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A1

Data definitions

This appendix hold detailed data definitions.

A1.1

The liquidity variables for individual equities

We use trade-and-quote data from Refinitiv/TRTH to construct standard measures of market quality.
All measures of market quality are calculated entirely based on data from continuous trading sessions.
To implement this, the sample excludes trades that are executed during the first and last 15 minutes.
 Quoted Spread is the difference between the current best bid and ask in that venue’s order book
divided by the midpoint, mji . The quoted spread is recalculated whenever the limit order book is
updated. The daily Quoted Spreadit for stock i on date t is the time-weighted average across order
books throughout the trading day.
 Effective Spread is defined as

Effective spreadji =

qji (pji − mji )
mji

(1)

where qji is an indicator variable that equals +1 for buyer-initiated trades and −1 for seller-initiated
trades; pji is the trade price; and mji is the quote midpoint prevailing at the time of the trade. To
determine whether an order is buyer or seller initiated, the transaction price is compared to the
previous quote midpoint — if the price is above (below) the midpoint it is classified it as a buy
(sell). The daily EffectiveSpreadit is the average across all trades.
 Price Impact is the ten-second price impact for a trade j in stock i calculated as:

Pimpactji =

qji (mi,j+10sec − mi,j )
mji

(2)

where mi,j+10sec is the quote midpoint ten seconds after the j’th trade. The daily PriceImpactit
is the average across all trades j on date t.
 Realized Spread is the ten-second realized spread for trade j calculated as:

Rspreadji =

qji (pji − mi,j+10 sec )
mji

(3)

where mi,j+10 sec is the venue’s quote midpoint ten seconds after the j’th trade. Realized Spreadit
for stock i is the average across all trades j on date t.
 Depth. We estimate the depth of the limit order book at any point in time as the sum of values
(in currency) quoted at the best bid and ask prices. The daily Depthit is calculated as the timeweighted average depth across all order book states in stock i on date t.
 Realized volatility is calculated as the second (uncentered) sample moment of within-day fiveminute returns, calculated from trades.
 Volume is the stock’s traded volume (in USD).

A1.2

The liquidity variables for the SPY contracts.

For the SPY contracts, traded in the US and at the LSE, we calculate corresponding liquidity variables,
but for a shorter time period. The averaging is done for every hour during the trading day. So for
example, the Quoted Spread is the difference between the current best bid and ask in that venue’s
order book divided by the midpoint, mji . The quoted spread is recalculated whenever the limit order
book is updated. The hourly Quoted Spreadit for contract i on date t is the time-weighted average across
order books within that hour.
In some of the analysis we will limit comparisons across markets to times when both the US and UK
markets are open.
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A2

Margins

Margins are collected from exchange homepages, and are specific to an underlying contract.
For example, for the CME we consider the margin requirement on S&P 500 Index Futures, at ICE
we consider the margin requirements for the FTSE 100 Index Futures, at JPX we consider the margin
requirements for Nikkei 225 Index Futures, and for Toronto the margin requirement on TSX 60 Index
Futures.
Table A.1 illustrates the evolution of selected margins, and Table A.2 provides links to sources.
Table A.1: Selected margins
Monthly observations on margin levels for S&P 500 index futures at the CME, FTSE 100 index futures at the ICE, Nikkei
225 index futures at JPX, and TSX 60 index futures at the Toronto Stock Exchange.

2
3
2
1
1

jan 2020
feb 2020
mar 2020
apr 2020
may 2020

CME
S&P 500
futures
31,500
33,000
36,000
60,000
60,000

ICE
FTSE 100
futures
3,339
3,339
3,629
6,699
6,699

JPX
Nikkei 225
futures
434
382
804
1,457
1,323

Toronto
TSX 60
futures
7,288
4,725
6,883
19,579
24,556

Table A.2: Margin sources
Exchange
CME
ICE
JPX
TSX

Link
www.cmegroup.com
www.theice.com
www.jpx.co.jp
reg.m-x.ca
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A3

Single country liquidity evolution

In this appendix we provide time series of liquidity estimates on a single-country basis. The countries
are: Australia, Canada, Denmark, Finland, France, Germany, Iceland, Italy, Norway, Spain and Sweden.
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Figure A.1: Liquidity evolution, Australia, ASX 50 shares
The figures illustrate the evolution of liquidity during the first half of 2020 for the stocks in the ASX 50 index. Panel A
plots the cross-sectional averages of quoted spread, effective spread, realized spread, and price impact (in basis points).
Panel B plots the cross-sectional averages of depth (in thousand ASD). The gray vertical line marks March 11.

Panel A: Spreads

Panel B: Depth
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Figure A.2: Liquidity evolution, Australia, non-index shares
This figure uses data from outside the AST 50 index. We use all non-index companies with market capitalization above
median, and with more than 100 trading days in the year. Panel A plots the cross-sectional averages of quoted spread,
effective spread, realized spread, and price impact (in basis points). Panel B plots the cross-sectional averages of depth (in
thousand ASD). The gray vertical line marks March 11.

Panel A: Spreads

Panel B: Depth
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Figure A.3: Liquidity evolution, Canada, TSX 60 shares
The figures illustrate the evolution of liquidity during the first half of 2020 for the stocks in the TSX 60 index. Panel A
plots the cross-sectional averages of quoted spread, effective spread, realized spread, and price impact (in basis points).
Panel B plots the cross-sectional averages of depth (in thousand CAD). The gray vertical line marks March 11.

Panel A: Spreads

Panel B: Depth
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Figure A.4: Liquidity evolution, Canada, non-index shares
The plots show time series evolution of average liquidity measures across Canadian equities outside the Toronto main index.
Panel A plots the cross-sectional averages of quoted spread, effective spread, realized spread, and price impact (in basis
points). Panel B plots the cross-sectional averages of depth (in thousand CAD). The gray vertical line marks March 11.

Panel A: Spreads

Panel B: Depth
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Figure A.5: Liquidity evolution, Denmark, Copenhagen 25 shares
The figures illustrate the evolution of liquidity during the first half of 2020 for the stocks in the Copenhagen 25 index.
Panel A plots the cross-sectional averages of quoted spread, effective spread, realized spread, and price impact (in basis
points). Panel B plots the cross-sectional averages of depth (in thousand DKK). The gray vertical line marks March 11.

Panel A: Spreads

Panel B: Depth
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Figure A.6: Liquidity evolution, France, CAC40 shares
The figures illustrate the evolution of liquidity during the first half of 2020 for the stocks in the French CAC 40 index.
Panel A plots the cross-sectional averages of quoted spread, effective spread, realized spread, and price impact (in basis
points). Panel B plots the cross-sectional averages of depth (in thousand EUR). The gray vertical line marks March 11.

Panel A: Spreads

Panel B: Depth
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Figure A.7: Liquidity evolution, Germany, DAX shares
The figures illustrate the evolution of liquidity during the first half of 2020 for the stocks in the German DAX index. Panel
A plots the cross-sectional averages of quoted spread, effective spread, realized spread, and price impact (in basis points).
Panel B plots the cross-sectional averages of depth (in thousand EUR). The gray vertical line marks March 11.

Panel A: Spreads

Panel B: Depth
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Figure A.8: Liquidity evolution, Italy, index shares
The figures illustrate the evolution of liquidity during the first half of 2020 for the stocks in the Italian index. Panel A
plots the cross-sectional averages of quoted spread, effective spread, realized spread, and price impact (in basis points).
Panel B plots the cross-sectional averages of depth (in thousand EUR). The gray vertical line marks March 11.

Panel A: Spreads

Panel B: Depth
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Figure A.9: Liquidity evolution, Netherlands, index shares
The figures illustrate the evolution of liquidity during the first half of 2020 for the stocks in the dutch index. Panel A plots
the cross-sectional averages of quoted spread, effective spread, realized spread, and price impact (in basis points). Panel B
plots the cross-sectional averages of depth (in thousand EUR). The gray vertical line marks March 11.

Panel A: Spreads

Panel B: Depth

13

Figure A.10: Liquidity evolution, Norway, index shares
The figures illustrate the evolution of liquidity during the first half of 2020 for the stocks in the Norwegian OBX (25) index.
Panel A plots the cross-sectional averages of quoted spread, effective spread, realized spread, and price impact (in basis
points). Panel B plots the crossectional averages of depth (in thousand NOK). The gray vertical line marks March 11.

Panel A: Spreads

Panel B: Depth
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Figure A.11: Liquidity evolution, Norway, non-index shares
This figure uses data from outside the OBX index. We use all non-index companies with market capitalization above
median, and with more than 100 trading days in the year.
Panel A plots the cross-sectional averages of quoted spread, effective spread, realized spread, and price impact (in basis
points). Panel B plots the cross-sectional averages of depth (in thousand NOK). The gray vertical line marks March 11.

Panel A: Spreads

Panel B: Depth
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Figure A.12: Liquidity evolution, Spain, index shares
The figures illustrate the evolution of liquidity during the first half of 2020 for the stocks in the Spanish index. Panel A
plots the cross-sectional averages of quoted spread, effective spread, realized spread, and price impact (in basis points).
Panel B plots the cross-sectional averages of depth (in thousand EUR). The gray vertical line marks March 11.

Panel A: Spreads

Panel B: Depth
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Figure A.13: Liquidity evolution, Sweden, index shares
The figures illustrate the evolution of liquidity during the first half of 2020 for the stocks in the Swedish OMX (30) index.
Panel A plots the cross-sectional averages of quoted spread, effective spread, realized spread, and price impact (in basis
points). Panel B plots the cross-sectional averages of depth (in thousand SEK). The gray vertical line marks March 11.

Panel A: Spreads

Panel B: Depth
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Figure A.14: Liquidity evolution, Sweden, non index shares
This figure uses data from outside the main index. We use all non-index companies with market capitalization above
median, and with more than 100 trading days in the year. Panel A plots the cross-sectional averages of quoted spread,
effective spread, realized spread, and price impact (in basis points). Panel B plots the cross-sectional averages of depth (in
thousand SEK). The gray vertical line marks March 11.

Panel A: Spreads

Panel B: Depth
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Figure A.15: Liquidity evolution, UK, FTSE 100 shares
The figures illustrate the evolution of liquidity during the first half of 2020 for the stocks in the FTSE 100 index. Panel
A plots the cross-sectional averages of quoted spread, effective spread, realized spread, and price impact (in basis points).
Panel B plots the cross-sectional averages of depth (in thousand GBP). The gray vertical line marks March 11.

Panel A: Spreads

Panel B: Depth

19

Figure A.16: Liquidity evolution, UK, FTSE 250 shares
The figures illustrate the evolution of liquidity during the first half of 2020 for the stocks in the FTSE 250 index. Panel
A plots the cross-sectional averages of quoted spread, effective spread, realized spread, and price impact (in basis points).
Panel B plots the cross-sectional averages of depth (in thousand GBP). The gray vertical line marks March 11.

Panel A: Spreads

Panel B: Depth
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A4

Additional analysis of the SPY ETF

This section provides supplementary results to the analysis of the SPY ETF contracts in the paper.

A4.1

Illustrating the DiD analysis of margin narrowing

Figure A.17 complements Figure 5 in the paper by illustrating the time periods used in the second
difference in difference analysis, where the margin difference between the U.K. and the U.S. narrows.
Figure A.17: Relative margins for U.S. and U.K. exchanges
The plot shows the time series evolution of differences in margins at the CME and LSE. The margin is presented as a
percentage of the margin requirement on February 1, 2020. The CME margin is for S&P 500 Futures Contracts. Panel B
plots the difference between the two relative margins. The plots show the pre- (March 16 and March 17, 2020) and post(March 18 and March 19, 2020) periods for our difference-in-difference analysis.

Difference between CME and LSE margins.

A4.2

Falsification tests

This section provides the results of falsification tests (placebo analysis) of the DiD regressions for the
SPY contract in Section 6.1.2 in the paper. To perform this analysis we use data for the corresponding
contracts from the calendar month of March in 2019.
So for example, to match the analysis of margin difference narrowing, which uses as a pre-period
March 16-17, 2020 (monday-tuesday) and as a post-period March 18-19, 2020 (wednesday-thursday), we
pick the corresponding week in 2019, using a placebo pre-period March 18-19, 2019 versus a post-period
of March 20-21, 2019. To match the analysis of the margin difference increase, which uses as pre-period
a week in early February of 2020, and as a post-period a week in mid-March of 2020, we do a placebo
analysis comparing the first week in March of 2019 with the last week in the same month.
Table A.3 replicates the analysis in paper comparing data for two separate weeks. The pre-period is
March 4-8, 2019. The post period is March 25-29, 2019.
Table A.4 replicates the analysis in paper comparing data for two separate two-day periods. The
pre-period is March 18-19, 2019. The post period is March 20-21, 2019.
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Table A.3: Difference-in-difference regression for the LSE and NYSE ETFs (falsification
test)
This table reports the results for Difference-in-Difference regressions on changes to liquidity measures in March 2019 for
the CSPX (LSE ETF) and SPY (NYSE ETF), which are ETFs that track the performance of the S&P500 on the LSE
and NYSE, respectively. The dependent variables are Quoted spread, Effective spread, Realized spread and Price impact,
calculated over one hour time intervals. Spreads and price impacts in basis points. We only use the time of the day when
both markets are open. LSE is an indicator variable equal to 1 for the LSE ETF, and 0 for the NYSE ETF. Margin
increase is an indicator variable equal to 1 for the pre period March 4-8, 2019 and 0 for the post period March 25-29, 2019.
***, ** and * denote statistical significance at the 1%, 5% and 10% levels.

Dependent variable:
Quoted Spread
LSE
Margin Increase
LSE x Margin increase
Constant
Observations
Adjusted R2

∗∗

Eff Spread

Realized Spread

Price Impact

∗∗∗

7.72
(3.11)
−0.13
(3.11)
−2.34
(4.39)
1.04
(2.20)

0.78
(0.09)
−0.11
(0.09)
−0.13
(0.13)
0.47∗∗∗
(0.06)

0.37
(0.25)
−0.02
(0.25)
0.03
(0.35)
0.22
(0.18)

0.36
(0.26)
−0.09
(0.26)
−0.14
(0.37)
0.31∗
(0.18)

160
0.04

160
0.46

160
0.01

160
0.002

∗

Note:

p<0.1;

∗∗

p<0.05;

∗∗∗

p<0.01

Table A.4: Difference-in-difference regression for the LSE and NYSE ETFs (falsification
test)
This table reports the results for Difference-in-Difference regressions on changes to liquidity measures in March 2019 for
the CSPX (LSE ETF) and SPY (NYSE ETF), which are ETFs that track the performance of the S&P500 on the LSE
and NYSE, respectively. The dependent variables are Quoted Spread, Effective Spread, Realized Spread and Price impact.
calculated over one hour time intervals. Spreads and price impacts in basis points. We only use the observations from
times of the day when both markets are open. LSE is an indicator variable equal to 1 for the LSE ETF, and 0 otherwise.
Margin narrowing is an indicator variable equal to 1 for the pre-period March 18-19, 2019, and equal to 0 for the post
period March 20-21, 2019. ***, ** and * denote statistical significance at the 1%, 5% and 10% levels.

Dependent variable:
Quoted Spread
LSE
Margin narrowing
LSE x Margin narrowing
Constant
Observations
Adjusted R2

Eff Spread

Realized Spread

Price Impact

∗∗∗

1.22
(0.91)
−0.03
(0.91)
1.59
(1.29)
0.88
(0.65)

0.55
(0.08)
0.003
(0.08)
−0.03
(0.11)
0.34∗∗∗
(0.05)

0.20
(0.17)
−0.06
(0.17)
−0.11
(0.24)
0.22∗
(0.12)

0.32∗
(0.17)
0.06
(0.17)
0.10
(0.24)
0.15
(0.12)

64
0.13

64
0.61

64
−0.005

64
0.11

∗

Note:
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p<0.1;

∗∗

p<0.05;

∗∗∗

p<0.01

A5

A comparison with the 2008 Global Financial Crisis

The market meltdown observed around the corona-virus crisis is often compared to the events of the
2008 Global Financial Crisis. But how comparable is it? In figure A.18 we show a comparison between
liquidity evolution of both the 2008 and 2020 crises. The figures are constructed in event time around
the two events, centered on: The Lehman failure (15 Sep 2008) and the declaration of COVID-19 as a
pandemic (11 Mar 2008). We compare the evolution of quoted spreads, effective spreads and depth. The
clearest pattern that emerges from the figures is that the 2008 crisis was a much longer lived one. Even
after two months, spreads in 2008 were still much higher than before the event. In the COVID-19 event,
whilst liquidity deteriorated much more rapidly, it also recovered much more quickly.1

1 See

Brunnermeier [2009] for a survey of the events of 2007–2008.
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Figure A.18: Comparing liquidity evolution in 2008 and 2020
The figures compare the time series evolution of liquidity during the COVID-19 crises with the evolution of liquidity during the
2008 global financial crisis. The plots are anchored at the event dates (day 0) of The Lehman failure (15 Sep 2008), and the
declaration of COVID-19 as a pandemic (11 Mar 2008). The figure uses data for trading the most liquid stocks in Canada, France,
Germany, Italy, Netherlands, Norway, Spain and Sweden. Note the these estimates do not include US stocks. The plot shows
liquidity measures relative to the two event dates (they are normalized to one at the event date). We illustrate 60 days around
the event dates. The quoted spread is the difference between the best bid and ask, divided by the current midpoint. The effective
spread is the difference between the traded price and the current midpoint, relative to the current midpoint. Depth is the (local
currency) sum of trading interest at the best bid and ask quotes.

Panel A: Quoted Spread

Panel B: Effective spread

Panel C: Depth
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