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Currency Pairs’ Returns: Probability and Dependence

The Dukascopy Bank SA research department starts a series of research on statistical properties of currency pair returns. In several issues
we will investigate different characteristics to answer two main questions. Firstly, can we confirm or refute general assumptions about the

nature of returns? And secondly, how do our findings affect the real-life use of the theory?

In the current issue we focus on the relation between past and present returns and address subjects of distribution and dependency.
Associated concepts, such as normality and independence, are crucial for models in risk analysis, prediction making, etc. That is why it is
important to know whether the necessary assumptions hold, and therefore be able to estimate the accuracy of methods used in investing

and trading.

We have chosen to study four pairs, trying to involve both popular and diverse currency couples: EUR/USD, EUR/GBP, EUR/JPY, and
USD/CAD.

Methodology
To see whether a set of historical data forms a pattern with known characteristics, we test it for having a certain type of distribution.

Distribution of a variable is a function, which maps the value of the variable to the probability of it taking the said value.
Therefore, knowing the distribution of returns, we would be able to estimate a probability of an exchange rate to take any value at any time.
In this paper we concentrate on two types of distributions: normal and stable, - as . o

they are frequently mentioned regarding currency pair returns.

Normal distribution is a special case of stable distributions. It serves as a basis
for many financial models, but assumes a number of strict characteristics that
real-life data does not always possess. Stable distribution, on the other hand, is
more general and allows greater deflections. Because of that, however, it does
not adhere to the requirements of some of the models. Therefore, if the normality

of returns is disproved, the usage of certain methods becomes questionable.
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Figure 1 Examples of probability density functions for normal (left)

and stable (right) distributions
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We check the hypothesis for the distribution of returns by performing statistical tests. Two key factors for interpreting the results of such tests

are significance level and p-value.

A statistical test is a procedure of making decisions about a population based on a sample. The statement under study (e.g. returns are

normally distributed) is called a null hypothesis. A significance level is a probability of making a mistake and rejecting the null hypothesis

when it is true. P-value is a numerical product received after performing the test. If the p-value is greater than the significance level, there are

no grounds for rejecting the null hypothesis. Otherwise, the null hypothesis must be rejected.

In this research we use five different statistical tests. The Kolmogorov-Smirnov (Lilliefors) (KS), the Anderson-Darling (AD), the Jarque-Bera

(JB), and the Shapiro (Sh) tests are meant for testing hypotheses for distribution of returns. The Ljung-Box test is used to check whether

returns in a sample are independent. More detailed information on the tests can be found in the Appendix.

Another way to investigate dependence among the returns is to

run regressions.
Regression is a method of estimating a relation between two

variables, dependent and independent. It estimates the expected
value of the dependent variable given a definite value of the
independent one.

The dependent variable in our case is the return at a moment in
time t (current return), while the return at t-1 (previous return) is
the independent one. This method gives us an opportunity to see
whether returns are related to their predecessors, and thus
inspect a possibility to predict future currency pair movements by

the present ones.

The data used for testing are two sets of daily logarithmic returns,
one collected over a time period from 01.01.2000 to 01.01.2004,
and the other - from 01.01.2008 to 01.01.2012.
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Figure 2 EUR/USD logarithmic returns during 2000-2004
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Figure 3 EUR/USD logarithmic returns during 2008-2012

-0.07

= -125

- -2.43

Dukascopy Bank SA, Route de Pre-Bois 20, International Center Cointrin, Entrance H, 1215 Geneva 15, Switzerland tel: +41 (0) 22 799 4888, fax: +41 (0) 22 799 4880

research@dukascopy.com


mailto:research@dukascopy.com

£ DwAscoPY

Swiss Forex Bank & Marketplace & ECONOMIC RESEARCH

Wednesday, September 26, 2012

Results
1. In general, logarithmic returns of the currency pairs are not normally distributed.

We have performed the tests for normality with a 0.05 significance level, and have received the p-values displayed in Tables 1-4. The red
cells indicate cases in which the hypothesis about the normal distribution of returns does not hold, but the green ones — cases in which it

cannot be rejected.

Firstly, we have considered a more widespread situation, when financial methods are applied to relatively small time periods. Thus we have
divided our datasets into subsets that cover time periods of one year. It appears that the hypothesis of normality could be rejected for some
samples and could not for others. In addition, there was no evident relation between p-values and time periods — the results changed
chaotically, not showing any signs of gradual development. Two examples of different outcomes are presented in Tables 1-2. The results

differ dramatically, from strong support of the hypothesis to its complete refutation.

JB KS sh AD JB KS Sh AD JB  KS Sh AD JB KS Sh AD

cursD {0 | oast | oser | oz | (-

EUR/GBP ms 0543 omo ‘ EUR/GBP EUR/GBP EUR/GBP

EURMPY 0849 | 0788 | 0.889 | 077 EUR/JPY EUR/JPY EURIPY

USD/CAD 0.637 0515 0.462 0.366 USD/CAD USDICAD USD/CAD

Table 1 P-values of Normality Tests Table 2 P-values of Normality Tests Table 3 P-values of Normality Tests Table 4 P-values of Normality Tests
(2000-2001) (2008-2009) (2000-2004) (2008-2012)

We have then studied the full sets, assuming that a greater number of observations will allow us to get a more concrete result. The numbers
in Tables 3-4 make it apparent that both sets consist of non-normally distributed returns, as all the tests produce p-values of 0 or very close to
it. The only exception is the Kolmogorov-Smirnov test result for earlier EUR/USD returns. The test would also forbid rejecting the hypothesis
for 2000-2004 EUR/GBP and 2008-2012 EUR/USD if the chosen significance level was 0.01, another popular threshold. As promising as

these results are, compared with other p-values, they do not provide sufficiently strong evidence in support of normality. In fact, they say

about the specifics of the tests rather than the samples.
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2. Currency pair returns are not always independent from their earlier selves.

Another important statistical property is data independence. In our case it holds if there are no bonds among returns in a sample. As was said
before, the independence, too, can be checked with a statistical test, producing the already familiar p-values. The results for the 2000-2004
and 2008-2012 sets are given in Tables 5-6.

Lag 1 2 3 4 5 6 7 8 Lag 1 2 3 4 5 5] 7 8

EUR/USD | 0077 | 014 | 0.198 | 0.131 | 0.008 | 0.167 | 022 | 0.146 | EURUSD | 0.192 | 0.308 | 0343 | 0.384 | 0521 | 0551 | 0588 | 0.641 |
|Baassss Eneecas e ro---- o aaaacs \maascas insanaan i I F— o P oo e - s i
EUR/GBP | 0.115 | 0.277 | 0.063 | 0.025 | 0032 | 0.048 | 001 | 001 | EUR/GBP | 0085 | 002 | 0032 | 0085 | 0101 | 0097 | 0114 | 0169 |
=mmmee j-ommme oo Poocoeo oo -omm- o = ! F— emmaeas T Po---o T— e — T i

EURPY | 0388 | 0455 | 055 | 068 | 0576 | 0557 | 0.636 | 0.718 | EURMPY | 0667 | 0418 | 0474 | 0457 | 0426 | 0326 | 0256 | 0315 |
_______

USDICAD 0011 | 0008 | 0009 : 0014 | 0021 | 0033 | USD/CAD | 0.379 | 0632 i 0.793 | 0.151 | 0.023 | 0.042 | 0.039 i 0.058 |
_______ S S, ______i U SO S S SO S N S

Table 5 P-values of Ljung-Box Test (2000-2004) Table 6 P-values of Ljung-Box Test (2008-2012)

The results vary both among the currency pairs and throughout time. EUR/USD and EUR/JPY prove to have independent returns on any lag
in both sets. For EUR/GBP the hypothesis gets rejected on certain lags, though not the same ones in different years. The 2000-2004 sample
displays dependency on greater lags, starting from 4th, while the 2008-2012 — on 2nd-3rd, the lesser ones. This might indicate a change in
the pairs’ nature as recent movements are becoming more strongly related than the older ones. The most appreciable developments,
however, are visible for USD/CAD results. The returns in 2000-2004 are dependent on all the lags, with especially strong evidence for the first
ones, where the p-values are equal to zero. For the 2008-2012 sample, on the contrary, the hypothesis of independence holds for the first
four lags, and gets rejected only on the last ones. Thus, in terms of independence, the pair has recently become appropriate for the

application of financial and statistical models.
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To take a closer look at the relationship between the lagged and non-lagged returns, we applied the regression analysis to the case with a
one-day lag. The results are displayed as regression lines (green) and squared error lines (red).

In general, as the test confirmed return independence from the first lag, et 5% ecidoai %
the regression lines do not show any patterns in price changes. The only 0049 4
case in which the hypothesis of independence was rejected is 2000-2004
USD/CAD returns. This pair will thus be used to exemplify the difference in 0015 |
the nature of relationships. Results for other currency pairs can be found in b ils N
the Appendix. ' !

0.008

0.003

1

0015 . 5002

-0.024 - -0.007

Figure 4 shows a clear, near-to-opposite relation between non-lagged and
lagged returns. Here the best positive return is expected after the worst
negative, and vice versa. Such a model describes zigzagging price ‘
movements. The errors of the model form an almost straight line on a low 0106 |
level, indicating a sort of stability. Though it might seem counter-intuitive,
dependence in this case actually suggests an absence of short-term trends, Figure 4 USD/CAD logarithmic returns regression on lagged logarithmic returns
with gains and losses constantly interchanging. e

-0.075 - | -0.012

-0.018

Returns, % Residuals, %

Figure 5, on the other hand, displays a regression for statistically 0.159 - 0.026
independent data. We will now put aside the indicators of a worsening ——. i
model (such as greater errors and unevenness of both error and 005 0 040 0dna 02~ -0.017

regression lines) and concentrate on the suggested relationship.
Surprisingly, even though the test for independence gave a clear positive
result, the general form of the regression line does not differ much from the
one on Figure 4. If we look at the horizontal values from -1.5% to 1.5%, we

-0.369 - -0.061

-0.632 -0.105

will see that the negative returns are expected to be followed by gains, 089 - 0,149
while positive ones — by losses or neutral outcomes. The error in this
interval is on approximately the same level, too. Thus the zigzagging 116 - 0192

nature of movements did not change, but possibly became more chaotic in

its scale with volatility increasing over time. This might also be the reason Figure 5 USD/CAD logarith{;zct I:etum% resllr?;z?; 2%'11 ggged logarithmic returns
] - wi e residuals -

for the change in the independence test results.
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3. Distributions of returns are asymmetric and heavy-tailed.

As the tests gave strong evidence against the normality of returns, it is reasonable to try and
estimate a different, better fitting distribution. We will focus on stable distribution, as its only
requirement is independence of data, which in our case was confirmed by the test. The property
of having a stable distribution is asymptotic, meaning it becomes clearer with bigger datasets.

That is why we investigate the distribution parameters of the full sets of returns.

A stable distribution has four parameters, estimated values of which are given in Tables 7-8.
Parameter a describes the rate of decay of tails, i.e., the lower the parameter, the heavier the
tails. For normal distribution a=2. Thus Tables 7-8 show that the returns of all pairs take extreme
values more frequently than they would if the normality held. In cases when a>1, & can be
interpreted as a mean value. Here we see a confirmation of the belief that currency pair returns
have a mean of 0. Parameter B characterises the skewness: its negative values indicate an
extended left tail, but positive — a longer right one. Considering the 0 mean, estimated betas show
that the returns tend to have more numerous and extreme negative values than positive ones.
The only exception is USD/CAD, which seems to have started offering more gains in 2008-2012.
Parameter y shows how spread out the distribution is. However, it must not be confused with
variance, which is infinite for all distributions with o#2. In our case it means that, theoretically,

returns can take any values from infinitely negative to infinitely positive.

Wednesday, September 26, 2012

_EUR/USD_EUR/GBP _EUR/IPY USD/CAD
o 1777 | 1829 | 1611 | 1013 |
B -0.052 0.045 | -0.111 0.171
b 0 0 0 0
T oo BT oo

__________________________________________

Table 7 Stable Distributions Coefficients (2000-2004)

'EUR/USD EUR/GBP EUR/IPY USD/CAD
o 1686 | 187 | 1456 | 1635 |
B -0.267 0213 | -0.174 0.236
6 0 0 0 0
e oo B oo

__________________________________________

Table 8 Stable Distributions Coefficients (2008-2012)
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Conclusion

We have investigated currency pair logarithmic returns, looking for patterns or laws that would describe price movements. The study showed
that, in general, the returns are independent, heavy-tailed and skewed towards negative values. Thus the exchange rates move chaotically on
a small time scale and often exhibit losses greater than gains. The returns also proved to have zero mean and infinite variance. All these prop-
erties result in the inaccuracy of normality-assuming models and consequently underestimation of risk, as strongly negative values appear
more frequently than expected. Some samples, however, did demonstrate normality, proving that the properties of returns tend to vary for dif-
ferent time intervals and for different currency pairs. Thereby preliminary data testing is important, as some datasets are fitting for popular fi-

nancial methods, but others require application of more complex and general models.

* Dukascopy Bank SA, Route de Pre-Bois 20, International Center Cointrin, Entrance H, 1215 Geneva 15, Switzerland tel: +41 (0) 22 799 4888, fax: +41 (0) 22 799 4880 research@dukascopy.com



mailto:research@dukascopy.com

£ DwAscoPY

& ECONOMIC RESEARCH

Wednesday, September 26, 2012

Appendix

Lilliefors test — a modification of the Kolmogorov-Smirnov test for normality. Lilliefors tests the null hypothesis of data coming from a normally
distributed population with unspecified mean and standard deviation. The Kolmogorov-Smirnov test, on the other hand, requires these parame-

ters to be known. The alternative hypothesis for the Lilliefors test states that the population does not have normal distribution.

Anderson-Darling test — a modification of the Kolmogorov-Smirnov test that can be applied to different distributions. Therefore the null hy-
pothesis suggests that data follows a specified distribution, but the alternative — that data does not follow that distribution. The Anderson-

Darling test gives more weight to the tails of the sample than the Kolmogorov-Smirnov does, and thus is considered more accurate.

Jarque-Bera test — a statistical test that checks whether the sample's skewness and kurtosis correspond to the ones of normal distribution.
Thus it tests the null hypothesis of the sample having zero skewness and zero excess kurtosis. The alternative hypothesis is that the data

come from a non-normal distribution. The Jarque-Bera test is believed to be more accurate for large samples rather than for small ones.

Shapiro-Wilk test - a statistical test with the null hypothesis of population being normally distributed. It is often considered one of the most
powerful normality tests, particularly for small samples. However, the accuracy results in the fact that rejecting the null hypothesis does not give

any notion on which parameters of the population differ from normal.

Ljung-Box test — a statistical test on whether data are independently distributed. The null hypothesis is that the correlations within the popula-
tion are zero, but the alternative — that the data are not independently distributed. This generalised alternative hypothesis gives an opportunity
to check for a wide range of deviations from the main assumption. It does not specify the fault, but nevertheless shows whether the chosen

model is in overall appropriate for the dataset.
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Logarithmic returns regression on lagged logarithmic returns with residuals

Returns, % Residuals, % Returns, % Residuals, %
' EUR/USD (2000-2004) ’ EUR/USD (2008-2012)
0.115 | | ~ 0.019 0.715 5 . : : ~ 0.119
0.079 ~ 0.013 0.533 - E ' 0.089
0.042 - 0.007 0.352 | - 0.059
0.006 - | ~ 0.001 0.17 — i " p.028
|
-0.025
-0.031 4 | - -0.005 “0.012 4 - -0.002
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-0.067 ~ ~ -0.011 _0.194 - - -0.032
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\ i i |
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Returns, % Residuals, % Returns, % Residuals, %
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Everything in this article, including opinions and figures, is provided for informational purposes only and may not be interpreted as financial advice or solicitation of
products. Dukascopy group assume no responsibility for the completeness or the accuracy of any data contained in this article. Financial figures indicated in this
article have not been verified by the Dukascopy group. Views, opinions and analyses are those of the author of the article, and are not endorsed by the Dukascopy

group.

ascopy group waive any and all warranties, express or implied, regarding, but without limitation to, warranties of the merchantability or the fitness for a
lar purpose, with respect to all information in this article. Dukascopy group shall under no circumstances be responsible for any direct, indirect, consequential,
or any other damages sustained in connection with the use of this article.
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