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ABSTRACT 







2.1 Data 

Table 1: EBS Transactions Data Summary Statistics 

 EUR/USD USD/JPY GBP/USD EUR/JPY USD/CHF AUD/USD

EBS share of electronic 81% 95% 7% 99% 99% 1% 

Electronic share of total 54% 50% 54% 57% 47% 43% 

EBS share of total 44% 48% 4% 57% 47% 1% 

Average Trade Size 4.49m 3.87m 3.57m 4.01m 3.70m 3.55m

Average Bid-Ask Spread 0.017% 0.018% 0.056% 0.060% 0.072% 0.055%



2.2 Time of Day effects 

Table 2: Estimated local trading hours in FX markets 

Trading centre Estimated trading hours (GMT) Futures markets 

United States 13.00-21.00 NYBOT, CME. PHLX 

Europe 07.00-15.00 NYBOT(Dublin) 

Japan 23.00-6.00 TIF (no FX)

Australia 23.00-6.00 ASE



 Simple test of significant excess returns

 Excess returns allowing for heteroscedasticity and autocorrelation
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Table 3: Statistical Properties of Hourly FX Returns 
Time EUR/USD USD/JPY EUR/JPY 
(GMT) Simple GARCH Sign Simple GARCH Sign Simple GARCH Sign 
1.00 -0.041** 0.000 0.415** 0.018* 0.000 0.523* -0.016* 0.000 0.482 
2.00 0.008 -0.034** 0.531** -0.015* 0.019* 0.459** -0.005 -0.010 0.463** 
3.00 0.034** 0.014** 0.591** -0.003 -0.021* 0.483* 0.033** -0.004 0.559** 
4.00 0.019* 0.064** 0.567** 0.007 -0.014* 0.505 0.015 0.038** 0.551** 
5.00 0.000 0.017** 0.480* -0.014 0.003 0.485 -0.007 0.022** 0.475* 
6.00 0.013 -0.002 0.526* -0.005 -0.008 0.483* 0.003 -0.004 0.498 
7.00 0.002 0.016** 0.500 -0.023** -0.007 0.460** -0.026** 0.006 0.464**
8.00 0.002 0.005 0.487 -0.005 -0.020** 0.495 -0.004 -0.014 0.494
9.00 0.000 0.002 0.500 -0.005 0.001 0.509 0.004 -0.003 0.518*
10.00 -0.009 0.001 0.476* 0.013 0.009 0.524* 0.011 0.009 0.506
11.00 -0.053** -0.004 0.403** 0.019* 0.020** 0.536** -0.031** 0.015 0.448** 
12.00 -0.027** -0.049** 0.448** -0.002 0.025** 0.492 -0.025** -0.022** 0.463** 
13.00 0.005 -0.030** 0.496 -0.023** 0.010 0.478* -0.023** -0.028** 0.475* 
14.00 0.019* 0.006 0.510 -0.022** -0.031* 0.479* 0.000 -0.029** 0.502 
15.00 0.006 0.019* 0.511 0.007 -0.014 0.502 0.010 0.002 0.509 
16.00 -0.010 0.010 0.507 0.023** 0.016 0.523* 0.003 0.018 0.528** 
17.00 0.009 -0.005 0.516 0.011 0.035** 0.516 0.019* 0.023* 0.518* 
18.00 0.023** 0.000 0.530** -0.006 0.013* 0.493 0.015 0.022** 0.530** 
19.00 0.030** 0.023** 0.542** -0.003 -0.009 0.487 0.002 0.025** 0.493 
20.00 0.008 0.037** 0.526* 0.002 -0.012* 0.503 0.018* 0.009 0.524* 
21.00 0.009 0.005 0.521* 0.013 0.003 0.530** 0.009 0.003 0.523* 
22.00 -0.004 0.011* 0.499 0.006 0.013** 0.500 -0.001 0.011* 0.490 
23.00 -0.014* -0.002 0.460** 0.014 -0.002 0.518* 0.002 -0.005 0.488 
00.00 -0.015* -0.018* 0.459** 0.005 0.015** 0.513 0.002 0.005 0.493 
 GBP/USD CHF/USD AUD/USD 
 Simple GARCH Sign Simple GARCH Sign Simple GARCH Sign 
1.00 -0.020** 0.000 0.458** 0.015* 0.000 0.524** -0.024** 0.000 0.439** 
2.00 0.006 -0.023** 0.512 -0.001 0.020** 0.484* -0.003 -0.025** 0.512 
3.00 0.016** -0.001 0.569** -0.026** -0.004 0.461** -0.004 -0.001 0.513 
4.00 0.008 0.018** 0.539** -0.006 -0.027** 0.473** 0.003 -0.004 0.533* 
5.00 0.003 0.007 0.495 -0.003 -0.013** 0.498 0.007 0.004 0.533* 
6.00 -0.001 0.004 0.489 0.001 -0.001 0.505 0.002 0.010 0.511 
7.00 -0.016** -0.002 0.475* 0.016* 0.002 0.512 0.008 0.002 0.550** 
8.00 -0.021** -0.017** 0.474** -0.003 0.014* 0.503 0.001 0.004 0.500 
9.00 -0.002 -0.022** 0.494 0.001 0.002 0.506 0.021* 0.002 0.510
10.00 -0.012* -0.003 0.482* 0.017* 0.006 0.526** -0.001 0.023* 0.461*
11.00 -0.012* -0.011 0.477* 0.043** 0.020* 0.580** -0.016 0.004 0.459**
12.00 -0.008 -0.005 0.488 0.021** 0.050** 0.538** 0.004 -0.016 0.487
13.00 0.009 -0.011 0.500 -0.009 0.026** 0.497 0.010 0.004 0.516 
14.00 0.027** 0.011 0.518* -0.023** -0.010 0.471** -0.001 0.014 0.507 
15.00 0.008 0.028** 0.508 -0.018* -0.020* 0.487 -0.005 -0.004 0.498 
16.00 -0.003 0.020* 0.498 0.021** -0.016 0.520* 0.000 -0.010 0.525 
17.00 0.013* -0.002 0.513 -0.003 0.003 0.494 0.003 0.002 0.504 
18.00 0.005 0.015* 0.506 -0.015* -0.013 0.474** -0.008 0.004 0.476 
19.00 0.017** 0.016* 0.542** -0.030** -0.019* 0.461** 0.006 -0.008 0.538* 
20.00 0.008 0.020** 0.511 -0.011 -0.028** 0.478* 0.005 0.006 0.524 
21.00 0.007 0.012* 0.517 0.000 -0.014* 0.510 0.001 0.008 0.493 
22.00 0.004 0.010** 0.506 0.002 0.005 0.489 -0.003 0.001 0.430** 
23.00 -0.007 0.002 0.448** -0.004 -0.002 0.499 -0.008 -0.002 0.470 
00.00 -0.009 -0.009** 0.469* 0.006 0.002 0.511 -0.007 -0.007 0.491 

 
  



Figure 1: Cumulative Returns over average day (GMT) 
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Table 4: Statistical Properties of trading day returns 

 Time Period Average Return Share Positive 
EUR/USD  7.00-13.00 -0.084** 0.44** 

13.00-21.00 0.100** 0.53** 
USD/JPY  23.00-6.00 0.017** 0.51 

13.00-21.00 0.000 0.5 
EUR/JPY  7.00-15.00 .029** 0.52 

23.00-6.00 -0.057** 0.48** 
GBP/USD  7.00-13.00 -0.071** 0.45** 

13.00-21.00 0.092** 0.55** 
USD/CHF  13.00-21.00 0.095** 0.56** 

7.00-13.00 -0.088** 0.48 
AUD/USD  23.00-6.00 -0.028** 0.50 

13.00-21.00 0.016** 0.52** 

** indicate statistical significance at the 5% level 

2.3 Stability through time 



Figure 2: Trading Day effect through time (EUR/USD) 

Table 5: Trading Returns from a basic trading day strategy 
 Time period Average return 
EUR/USD  Short 7.00-13.00 0.06%

Long 13.00-21.00 0.07%
USD/JPY  Long 23.00-6.00 -0.13%

Short 13.00-21.00 -0.05%
EUR/JPY  Short 7.00-15.00 -0.05%

Long 23.00-6.00 -0.42%
GBP/USD  Short 7.00-13.00 -0.12%

Long 13.00-21.00 -0.08%
USD/CHF  Long 13.00-21.00 -0.08%

Short 7.00-13.00 -0.02%
AUD/USD  Short 23.00-6.00 -0.51%

Long 13.00-21.00 -0.50%
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4.1 Time of day effects in FX order flow 



Table 6: Statistical Properties of Hourly Order Flow 
 EUR/USD USD/JPY EUR/JPY 
 Average      Sign Average      Sign Average      Sign 
1.00 -3.067** 0.467** -0.164** 0.523* -0.396** 0.542** 
2.00 -2.341 0.541** 12.506** 0.459** 2.097 0.511 
3.00 1.116* 0.558** 4.591** 0.483* 0.486 0.542** 
4.00 1.336 0.536** 2.356 0.505 0.595* 0.510 
5.00 -0.994** 0.491 -0.831 0.485 -0.951 0.506 
6.00 -2.050 0.512 -0.077** 0.483* -0.909** 0.489 
7.00 -0.366 0.488 1.637* 0.460** -1.391* 0.478* 
8.00 -0.563* 0.473* 1.145** 0.495 -1.165* 0.496 
9.00 -1.777** 0.443** 2.368** 0.509 1.016** 0.504 
10.00 -2.636 0.476* 1.371** 0.524* 1.320** 0.500 
11.00 -0.519** 0.448** 1.986 0.536** 1.466* 0.478* 
12.00 -3.268 0.481* 0.536* 0.492 -1.135 0.477* 
13.00 -0.901* 0.497 -1.421 0.478* -0.121 0.487
14.00 1.495** 0.492 -0.923** 0.479* 0.206** 0.521*
15.00 2.412** 0.492 1.403** 0.502 2.611** 0.524*
16.00 2.456** 0.524* 3.542** 0.523* 2.930** 0.525*
17.00 5.399** 0.534** 2.899 0.516 2.088 0.504 
18.00 4.391** 0.570** -1.191** 0.493 0.335* 0.475* 
19.00 3.618** 0.542** -4.415** 0.487 -1.310** 0.471** 
20.00 1.781 0.527* -5.841** 0.503 -1.720** 0.494 
21.00 0.486 0.514 -5.366** 0.530** -1.399** 0.495 
22.00 -1.171** 0.472** -5.393** 0.500 -1.648** 0.485 
23.00 -3.428** 0.445** -6.642** 0.518* -1.570** 0.491 
00.00 -4.477** 0.470** -4.241 0.513 -1.832 0.493 
 GBP/USD CHF/USD AUD/USD 
 Average Sign Average Sign Average Sign 
1.00 -0.074 0.498 -1.614 0.530** -0.043 0.509 
2.00 -0.070 0.530* -0.373** 0.482* 0.018** 0.558** 
3.00 0.130* 0.549** -1.286** 0.449** 0.228** 0.582** 
4.00 0.214 0.525* -1.890** 0.454** 0.219 0.540* 
5.00 0.007 0.499 -1.708** 0.478* 0.099* 0.547*
6.00 -0.045 0.496 -1.656** 0.489 0.148* 0.530
7.00 -0.018 0.479* -1.401 0.512 0.148 0.514
8.00 -0.124** 0.468** -0.300* 0.510 0.094 0.480
9.00 -0.329* 0.485 0.666** 0.512 -0.028 0.489 
10.00 -0.286** 0.483 1.126** 0.525** -0.095* 0.471 
11.00 -0.367 0.487 1.353** 0.555** -0.144* 0.481 
12.00 -0.216 0.491 2.136** 0.526** -0.120 0.500 
13.00 0.062 0.505 1.403** 0.515 -0.050 0.508 
14.00 0.173** 0.523* 1.280** 0.519* 0.003 0.459* 
15.00 0.380 0.510 2.472** 0.511 -0.106** 0.463* 
16.00 0.199 0.501 2.271** 0.509 -0.182 0.505 
17.00 0.076 0.515 2.221* 0.502 -0.052 0.471 
18.00 0.152 0.502 0.694** 0.475* -0.025 0.514 
19.00 0.067 0.516 -1.118* 0.474** -0.026 0.470 
20.00 0.034 0.505 -0.798* 0.483* -0.033 0.478 
21.00 0.062 0.510 -0.819** 0.492 0.012 0.518 
22.00 0.044 0.464* -1.272** 0.490 0.026 0.414** 
23.00 -0.054 0.455* -1.448** 0.486 -0.041 0.425** 
00.00 -0.089 0.449** -1.551** 0.494 -0.092 0.499 
Average: average order flow on hourly basis and related tstat for equality in means (** significance at 1%, * 
significance at 5% level) Sign: Proportion of positive order flow and binomial test (** significance at 1%, * 
significance at 5% level) 
  



4.2 The order flow returns relationship 

Figure 2: Cumulative order flow and returns on average day (GMT)  
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Table 7: Estimates of Returns Order flow relationship (order flow /10000) 

  Return equation Coeff t-Statistic Order flow equation Coeff t-Statistic 

AUDUSD Return Lagged -0.013 -2.836 Return Lagged -0.023 -25.306

OF 0.481 21.392 

OF lagged -0.481 -20.993 OF lagged 0.300 230.555 

Adj. R-sq. 0.010 Adj. R-sq. 0.060 

USDCHF Return Lagged -0.069 -20.575 Return Lagged -0.278 -66.084 

OF 0.276 97.534 

OF lagged -0.020 -6.638 OF lagged 0.159 41.031 

Adj. R-sq. 0.090 Adj. R-sq. 0.028 

EURJPY Return Lagged -0.127 -35.275 Return Lagged -0.108 -17.166 

OF 0.327 162.137 

OF lagged -0.006 -2.448 OF lagged 0.183 41.177 

Adj. R-sq. 0.238 Adj. R-sq. 0.016 

EURUSD Return Lagged -0.088 -28.188 Return Lagged -0.680 -70.633 

OF 0.028 22.220

OF lagged -0.008 -6.195 OF lagged 0.201 46.988 

Adj. R-sq. 0.010 Adj. R-sq. 0.063 

GBPUSD Return Lagged -0.086 -24.152 Return Lagged -0.039 -19.844 

OF 0.399 57.898 

OF lagged -0.022 -3.169 OF lagged 0.171 43.533 

Adj. R-sq. 0.042 Adj. R-sq. 0.014 

USDJPY Return Lagged 0.053 15.808 Return Lagged -0.543 -66.427 

OF 0.224 155.318 

OF lagged -0.047 -28.221 OF lagged 0.171 40.937 

Adj. R-sq. 0.188 Adj. R-sq. 0.029 



Table 8: Intraday patterns in order flow adjusted returns 

  Time Period 
Average 
Return t-Stat Prob t-Stat 

EUR/USD  7.00-13.00 0.0098 -0.0385 0.9693 

13.00-21.00 0.0004 0.0733 0.9416 

USD/JPY  23.00-6.00 0.0003 0.0790 0.9370 

13.00-21.00 0.0003 0.0621 0.9505 

EUR/JPY  7.00-15.00 -0.0006 -0.1317 0.8953 

23.00-6.00 0.0001 0.0481 0.9616 

GBP/USD  7.00-13.00 -0.0001 0.4000 0.6892 

13.00-21.00 0.0004 0.0733 0.9416 

USD/CHF  13.00-21.00 -0.0002 -0.0323 0.9742 

7.00-13.00 -0.0005 -0.0861 0.9314 

AUD/USD  23.00-6.00 -0.0002 -0.0002 0.9999 

13.00-21.00 0.0000 0.0082 0.9935 

5.1 Data from a single market maker 



Table 6: Average Order Flow imbalance in local trading hours: BNP Paribas data 
 EUR/USD USD/JPY EUR/JPY GBP/USD USD/CHF AUD/USD 

European-based  -1.7% -1.5% +0.3% -1.0%  

US-based   0.1% -3.1%* +1.7% -1.7% +0.7% 

Asia/Australasia-based   6.8%* 3.8%*   -4.0%* 

Order flow imbalance = (buys-sells)/(buys+sells) is for customers of a given geographic location in their own 
trading hours. * indicates that imbalance is statistically significant at the 5% level based on a difference in means 
test versus mean imbalance of aggregate order flow over whole trading day 

5.2 Data from the Treasury International Capital System 

 

 



Table 7: Evidence from US cross-border equity flow data  
 EUR/USD USD/JPY GBP/USD USD/CHF AUD/USD 

Average Net Purchases of US equity by 
foreigners (% of holdings, AR) 

6.0% 1.9% 14.3% 3.1% 2.1% 

Average Net Purchases of foreign equity by 
US (% of holdings, AR) 

0.1% 6.3% 4.2% 0.3% 3.4% 

Correlation of return in US time with US 
purchases 

0.13* 0.04 0.11 0.10 0.09 

Correlation of return in foreign time with 
foreign purchases 

0.18** 0.06 -0.03 0.07 0.18** 

Average net purchases shows average net purchases by country X of US equity( or US purchases of country X 
equity) as a percentage of estimated average holdings of US equity by country X (or holding of country X equity 
by the US) Correlation of average mid-quote return from intraday strategy with net equity purchases that month. 
*,** indicates significance at 10% and 5% level respectively. All flow and stock data from TIC 
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