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Figure E.2: Rolling window correlation VLOOP and VLM

Note: This figure plots the 30- and 252-day rolling window correlation of daily cumulative no-arbitrage deviations
VLOOP (i.e., shadow cost of intermediary constraints) and dealer-intermediated trading volume VLM. The sam-
ple covers the period from 1 November 2011 to 30 September 2022.
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Figure E.3: Rolling window correlation TCOST and VLM
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Note: This figure plots the 30- and 252-day rolling window correlation of daily cumulative round-trip transaction
cost TCOST (i.e., dealers’ compensation for enduring inventory imbalances) and dealer-intermediated trading
volume VLM. The sample covers the period from 1 November 2011 to 30 September 2022.
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Appendix F. Quasi-natural experiment: Swiss franc decap

Table F.1 reports the results from daily panel regressions of the form:

ρk,t = α + η1Dk,t + η2Postt + η3(Dk,t × Postt) + κ′wk,t + ϵk,t, (F.1)

where the dependent variable is the 30-day rolling window correlation of liquidity provision
costs (i.e., VLOOP or TCOST) and dealer-provided trading volume (i.e., VLM), α denotes
the intercept, Dk,t is equal to one if currency pair triplet k contains the Swiss franc, Postt is
one for the time period after the removal of the Swiss franc cap on 15 January 2015, and
η3 is the difference-in-differences (DnD) coefficient. wk,t collects additional control variables
such as the realised variance or Amihud (2002) price impact measure. Except for the case
where ρ = cor(VLOOP, VLM) we find the DnD regression coefficient η3 to be negative and
statistically significant. For instance, after the removal of the Swiss franc cap the correlation
between TCOST and VLM is 54 percentage points lower for currency pair triplets involving
the Swiss franc. Figures F.1 and F.2 illustrate the drop in the rolling window correlation
coefficient based on each of our two liquidity cost measures (i.e., VLOOP or TCOST) after the
removal of the Swiss franc cap.

Figure F.1: Event study: cor(VLOOP, VLM) around the Swiss franc decap
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Note: This figure plots the cross-sectional average of 30-day rolling window correlations of daily VLOOP (i.e.,
shadow cost of intermediary constraints) and dealer-intermediated trading volume VLM. The “Treated” group
comprises currency pair triplets that involve the Swiss franc (i.e., EUR-USD-CHF and GBP-USD-CHF) and the
“Control” group contains the remaining 13 triplets.
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Figure F.2: Event study: cor(TCOST, VLM) around the Swiss franc decap
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Note: This figure plots the cross-sectional average of 30-day rolling window correlations of daily TCOST (i.e.,
dealers’ compensation for enduring inventory imbalances) and dealer-intermediated trading volume VLM.
The “Treated” group comprises currency pair triplets that involve the Swiss franc (i.e., EUR-USD-CHF and
GBP-USD-CHF) and the “Control” group contains the remaining 13 triplets.
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Table F.1: Event study panel regression: Removal of the Swiss franc cap

cor(VLOOP,Volume) cor(TCOST,Volume)

(1) (2) (3) (4) (5) (6)

Intercept ***0.16 ***0.16 ***0.19 ***0.49 ***0.49 ***0.50
[11.55] [11.53] [11.77] [23.38] [23.44] [27.32]

Dk,t 0.03 0.03 0.03 −0.01 0.00 0.00
[1.22] [1.18] [1.38] [0.46] [0.29] [0.18]

Postt **−0.05 **−0.05 −0.03 ***−0.35 ***−0.34 ***−0.34
[2.36] [2.37] [1.60] [12.32] [12.29] [11.31]

Dk,t × Postt 0.01 0.01 0.07 ***−0.56 ***−0.56 ***−0.54
[0.39] [0.40] [1.63] [16.73] [16.95] [16.04]

Realised variance ***0.00 ***0.01 ***−0.01 ***−0.01
[7.04] [7.37] [6.47] [5.62]

Amihud (2002) ***−0.04 −0.02
[5.11] [1.58]

R2 in % 29.15 29.18 31.19 86.29 86.37 86.46
Avg. #Time periods 207 207 207 207 207 207
#Currency triplets 15 15 15 15 15 15

Note: This table reports results from daily panel regressions of the form ρk,t = α + η1Dk,t + η2Postt + η3(Dk,t ×
Postt) + κ′wk,t + ϵk,t, where the dependent variable is the 30-day rolling window correlation of our liquidity cost
measure (i.e., VLOOP or TCOST) and trading volume (i.e., VLM), α denotes the intercept, Dk,t is equal to one if
currency pair triplet k contains the Swiss franc, Postt is one for the time period after the removal of the Swiss
franc cap on 15 January 2015, and η3 is the difference-in-differences coefficient. wk,t collects additional control
variables such as the realised variance or Amihud (2002) price impact measure. The sample covers the period
from 9 May 2014 to 26 February 2015. The test statistics based on Driscoll and Kraay (1998) robust standard errors
allowing for random clustering and serial correlation (using the plug-in procedure for automatic lag selection by
Newey and West, 1994) are reported in brackets. Asterisks *, **, and *** denote significance at the 90%, 95%, and
99% levels.
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Appendix G. Additional empirical results

Table G.1: Summary statistics

Liquidity cost in bps Volume in $bn Bid-ask spread in bps Volatility in bps VLOOP>TCOST in %

VLOOP TCOST Direct Synthetic Direct Synthetic Direct

AUD-USD-JPY 0.23 4.73 0.18 4.93 4.00 5.71 14.13 0.15
AUD-USD-NZD 0.27 5.61 0.09 1.93 4.17 7.25 8.96 0.02
CAD-USD-JPY 0.28 4.50 0.03 5.27 4.10 5.06 12.36 0.36
EUR-USD-AUD 0.19 4.40 0.13 7.47 3.40 5.52 11.30 0.03
EUR-USD-CAD 0.27 4.10 0.08 7.81 3.37 4.88 9.88 0.06
EUR-USD-CHF 0.21 3.91 0.36 6.56 2.60 5.27 6.49 0.09
EUR-USD-DKK 0.14 3.84 0.09 5.98 2.45 5.27 1.79 0.06
EUR-USD-GBP 0.20 4.01 0.59 7.94 3.11 4.89 9.33 0.03
EUR-USD-JPY 0.20 3.78 0.61 9.35 3.03 4.69 11.06 0.59
EUR-USD-NOK 0.27 7.92 0.24 6.06 6.43 9.55 11.66 0.10
EUR-USD-SEK 0.25 6.91 0.27 6.08 5.41 8.45 9.39 0.06
GBP-USD-AUD 0.20 4.95 0.04 3.51 4.03 5.91 12.14 0.02
GBP-USD-CAD 0.27 4.58 0.03 3.85 3.84 5.27 10.59 0.05
GBP-USD-CHF 0.19 4.84 0.03 2.60 3.99 5.66 10.55 0.02
GBP-USD-JPY 0.19 4.35 0.20 5.39 3.71 5.08 12.47 0.52

Note: This table reports the time-series average of hourly triangular no-arbitrage deviations VLOOP in basis
points (bps), round-trip trading costs TCOST in bps, direct trading volume in non-dollar pairs (e.g., AUDJPY) in
$bn, synthetic volume in dollar pairs in $bn, direct and synthetic relative bid-ask spreads, and realised volatility
in non-dollar pairs in bps. By “synthetic” we refer to the sum of trading volumes and relative bid-ask spreads in
two dollar pairs (e.g., USDAUD and USDJPY) within a currency pair triplet. The last column shows the relative
share of VLOOP>TCOST in %. Each row corresponds to a triplet of currency pairs, for example, AUDJPY,
USDAUD, and USDJPY that we abbreviate as AUD-USD-JPY. The sample covers the period from 1 November
2011 to 30 September 2022.
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Table G.2: Comparison EBS vs Olsen bid and ask quotes

RMSE MAE CORR Relative Spread in BPS

BID ASK BID-ASK BID ASK BID-ASK BID ASK BID-ASK Mean EBS Mean Olsen

AUDJPY 0.0841 0.0832 0.0002 0.0584 0.0581 0.0002 0.9996 0.9996 0.4951 3.64 4.89
AUDNZD 0.0007 0.0007 0.0006 0.0005 0.0005 0.0004 0.9997 0.9997 0.7907 8.46 4.17
AUDUSD 0.0006 0.0006 0.0003 0.0005 0.0005 0.0001 0.9996 0.9996 0.4782 2.78 3.91
CADJPY 0.3106 0.3137 0.0005 0.1068 0.1077 0.0002 0.9959 0.9957 0.2005 6.95 5.22
EURAUD 0.0018 0.0014 0.0013 0.0010 0.0009 0.0005 0.9990 0.9994 0.5026 8.51 4.20
EURCAD 0.0014 0.0014 0.0002 0.0010 0.0010 0.0001 0.9994 0.9994 0.5774 3.31 4.29
EURCHF 0.0005 0.0005 0.0001 0.0004 0.0004 0.0001 0.9988 0.9989 0.6383 1.71 2.64
EURDKK 0.0010 0.0010 0.0003 0.0009 0.0009 0.0002 0.9960 0.9958 0.0010 1.81 3.49
EURGBP 0.0007 0.0007 0.0003 0.0005 0.0005 0.0001 0.9999 0.9999 0.3440 3.36 4.06
EURJPY 0.0977 0.0957 0.0002 0.0693 0.0682 0.0002 0.9998 0.9998 0.5209 2.08 3.64
EURNOK 0.0076 0.0075 0.0003 0.0054 0.0054 0.0001 0.9992 0.9992 0.6180 6.32 5.59
EURSEK 0.0056 0.0057 0.0002 0.0040 0.0041 0.0001 0.9996 0.9996 0.7075 4.85 4.20
EURUSD 0.0008 0.0008 0.0002 0.0005 0.0005 0.0002 0.9995 0.9995 0.3831 1.01 2.86
GBPAUD 0.0029 0.0036 0.0031 0.0025 0.0028 0.0028 0.9998 0.9997 0.1396 32.64 4.90
GBPCAD 0.0028 0.0029 0.0027 0.0024 0.0025 0.0026 0.9997 0.9997 0.0749 29.96 4.90
GBPCHF 0.0021 0.0022 0.0028 0.0018 0.0019 0.0027 0.9997 0.9997 0.0698 31.51 4.92
GBPJPY 0.2071 0.2769 0.0021 0.1562 0.1658 0.0012 0.9999 0.9998 0.1793 16.42 4.98
GBPUSD 0.0012 0.0012 0.0003 0.0009 0.0009 0.0001 0.9999 0.9999 0.2774 2.94 3.71
NZDUSD 0.0006 0.0006 0.0004 0.0005 0.0005 0.0001 0.9997 0.9997 0.5816 4.54 4.40
USDCAD 0.0011 0.0011 0.0002 0.0008 0.0008 0.0001 0.9997 0.9997 0.3373 2.89 3.35
USDCHF 0.0007 0.0007 0.0002 0.0005 0.0005 0.0001 0.9993 0.9993 0.4070 2.00 3.33
USDDKK 0.0049 0.0049 0.0004 0.0034 0.0034 0.0003 0.9995 0.9995 0.3739 6.41 3.38
USDJPY 0.0839 0.0824 0.0002 0.0600 0.0592 0.0002 0.9999 0.9999 0.3042 1.24 3.07
USDNOK 0.0091 0.0091 0.0009 0.0067 0.0067 0.0005 0.9992 0.9992 0.5275 10.49 6.33
USDSEK 0.0142 0.0081 0.0017 0.0068 0.0057 0.0003 0.9992 0.9997 0.2824 7.49 5.45

Note: This table reports the root mean squared error (RMSE, columns 1 − 3), the mean absolute error (MAE,
columns 4 − 6), and the pairwise correlation coefficient (CORR, columns 7 − 9) for hourly bid and ask quotes
as well as the hourly average bid-ask spread based on EBS and Olsen data, respectively. The last two columns
report the sample averages of the relative bid-ask spread in basis points (BPS). The sample covers the period
from 4 January 2016 to 30 December 2016.

Table G.3: Correlations in percent

VLOOP TCOST VOD VOS BAD BAS RVD

TCOST ***31.14
VOD ***0.84 ***6.21
VOS ***5.83 ***15.02 ***61.71
BAD ***28.16 ***75.84 ***3.23 ***9.56
BAS ***26.27 ***77.01 ***15.98 ***31.40 ***86.08
RVD ***18.45 ***39.39 ***24.75 ***33.79 ***59.67 ***55.81
RVS ***16.44 ***44.53 ***28.75 ***49.95 ***50.28 ***70.40 ***79.02

Note: This table reports the pairwise Pearson correlation coefficient of hourly triangular no-arbitrage deviations
VLOOP, trading costs TCOST, direct trading volume VOD in non-dollar pairs (e.g., XXXYYY), synthetic trading
volume VOS in dollar pairs (e.g., the average across USDXXX and USDYYY), relative bid-ask spread BAD and
realised volatility RVD in non-dollar pairs, as well as relative bid-ask spreads BAS and realised volatility RVS in
dollar currency pairs in percent (%). Significant correlations at the 90%, 95%, and 99% levels are represented by
asterisks *, **, and ***, respectively. The sample covers the period from 1 November 2011 to 30 September 2022.
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Figure G.1: Comparison EBS vs Olsen bid-ask spreads
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Note: This figure plots the time-series variation in EBS and Olsen hourly average relative bid-ask spreads. Each of
the dots corresponds to one hourly observation in either EBS (black dots) or Olsen (blue dots). The sample covers
the period from 4 January 2016 to 30 December 2016.
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Figure G.2: Comparison EBS- vs Olsen- based VLOOP
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Note: This figure plots the daily cumulative sum of hourly no-arbitrage deviations (VLOOP) computed based on
EBS and Olsen data, respectively. The percentages in the titles report the Pearson correlation coefficient between
the two time-series. The sample covers the period from 4 January 2016 to 30 December 2016.
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Figure G.3: Comparison EBS- vs Olsen- based TCOST
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Note: This figure plots the daily cumulative sum of hourly round-trip transaction costs (TCOST) computed based
on EBS and Olsen data, respectively. The percentages in the titles report the Pearson correlation coefficient
between the two time-series. The sample covers the period from 4 January 2016 to 30 December 2016.
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Figure G.4: No-arbitrage violations and trading volumes
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Note: This figure plots total trading volume VLM against no-arbitrage deviations VLOOP (i.e., shadow cost of
intermediary constraints) for 15 triplets of currency pairs. Currency pair triplets are denoted as XXX-USD-YYY,
consisting of two dollar currency pairs (i.e., USDXXX, and USDYYY) as well as one non-dollar currency pair (i.e.,
XXXYYY). The percentages in the titles report the Pearson correlation coefficient between VLM and VLOOP. Both
time-series correspond to 22-day moving averages. The sample covers the period from 1 November 2011 to 30
September 2022.
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Figure G.5: Round-trip transaction costs and trading volumes
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Note: This figure plots total trading volume VLM against round-trip transaction cost TCOST (i.e., dealers’ com-
pensation for enduring inventory imbalances) for 15 triplets of currency pairs. Currency pair triplets are denoted
as XXX-USD-YYY, consisting of two dollar currency pairs (i.e., USDXXX, and USDYYY) as well as one non-dollar
currency pair (i.e., XXXYYY). The percentages in the titles report the Pearson correlation coefficient between
VLM and TCOST. Both time-series correspond to 22-day moving averages. The sample covers the period from 1
November 2011 to 30 September 2022.
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Figure G.6: Autocorrelated trading volume
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Note: This figure plots the autocorrelation coefficient of total dealer-provided trading volume VLM for 15 triplets
of currency pairs. Currency pair triplets are denoted as XXX-USD-YYY, consisting of two dollar currency pairs
(i.e., USDXXX, and USDYYY) as well as one non-dollar currency pair (i.e., XXXYYY). The solid lines are approxi-
mate 95% confidence bounds. The sample covers the period from 1 November 2011 to 30 September 2022.
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