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Abstract 
 
This paper explores price (momentum and contrarian) effects on the days characterised by 
abnormal returns and the following ones in two commodity markets. Specifically, using daily 
Gold and Oil price data over the period 01.01.2009-31.03.2020 the following hypotheses are 
tested: H1) there are price effects on days with abnormal returns, H2) there are price effects on 
the day after abnormal returns occur; H3) the price effects caused by abnormal returns are 
exploitable. For these purposes average analysis, t-tests, CAR and trading simulation approaches 
are used. The main results can be summarised as follows. Hourly returns during the day of 
abnormal returns are significantly bigger than those during average “normal” days. Prices tend 
to move in the direction of abnormal returns till the end of the day when these occur. The 
presence of abnormal returns can usually be detected before the end of the day by estimating 
specific timing parameters, and a momentum effect can be detected. On the following day two 
different price patterns are detected: a momentum effect for Oil prices and a contrarian effect for 
Gold prices respectively. Trading simulations show that these effects can be exploited to 
generate abnormal profits. 
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1. Introduction 

 
The Efficient Market Hypothesis (EMH) developed by Fama (1970) remains the 
dominant paradigm to understand asset price behaviour. It implies that prices should 
follow a random walk without any detectable patterns that can be exploited to 
generate abnormal profits. However, over the last 50 years a growing body of 
evidence has pointed to the existence of various anomalies (such as calendar and size 
effects, momentum and contrarian effects, market over- and underreactions, 
announcement drifts etc.) that appear to be inconsistent with the EMH. For instance, 
Gao et al. (2018) found higher predictability in the US stock market on days with 
higher volatility and transaction volumes, as well as on days when important 
macroeconomic news are released. There is also extensive evidence of momentum 
and contrarian effects in various financial markets (Caporale and Plastun, 2019; Wan 
and Kao, 2019; Cox and Peterson, 1994; Govindaraj et al., 2014), and of possible 
profitable trading strategies exploiting them.  

Much less is known about price anomalies in the commodity markets given the 
dearth of papers analysing them. One of the few exceptions is the study due to Ham 
et al. (2019) who show that momentum effects in the Chinese commodity futures 
market can be exploited to make abnormal profits. The present paper contributes to 
this limited literature by examining whether there exist price (momentum or 
contrarian) effects after one-day abnormal returns in the case of Oil and Gold daily 
prices over the period 01.01.2009-01.09.2019. A number of hypotheses of interest are 
tested, namely H1) there are price effects on days with abnormal returns, H2) there 
are price effects on the day after abnormal returns occur; H3) the price effects caused 
by abnormal returns are exploitable. For these purposes average analysis, t-tests, 
cumulative abnormal returns (CAR) and trading simulation approaches are used (see 
Caporale and Plastun (2020a,b) for a similar type of analysis in the case of the 
cryptocurrency and Forex markets respectively).  

The results suggest that hourly returns on the days with abnormal returns are 
significantly bigger than those during average “normal” days. A momentum effect is 
detected for both Oil and Gold prices on the days with abnormal returns, i.e. prices 
tend to move in the direction of abnormal returns till the end of the day when these 
occur. Price effects are also found on the following day, specifically a momentum 
effect in the case of Oil prices and a contrarian effect in the case of Gold prices. 
Trading simulations show that these effects can be exploited to generate abnormal 
profits.  

The remainder of the paper is organised as follows. Section 2 reviews the relevant 
literature. Section 3 describes the data and the methodology. Section 4 discusses the 
empirical results. Section 5 offers some concluding remarks. 
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2. Literature Review 

Numerous studies have been carried out to establish the empirical relevance of the 
EMH by testing for the existence of exploitable market anomalies. These could arise 
for a variety of reasons, such as the irrational behaviour of market participants 
(Barber and Odean, 2001), new information arrivals such as earnings announcements 
(Lynn and Wayne, 2008), divergence between analysts' expectations and actual data 
(Doukas et al., 2006), insiders' purchases and sales (Inci et al., 2010), behavioural 
biases (Verousis and Gwilym, 2013; Chen, 2017), technical analysis and the 
execution of stop-losses (Osler, 2002), etc. 

The existence of anomalies has been confirmed by many researchers. For instance, 
Keim (1983) found a “January effect” (higher returns compared to the other months) 
and a “size effect” (large firms earn larger risk-adjusted returns than small firms). 
Arial (1987) detected a “monthly effect” (the mean return for stocks is positive only 
for days immediately before and during the first half of calendar months). French 
(1980) provided evidence of a “weekend effect (average returns on Monday are lower 
than on other days of the week). Branch and Ma (2012) spotted a very strong 
negative autocorrelation between overnight and intraday returns. Berkman et al. 
(2011) found intraday contrarian effects in the US stock market.  

According to the overreaction hypothesis there should be price reversals after 
abnormal price changes (De Bondt and Thaler, 1985). However, Cox and Peterson 
(1994) detected momentum effects instead. Bhattacharya et al. (2012) found excess 
buying (selling) at all price points one penny below (above) round numbers. Harris 
(1989) observed large mean price changes during the last daily NYSE transactions. 
Jegadeesh and Titman (1993, 2001) reported momentum effects in equity markets. 
Parikakis and Syriopoulos (2008) found price reversals in the Forex after one-day 
abnormal returns. Contrarian effects were also detected in the US stock market by 
Ferri and Min (1996). 

Only a few studies have focused on the commodity markets. Caliskan and Najand  
(2016) found that the price of Gold tends to increase (decrease) following 
significantly positive (negative) stock returns, whilst Mollick and Assefa (2013) 
concluded that Oil price returns exert mostly negative effects on US stock returns. 
Baur  (2012) and Chiarella et al. (2015) analysed the relationship between price 
returns and volatility changes in the commodity futures markets and found a positive 
one in the Gold futures market and a negative one in the crude Oil futures market. 
Cunado et al. (2010) reported evidence of long memory in Oil price volatility.  

Elder et al. (2012) found a swift and significant response of Gold prices to 
economic news surprises. Rosa (2014) showed that both Gold prices and transaction 
volumes are also affected by monetary policy surprises. Finally, Roon et al. (2004) 
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found a significant momentum effect in term premia across time in commodity 
markets. 

Other studies have analysed whether there exist profitable trading strategies based 
on the detected anomalies. For instance, Miffre and Rallis (2007) identified 13 
profitable momentum strategies in the commodity futures markets. Erb and Harvey 
(2006) showed that a momentum strategy with a 12-month ranking period and a 1-
month holding period is profitable in the same markets. Switzer and Jiang (2010) 
identified significant momentum profits in both outright futures and spread trading 
strategies in the case of Oil and Gold when the spot premium and the term premium 
are used to form winner and loser portfolios. Wang and Yu (2004) found strong 
evidence of weekly return reversals in futures prices; they also showed that futures 
market overreactions exist, and that both past prices and trading activity contain 
useful information about future market movements.  

As for one-day abnormal returns and the price patterns they generate, Caporale 
et al. (2018) reported that a strategy based on counter-movements after one-day 
abnormal returns does not generate profits in the Forex and the commodity markets, 
but it is profitable in the case of the US stock market. Parikakis and Syriopoulos 
(2008) investigated patterns following excess one-day fluctuations for various 
currencies and found that a contrarian strategy is profitable in the Forex.   

Finally, Lo (2004) introduced the adaptive market hypothesis which implies that 
some patterns might disappear and then reappear in time. Neely and Weller (2013) 
showed that trading strategies evolve as traders adapt their behaviour to changing 
circumstances; specifically, Forex trading returns dipped significantly in the 1990s 
but recovered by the end of the decade and have been significantly higher than equity 
ones since 1998.  
 

3. Methodology 

Daily and hourly data for Gold and Oil over the period 01.01.2009-31.03.2020 
(GMT +3 time zone) are used. The data source is MetaQuotes Software Corp. The 
sample period has been chosen to include a sufficient number of abnormal price 
changes to be able to construct a data set suitable for performing t-tests as well as 
conducting trading simulations whilst avoiding data snooping.   

Returns (𝑅𝑅𝑖𝑖) are computed as follows: 

Ri = (Closei
Openi

-1) × 100% ,      (1) 

where  – returns on the і-th day (hour) in %; 

 Openi–  open price on the і-th day (hour); 
iR
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 Closei –  close price on the і-th day (hour). 
Openi is used instead of Closei−1 in order to avoid the distortions caused by 

price gaps. 

Abnormal returns are calculated by means of a dynamic trigger approach, i.e. 
by adding the appropriate number of standard deviations to average returns to obtain 
the threshold for abnormal returns (Caporale and Plastun, 2019). 

Two types of abnormal returns are calculated: negative and positive.  

A positive abnormal returns is defined as follows: 

       (2) 

and a negative abnormal returns as: 

       (3) 

where k is the number of standard deviations used to identify the abnormal 
returns (k=2, this number allows to generate in each case a sufficient number of 
detected abnormal returns);  is the average size of daily returns for period n. 

The following hypotheses are then tested:  

H1: There are price effects on abnormal returns days,  

H2: There are price effects after one-day abnormal returns;  

H3: The price effects caused by abnormal returns are exploitable. 

To test the first two hypotheses average analysis, Student’s t-tests, and a 
modified cumulative abnormal returns (CARs) approach are used. Trading 
simulations are carried out to test the third hypothesis. 

The CAR algorithm involves the following steps (MacKinlay, 1997). First 
abnormal returns are calculated:   

𝐴𝐴𝑅𝑅𝑡𝑡 = 𝑅𝑅𝑡𝑡 − 𝐸𝐸(𝑅𝑅𝑡𝑡)    (4) 

where 𝑅𝑅𝑡𝑡 is the return at time t and 𝐸𝐸(𝑅𝑅𝑡𝑡) is corresponding average return 
computed over the whole sample period as follows: 

𝐸𝐸(𝑅𝑅𝑡𝑡) = (1
𝑇𝑇

)∑ 𝑅𝑅𝑖𝑖𝑇𝑇
𝑖𝑖=1     (5) 

where 𝑇𝑇 is the sample size. 

Next the cumulative abnormal return (𝐶𝐶𝐴𝐴𝑅𝑅𝑖𝑖) is defined:   

)( nni kRR δ×+>

)( nni kRR δ×−<

nR
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𝐶𝐶𝐴𝐴𝑅𝑅𝑖𝑖 = ∑ 𝐴𝐴𝑅𝑅𝑖𝑖 24
𝑖𝑖=1     (6) 

where i starts with 1 (the first hour of trading day) and ends with 24 (the last 
hour of the trading day). A day consists of 24 hours. 

Parametric t-tests are also carried out for Hypotheses 1-2. The Null Hypothesis 
(H0) is that the data (hourly returns on the abnormal returns 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 day with abnormal returns. The 
test is carried out at the 95% confidence level, and the degrees of freedom are N – 1 
(N being equal to N1+ N2).  

Hypothesis 3 is tested by means of a trading simulation approach. This 
replicates the actions of traders by using appropriate algorithms for trading strategies 
based on the observed price patterns. The aim is to establish whether the detected 
anomalies can be exploited to generate abnormal profits. Our analysis does not 
incorporate transaction costs (spreads, broker or bank fees, swaps etc.), and therefore 
it is only a proxy for actual trading. However, nowadays thanks to Internet trading 
transaction costs are typically small and ignoring them does not affect the results. For 
example, a typical spread (the main component of transaction costs in the long term) 
in the case of Gold is 0.02%. 

The percentage results for an individual deal are computed as follows: 

 

% 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = �𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑃𝑃𝑐𝑐𝑜𝑜𝑐𝑐𝑜𝑜

− 1� × 100%     (7) 

where 𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 – opening price for the trade 
𝑃𝑃𝑐𝑐𝑐𝑐𝑜𝑜𝑐𝑐𝑜𝑜 – closing price for the trade 

 
The sum of the results from each trade is the total financial result of trading. A 

strategy producing positive total profits implies that there might be an exploitable 
market anomaly. 

Another important indicator is the percentage of successful trades: 
 

% successful trades =  100%×𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑜𝑜𝑛𝑛 𝑜𝑜𝑜𝑜 𝑐𝑐𝑛𝑛𝑐𝑐𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐𝑜𝑜𝑛𝑛𝑐𝑐 𝑡𝑡𝑛𝑛𝑡𝑡𝑡𝑡𝑜𝑜𝑐𝑐
𝑜𝑜𝑜𝑜𝑜𝑜𝑛𝑛𝑡𝑡𝑐𝑐𝑐𝑐 𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑜𝑜𝑛𝑛 𝑜𝑜𝑜𝑜 𝑡𝑡𝑛𝑛𝑡𝑡𝑡𝑡𝑜𝑜𝑐𝑐

   (8) 

A percentage higher than 50% provides additional evidence that the strategy is 
effective. 
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To establish whether or not the results obtained are statistically different from 
the random trading ones, t-tests are carried out. These compare the means from two 
samples to see whether or not they come from the same population. The first sample 
consists of the trading results from the trading strategy, and the second one of random 
trading results. The null hypothesis is that the mean is the same in both samples, and 
the alternative that it is not. The computed values of the t-test are compared with the 
critical ones at the 5% significance level. Failure to reject the null implies that there 
are no advantages from following the trading strategy being considered since the 
trading results do not differ from the random ones, whilst a rejection suggests that the 
adopted strategy can generate abnormal profits since the trading results are not 
random.  

 
4. Empirical Results 

These section discusses the empirical findings. Summary tables are included in the 
main body of the paper, whilst detailed results are reported in the Appendices. 

Concerning Gold prices (see Appendix A and B), Figure A.1 shows that 
average returns on days with positive abnormal returns are much higher than those on 
normal days; these differences are statistically significant for some hours of the day 
(Table A.2). Similarly, average returns on days with negative abnormal returns are 
much lower from those on normal days (Figure A.2) and these differences are 
statistically significant (Table A.3). The CAR analysis (Table A.4 and Figure A.3) 
implies that abnormal returns can be detected before the end of the day. Table 4 
reports the timing parameters, which imply that anomaly appears are after 5pm in the 
case of positive abnormal returns and after 7pm in the case of negative ones. 

As for price behaviour on the day after abnormal returns, average hourly Gold 
returns after a day with positive abnormal returns are initially much lower than on 
normal days (Figure B.1), and in some cases these differences are statistically 
significant (Table B.1), which implies the existence of a contrarian effect. The same 
is true of negative abnormal returns (Figure B.2 and Table B.2), namely at the start of 
the following day prices tend to move in the opposite direction to abnormal returns. 
Using the modified CAR approach specific timings for trading can be determined 
(Table B.3 and Figure B.3) by being aware that the contrarian effect is most 
pronounced at 6am in the case of positive abnormal returns and it lasts till the end of 
the day in the case of negative abnormal returns. 

A similar analysis is carried out for Oil prices (see Appendix C and D). For the 
day of abnormal returns the overall conclusions are the same, i.e. returns on abnormal 
return days are higher than those on normal days (Figures C.1 and C.2) and these 
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differences are statistically significant in most cases (Tables C.2 and C.3). The 
anomaly can be detected before the end of the day and the timing parameters imply 
that the anomaly appears after 4pm in the case of positive abnormal returns and after 
7pm in the case of negative ones (Table C.4). The CAR analysis shows that the 
momentum effect is temporary (Figures D.1 and D.2): usually it lasts for a few hours, 
but during this time differences between hourly returns on the day after abnormal 
returns and normal days are statistically significant (Tables D.1 and D.2). The biggest 
momentum effects are observed at 9am for positive abnormal returns and at 10am for 
negative ones (Table D.3).  

The overall results are summarised in Table 2 (for positive abnormal returns) 
and Table 3 (for negative abnormal returns).  

Table 2: Overall results for the case of positive abnormal returns 

Parameter/Instrument Gold prices Oil prices 

Day of the abnormal returns 
Are there significant differences in returns (abnormal 
day vs usual day)? Yes Yes 

Are there 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 

Timing of abnormal returns  19:00 19:00 

Day after the abnormal returns 
Is there momentum effect on the day after the abnormal 
returns? No* Yes 

Timing parameters of momentum movements Since the start of the day 
till 6:00* 

Since the start of the day till 
the end of the day with peak 
at 9:00 

* contrarian effect detected 

 

This table presents the overall results for the case of positive abnormal returns. The first 
column reports the parameter being considered, the second, third and fourth columns show the 
results for Gold and Oil prices respectively. 
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Table 3: Overall results for the case of negative abnormal returns 

Parameter/Instrument Gold prices Oil prices 

Day of the abnormal returns 
Are there significant differences in returns (abnormal 
day vs usual day)? Yes Yes 

Are there any patterns in cumulative abnormal returns 
dynamics? 

Yes. CAR decrease till the 
end of the day 

Yes. CAR decrease till the 
end of the day 

Timing of abnormal returns  17:00 16:00 

Day after the abnormal returns 
Is there momentum effect on the day after the abnormal 
returns? No* Yes 

Timing parameters of momentum movements Since the start of the day 
till the end of the day * 

Since the start of the day till 
the end of the day with peak 
at 10:00 

* contrarian effect detected 

 

This table presents the overall results for the case of negative abnormal returns. The first 
column reports the parameter being considered, the second, third and fourth columns show the 
results for Gold and Oil prices respectively. 

 

As can be seen, abnormal returns can be identified before the end of the day. 
This allows to exploit the momentum effect which is present in both Gold and Oil 
prices. The latter tends to continue into the first few hours of the following day. The 
timing parameters for both the appearance of abnormal returns and the end of the 
momentum effect are shown in Tables 2 and 3. In the case of Gold prices the 
momentum effect disappears on the following day and a contrarian effect is detected 
instead.  

The results can be summarised as follows: 

- H1 cannot be rejected, since a strong momentum effect is detected during 
the day of abnormal returns for both positive and negative returns;  

- H2 cannot be rejected, since Oil prices tend to move in the direction of 
abnormal returns at the start of the day and Gold prices in the opposite 
direction; 

- specific timing parameters can be estimated both for detecting abnormal 
returns on the day when they occur and the time horizon of price effects on 
the day after abnormal returns have occurred; 

On the basis of these results, the following trading strategies are designed to 
test Hypothesis 3: 

Strategy 1: when it becomes clear that the current day is characterised by 
abnormal returns (see the timing of the abnormal returns parameter in Tables 2 and 3) 
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a position in their direction should be opened. This should then be closed at the end 
of the day. 

Strategy 2: at the beginning of the day after abnormal returns have been 
observed a position in their direction should be opened. This should then be closed on 
the basis of the timing parameters for the momentum effect displayed in Tables 2 and 
3. If this effect is not present, a contrarian trading strategy should be used: at the 
beginning of the day after abnormal returns have occurred a position in the opposite 
direction should be opened. 

The trading simulation results for the two strategies for positive and negative 
abnormal returns are presented in Tables 4 and 5 respectively.   

 
 

Table 4: Trading simulation results for the case of positive abnormal returns 

Series 
used 

Number 
of 
trades. 
units 

Number of 
successful 
trades. 
units 

Number of 
successful 
trades. % 

Profit. 
% 

Profit 
% per 
year 

Profit 
% per 
trade 

t-test 
calculated 
value 

Null 
hypothesis 
for the t-
test 

Strategy 1 
Gold 59 51 86% 41.44% 4.14% 0.70% 5.61 rejected 

Oil 96 54 56% 213.60% 21.36% 2.22% 12.23 rejected 
Strategy 2 

Gold* 59 35 59% 4.26% 0.43% 0.07% 1.36 
not 

rejected 
Oil 81 50 62% 56.42% 5.64% 0.70% 3.89 rejected 

* A contrarian trading strategy is used 
 
This table presents the trading simulation results for the case of positive abnormal returns. 

The first column specifies the series used; the second column shows the number of trades in units; 
the third column provides the number of successful trades in units and the forth column shows this 
parameter in %; the fifth column shows the profit generated by the trading strategy over the whole 
period in %; the sixth column shows the annual profit in % and the seventh column provides 
information about the size of profit per trade; the eighth column reports the t-test statistics and the 
ninth whether or not they imply a rejection of the null.  
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Table 5: Trading simulation results for the case of negative abnormal returns 

Series 
used 

Number 
of 
trades. 
units 

Number of 
successful 
trades. 
units 

Number of 
successful 
trades. % 

Profit. 
% 

Profit 
% per 
year 

Profit 
% per 
trade 

t-test 
statistic 

Null 
hypothesis 
for the t-
test 

Strategy 1 
Gold 74 53 72% 77.79% 7.78% 1.05% 8.17 rejected 

Oil 89 59 66% 369.56% 36.96% 4.15% 8.60 rejected 
Strategy 2 

Gold* 74 43 58.1% 11.3% 1.1% 0.15% 0.73 
not 

rejected 
Oil 83 49 59.0% 49.9% 5.0% 0.60% 2.12 rejected 
* A contrarian trading strategy is used 
 

This table presents trading simulation results for the case of negative abnormal returns. The 
first column specifies the series used; the second column shows the number of trades in units; the 
third column provides the number of successful trades in units and the forth column shows this 
parameter in %; the fifth column shows the profit generated by the trading strategy over the whole 
period in %; the sixth column shows the annual profit in % and the seventh column provides 
information about the size of profit per trade; the eighth column reports the t-test statistics and the 
ninth whether or not they imply a rejection of the null. 

Strategy 1 is highly profitable for both positive and negative abnormal returns. 
The number of successful trades on average is close to 70% and profits are positive 
and significant in all cases. The t-statistics imply the rejection of the null, i.e. the 
trading simulation results differ from the random ones. Strategy 2 (momentum for Oil 
and contrarian for Gold) is less successful, but nevertheless the number of successful 
trades on average is close to 60% and profits are detected in all cases. The results in 
the case of Oil are statistically different from random trading, but they are not so in 
the case of Gold.  

On the whole there is evidence that suitably designed trading strategies based 
on the detected price effects and the estimated timing parameters can “beat the 
market”. In particular, it is possible to exploit the momentum effects lasting the 
whole day on days with abnormal returns. It appears that, although the price effects 
caused by one-day abnormal returns are generally short-lived, even the few hours 
they last are sufficient to generate extra profits from trading. These results are 
consistent with the previous ones reported by Caporale and Plastun (2020a,b) for both 
cryptocurrencies and other currencies. Daily abnormal returns generate specific 
patterns in price behaviour. On the day of abnormal returns there is a strong 
momentum effect which lasts till the end of the day. On the day after a momentum 
effect can be detected in the first few hours in the case of Oil prices, and a contrarian 
effect in the case of Gold prices. These patterns provide an opportunity  for suitably 
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designed trading strategies to generate abnormal profits, as shown by the trading 
simulation. This is clearly inconsistent with the EMH. 

 
5. Conclusions 

This paper examines price (momentum and contrarian) effects in the Gold and Oil 
commodity markets in the presence of one-day abnormal returns using a number of 
statistical methods (average analysis, t-tests, CAR and trading simulation 
approaches). We find a momentum effect on the days with abnormal returns; further, 
the timing parameters imply that abnormal returns can be detected before the end of 
the day. Price effects are also detected on the following day, specifically a 
momentum effect in the case of Oil prices and a contrarian effect in the case of Gold 
prices. Such effects give rise to exploitable profit opportunities. A trading simulation 
approach provides evidence of the profitability of appropriate strategies in the case of 
both Gold and Oil prices. The implication is that in these markets the EMH does not 
hold.  

 These findings are of interest to both academics whose aim is to establish 
whether or not markets can be characterised as being efficient, and to investors and 
traders aiming to maximise their profits and shed new light on two commodity 
markets (Gold and Oil) for whom the presence of anomalies and of possibly 
profitable trading strategies based on them had not been previously analysed. 
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Appendix A 

Gold: day of abnormal returns 

Figure A.1: Average hourly returns on abnormal and normal days: the case of 
positive abnormal returns, Gold 

 

This figure presents estimates and comparison between average hourly Gold returns on 
abnormal and normal days for the case of positive abnormal returns 
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Figure A.2: Average hourly returns on abnormal and normal days: the case of 
negative abnormal returns, Gold 

 
This figure presents estimates and comparison between average hourly Gold returns on 

abnormal and normal days for the case of negative abnormal returns 
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Table A.2: t-test of hourly returns on abnormal and normal days: the case of 
positive abnormal returns, Gold 
 

Hour 

Average 
return on 
positive 
abnormal 
returns 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-
statistic 

0:00 0.07% 0.13% 12 0.03% 0.14% 372 1.00 
1:00 0.02% 0.33% 58 0.03% 0.16% 1436 -0.22 
2:00 0.08% 0.22% 58 0.02% 0.14% 1436 2.02 
3:00 0.01% 0.37% 58 0.02% 0.17% 1436 -0.26 
4:00 0.05% 0.20% 58 0.03% 0.16% 1436 0.83 
5:00 0.09% 0.33% 58 0.02% 0.14% 1436 1.71 
6:00 0.07% 0.43% 58 0.01% 0.13% 1438 1.04 
7:00 0.02% 0.12% 58 0.02% 0.11% 1438 -0.14 
8:00 0.04% 0.27% 58 0.02% 0.15% 1438 0.51 
9:00 0.05% 0.22% 58 0.01% 0.17% 1445 1.46 

10:00 0.13% 0.52% 58 0.03% 0.20% 1445 1.44 
11:00 0.01% 0.29% 58 0.01% 0.16% 1445 0.10 
12:00 0.08% 0.23% 58 0.01% 0.16% 1445 2.12 
13:00 0.08% 0.27% 58 0.02% 0.17% 1445 1.73 
14:00 0.11% 0.34% 58 0.04% 0.22% 1445 1.61 
15:00 0.28% 0.61% 58 0.07% 0.32% 1447 2.69 
16:00 0.20% 0.45% 58 0.07% 0.27% 1446 2.17 
17:00 0.37% 0.51% 58 0.08% 0.28% 1446 4.29 
18:00 0.20% 0.30% 58 0.05% 0.22% 1446 3.78 
19:00 0.15% 0.47% 58 0.03% 0.20% 1439 2.06 
20:00 0.24% 0.38% 58 0.03% 0.20% 1414 4.14 
21:00 0.12% 0.41% 58 0.03% 0.19% 1398 1.72 
22:00 0.14% 0.31% 58 0.02% 0.15% 1393 3.16 
23:00 0.04% 0.14% 50 0.00% 0.10% 1134 1.68 

 
This table presents estimates from the t-tests of Gold hourly returns on abnormal and normal days 
for the case of positive abnormal returns. The first column reports hours of the day, the second and 
fifth columns show respectively average returns on positive abnormal returns day and on usual day 
with positive returns; the third and sixth columns show respectively standard deviation estimates for 
returns on abnormal and normal days; the fourth and seventh columns show respectively number of 
observation values for abnormal and normal days; the eighth column shows the t-statistics. 
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Table A.3: t-test of hourly returns on abnormal and normal days: the case of 
negative abnormal returns, Gold 

Hour 

Average 
return on 
positive 
abnormal 
returns 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-
statistic 

0:00 -0.02% 0.18% 20 0.00% 0.16% 308 -0.54 
1:00 0.00% 0.22% 74 0.01% 0.14% 1328 -0.14 
2:00 0.00% 0.19% 74 -0.01% 0.12% 1328 0.25 
3:00 -0.13% 0.24% 74 -0.02% 0.16% 1328 -3.88 
4:00 -0.11% 0.46% 74 -0.02% 0.18% 1329 -1.68 
5:00 -0.02% 0.21% 74 -0.01% 0.12% 1328 -0.46 
6:00 -0.02% 0.19% 74 0.00% 0.10% 1329 -0.66 
7:00 -0.03% 0.25% 74 -0.01% 0.13% 1329 -0.64 
8:00 -0.05% 0.21% 74 -0.01% 0.16% 1329 -1.47 
9:00 -0.07% 0.37% 74 -0.04% 0.19% 1330 -0.72 

10:00 -0.16% 0.33% 74 -0.04% 0.21% 1331 -3.10 
11:00 -0.12% 0.29% 74 -0.03% 0.18% 1330 -2.66 
12:00 -0.09% 0.30% 74 -0.03% 0.16% 1330 -1.84 
13:00 -0.08% 0.33% 74 -0.02% 0.18% 1330 -1.70 
14:00 -0.18% 0.43% 74 -0.05% 0.23% 1330 -2.71 
15:00 -0.28% 0.57% 74 -0.09% 0.33% 1330 -2.82 
16:00 -0.40% 0.48% 74 -0.09% 0.32% 1330 -5.44 
17:00 -0.33% 0.65% 74 -0.07% 0.31% 1330 -3.44 
18:00 -0.13% 0.42% 74 -0.04% 0.24% 1330 -1.77 
19:00 -0.21% 0.37% 74 -0.04% 0.21% 1329 -4.05 
20:00 -0.18% 0.39% 73 -0.04% 0.21% 1312 -3.03 
21:00 -0.19% 0.43% 72 -0.04% 0.21% 1305 -2.92 
22:00 -0.03% 0.34% 71 -0.01% 0.17% 1298 -0.49 
23:00 0.03% 0.23% 57 -0.01% 0.10% 1079 1.23 

 
This table presents estimates from the t-tests of Gold hourly returns on abnormal and normal days 
for the case of negative abnormal returns. The first column reports hours of the day, the second and 
fifth columns show respectively average returns on negative abnormal returns day and on usual day 
with negative returns; the third and sixth columns show respectively standard deviation estimates 
for returns on abnormal and normal days; the fourth and seventh columns show respectively number 
of observation values for abnormal and normal days; the eighth column shows the t-statistics.  
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Figure A.3: Dynamics of cumulative abnormal returns: case of Gold 

 
This figure displays the dynamics of cumulative abnormal returns in Gold prices for the case 

of negative and positive abnormal returns on the day of abnormal returns 
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Table A.4: Cumulative abnormal returns: the case of positive and negative 
abnormal returns, Gold 

Hour 

Positive abnormal returns Negative abnormal returns 
Abnormal 

returns CAR Abnormal 
returns cross 

Abnormal 
returns CAR Abnormal 

returns cross 
0:00 0.04% 0.04% 1.91% -0.02% -0.02% -1.92% 
1:00 -0.01% 0.03% 1.89% 0.00% -0.03% -1.92% 
2:00 0.06% 0.09% 1.81% 0.01% -0.02% -1.92% 
3:00 -0.01% 0.07% 1.80% -0.11% -0.13% -1.79% 
4:00 0.02% 0.10% 1.75% -0.09% -0.22% -1.68% 
5:00 0.08% 0.17% 1.65% -0.01% -0.23% -1.66% 
6:00 0.06% 0.23% 1.59% -0.01% -0.24% -1.64% 
7:00 0.00% 0.23% 1.57% -0.02% -0.26% -1.61% 
8:00 0.02% 0.25% 1.53% -0.04% -0.30% -1.56% 
9:00 0.04% 0.29% 1.47% -0.03% -0.33% -1.49% 

10:00 0.10% 0.39% 1.35% -0.12% -0.45% -1.33% 
11:00 0.00% 0.39% 1.33% -0.09% -0.54% -1.21% 
12:00 0.07% 0.46% 1.25% -0.07% -0.61% -1.12% 
13:00 0.06% 0.52% 1.17% -0.06% -0.67% -1.03% 
14:00 0.07% 0.59% 1.06% -0.14% -0.81% -0.85% 
15:00 0.22% 0.81% 0.78% -0.19% -1.00% -0.57% 
16:00 0.13% 0.93% 0.58% -0.31% -1.31% -0.17% 
17:00 0.29% 1.22% 0.21% -0.26% -1.57% 0.15% 
18:00 0.15% 1.37% 0.01% -0.09% -1.66% 0.28% 
19:00 0.13% 1.50% -0.14% -0.18% -1.83% 0.49% 
20:00 0.21% 1.71% -0.38% -0.14% -1.97% 0.67% 
21:00 0.09% 1.80% -0.50% -0.15% -2.12% 0.85% 
22:00 0.13% 1.93% -0.65% -0.02% -2.14% 0.88% 
23:00 0.03% 1.96% -0.69% 0.04% -2.10% 0.85% 

 

This table presents estimates of cumulative abnormal returns for the case of positive and 
negative abnormal returns on abnormal days in Gold prices. The first column reports hours of the 
day, the second and fifth columns show respectively abnormal returns for the case of positive and 
negative abnormal returns; the third and sixth columns show respectively cumulative abnormal 
returns for the case of positive and negative abnormal returns; the fourth and seventh columns show 
respectively abnormal returns cross for the case of positive and negative abnormal returns; 
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Appendix B 
Gold: day after the abnormal returns 

Figure B.1: Average hourly returns on the day after the abnormal and normal 
days: the case of positive abnormal returns, Gold 

 
This figure presents estimates and comparison between average hourly Gold returns after the 

abnormal and normal days for the case of positive abnormal returns 
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Table B.1: t-test of hourly returns on the day after the abnormal and normal 
days: the case of positive abnormal returns, Gold 

Hour 

Average 
return on 
day after 
positive 
abnormal 
returns 
(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 -0.14% 0.12% 13 0.04% 0.23% 596 -5.18 
1:00 -0.03% 0.28% 59 0.01% 0.13% 1482 -0.95 
2:00 0.00% 0.20% 59 -0.07% 0.32% 1482 2.36 
3:00 -0.03% 0.23% 59 -0.01% 0.15% 1482 -0.77 
4:00 -0.01% 0.24% 59 0.04% 0.19% 1483 -1.37 
5:00 0.00% 0.18% 59 0.02% 0.11% 1482 -0.77 
6:00 0.03% 0.15% 59 0.08% 0.16% 1482 -2.41 
7:00 0.03% 0.15% 59 0.00% 0.13% 1482 1.50 
8:00 0.03% 0.19% 59 0.00% 0.17% 1482 1.20 
9:00 -0.02% 0.21% 59 0.02% 0.17% 1487 -1.70 

10:00 -0.04% 0.33% 59 -0.09% 0.24% 1488 1.19 
11:00 0.02% 0.27% 59 -0.03% 0.15% 1487 1.28 
12:00 0.01% 0.20% 59 -0.06% 0.32% 1487 2.29 
13:00 -0.05% 0.40% 59 -0.02% 0.22% 1487 -0.49 
14:00 -0.09% 0.25% 59 0.02% 0.49% 1487 -3.07 
15:00 0.04% 0.28% 59 -0.09% 0.57% 1489 3.47 
16:00 0.02% 0.39% 59 -0.02% 0.34% 1488 0.84 
17:00 0.07% 0.30% 59 0.06% 0.39% 1488 0.30 
18:00 0.00% 0.43% 59 0.01% 0.23% 1488 -0.11 
19:00 -0.02% 0.20% 59 -0.04% 0.23% 1482 1.06 
20:00 -0.05% 0.33% 58 -0.11% 0.21% 1470 1.20 
21:00 -0.06% 0.32% 58 -0.06% 0.17% 1458 0.00 
22:00 0.01% 0.26% 57 0.04% 0.10% 1445 -0.99 
23:00 0.05% 0.15% 52 -0.02% 0.09% 1051 3.44 

 
This table presents estimates from the t-tests of Gold hourly returns on day after abnormal returns 
for the case of positive abnormal returns. The first column reports hours of the day, the second and 
fifth columns show respectively average returns on day after positive abnormal returns and on usual 
day with positive returns; the third and sixth columns show respectively standard deviation 
estimates for returns on day after positive abnormal returns and normal days; the fourth and seventh 
columns show respectively number of observation values for abnormal and normal days; the eighth 
column shows the t-statistics.  
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Figure B.2: Average hourly returns on the day after the abnormal and normal 
days: the case of negative abnormal returns, Gold 

 

This figure presents estimates and comparison between average hourly Gold returns after the 
abnormal and normal days for the case of negative abnormal returns 
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Table B.2: t-test of hourly returns on the day after the abnormal and normal 
days: the case of negative abnormal returns, Gold 

Hour 

Average 
return on 
day after 
negative 
abnormal 
returns 
(OD) 

 Standard 
deviation 
(OD) Number of 

observations 
(OD) 

Average 
return on 
usual day 
(UD) 

Standard 
deviation 
(UD) Number of 

observation 
(UD) 

t-
statistic 

0:00 0.12% 0.22% 20 0.04% 0.23% 596 1.60 
1:00 0.05% 0.29% 75 0.01% 0.13% 1482 1.13 
2:00 0.01% 0.24% 75 -0.07% 0.32% 1482 2.50 
3:00 -0.01% 0.41% 75 -0.01% 0.15% 1482 0.05 
4:00 0.02% 0.41% 75 0.04% 0.19% 1483 -0.45 
5:00 0.03% 0.28% 75 0.02% 0.11% 1482 0.27 
6:00 -0.03% 0.18% 75 0.08% 0.16% 1482 -4.80 
7:00 -0.02% 0.31% 75 0.00% 0.13% 1482 -0.49 
8:00 -0.03% 0.36% 75 0.00% 0.17% 1482 -0.80 
9:00 0.02% 0.39% 75 0.02% 0.17% 1487 -0.03 

10:00 0.04% 0.46% 75 -0.09% 0.24% 1488 2.60 
11:00 -0.01% 0.42% 75 -0.03% 0.15% 1487 0.35 
12:00 -0.07% 0.34% 75 -0.06% 0.32% 1487 -0.40 
13:00 0.02% 0.36% 75 -0.02% 0.22% 1487 0.96 
14:00 0.06% 0.31% 75 0.02% 0.49% 1487 1.13 
15:00 0.03% 0.38% 75 -0.09% 0.57% 1489 2.61 
16:00 -0.06% 0.44% 75 -0.02% 0.34% 1488 -0.75 
17:00 0.01% 0.64% 75 0.06% 0.39% 1488 -0.60 
18:00 0.08% 0.41% 75 0.01% 0.23% 1488 1.50 
19:00 -0.03% 0.39% 75 -0.04% 0.23% 1482 0.37 
20:00 -0.01% 0.38% 74 -0.11% 0.21% 1470 2.10 
21:00 -0.06% 0.38% 74 -0.06% 0.17% 1458 0.03 
22:00 0.06% 0.25% 74 0.04% 0.10% 1445 0.54 
23:00 0.01% 0.21% 59 -0.02% 0.09% 1051 1.25 

 
This table presents estimates from the t-tests of Gold hourly returns on the day after the abnormal 
and normal days for the case of negative abnormal returns. The first column reports hours of the 
day, the second and fifth columns show respectively average returns on day after negative abnormal 
returns and on usual day with negative returns; the third and sixth columns show respectively 
standard deviation estimates for returns on day after negative abnormal returns and normal days; the 
fourth and seventh columns show respectively number of observation values for abnormal and 
normal days; the eighth column shows the t-statistics.   
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Table B.3: Cumulative abnormal returns: the case of positive and negative 
abnormal returns, Gold 

Hour 

Positive abnormal returns Negative abnormal returns 
Abnormal 
returns 

Cumulative 
abnormal returns 

Abnormal 
returns 

Cumulative 
abnormal returns 

0:00 -0.18% -0.18% 0.08% 0.08% 
1:00 -0.03% -0.22% 0.04% 0.12% 
2:00 0.06% -0.15% 0.07% 0.19% 
3:00 -0.02% -0.18% 0.00% 0.19% 
4:00 -0.04% -0.22% -0.02% 0.17% 
5:00 -0.02% -0.24% 0.01% 0.18% 

6:00* -0.05% -0.29% -0.10% 0.08% 
7:00 0.03% -0.26% -0.02% 0.06% 
8:00 0.03% -0.23% -0.03% 0.03% 
9:00 -0.05% -0.27% 0.00% 0.03% 

10:00 0.05% -0.22% 0.14% 0.16% 
11:00 0.05% -0.17% 0.02% 0.18% 
12:00 0.06% -0.11% -0.02% 0.16% 
13:00 -0.03% -0.14% 0.04% 0.20% 
14:00 -0.11% -0.25% 0.04% 0.25% 
15:00 0.14% -0.11% 0.12% 0.37% 
16:00 0.04% -0.07% -0.04% 0.33% 
17:00 0.01% -0.06% -0.04% 0.29% 
18:00 -0.01% -0.06% 0.07% 0.36% 
19:00 0.03% -0.03% 0.02% 0.37% 
20:00 0.05% 0.02% 0.09% 0.47% 
21:00 0.00% 0.02% 0.00% 0.47% 
22:00 -0.03% -0.02% 0.02% 0.48% 

23:00* 0.07% 0.05% 0.03% 0.52% 
* contrarian effect detected 

This table presents estimates of cumulative abnormal returns for the case of positive and 
negative abnormal returns after abnormal days in Gold prices. The first column reports hours of the 
day, the second and fourth columns show respectively abnormal returns for the case of positive and 
negative abnormal returns; the third and fifth columns show respectively cumulative abnormal 
returns for the case of positive and negative abnormal returns. 
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Figure B.3: Dynamics of cumulative abnormal returns, Gold  

 
This figure displays the dynamics of cumulative abnormal returns in Gold prices for the case 

of negative and positive abnormal returns after the day of abnormal returns 

 

-0,40%

-0,30%

-0,20%

-0,10%

0,00%

0,10%

0,20%

0,30%

0,40%

0,50%

0,60%
00

:0
0

01
:0

0

02
:0

0

03
:0

0

04
:0

0

05
:0

0

06
:0

0

07
:0

0

08
:0

0

09
:0

0

10
:0

0

11
:0

0

12
:0

0

13
:0

0

14
:0

0

15
:0

0

16
:0

0

17
:0

0

18
:0

0

19
:0

0

20
:0

0

21
:0

0

22
:0

0

23
:0

0

Cumulative abnormal returns (positive returns)

Cumulative abnormal returns (negative returns)



 27 

Appendix C 

Oil: day of abnormal returns 

Figure C.1: Average hourly returns on abnormal and normal days: the case of 
positive abnormal returns, Oil 

 

This figure presents estimates and comparison between average hourly Oil returns on abnormal and 
normal days for the case of positive abnormal returns 

Figure C.2: Average hourly returns on abnormal and normal days: the case of 
negative abnormal returns, Oil 

 

This figure presents estimates and comparison between average hourly Oil returns on abnormal and 
normal days for the case of negative abnormal returns 
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Table C.2: t-test of hourly returns on abnormal and normal days: the case of 
positive abnormal returns, Oil 

Hour 

Average 
return on 
positive 
abnormal 
returns 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-
statistic 

0:00 0.03% 0.68% 77 0.02% 0.40% 1235 0.20 
1:00 -0.06% 0.56% 78 0.01% 0.37% 1237 -1.13 
2:00 -0.10% 1.02% 52 0.01% 0.40% 972 -0.76 
3:00 -0.09% 0.61% 34 -0.02% 0.32% 589 -0.69 
4:00 0.10% 0.47% 63 0.04% 0.32% 794 1.09 
5:00 0.13% 0.54% 86 0.02% 0.30% 1291 1.79 
6:00 0.11% 0.49% 77 0.03% 0.28% 1294 1.49 
7:00 0.02% 0.37% 77 0.01% 0.23% 1298 0.27 
8:00 0.12% 0.39% 93 0.02% 0.21% 1462 2.57 
9:00 0.07% 0.46% 93 0.02% 0.22% 1462 1.14 

10:00 -0.03% 0.52% 94 0.01% 0.25% 1462 -0.61 
11:00 0.07% 0.69% 95 0.02% 0.32% 1472 0.69 
12:00 0.14% 0.72% 95 0.05% 0.39% 1470 1.26 
13:00 0.17% 0.64% 95 0.07% 0.39% 1471 1.39 
14:00 0.14% 0.80% 95 0.06% 0.37% 1471 0.98 
15:00 0.23% 0.51% 95 0.06% 0.35% 1471 3.20 
16:00 0.09% 0.67% 95 0.05% 0.40% 1472 0.61 
17:00 0.31% 0.91% 95 0.08% 0.49% 1472 2.36 
18:00 0.49% 1.00% 95 0.12% 0.56% 1473 3.57 
19:00 0.39% 1.14% 95 0.16% 0.59% 1473 1.99 
20:00 0.64% 1.04% 95 0.13% 0.57% 1476 4.75 
21:00 0.44% 0.82% 95 0.11% 0.50% 1476 3.80 
22:00 0.36% 0.88% 95 0.10% 0.52% 1470 2.87 
23:00 0.37% 0.94% 95 0.09% 0.47% 1463 2.82 

 
This table presents estimates from the t-tests of Oil hourly returns on abnormal and normal days for 
the case of positive abnormal returns. The first column reports hours of the day, the second and fifth 
columns show respectively average returns on positive abnormal returns day and on usual day with 
positive returns; the third and sixth columns show respectively standard deviation estimates for 
returns on abnormal and normal days; the fourth and seventh columns show respectively number of 
observation values for abnormal and normal days; the eighth column shows the t-statistics. 
 
 
 
 
 
 
 
 



 29 

Table C.3: t-test of hourly returns on abnormal and normal days: the case of 
negative abnormal returns, Oil 

Hour 

Average 
return on 
positive 
abnormal 
returns 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-
statistic 

0:00 -0.19% 0.66% 61 -0.01% 0.38% 1111 -2.21 
1:00 0.03% 0.41% 61 0.04% 0.67% 1108 -0.30 
2:00 -0.30% 1.71% 52 -0.01% 0.55% 899 -1.24 
3:00 -0.05% 0.43% 31 -0.01% 0.33% 562 -0.59 
4:00 0.05% 0.72% 50 -0.01% 0.30% 788 0.61 
5:00 -0.22% 1.07% 77 -0.03% 0.38% 1273 -1.61 
6:00 -0.10% 0.50% 70 -0.02% 0.26% 1251 -1.32 
7:00 -0.15% 0.65% 71 -0.02% 0.25% 1255 -1.69 
8:00 0.00% 0.26% 87 -0.02% 0.22% 1405 0.54 
9:00 -0.06% 0.49% 87 -0.01% 0.23% 1409 -1.08 

10:00 -0.05% 0.42% 88 -0.02% 0.28% 1406 -0.69 
11:00 -0.05% 0.58% 88 -0.04% 0.33% 1413 -0.22 
12:00 -0.18% 0.97% 88 -0.05% 0.43% 1417 -1.25 
13:00 -0.28% 0.68% 88 -0.05% 0.43% 1417 -3.13 
14:00 -0.21% 0.73% 88 -0.06% 0.42% 1417 -1.87 
15:00 -0.14% 0.57% 88 -0.06% 0.40% 1418 -1.40 
16:00 -0.29% 0.60% 88 -0.08% 0.43% 1418 -3.40 
17:00 -0.34% 0.92% 88 -0.12% 0.52% 1418 -2.27 
18:00 -0.29% 0.79% 88 -0.15% 0.58% 1417 -1.67 
19:00 -0.53% 0.93% 88 -0.17% 0.60% 1417 -3.59 
20:00 -0.51% 0.78% 88 -0.16% 0.58% 1417 -4.17 
21:00 -0.56% 0.90% 88 -0.09% 0.54% 1416 -4.83 
22:00 -0.67% 0.97% 88 -0.14% 0.58% 1410 -5.09 
23:00 -0.34% 0.74% 84 -0.10% 0.48% 1394 -2.91 

 
This table presents estimates from the t-tests of Oil hourly returns on abnormal and normal days for 
the case of negative abnormal returns. The first column reports hours of the day, the second and 
fifth columns show respectively average returns on negative abnormal returns day and on usual day 
with negative returns; the third and sixth columns show respectively standard deviation estimates 
for returns on abnormal and normal days; the fourth and seventh columns show respectively number 
of observation values for abnormal and normal days; the eighth column shows the t-statistics. 
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Figure C.3: Dynamics of cumulative abnormal returns, Oil 

 
This figure displays the dynamics of cumulative abnormal returns in Oil prices for the case 

of negative and positive abnormal returns on the day of abnormal returns 
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Table C.4: Cumulative abnormal returns: the case of positive and negative 
abnormal returns, Oil 

Hour 

Positive abnormal returns Negative abnormal returns 

Abnormal 
returns 

Cumulative 
abnormal 
returns 

Abnormal 
returns 
cross 

Abnormal 
returns 

Cumulative 
abnormal 
returns 

Abnormal 
returns 
cross 

0:00 0.02% 0.02% 1.95% -0.19% -0.19% -1.75% 
1:00 -0.07% -0.06% 2.01% -0.02% -0.20% -1.77% 
2:00 -0.11% -0.17% 2.11% -0.29% -0.50% -1.47% 
3:00 -0.07% -0.24% 2.20% -0.05% -0.55% -1.41% 
4:00 0.07% -0.17% 2.10% 0.06% -0.48% -1.47% 
5:00 0.10% -0.07% 1.97% -0.20% -0.68% -1.24% 
6:00 0.08% 0.02% 1.86% -0.08% -0.76% -1.14% 
7:00 0.01% 0.03% 1.84% -0.13% -0.89% -0.99% 
8:00 0.10% 0.13% 1.72% 0.02% -0.88% -0.99% 
9:00 0.06% 0.19% 1.65% -0.06% -0.93% -0.93% 
10:00 -0.03% 0.15% 1.67% -0.03% -0.96% -0.88% 
11:00 0.05% 0.20% 1.60% -0.01% -0.98% -0.83% 
12:00 0.09% 0.30% 1.46% -0.13% -1.11% -0.65% 
13:00 0.09% 0.39% 1.29% -0.23% -1.34% -0.37% 
14:00 0.08% 0.47% 1.15% -0.15% -1.48% -0.16% 
15:00 0.17% 0.64% 0.93% -0.09% -1.57% -0.02% 
16:00 0.04% 0.68% 0.84% -0.22% -1.79% 0.28% 
17:00 0.22% 0.90% 0.53% -0.22% -2.02% 0.62% 
18:00 0.37% 1.27% 0.04% -0.14% -2.16% 0.91% 
19:00 0.23% 1.51% -0.35% -0.36% -2.52% 1.44% 
20:00 0.51% 2.02% -0.99% -0.35% -2.87% 1.95% 
21:00 0.33% 2.34% -1.43% -0.47% -3.34% 2.51% 
22:00 0.26% 2.60% -1.79% -0.53% -3.87% 3.19% 
23:00 0.27% 2.88% -2.16% -0.24% -4.11% 3.52% 

 
 

This table presents estimates of cumulative abnormal returns for the case of positive and 
negative abnormal returns on abnormal days in Oil prices. The first column reports hours of the day, 
the second and fifth columns show respectively abnormal returns for the case of positive and 
negative abnormal returns; the third and sixth columns show respectively cumulative abnormal 
returns for the case of positive and negative abnormal returns; the fourth and seventh columns show 
respectively abnormal returns cross for the case of positive and negative abnormal returns. 
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Appendix D 
Oil: day after the abnormal returns 

Figure D.1: Average hourly returns on the day after the abnormal and normal 
days: the case of positive abnormal returns, Oil 

 
This figure presents estimates and comparison between average hourly Oil returns after the 

abnormal and normal days for the case of positive abnormal returns 
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Table D.1: t-test of hourly returns on the day after the abnormal and normal 
days: the case of positive abnormal, Oil 

Hour 

Average 
return on 
day after 
positive 
abnormal 
returns 
(OD) 

 Standard 
deviation 
(OD) Number of 

observations 
(OD) 

Average 
return on 
usual day 
(UD) 

Standard 
deviation 
(UD) Number of 

observation 
(UD) 

t-
statistic 

0:00 0.24% 0.64% 81 0.01% 0.72% 2848 3.19 
1:00 0.53% 2.14% 82 0.02% 0.85% 2841 2.12 
2:00 0.20% 0.48% 52 0.00% 0.71% 2181 2.96 
3:00 -0.05% 0.28% 22 -0.01% 0.29% 1229 -0.56 
4:00 -0.03% 0.54% 55 0.01% 0.35% 1593 -0.62 
5:00 -0.10% 0.56% 74 0.00% 0.25% 2574 -1.48 
6:00 0.04% 0.35% 61 0.00% 0.25% 2555 0.85 
7:00 -0.01% 0.41% 62 0.00% 0.24% 2563 -0.12 
8:00 0.02% 0.34% 80 0.00% 0.33% 2878 0.56 
9:00 0.15% 0.51% 80 0.01% 0.29% 2882 2.54 

10:00 -0.09% 0.47% 81 -0.01% 0.24% 2879 -1.63 
11:00 -0.11% 0.72% 81 -0.01% 0.25% 2896 -1.35 
12:00 -0.03% 0.58% 81 0.00% 0.20% 2898 -0.41 
13:00 0.11% 0.66% 81 0.01% 0.28% 2899 1.37 
14:00 0.00% 0.56% 81 0.00% 0.42% 2899 0.05 
15:00 -0.09% 0.57% 81 0.00% 0.52% 2900 -1.42 
16:00 0.03% 0.80% 81 -0.01% 0.56% 2901 0.47 
17:00 0.08% 0.83% 81 -0.01% 0.63% 2901 0.95 
18:00 0.05% 1.15% 81 -0.01% 0.47% 2901 0.50 
19:00 -0.18% 0.90% 81 0.00% 0.50% 2902 -1.78 
20:00 -0.06% 0.86% 81 -0.01% 0.73% 2904 -0.47 
21:00 0.01% 0.79% 82 0.01% 0.96% 2903 -0.08 
22:00 -0.06% 0.97% 82 -0.02% 0.94% 2891 -0.40 
23:00 0.00% 0.81% 81 0.00% 0.86% 2867 -0.02 

 
This table presents estimates from the t-tests of Oil hourly returns on the day after the abnormal and 
normal days for the case of positive abnormal returns. The first column reports hours of the day, the 
second and fifth columns show respectively average returns on day after positive abnormal returns 
and on usual day with positive returns; the third and sixth columns show respectively standard 
deviation estimates for returns on day after positive abnormal returns and normal days; the fourth 
and seventh columns show respectively number of observation values for abnormal and normal 
days; the eighth column shows the t-statistics.   
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Figure D.2: Average hourly returns on the day after the abnormal and normal 
days: the case of negative abnormal returns, Oil 

 
This figure presents estimates and comparison between average hourly Oil returns after the 

abnormal and normal days for the case of negative abnormal returns 
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Table D.2: t-test of hourly returns on the day after the abnormal and normal 
days: the case of negative abnormal returns, Oil 

Hour 

Average 
return on 
day after 
negative 
abnormal 
returns 
(OD) 

 Standard 
deviation 
(OD) Number of 

observations 
(OD) 

Average 
return on 
usual day 
(UD) 

Standard 
deviation 
(UD) Number of 

observation 
(UD) 

t-
statistic 

0:00 -0.15% 0.65% 78 0.01% 0.72% 2848 -2.15 
1:00 -0.09% 0.46% 78 0.02% 0.85% 2841 -2.09 
2:00 -0.54% 1.76% 61 0.00% 0.71% 2181 -2.41 
3:00 -0.10% 0.43% 27 -0.01% 0.29% 1229 -1.08 
4:00 0.18% 0.77% 47 0.01% 0.35% 1593 1.45 
5:00 -0.11% 1.11% 80 0.00% 0.25% 2574 -0.89 
6:00 -0.07% 0.77% 64 0.00% 0.25% 2555 -0.75 
7:00 -0.09% 0.72% 64 0.00% 0.24% 2563 -0.97 
8:00 0.04% 0.54% 78 0.00% 0.33% 2878 0.60 
9:00 0.01% 0.61% 80 0.01% 0.29% 2882 0.10 

10:00 -0.12% 0.62% 79 -0.01% 0.24% 2879 -1.66 
11:00 0.04% 0.69% 80 -0.01% 0.25% 2896 0.62 
12:00 0.04% 1.24% 80 0.00% 0.20% 2898 0.26 
13:00 0.22% 0.97% 80 0.01% 0.28% 2899 1.94 
14:00 -0.08% 0.89% 80 0.00% 0.42% 2899 -0.81 
15:00 -0.03% 0.75% 80 0.00% 0.52% 2900 -0.36 
16:00 -0.01% 0.66% 80 -0.01% 0.56% 2901 0.09 
17:00 0.04% 0.94% 80 -0.01% 0.63% 2901 0.53 
18:00 0.15% 0.87% 80 -0.01% 0.47% 2901 1.61 
19:00 0.15% 1.07% 80 0.00% 0.50% 2902 1.29 
20:00 0.16% 1.33% 80 -0.01% 0.73% 2904 1.13 
21:00 -0.10% 1.03% 80 0.01% 0.96% 2903 -1.00 
22:00 -0.15% 1.04% 80 -0.02% 0.94% 2891 -1.09 
23:00 0.02% 1.04% 80 0.00% 0.86% 2867 0.20 

 
This table presents estimates from the t-tests of Oil hourly returns on the day after the abnormal and 
normal days for the case of negative abnormal returns. The first column reports hours of the day, 
the second and fifth columns show respectively average returns on day after negative abnormal 
returns and on usual day with negative returns; the third and sixth columns show respectively 
standard deviation estimates for returns on day after negative abnormal returns and normal days; the 
fourth and seventh columns show respectively number of observation values for abnormal and 
normal days; the eighth column shows the t-statistics.   
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Figure D.3: Dynamics of cumulative abnormal returns on the day after the 
abnormal returns, Oil 

 
This figure displays the dynamics of cumulative abnormal returns in Oil prices for the case 

of negative and positive abnormal returns on the day after the abnormal returns 
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Table D.3: Cumulative abnormal returns on the day after the abnormal returns: 
the case of positive and negative abnormal returns, Oil 

Hour 

Positive abnormal returns Negative abnormal returns 
Abnormal 
returns 

Cumulative 
abnormal returns 

Abnormal 
returns 

Cumulative 
abnormal returns 

0:00 0.23% 0.23% -0.16% 0.16% 
1:00 0.50% 0.73% -0.11% 0.27% 
2:00 0.20% 0.94% -0.54% 0.82% 
3:00 -0.03% 0.90% -0.09% 0.91% 
4:00 -0.05% 0.86% 0.16% 0.74% 
5:00 -0.10% 0.76% -0.11% 0.85% 
6:00 0.04% 0.80% -0.07% 0.92% 
7:00 -0.01% 0.79% -0.09% 1.01% 
8:00 0.02% 0.82% 0.04% 0.97% 
9:00 0.15% 0.96% 0.01% 0.97% 

10:00 -0.09% 0.88% -0.12% 1.08% 
11:00 -0.11% 0.77% 0.05% 1.04% 
12:00 -0.03% 0.74% 0.04% 1.00% 
13:00 0.10% 0.84% 0.21% 0.79% 
14:00 0.00% 0.85% -0.08% 0.87% 
15:00 -0.09% 0.75% -0.03% 0.90% 
16:00 0.04% 0.80% 0.01% 0.89% 
17:00 0.09% 0.89% 0.06% 0.84% 
18:00 0.06% 0.95% 0.16% 0.68% 
19:00 -0.18% 0.77% 0.15% 0.53% 
20:00 -0.05% 0.73% 0.17% 0.36% 
21:00 -0.01% 0.72% -0.12% 0.47% 
22:00 -0.04% 0.68% -0.13% 0.60% 
23:00 0.00% 0.67% 0.02% 0.58% 

 
This table presents estimates of cumulative abnormal returns for the case of positive and 

negative abnormal returns after abnormal days in Oil prices. The first column reports hours of the 
day, the second and fourth columns show respectively abnormal returns for the case of positive and 
negative abnormal returns; the third and fifth columns show respectively cumulative abnormal 
returns for the case of positive and negative abnormal returns. 
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