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1. Introduction 

Abnormal price changes in financial markets are of interest to both academics and 

practitioners. The former aim to gain a deeper understanding of such anomalies by 

analysing their drivers (Mynhardt and Plastun, 2013;), the existence of market 

overreactions (De Bondt and Thaler, 1985;), possible patterns in price behaviour 

resulting from them (Bremer and Sweeney, 1991; Ferri and C. Min, 1996; Caporale 

et al., 2018) and their effects on market participants (Savor, 2012; Feldman et al., 

2012). The latter seek to exploit them by developing profitable trading strategies 

(Lehmann, 1990; Jegadeesh and Titman, 1993; Pritamani and Singhal, 2001, 

Caporale et al., 2018). 

The aim of the present paper is to examine whether overreactions exist and are 

exploitable by means of suitable trading strategies in the case of the Foreign 

Exchange market (FOREX), focusing in particular on the EURUSD, USDJPY, 

USDCAD, AUDUSD and EURJPY exchange rates over the period 01.01.2008-

31.12.2018 and using both daily and intraday data. Overreactions are defined by 

using a dynamic trigger approach (Wong, 1997) and are classified as positive and 

negative. Then various hypotheses of interest are tested to establish whether or not 

the intraday behaviour of hourly returns on overreaction days differs from that on 

normal days, and whether or not there are detectable patterns in intraday price 

dynamics on overreaction days and on the following days. For this purpose a variety 

of statistical methods are used, including cumulative abnormal returns. Finally, a 

trading simulation approach is used to establish whether or not any detected 

anomalies can be exploited to generate profits by designing appropriate trading 

strategies. This type of analysis recognises that trading is an integral part of the 

process through which exchange rates are determined and evolve, and provides 

crucial information for understanding asset price dynamics and the degree of market 

efficiency. 

The remainder of the paper is organised as follows. Section 2 contains a brief 

review of the literature on price overreactions in financial markets. Section 3 

describes the methodology. Section 4 discusses the empirical results. Section 5 

provides some concluding remarks. 

 

2. Literature Review 

Abnormal price changes in financial markets were first examined by De Bondt and 

Thaler (1985), who showed that the best (worst) performing portfolios in the NYSE 

over a three-year period tended to under(over)-perform in the following three years. 

Subsequently, numerous papers have analysed overreactions in different markets 

(stock market, FOREX, commodities etc.) and different countries (both developed 
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and emerging), at different frequencies (daily, weekly, monthly etc.) and for different 

assets (exchange rates, stock
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In order to avoid distortions caused by price gaps, returns (𝑅𝑖) are computed as 

follows: 

 

Ri = (
Closei

Openi
-1) × 100% ,      (1) 

where  ± returns on the і-th day in %; 

 Openi±   

і-th  
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 6WXGHQW¶V�W-tests; 

 A cumulative abnormal returns approach; 

 A trading simulation approach. 

The cumulative abnormal returns approach is based on MacKinlay (1997) and 

is standard for event studies. Abnormal returns are defined as follows: 

𝐴𝑅𝑡 = 𝑅𝑡 − 𝐸(𝑅𝑡)    (6) 

where 𝑅𝑡 is the return at time t and 𝐸(𝑅𝑡) is corresponding average return 

computed over the whole sample period as follows: 

𝐸(𝑅𝑡) = (
1

𝑇
) ∑ 𝑅𝑖

𝑇
𝑖=1       (7) 

where 𝑇 is the sample size. 

The cumulative abnormal return denoted as 𝐶𝐴𝑅𝑖 is simply the sum of the 

abnormal returns: 

𝐶𝐴𝑅𝑖 = ∑ 𝐴𝑅𝑖 
24
𝑖=1      (8) 

Parametric t-tests are also carried out for Hypothesis 1. The Null Hypothesis 

(H0) is that the data (hourly returns on the overreaction day and in the full sample) 

belong to the same population, a rejection of the null suggesting the presence of a 

statistical anomaly in the price behaviour on the overreaction day
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daily return can be seen as an overreaction according to our definition): it is 7.00pm 

in the case of positive overreactions and 5.00pm in the case of negative ones.  

Concerning price behaviour on the day after the overreaction, average hourly 

returns after a positive overreaction are much lower than on normal days during the 

first hours of the following day (Figure B.1), and these differences are statistically 

significant (Table B.1); the negative overreaction results also provide evidence of 

contrarian movement (Figure B.2 and Table B.2). 

The cumulative abnormal returns analysis suggests contrarian movements at 

specific times, namely from the start of the day till the beginning of the European 

session (Table B.3). This is true for the both positive and negative overreactions (see 

Figure B.3). 

The same type of analysis is carried out for USDJPY (Appendices C and D), 

USDCAD (Appendices E and F), AUDUSD (Appendices G and H) and EURJPY 

(Appendices I and J). These results are summarised in Table 1 (for positive 

overreactions) and Table 2 (for negative overreactions). 

 

Table 1: Overall results for the case of positive overreactions 

Parameter/Exchange rate EURUSD USDJPY USDCAD AUDUSD EURJPY 

Day of the overreaction 

Are there significant 

differences in returns 

(overreaction day vs usual 

day)? 

Yes Yes Yes Yes Yes 

Are these differences 

statistically significant? 

Yes. Observed 

during almost 

all the European 

and US trading 

sessions and 

half of the Asian 

session 

Yes. 

Observed 

during 

almost the 

whole day. 

Yes. Observed 

during almost 

all the European 

and US trading 

sessions and 

half of the Asian 

session 

Yes. 

Observed 

during 

almost the 

whole day. 

Yes. Observed 

during almost 

all the European 

and US trading 

sessions and 

half of the Asian 

session 

Any patterns in 

cumulative abnormal 

returns dynamics? 

Yes. CAR 

increase till the 

end of the day 

Yes. CAR 

increase till 

the end of 

the day 

Yes. CAR 

increase till the 

end of the day 

Yes. CAR 

increase till 

the end of 

the day 

Yes. CAR 

increase till the 

end of the day 
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Table 2: Overall results for the case of negative overreactions 

Parameter/ Exchange rate EURUSD USDJPY USDCAD AUDUSD EURJPY 

Day of the overreaction 

Are there significant 

differences in returns 

(overreaction day vs usual 

day)? 

Yes Yes Yes Yes Yes 

Do these differences 

statistically significant? 

Yes. Observed 

during almost all 

the European and 

US trading 

sessions and a 

half of the Asian 

session 

Yes. 

Observed 

during 

almost the 

whole 







 10 

As can be seen, the detect
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Appendix A 

EURUSD: day of overreaction 

Table A.1: Descriptive statistics for EURUSD data: daily, hourly, days with 

positive and negative returns 

Parameter Daily data 

Positive 

days 

Negative 

days 

Hourly 

data 

Positive days 

(hourly data) 

Negative days 

(hourly data) 

 Mean -0.0001 0.0045 -0.0048 0.0000 0.0002 -0.0002 

Standard error 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 

 Median 0.0001 0.0033 -0.0037 0.0000 0.0001 -0.0001 

Mode 0 0 0 0 0 0 

 Std. Dev. 0.0063 0.0043 0.0042 0.0013 0.0013 0.0013 

Variance 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

 Kurtosis 2.2121 7.2611 3.1314 12.8767 13.4662 11.9229 

 Skewness 0.1424 2.1538 -1.5873 
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Figure A.2: Average hourly returns on overreaction and normal days: the case 

of negative overreactions 

 

Table A.2: t-test of hourly returns on overreaction and normal days: the case of 

positive overreactions 

Hour 

Average 

return on 

positive 

overreaction 

day (OD) 

 Standard 

deviation 

(OD) 

Number of 

observations 

(OD) 

Average 

return on 

usual day 

with positive 

returns (UD) 

Standard 

deviation 

(UD) 

Number of 

observation 

(UD) 

t 

criterion 

0:00 0.0002 0.0012 67 0.0001 0.0008 1400 0.84 
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Table A.3: t-
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Table A.4: Cumulative abnormal returns: the case of positive and negative 

overreactions 

Hour 

Positive overreactions Positive overreactions 

Abnormal 

returns 
CAR 

Overreaction 

cross 

Abnormal 

returns 
CAR 

Overreaction 

cross 
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Figure B.2: Average hourly returns on the day after the overreaction and 

normal days: the case of negative overreactions 

 

Table B.2: t-test of hourly returns on the day after the overreaction and normal 

days: the case of negative overreactions 

Hour 

Average 

return on 

day after 

negative 

overreaction 

(OD) 

 Standard 

deviation 

(OD) 
Number of 

observations 

(OD) 

Average 

return on 

usual day 

(UD) 

Standard 

deviation 

(UD) 
Number of 

observation 

(UD) 

t 

criterion 

0:00 0.0003 0.0013 67 0.0000 0.0008 2700 1.84 

1:00 -0.0002 0.0018 67 0.0000 0.0009 2700 -0.64 

2:00 0.0001 0.0017 67 0.0000 0.0010 2700 0.44 

3:00 0.0003 0.0014 67 0.0001 0.0009 2700 1.16 

4:00 0.0000 0.0017 67 0.0001 0.0008 2700 -0.46 

5:00 0.0001 0.0014 67 0.0000 0.0009 2700 0.51 

6:00 -0.0001 0.0019 67 0.0000 0.0008 2700 -0.47 
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Appendix C 

USDJPY: day of overreaction 

Table C.1: Descriptive statistics for USDJPY data: daily, hourly, days with 

positive and negative returns 

Parameter Daily data 

Positive 

days Negative days 

Hourly 

data 

Positive days 

(hourly data) 

Negative days 

(hourly data) 

 Mean 0.0000 0.0048 -0.0047 0.0000 0.0002 -0.0002 

Standard error 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 

 Median 0.0000 0.0035 -0.0034 0.0000 0.0001 -0.0001 

Mode 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

 Std. Dev. 0.0067 0.0047 0.0048 0.0014 0.0013 0.0014 

Variance 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

 Kurtosis 5.0065 13.9334 9.7566 35.9994 30.9203 39.6193 

 Skewness -0.0230 2.6508 -2.5004 -0.6223 1.7519 -2.4414 

 Minimum -0.0377 0.0000 -0.0377 -0.0303 -0.0145 -0.0303 

 Maximum 0.0535 0.0535 0.0000 0.0349 0.0349 0.0166 

 Sum 0.0632 6.7060 -6.6428 0.0539 6.2795 -6.2222 

 Observations 2822 1410 1417 64992 32543 32576 

 

Figure C.1: Average hourly returns on overreaction and normal days: the case 

of positive overreactions, USDJPY 
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Figure C
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Appendix D 

USDJPY: day after the overreaction 

Figure D.1: Average hourly returns on the day after the overreaction and 

normal days: the case of positive overreactions, USDJPY 

 
Table D.1: t-test of hourly returns on the day after the overreaction and normal 

days: the case of positive overreactions, USDJPY 

Hour 

Average 

return on 

day after 

positive 

overreaction 

(OD) 
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Figure D.2: Average hourly returns on the day after the overreaction and 

normal days: the case of negative overreactions, USDJPY 

 

 

Table D.2: t-test of hourly returns on the day after the overreaction and normal 

days: the case of negative overreactions, USDJPY 

Hour 

Average 

return on 

day after 

negative 

overreaction 

(OD) 

 Standard 

deviation 

(OD) 
Number of 

observations 

(OD) 

Average 

return on 

usual day 

(UD) 

Standard 

deviation 

(UD) 
Number of 

observation 

(UD) 

t 

criterion 

0:00 0.0008 0.0024 58 0.0001 0.0011 2500 2.31 

1:00 0.0008 0.0029 58 0.0000 0.0013 2500 2.01 

2:00 0.0004 0.0025 58 0.0000 0.0013 2500 1.44 

3:00 0.0005 0.0020 58 0.0000 0.0015 2500 2.05 

4:00 
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Figure D.3: Dynamics of cumulative abnormal returns, USDJPY  

 

Table D.3: Cumulative abnormal returns: the case of positive and negative 

overreactions, USDJPY 

Hour 

Positive overreactions Negative overreactions 

Abnormal 

returns 

Cumulative 

abnormal returns 

Abnormal 

returns 

Cumulative 

abnormal returns 

0:00 0.0000 0.0000 0.0007 0.0007 

1:00 -0.0006 -0.0006 0.0008 0.0015 

2:00 -0.0005 -0.0011 0.0005 0.0020 

3:00 0.0001 -0.0011 0.0005 0.0025 

4:00 -0.0004 -0.0015 -0.0002 0.0023 

5:00 -0.0007 -0.0022 -0.0001 0.0022 

6:00 0.0001 -0.0021 -0.0001 0.0022 

7:00 -0.0001 -0.0022 -0.0002 0.0019 

8:00 0.0004 -0.0018 0.0001 0.0021 

9:00 0.0003 -0.0015 0.0004 0.0024 

10:00 0.0000 -0.0015 -0.0002 0.0022 

11:00 0.0000 -0.0015 -0.0003 0.0019 

12:00 0.0003 -0.0012 -0.0003 0.0015 

13:00 0.0000 -0.0012 0.0000 0.0015 

14:00 -0.0002 -0.0013 0.0007 0.0022 

15:00 0.0003 -0.0011 0.0001 0.0023 

16:00 0.0004 -0.0006 0.0003 0.0026 

17:00 -0.0002 -0.0009 0.0005 0.0031 

18:00 -0.0002 -0.0011 -0.0003 0.0029 

19:00 0.0003 -0.0008 -0.0001 0.0028 

20:00 0.0001 -0.0007 0.0002 0.0030 

21:00 -0.0002 -0.0009 -0.0001 0.0030 

22:00 0.0002 -0.0007 0.0001 0.0031 

23:00 -0.0003 -0.0010 0.0001 0.0032 
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Appendix E 

USDCAD: day of overreaction 

Table E.1: Descriptive statistics for USDCAD data: daily, hourly, days with 

positive and negative returns 

Parameter Daily data 

Positive 

days 

Negative 

days Hourly data 

Positive days 

(hourly data) 

Negative days 

(hourly data) 

 Mean 0.0001 0.0045 -0.0044 0.0000 0.0002 -0.0002 

Standard error 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 

 Median 0.0001 0.0033 -0.0034 0.0000 0.0001 -0.0001 

Mode 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

 Std. Dev. 0.0062 0.0044 0.0041 0.0013 0.0013 0.0013 

Variance 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

 Kurtosis 3.1043 7.2564 6.8753 14.0036 11.7443 



 28 

Figure E.2: Average hourly returns on overreaction and normal days: the case 

of negative overreactions, USDCAD 

 

Table E.2: t-test of hourly returns on overreaction and normal days: the case of 

positive overreactions, USDCAD 

Hour 

Average 
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Table E.3: t-test of hourly returns on overreaction and normal days: the case of 

negative overreactions, USDCAD 

Hour 

Average 

return on 

negative 

overreaction 

day (OD) 

 Standard 

deviation 

(OD) 

Number of 

observations 

(OD) 

Average 

return on 

usual day 

with negative 

returns (UD) 

Standard 

deviation 

(UD) 

Number of 

observation 

(UD) 

t 

criterion 

0:00 -0.0001 0.0011 60 0.0000 0.0007 2700 -1.04 

1:00 0.0000 0.0016 60 0.0000 0.0008 2700 0.12 

2:00 -0.0007 0.0019 60 -0.0001 0.0009 2700 -2.79 

3:00 -0.0002 0.0014 60 -0.0001 0.0008 2700 -0.47 

4:00 -0.0003 0.0014 60 -0.0001 0.0008 2700 -1.05 

5:00 -0.0002 0.0015 60 -0.0001 0.0007 2700 -0.62 
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Table F.2: t-
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Appendix G 

AUDUSD: day of overreaction 

Table G.1: Descriptive statistics for AUDUSD data: daily, hourly, days with 

positive and negative returns 

Parameter 
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Figure G.2: Average hourly returns on overreaction and normal days: the case 

of negative overreactions, AUDUSD 

 

Table G.2: tr4ET

Q

q

0.000008871 0 595.32 urly
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Table G.4: Cumulative abnormal returns: the 
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Appendix I 
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Figure I.2: Average hourly returns on overreaction and normal days: the case of 

negative overreactions, EURJPY 

 

Table I.2
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Table I.3: t-test of hourly returns on overreaction and normal days: the case of 

negative overreactions, EURJPY 

Hour 

Average 
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Figure J.2: Average hourly returns on the day after the overreaction and normal 

days: the case of negative overreactions, EURJPY 

 

Table J.2: t-test of hourly returns on the day after the overreaction and normal 

days: the case of negative overreactions, EURJPY 

Hour 

Average 

return on 

day after 

negative 

overreaction 

(OD) 

 Standard 

deviation 

(OD) 
Number of 

observations 

(OD) 

Average 

return on 

usual day 

(UD) 

Standard 

deviation 

(UD) 
Number of 

observation 

(UD) 

t 

criterion 

0:00 0.0005 0.0032 58 0.0001 0.0013 2500 0.95 

1:00 0.0005 0.0037 58 0.0000 0.0016 2500 1.06 

2:00 0.0004 0.0032 58 0.0000 0.0016 2500 1.14 

3:00 0.0002 0.0025 58 0.0000 0.0016 2500 0.47 

4:00 0.0002 0.0028 58 0.0000 0.0014 2500 0.65 

5:00 0.0001 0.0028 58 -0.0001 0.0016 2500 0.45 

6:00 -0.0004 0.0034 58 0.0000 0.0014 2500 -0.98 

7:00 -0.0001 0.0028 58 0.0000 0.0013 2500 -0.29 

8:00 0.0003 0.0033 58 0.0000 0.0017 2500 0.80 

9:00 0.0005 0.0042 58 0.0000 0.0021 2500 0.80 

10:00 0.0006 0.0033 58 0.0000 0.0021
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Figure J.3: Dynamics of cumulative abnormal returns, EURJPY 

 

Table J.3: Cumulative abnormal returns: the case of positive and negative 

overreactions, EURJPY 

Hour 

Positive overreactions Negative overreactions 

Abnormal 

returns 

Cumulative 

abnormal returns 

Abnormal 

returns 

Cumulative 

abnormal returns 

0:00 -0.0005 -0.0005 0.0004 0.0004 

1:00 -0.0010 -0.0014 0.0005 0.0009 

2:00 -0.0008

 

-

0.0008


