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Abstract

In this paper, we aim to analyze the chaotic structure of the daily Euro/USD parity. The examined data covers the
period of 01/01/2004 and 03/04/2018. In this context firstly, to determine chaotic behavior of daily Euro/USD rates,
the BDS test was used. And following, the chaotic behavior was examined by Largest Lyapunov Exponents (LLE)
and Henon Map methods. The results proved the existence of chaotic structure in the data.
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1. Introduction

Social sciences, especially economics, are mostly interacted not only with the other branches of social sciences but
also with the physical sciences such as mathematics, biology, physics, etc. The theoretical structure of the Classical
economy is figured by Newtonian physics: These implications enabled the scientists to make linear analysis. In time,
the generated linear models are not considered as sufficient to determine the real structure of the economy.
Newtonian approach was seriously criticized by some the scientists because the estimations of it is not matching with
real life and market experiences (Karaguler, 2000; Bildirici et. al. 2017; Torkamani, et. al., 2007; Wu and Zhang,
2007).

The critics, handled by the scientists, because of inadequacy in technical advancement and calculation technologies
accordingly, it was not possible to make more complicated estimations and evaluations. However, by important
developments in information and computer technologies in 1950s, it became possible to make more complicated
researches. Through these technological developments, the nonlinear approach was utilized by most of the sciences
especially in economics. Non-linear analysis provided the chance to economist and finance specialists to make more
consistent forecasts which reflect the real market experiences, in their analysis.

Chaos, which represents the actual structures of financial time series, is accepted as one of the most significant
developments in sciences. Lorenz (1960, 1962 and 1963) is accepted as the first scientist who introduce to chaos
theory, asserted that small changes in decimals create huge differences in the results of atmospheric analysis. In the
19th century, Newtonian approach, based on linear pattern, claimed that almost everything is predictable while
Maxwell (1980s) suggests the presence of unpredictability in his studies. Following, Li and Yorke (1975), May
(1976) and Day (1982, 1983, 1997) examined the chaos theory in economics.

Chaos theory is a part of complex systems, which comprises the non-linear interactions of many variables, run
against the dominant paradigm. These approaches became a natural rival to the dominant paradigm. According to the
chaos theory, most of the systems are quite sensitive to the initial conditions. The movements in the systems
exponentially grow, but the paths are neither move further nor close to a specific point. That was identified as
deterministic system acting randomly (Zhang, 2005).

Exchange rates which are considered as an important figure to determine power of the currency in international trade,
show the real value of the national money in the global economy. Also, it offers about the analyzed countries’
economic conditions that make possible to offer proper economy policy suggestions.

Before the 20th century, the foreign exchange (FX) rates are mentioned in the international trade among the
countries. Export and import amounts were determinative variable for the FX rates till the second half of the 20th
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century. As we mentioned above, technological infrastructure improved after 1960s also enabled the international
trade volume to increase.

After 1990s, by the financial capitalization, capital investments became more influential in international economy.
The increasing volume and speed in money transfer correlated with technological improvements which give cause
financial markets for being more complicated, are the other substantial factors in determination of FX rates. High
mobility in capital, investing in the other currencies give the money markets high amount of transaction volume. And
also, the pattern of the FX rates is affected by financial and economic variables. Output of the economies, interest
rates, trade deficit/surplus and the other issues are important figures for the exchange rate and forecasting the FX
rates became so important for economic agents (Plakandaras et al, 2018).

One of the other important factors that affect the behavior of the FX rates is the short/long term capital movements.
This kind of fluctuations especially became important after the 1990s. Large interactions across the capital
movements make impossible to analyze the time series by using traditional methods. Therefore, the chaos theory
provides an acceptable and suitable point of view to examine the actual behavior of the series (Ou et al, 2010)
because by using linear approach, it is not possible to provide sufficient information about the data’s pattern. The
presence of non-linear models provides an important advantage to analysts to forecast. However, financial data, due
to high amount of variables, has huge fluctuations, shows irregular behaviors and that has unforecastable sudden
movements which can be interpreted as chaotic.

In financial market and FX rates’ characteristics, so many interferes cause to irregular moves on the data and this
leads to chaotic behavior. Chaos theory addresses to constrained consistent performance, which is neither a point
steadiness not periodic or quasi-periodic (Barkoulas and Travlos, 1998; Bhattacharya and Sensarma, 2006). This
characteristic feature of the chaotic determination is expressed as ‘sensitive dependence on beginning (initial) state’
that means two points with alike initial condition possibly follow different trajectories (Bhattacharya and Sensarma,
2006). Lyapunov exponent is used to gauge the average deviation from starting point of the system.

This paper aims to determine chaotic and/or nonlinear behavior of FX rates. For this reason, firstly, the Brock,
Dechert ve Scheinkman (BDS) test is used and following LLE and also the Henon Map are applied to determine the
presence of chaos. In this structure, this paper consists of four sections. Accordingly, the literature review part of the
study is placed in the second section. The data and econometric methodology is placed at the third section,
econometric results is discussed in the fourth section while the last section forms the conclusion of the paper.

2. Literature Review

There are many papers about the chracteristics  and the presence of chaos in the exchange rate data. Frank and
Stengos (1988) and Scheindman and Lebaron (1989) found the proofs of the existence of chaos in markets. Aczel
and Josephy (1991) measure the presence of chaos with correlation dimension. According to study, highly managed
Singapore currency has smaller correlation dimension compared to European countries. Rubio et al. (1992) tested the
deterministic chaos on daily Peseta-USD exchange rate and their findings show the presence of chaotic behavior in
the series. Vassilicos et al. (1993) focused on USD/Mark, USD/Swiss Franc FX rates and New York Stock exchange
data. Over 20,000 data is used and according to the analysis, no chaotic behavior is presented, but multifractal
structure is detected. According to the paper, chaotic behavior can be seen at smaller samples but it cannot be
observed at higher amount of data. Lux and Marchesi (2000) found that the presence of high amount of interactions
between market agents caused to the chaotic behavior in the financial markets. Gilmore (2001) found contradictory
signals about the chaotic pattern in the data. De Grauwe and Vansteenkiste (2001) mentioned that determining the
chaotic structure of the data is almost impossible due to very limited ability of the appropriate tools to analyze the
dynamics of chaos.

Das et. al. (2012) focused on Indian and Chinese FX rates against USD by applying Lyapunov exponent test and
found the proofs of the chaotic structure in both fx rates. Dezhkam et. al. (2015) tested the chaotic behavior on daily
Iran currency by BDS test, Hurst exponent, LLE and correlation dimension. The presence of non-linear structure and
chaos are proved. Bildirici et al. (2017) focused on the fx rate data to search the existence of the chaotic structure in
the series and found the chaotic dynamics by using Lyapunov exponent and Henon map. Lahmiri (2017) searched for
the evidence of the chaotic structure in Moroccan exchange rates using Largest Lyapunov Exponent. The results
found the presence of chaos on currency levels and for short and long term. At Diaz and Chen (2017) determined the
chaotic behaviour in currency ETN returns and evidences of chaotic dynamics were found. Plakandaras et al.(2018)
searched the chaotic behavior of the BRICS’s currencies by Lyapunov exponent and correlation dimension tests and
chaotic dynamics are presented in all series excluding South Africa. The short run prediction can be possible but long
run forecasting will not be successful according to the paper. Franch (2018) proved the chaotic behavior for German
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Mark, Japanese Yen, Swiss Franc and Pound. Alves et al. (2018) focused on Dow Jones Index to determine the
chaotic dynamics. It was determined that the chaotic dynamics are exist, but prediction performance deteriorates at
sharp movements, Tiwari and Gupta (2018) focused, in G7 stock markets, to search the presence of chaos with using
Lyapunov exponent. Strong chaotic behavior was determined for monthly data.

3. Data and Econometric Methodology
3.1 Data

At our research, we studied the nonlinearity and chaotic pattern at the f/x rates data between the dates 05/01/2004
and 03/04/2018 covering the era of 2008 economic crisis. After the BDS (Brock, Dechert, Scheinkman, 1987) test
for nonlinearity investigation, Lyapunov Exponents and Hennon Map are used to determine the existence of chaotic
signals for the selected financial foreign exchange data. Data is downloaded from www.investing.com.

3.2 Econometric Methodology
3.2.1 BDS Test

1 n n.
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3.2.2 Largest Lyapunov Exponent (LLE) Test

Some methods were used to calculate the presence of chaos. LLE test is the most known and used one among all the
methods. The chaos’ main feature is dependency to the initial conditions. This exponent is used to measure the
distance of two trails with different initial conditions. If the distance increases, then the degree of chaos increases and
forecasting becomes much harder (Bildirici et.al:2017; Plakandaras et al, 2018). If the Largest exponent value is high,
there is a high sensivity to initial state. Higher Largest exponent value means to higher exponential growth.

For calculating LLE, the vectors that have ‘n’ components are;
Y, = y(,), y( +D...y(t, +n) 1

The vectors that which’s distance is lower than the value of p is calculated as;

Po (i, k) =Y =Y, < p )
The term in below is calculated:
Y,". -V,
ds(n; i, k) — || 1+s -k+s (3)
Po(n:i, K)
The calculation of Lyapunov’s largest exponent is as shown:
Iog ds(n;i,k) (4)
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If the result is positive and very near to zero it can be said that there is a weak chaos. Negative value tells us that no
chaos is present in the series possible to predict. But the presence of positive exponent means to the presence of
chaotic dynamics.

4. Econometric Results
4.1 Descriptive Statistics and Unit Root Tests

Daily Euro/USD rates (dfx) are tested at first differences by a series of descriptive statistics and BDS test. The results
in Table 1 show that there may be a chaotic structure in the analyzed period of daily FX rates.

Table 1. Descriptive statistics and the BDS test

Series: Mean Med. Std.Dev Skewness  Kurtosis JB*

A dfx 1.000014 1.000072  0.006058 0.099978 5.164799 732.1883
BDS Independence Test Results:

A dfx

Dimension BDS Statistic z-Statistic  C(m,n) C(1,n-(m-1)) c(1,n-(m-1))"k

2 0.008756 6.545560  3489879. 4866633. 0.496570

3 0.018993 8.934278  2545694. 4863525. 0.349816

4 0.026299 10.39011  1881157. 4860408. 0.246381

5 0.030393 11.52187 1405741. 4857234, 0.173485

6 0.032667 12.84367 1067887. 4855164. 0.122294

Notes: JB is the Jarque-Berra test.

According to the Kurtosis and Skewness results, heavy tails and leptokurtic distribution are presented in the series
(Table 1). The outcomes at the table indicate that the analyzed data diverges from normal distribution. The BDS test
showed it can be rejected the null hypothesis that the series are linear. The BDS results recommended that the
Euro/USD rates for Turkish economy can be non-linear that makes the possibility of the chaotic and/or nonlinear
behavior of the structure of exchange data higher. So, the results refer that it is possible to exist chaotic structure in
the dfx series.

4.2 Henon Map and Lyapunov Results

The Henon map is a repeated distinct-time dynamical system which shows the chaotic structure in two-dimensional
space.

Henon map state space
: T T

x(n)

Figure 1. Henon map
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In Figure 1, it is seen that no points are escaping to infinity while they are repeating. This behavior proves the chaotic
dynamics in the data.

In Table 2, for calculating LLE results, 1 to 10 dimensional structured vectors are utilized. According to results,
positive LLE shows the chaotic pattern in data.

Table 2. The Largest Lyapunov exponent test outcomes
D=1 D=5 D=10
0.256 0.744 0.037

FX rate presents the value of a currency compared to other currencies. New financial products, daily FX markets,
investment opportunities and international trade are some factors that influence the FX rates. These factors generate
extra ordinary movements on FX rates data. Trend, cycle, and seasonality issues of classic approach do not provide
enough information to make forecast for analysts and researchers. Changes in FX system to floating system, data has
strong non-linear and also chaotic features.

5. Conclusion

In this paper, searching the existence of chaos in the series is targeted. One of the most important features of the
analyzed time period is inclusion of the 2008 economic crisis. For this reason, firstly, BDS test was applied to figure
out the chaotic behavior of exchange rates. After BDS test, Largest Lyapunov exponent method was utilized to
search the chaotic dynamics of the exchange rates. Following, positive Lyapunov exponent was calculated, chaotic
dynamics in the data was proved. High level of irregular fluctuations causes to nonlinearity and also chaotic
dynamics.

Chaotic tests are important for determining behavior of FX rate. The findings disclose that traditional linear methods
are not suitable for analyzing data especially for financial time series data.
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