summer effects 1995–2008: Why a DiD is necessary

Using data from trading at the OSE during May and June each year in the period 1995–2008, columns
labeled (1) report estimates of β from the following before-after regression specification: yit = αic +
βPostit + ωit, where yit is the outcome of interest (the natural logarithms of the closing bid-ask spread
and daily trading volume in currency) for stock i on date t, αic represent stock-by-year fixed effects,
Postit equals one in June and zero in May. We estimate separate before-after effects β for groups of
“Treated” and “Control” stocks. Each year 1995–2008, we rank stocks based on their average trading
volume during April; the 31 most-traded comprise the treated group, while the 31 next comprise the
control group (this treated-control group definition mimics the definition of the treated and control
groups used in the main text). That the stock fixed effects, αic, are year-specific means that a given
stock has a unique fixed effect corresponding to each year 1995–2008 it is represented in the data. This
ensures that the variation that is used to estimate β comes entirely from within-stock changes in market
quality from May to June of the same year (for example, the change in log volume for Statoil from
May 2002 to June 2002). In columns labeled (2), we add to the regression specification in columns
(1) an interaction term Postit × Treatedic, where Treatedic indicates whether stock i is in the treated
group in year c. We only report estimates of the coefficient on this interaction term, which captures
the additional change in market quality from May to June for Treated group stocks compared to
Control group stocks (i.e., the difference-in-differences effect). t-statistics are presented in parentheses.
Standard errors are clustered at the stock-level.

Log(Spread) Log(Volume)

(1) (2) (1) (2)

Before-after for Control stocks 0.05*** -0.18***
(3.45) (-4.93)

Before-after for Treated stocks 0.05*** -0.14***
(4.46) (-4.89)

Difference-in-differences Treated vs. Control -0.01 0.04
(-0.33) (1.00)

N 32343 32343 32827 32827
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for our baseline treated and control group stocks. In Figure A.7, for simplicity, we
present (for both the treated and control group) a single average across all stocks from
the Norwegian, Swedish, and Danish markets. Before the tick size war, Figure A.7
shows, treated and control stocks followed very similar trends. After June 2009,
however, the treated and control stocks’ market quality diverged sharply, suggesting
a causal effect of the tick size war. In Figure A.8, we split the treated group into the
three countries—a Norwegian, Swedish, and Danish treated group—and reach the
same conclusions in terms of common pre-trends and diverging post-war trends.1

1The advantage in Figure A.7 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 different markets (OSE, STO, COP) experienced their
tick size changes at different times during the tick size war. As a result, the across-market averages
in Figure A.7 might understate the effects that take place in the individual markets surrounding the
market-specific tick size events. By plotting separate time-series for market-specific treated groups,
Figure A.8 shows striking (post-war) market quality effects that accurately match the timing of market-
specific tick size changes.
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Table A.4: “Placebo” difference-in-differences estimates, January–May 2009

The table compares levels (Panel A) and trends (Panel B) in market quality between our treated and control group stocks in
periods before the tick size war. As in Sections 3.2–3.4 of the main text, the treated group comprises all stocks that in the period
January–May 2009 could be traded on both the primary exchanges (COP, OSE, STO) and the competing MTFs (Chi-X, Turquoise,
BATS). The control group is defined in three separate ways. The baseline control group comprises all primary exchange stocks
that could not be 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 difference-in-means between treated and
control group stocks using all observations in May, 2009. (Figure A.6) compares the distributions of market quality). In Panel B,
we present estimates from a “placebo” difference-in-differences specification based on data from the pre-tick size war periods
January, 2009 and May, 2009. The difference-in-differences regression specification is yit = αi + αt × αc + τPlacebo Dit + ωit, where
αi , αc, and αt represent stock-venue, market (e.g., Norway), and date-level fixed effects, respectively. Dit = 1 for observations
in the treated group during May, 2009 and zero otherwise. Panel B reports estimates of the coefficient τPlacebo , which captures
the difference in market quality trends between treated and control group stocks in the pre-tick size war period. In Panel A, our
market quality outcomes are measured in levels (the NBBO spread in basis points, depth in thousands, volatility in percentage
points, and volume in millions). In Panel B, the NBBO spread, depth, and volume are all measured in natural logarithms, thus
corresponding exactly to the difference-in-differences analysis in Sections 3.2–3.4 of the main text. In both Panel A and Panel
B, we restrict attention to the trading that takes place on the primary exchanges. 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 stock-venue 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
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Figure A.6: Distributions of market quality, by treatment status

The figure plots the distribution of market quality for treated 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 visual purposes, the distributions of volume, depth, and volatility have been
censored with the following cutoffs: 1 billion, 5 millions, and 5 percentage points. 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 treated group stocks and solid lines
represent the sample mean for control group stocks.
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Figure A.7: Market quality at the primary exchanges, by treatment status

The figure presents daily averages of log trading volume (panel a), log NBBO spread (panel b), log order book depth (panel c),
and volatility (panel d), separately for treated 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. The key takeaway from the figure is that treated and control group stocks followed similar market
quality trends in the pre-tick size war period, supporting the common trends assumption of the difference-in-differences design,
and diverged sharply after the start of the tick size war.
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Figure A.8: Market quality at the primary exchanges, by treatment and market

The figure presents daily averages of log trading volume (panel a), log NBBO spread (panel b), log order book depth (panel
c), and volatility (panel d), separately for treated 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. The key
takeaway from the figure is that treated and control group stocks followed similar market quality trends in the pre-tick size war
period, supporting the common trends assumption of the difference-in-differences design, and diverged sharply after the start
of the tick size war.
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Before-after analysis As we have just explained, we believe that a difference-in-
differences model is necessary to isolate the effects of the June 2009 tick size war
from the effects of summer—that is, that trading activity and liquidity is lower dur-
ing the summer months for reasons unrelated to the tick size war. For completeness,
however, in Table A.5, we use a simple before-after specification to estimate the effects
of the June 2009 tick size events on market quality. For most dependent variables, Ta-
ble A.5 shows coefficient estimates with the same sign as our preferred difference-in-
differences specification in Table 3 of the main text. For trading volume, however, the
before-after specification delivers a negative coefficient estimate, while our preferred
difference-in-differences estimate is positive. This discrepancy is very much consis-
tent with our results in Table A.3; the before-after specification conflates the effects of
the tick size war with the effects of summer, while the difference-in-differences does
not.

Table A.5: Before-after analysis of the tick size war

The table presents estimates of β from the following before-after regression specification: yit = a+ βPostit +γXit + εit. Postit = 1
for all time periods t ≥ t∗, where t∗ represents the start of the tick size war for a given trading venue. t∗ = June 1, 2009 for
OSE, COP, STO, and CHI. t∗ = June 8, 2009 and June 15, 2009 for Turquoise and BATS, respectively. Xit is a vector of control
variables, which includes the log stock price and stock-level fixed effects. The sample period is May 15 to June 30. The
estimation sample comprises all stocks that could be traded on Chi-X, BATS or Turquoise before June 1, 2009. The coefficient β
is estimated separately for the primary exchanges, the MTFs, and the NBBO (Aggregate). Quoted, Effective and Realized spreads,
and Price Impact are in basis points. Depth is order book depth, transformed with the natural logarithm. Volatility is measured
in percentage points. Volume is the trading volume, transformed with the natural logarithm. For ease of exposition, we have
included N, the number of observations, only for regressions using Volume as the dependent variable. N is very similar across
outcomes. t-statistics are presented in parentheses. Standard errors are clustered at the RIC-level. Significance levels indicated
as: * p<10%, ** p<5%, *** p<1%

Primary MTFs Aggregate

Quoted spread −0.18 −18.97*** −2.64***
(−0.20) (−6.31) (−2.72)

Effective spread −0.38 −4.67*** −0.14
(−1.22) (−4.80) (−0.28)

Realized spread −0.35 −1.48* 0.94*
(−1.08) (−1.72) (1.67)

Price impact −0.04 −3.10*** −0.39
(−0.17) (−2.94) (−1.21)

Depth −0.02 −0.05** 0.08***
(−0.80) (−2.35) (3.14)

Volatility −0.12 −0.01*** −0.13
(−1.02) (−3.19) (−1.16)

Volume −0.13*** 0.24*** −0.10***
(−3.48) (5.30) (−2.66)

N 2,697 5,886 2,697
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D Main results

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

This section complements Section 3.1 in the text.

Quantifying the market share effects To complement the graphical market share
analysis in the main text we quantify the market share effects 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 the market share in terms 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, and zero otherwise. Xit
is a vector of control variables. In this regression we limit the controls to stock-level
fixed effects.2 In Equation (4), the coefficient 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
of the markets. The estimates of β are presented in Table A.6.

2We have also run the regression with additional control variables, such as the inverse of the stock
price. The estimates of β are robust to the inclusion of additional control variables.

20



Table A.6: Effect of June 2009 tick size reductions on market shares

The table presents estimates of β from the following regression specification: 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 variable Postit equals one on and after the date of the initial lowering
of tick size in that market, and zero otherwise. The vector Xit includes stock level fixed effects. Regressions are estimated
separately for each of the four trading venues (Primary exchanges, Chi-X, BATS and Turquoise) only considering stocks in the
blue-chip indexes in each market. n: number of observations. R2: the adjusted R-squared. Standard errors in parenthesis.
Significance levels are indicated as: * p < 10%, ** p < 5%, *** p < 1%.

Dependent variable:
Fraction Market Share Fraction at best

Primary Market Chi-X Turquoise BATS Primary 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
R2 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
R2 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
R2 0.050 0.143 −0.001 0.067 0.083 0.017 0.032 0.213
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D.2 Do binding tick sizes matter?

This section complements Section 3.3 in the main text, where we estimate separate ef-
fects 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 extent to which tick sizes constrain
bid-ask spreads. First, in Section D.2.1, 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 mini-
mum spread. Then, in Section D.2.2 and D.2.3, we provide more details on the binary
and continuous constraint measures used in the main text.

D.2.1 How often is the primary exchange spread constrained at one tick?

A strict definition of tick size constraints is whether the difference between the bid
and ask equals one tick. In the limit order book data, we can directly observe such
situations. We therefore calculate the fraction of the trading day the bid-ask spread
equals one (primary exchange) tick, and plot a times series of this measure through-
out 2009 in Figure A.9.
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Figure A.9: The fraction of the day spreads are constrained at one tick

For each of the Scandinavian markets, the figure plots the fraction of the trading day the bid-ask spread equals one (primary
exchange) tick, that is, a measure of how constrained trading is by the tick size. Averages across all stocks in a given market are
presented in bold. Separate averages across blue-chip and non-blue chip index stocks are presented as dashed lines.

Panel A: Denmark

Panel B: Norway

Panel C: Sweden
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D.2.2 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 first 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 defined as “Uncon-
strained”; stocks with Mean(TickPerSpreadit) < 2 are defined as “Constrained”.

In Figure A.10, we summarize the binary constraint measure. In Panel (a), we plot
the distribution of Mean(TickPerSpreadit) separately for treated and control group
stocks. The figure shows that treated stocks (in blue) have much lower Mean(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 Constrained. Combined across the three control groups, only
41 (≈ 7%) stocks are Constrained.

Figure A.10: Descriptive statistics: Binary Constrainedi

The figure 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 treated and control samples. We present separate counts for the
Copenhagen, Oslo, and Stockholm primary exchanges. Stocks are defined as constrained or unconstrained based on trading
activity at the primary exchange during May, 2009. In particular, stocks are defined 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 figure do not include stocks
traded on Chi-X, Turquoise, and BATS Europe. A stock that is defined as constrained (unconstrained) on the primary exchange
is defined as constrained (unconstrained) on all three competing MTFs as well.
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D.2.3 Descriptive statistics: Binned Constrainedi

Our second measure of spread constraints is a three-bin categorization based on
Kwan et al. (2015). This measure groups stocks into bins of stocks that are con-
strained 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 volatility. 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.

In Figure A.11, we plot the density of stocks’ average ConstrainedCont.
it during

May, 2009. We only consider trading on the primary exchanges. From Figure A.11, 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.11, 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 cutoffs, 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.11: Density of Mean(ConstrainedCont.
it )

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

it is com-
puted across all stock-days in May, 2009. We define stocks with Mean(ConstrainedCont.

it )> 0.15 as constrained; 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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E The tick size war at the London Stock Exchange

In the main text we do not explore the effects of the June 2009 tick size war for stocks
traded at the London Stock Exchange (LSE). The reason is that the LSE tick size war
only lasted two weeks. In this appendix we provide some information on the LSE
tick size war.

Let us first summarize the sequence of events at the LSE. Turquoise was the first
mover, lowering tick sizes on June 8. Then, on June 15, BATS lowered its tick sizes
even further than Turquoise. Turquoise immediately responded, matching the BATS
tick sizes the very next day (June 16). Chi-X lowered tick sizes at the same time as
the LSE, on June 22, when all exchanges again quoted at the same (lower) ticks.

Consider the example of British Petroleum (BP). At the start of June 2009, BP was
trading at a minimum tick of 25p on both LSE, Chi-X, BATS, and Turquoise. On
the 8th of June, Turquoise lowered the minimum tick to 10p. The next to react was
BATS, lowering its tick size to 5p on June 15. Turquoise maintained its tick size of
10p for one day, before also lowering the tick size to 5p. On June 22, the remaining
two trading venues, LSE and Chi-X followed with their own tick size reductions. By
the end, all four trading venues offered trading at the new tick size of 5p.

Figure A.12 summarizes the events. In Panel A we illustrate the changes in relative
tick size, the tick size divided by the stock price. In Panel B we show the evolution of
pre-trade market share (fraction of day at the best price) for the four trading venues.
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Figure A.12: The evolution of tick sizes and market shares at the LSE

Panel A plots the relative tick (the inferred tick size divided by the stock price), averaged across all stocks with tick size
competition. The inferred tick is estimated as the lowest distance between prices in the order book. We present separate
averages for the LSE, Chi-X, BATS, and Turquoise. Panel B shows fraction of time at the estimated NBBO, for the primary
exchange (LSE) versus Chi-X, BATS, and 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. Numbers in percent. The averages based on stocks where the tick size
was competitively lowered.

Panel A: Relative Tick Size

Panel B: Pre-trade market share
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