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COINTEGRATION ANALYSIS OF THE FOREIGN EXCHANGE RATE PAIRS
Mária Bohdalová 1, Michal Greguš 2
Abstract: Due to certain economic factors, Hungary and Poland—the two Central European (CE) countries—
have not successfully adopted the Euro currency. We aim to investigate the dependency of the two CE
currencies, HUF and PLZ, against the USD and the linking mechanism between them. Cointegration analysis is
commonly used as a common econometric technique for evaluating such efficiency.
In this article, we discuss the cointegration analysis of the selected foreign exchange (FX) rate pairs. Using
bivariate error correction model (ECM), we investigate spot FX rate pairs of HUF/USD and PLZ/USD. The
results from ECM are used in impulse response model for prediction of the new equilibrium after the exogenous
shocks affecting the processes at time t.
We have found that HUF reacts more closely with the change in USD and that HUF and PLZ are very unlikely
to be cointegrated. Nonetheless, we have found the period when both spot exchange rates are weekly
cointegrated, which was after August 2011. Although contributions are low, the analytical results are still
statistically significant for other researches to be conducted with fractal analysis of these FX rates.
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Introduction
Cointegration analysis of the foreign exchange rates is a commonly used econometric technique for
examination of the foreign exchange market efficiency. The market is efficient if the price of financial
instruments reflects all available and relevant information for the pricing process (Fama, 1970; Kühl,
2007). This paper aims to investigate the currencies of the CE (Hungary and Poland), which were
preparing to adopt the Euro currency, but due to the impact of various economic factors the adoption
of the Euro has not been accomplished yet. We show that HUF, compared to PLZ, reacts more sharply
to changes in the USD evolution.

Literature review
Many authors are interested in the study of foreign exchange market efficiency. Granger (1986) has
recommended testing the market efficiency using cointegration analysis for long-run co-movements
between time series at the end of the 1980s. According to the Granger’s representation theorem,
cointegration means that two or more time series fluctuate conjointly in a long-term relationship that
can be seen as an equilibrium relationship, to which an error correction term automatically belongs
(Granger, 1983; Engle & Granger, 1987). Short-run deviations from that long-run relationship result in
an automatic adjustment process that causes the variables to return to their long-term equilibrium
relationship. Thus, the error correction term contains information regarding the future movements of
one variable based on past prices (Kühl, 2007; Granger, 2001).
As Alexander (2008) wrote, two exchange rates are highly unlikely to be cointegrated. However, there
is some empirical evidence of cointegration between two or more exchange rates from Baillie &
Bollerslev (1994), Kouretas & Zarangas (1998), Lajaunie & Naka (1997), Phengpis (2006), Kühl
(2007). Kühl (2007) has been investigating the market efficiency of the foreign exchange market since
the introduction of the Euro using the cointegration methodology. Kühl (2007) had all currencies
denominated in USD. The reason for which co-movements between two exchange rates should be
examined explicitly is a speculative market with them in the pairs trading strategy (Vidyamurthy,
2004; Liew & Wu, 2013).
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In our study, we investigate the dependency between exchange rates of two Central European
countries: HUF/USD and PLZ/USD, and the mechanisms that tie these cointegrated series together. It
is possible to use two measures of dependency: correlation and cointegration. Pearson correlation
coefficient measures only linear associations, and it has huge limitations (Embrechts, McNeil, &
Straumann, 2002). Although it is possible to use copula approach for constructing unconditional joint
distributions that reflect almost any type of dependence, it ignores dynamic properties such as
autocorrelation in return (Alexander, 2008). The presence of cointegration implies that there is a longterm association between the time series. Thus, we use error correction model (ECM) that has a selfregulating mechanism, whereby deviations from the long-term equilibrium are automatically corrected
(Alexander, 2008).

Data and methodology
In this article, we analyze two selected spot exchange rates: Polish Zloty (PLZ) and Hungarian Forint
(HUF) against US dollar (PLZ/USD and HUF/USD). The analyzed sample period was from the 2nd of
January 2009 until the 8th of May 2014 in daily frequency. The data were obtained from statistical data
warehouse of the bank of England 3. All the estimation processes have been carried out in Wolfram
Mathematica (Ver. 10).
Cointegration
The time series are cointegrated if they have the same order of integration and if a linear combination
of these time series exist as stationary (integrated of order one). Originally, Engle & Granger (1987)
proposed a two-step procedure to estimate cointegration relations. In this two-step procedure, which is
mostly applied to n time series X1, … Xn, we choose one of these variables as the dependent variable,
for example X1 and then this variable is regressed on the other variables. After the first step, the
resulting error series ε = {εt} is tested for stationarity (Kühl, 2007; Alexander, 2008):

X 1,t = β1 + β  X t +  + β n X nt + ε t

(1)

If the null hypothesis of non-stationarity is rejected, it can be said that the time series are cointegrated

(

)

with cointegration vector 1,− βˆ2 , 2 ,− βˆn , where βi are the cointegration parameters (Engle &
Granger, 1987). In other words,

Z = X 1 − βˆ2 X 2 − 2 − βˆn X n

(2)

is the stationary linear combination of integrated variables whose mean represents the long
equilibrium.
Cointegration means that both series move together in the long-run and cannot drift apart very far from
each other (Granger, 1981). Consequently, the error term resulting from the linear combination of the
aforementioned time series can be seen as an equilibrium error. This equilibrium error quantifies the
deviation of the time series from their common long-run relationship (Granger, 1986). Hence,
deviations from the linear combination can only occur randomly and unsystematically (Kühl, 2007).
If a long-run relation between time series processes exists and if the equilibrium error is stationary,
there must be a mechanism that brings the system back to equilibrium in the face of an innovation. In
this context, Granger (1983) analytically illustrates that the consideration of a cointegration
relationship is equivalent to the existence of an error correction mechanism—Granger’s representation
theorem (Kühl, 2007).
3
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Error Correction Model
Error correction model (ECM) provides a short-term analysis of dynamic correlations. The connection
between the two stages is that the disequilibrium term Z that is used in the ECM is determined during
the first stage by equation (2).
The reason for the name error correction stems from the fact that the model is structured so that the
short term deviations from the long-term equilibrium will be corrected. We illustrate this on a case
where there are two cointegrated time series X and Y. Here an ECM takes the form (Alexander, 2008):
m

m

i =1

i =1

∆X t = α1 + ∑ β11i ∆X t −i + ∑ β12i ∆Yt −i +γ 1Z t −1 + ε 1t
m

m

i =1

i =1

(3)

∆Yt = α 2 + ∑ β 21i ∆X t −i + ∑ β 22i ∆Yt −i +γ 2 Z t −1 + ε 2t ,

(4)

where Z is the disequilibrium term given by equation (2), and the lag lengths and coefficients are
determined by ordinary least squares (OLS) regression.

Results and Discussion
Time series of FX rates are highly correlated with each other as illustrated by Figure 1 (left). The data
on the left chart are adjusted for better comparison using linear transformation (FX rates HUF/USD
are shifted +100, and FX rates PLZ/USD are scaled by 100). Black line is used for FX rates HUF/USD
and grey color is used for FX rates PLZ/USD. We can see that both FX rates share similar comovement.
Figure 1: Time Series Plot for HUF/USD (black line) and PLZ/USD (grey line) rates (left) and its
spread (right); analysis period: from January 2, 2009 to May 8, 2014 (daily data)
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Source: Authors (Wolfram Mathematica software)
Figure 1 (right chart) shows the spread as a difference between HUF/USD and PLZ/USD. The figure
of the FX rates pairs spread suggests two major kinds of oscillations, until August 31, 2011 and
beyond, when the Euro depreciated by 7.4% against the US dollar. The main driving factors were
changes in the perception of the sustainability of public finances in some Euro area Member States and
in the United States as well as movements in yield differentials between the two economies (ECB
Monthly bulletin, 2011). At the end of 2011, the IMF/EU bail-out program lapsed and it was replaced
by Post Program Monitoring and Article IV Consultations on overall economic and fiscal processes.
At the same time, the government of Hungary turned to the IMF and the EU to obtain financial
backstop to support its efforts to refinance foreign currency debt and bond obligations. However,
Budapest's rejection of EU and IMF economic policy recommendations led to a breakdown in talks
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with the lenders in late 2012. The global demand for high yields have helped Hungary to obtain funds
on international markets since that time. Hungary’s progress in reducing its deficit under 3% of GDP
led the European Commission in 2013 to permit Hungary for the first time since joining the EU in
2004 to exit the Excessive Deficit Procedure 4. During the first quarter of year 2012 the U.S. dollar
depreciated broadly against most currencies, with the exception of the Japanese yen. The dollar’s
depreciation reflected a number of factors, including policy actions by global central banks and
investor perceptions of an improving global growth outlook (Sack, 2012).
Figure 2: Histogram for spread, (left - whole analysis period, right - period after August, 31, 1011)

Source: Authors (Wolfram Mathematica software)
Figure 2 shows histogram for the whole analysis period (left chart) and for period from August 31,
2011 onward. Histogram for the whole analysis period exhibits two peaks, and the histogram for data
from August 31, 2011 exhibits Student t distribution with mean equal to 220.132, standard deviation
equal to 5.245, and with degree of freedom equal to 3.938. Kuiper test does not reject hypothesis about
Student t distribution (p-value is 0.251). For these reasons, we will analyze only the period after
August 31, 2011.
Cointegration and correlation analysis are based on different concepts. High correlation does not imply
high cointegration, nor does high cointegration imply high correlation. Cointegration analysis consists
of two stages (Alexander, 2008):
1. The aim of the first stage is to establish a long-term equilibrium relationship between prices.
The purpose of this analysis is to identify a stationary linear combination of the prices, which
best describes the long-term equilibrium relationship between them.
2. The aim of the second stage is to use error correction model (ECM) of returns for the longterm equilibrium.
Stationarity of the differences for the both FX rates and for their spreads for data after August 31st,
2011 were tested using Unit root tests (Dickey-Fuller and Phillips-Perron). Both tests confirmed that
our time series came from a weakly stationary process with significance 5%.
Now we estimate a bivariate ECM (Alexander, 2008) on the two FX rates, and we use this model to
identify the Granger causal flows between them. Furthermore, we estimate the impulse response
function following exogenous shocks. We have used spread as a disequilibrium term.

4
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Table 1: ECM of FX rates
ΔHUF/USD

ECM

Coefficients

ΔPLZ/USD

p-value

Coefficients

p-value

intercept

13.125

0.000

0.152

0.000

Lag(spread,1)

-0.059

0.000

-0.001

0.000

Δ(LAG(HUF/USD,1))

0.060

0.425

0.001

0.552

Δ(LAG(HUF/USD,2))

0.035

0.641

0.000

0.964

Δ(LAG(PLZ/USD,1))

-9.687

0.088

-0.110

0.147

Δ(LAG(PLZ/USD,2))

-0.193

0.973

-0.009

0.908

Source: Authors (Wolfram Mathematica software)
Table 1 shows estimated coefficients for ECM for first two lags of each dependent variable. We have
found out that only the coefficient for intercept and the first lag for spread are significant at 5% for
both time series. Table 2 shows results for ECM testing of the models by removing variables that are
non-significant at 5%. These results indicate that both time series have significant autocorrelation.
Equilibrium adjustments are influenced only via significant lagged spread for both exchange rates.
Table 2: ECM of FX rates, tested down
ECM, tested down

ΔHUF/USD
Coefficients

ΔPLZ/USD

p-value

Coefficients

p-value

intercept

13.287

0.000

2.308

0.006

Lag(spread,1)

-0.060

0.000

-0.011

0.006

Source: Authors (Wolfram Mathematica software)
Now we compute the impulse response functions of both exchange rates. Error correction mechanism
can be rewritten as:
HUF/USDt = 13.287 + 0.9399 HUF/USDt-1 + 0.0601 PLZ/USDt-1 + ε1,t

(5)

PLZ/ USDt = 2.3082 ˗ 0.0109 HUF/USDt-1 + 1.0101 PLZ/USDt-1 + ε2,t,

(6)

where ε1,t and ε2,t are OLS residuals.
Figure 3: Impulse Response Function. Impulse shock: HUF/USD +10 bp, PLZ/USD +0.5 bp
left: HUF/USD (upper line) and Spread (lower line), right: PLZ/USD
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Source: Authors (Wolfram Mathematica software)
Using these equations we have investigated the response of the FX rates and the spread to a ±10 bp
shock on the HUF/USD rates at the same time as a ±0.5bp on the PLZ/USD rates (see Figure 3 for
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positive shocks and Figure 4 for negative shocks). We do not assume further shocks during next 15
days. Horizontal axis refers to the number of days.
Figure 3 shows the expected path of the future FX HUF/USD rates (upper line) and spreads (lower
line) after the positive shocks. Their new equilibrium will be approximately at 228 bp. New
equilibrium for PLZ/USD FX rates will be approximately 1.6 bp. New equilibrium after negative
shocks will be 218 bp for HUF/USD and 2.4 bp for PLZ/USD FX rates. The spreads after positive
shocks are 226.56 bp respectively 215.65 bp after negative shocks.
Figure 4: Impulse Response Function. Impulse shock: HUF/USD ˗10 bp, PLZ/USD ˗0.5 bp
left: HUF/USD (upper line) and Spread (lower line), right: PLZ/USD
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Source: Authors (Wolfram Mathematica software)

Conclusion
Using bivariate ECM, this paper describes the study of the cointegration between two daily Central
European countries’ exchange rates, HUF and PLZ, against the USD. We have found a period during
which HUF/USD and PLZ/USD were weekly cointegrated; this period was after August 2011.
Granger (1986) provided an argument that a market is not efficient if cointegration between pairs of
exchange rates can be considered because the observation of cointegration means the predictability of
at least one exchange rate.
From our analysis, it can be concluded that the contribution of the PLZ/USD is low to the HUF/USD
and vice versa. Contributions are low, but statistically significant for other researches to be made with
fractal analysis of these exchange rates.
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