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Abstract:
Abstract:
According to the law of one price, the price of a foreign commodity de-
pends on its price at the origin as well as the exchange rate of that
country. According to this rule, if the foreign exchange costs are in-
significant, the price of a single commodity will be the same everywhere,
and ideally the purchasing power of a currency inside and outside the
country will be the same. Due to the effect of the exchange rate on fi-
nancial assets, the study of regime change in exchange rate fluctuations
is importance and Regime Switching model is the most complete and
populare regime change. The aim of this research is modeling Euro-Rial
exchange rate under the Markov regime switching and Markov random
regime switching models. In order to evaluate the achieved results, unit
root test, which included the Dickey-Fuller and the Phillips-Peron test, is
used to estimates Markov regime switching and Markov random regime
switching parameters in order to find the best fluctuations model.
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1 Introduction

In this paper, authors investigate the relationship between Euro and Iran
Rial exchange rate and different types of Markov switching models dur-
ing low and high volatility periods. Recently, study of the interest rate
pass-through in crises has drawn attention to itself. Interest rate pass-
through may be different among household and non-financial corporate
interest rates, therefore onducting monetary policy would be necessary
for a central bank to track interest rates for households and corpora-
tions. Moreover, the monetary policy actions that cause changes in retail
interest rates highlight expectations about the economy and the future
monetary policy. Additionally, given that the inflation-targeting regime
is a widely implemented policy, the importance of the pass through mech-
anism increases. Investigating interest rate pass-through in bank rates
may reveal useful information about the management strategies followed
by banks and the effectiveness of central bank policy.

Before the First World War, the gold standard system was used by the
countries to define the exchange rate [1, 2]. In this system, the exchange
rate of the countries had relative stability and no fluctuations. In 1944,
the World Bank decided to choose fixed exchange rate method and use
US dollar as currency’s connector [3–5]. In 1971, the relationship between
the US dollar and the gold was cut off and the value of dollar depended
on global supply and demand [6, 7]. After the adoption of the currency
floating exchange system in 1974 [8,9] inflammation in the currency mar-
ket became more apparent, and because of its importance has a direct
impact on the financial system of the countries [10–13]. The aim of this
study is to investigate the fluctuations of the Euro-Rial exchange rate by
Markov regime switching and Markov random regime switching models.

For this purpose, in the next section, we present Markov regime switch-
ing model and Markov random regime switching models, in section 3, we
show numerical examples and analysis.
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2 Preliminaries

Some basic definitions and preliminary will be introduced in this section.
These definitions including Markov regime switching model and Markov
random regime switching model which are used for modeling Euro-Rial
exchange rate time series.

2.1 Markov regime switching model

When an economy changes from one regime to another, a fundamental
change occurs [14]. In 1989, Hamilton [15]introduced the Markov model
in which regimes were hidden. The experimental results of markov switch-
ing models of macroeconomic variables related to interest rates are an
important evidence for the validity of markov switching models [16] [17]
. Kai (1994) fitnessed a markov of GARCH switching model on the
return rate of the 3 months Treasury bills and found three years that
were strongly fluctuating,the OPEC’s oil shock in 1974 and the federal
experience between 1979 and 1982 [3]. In markov switching models, the
economists wont be able to see the regimes, so we can conclude that the
regime can occur at any location [19]. In the discussion of parameter de-
termination, the probability of transition from regime i to j, the regime
time t is define as follow [20]:

pr(st = k |st−1 = j) = 1−
∑i=k−1

i=1
pr(st = i |st−1 = j) (1)

It is also important to consider the variables’ probabilities. Dimitrios [21]
show the regime switching works because the parameters of the general
model takes only one regime and not the regime changes into account.
The Markov Switching model is define as follows

∆rt = a+ brt−1 + σir
γ
t−1εt, i ∈ (1, 2) (2)

The σir
γ
t−1εt is random parameters which is represented the fluctuation

of the interest rate or in the other word the regime variance , rt indicates
the interest rate, εt is an error parameter and γ represents a propagation
parameter.

2.2 Markov random regime switching model

The Markov random regime switching model is compared with the ran-
dom model and the markov switching model. The special case of Markov
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random regime switching model is as follows

yt = xt + 2γ log rt−1 + log ε2t xt = ωi + ϕxt−1 + ηt ωi = log δ2i (3)

In which γ is propagation parameter, ηt ≈ iid(0, σ2
η) is the random pa-

rameter which randomizes the process, rt is the time-dependent interest
rate and ε2t is square of error.

3 Numerical examples and analysis

In this section to demonstrate the idea of our model and solve the effec-
tiveness of the models, we conduct the expriments by using our proposed
Markov regime switching model and Markov random regime switching
model to estimate the best time series which are taken from daily his-
torical data of Euro-Rial exchange rate. Initially, a recent price data
beginning from working day of from 2014/11/12 to 2017/12/12 (only
business days)

3.1 Time series modeling

A time series variable is non-steady when the mean, variance, and Auto-
correlation is constant over time. We used the differentiation method to
keep our series steady. The series of return are defined as follows

rt = 100× log
ft
ft−1

(4)

This formula is used to estimate the fluctuations of Euro-Rial daily ex-
change. We use jarque bera test in order to understand the distribution
of return, the results of jarque bera test as follows

Table 1: Sample statistics of jarque-bera test from daily data (2016- 2019)

Average Max Min Std Skewness Kurtosis Test J-B

0.0115 72.53 1.54 0.725 75.9 5835.94 912+e0.75

The jarque-bera test is used to understand that the time series have
normal distribution, and the null hypothesis is that the data has a normal
distribution. According to Table 1 the statistic is not normal because its
skewness and kurtosis is different with normal distribution.
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Markov regime switching model

We consider the parameter γ in three modes of zero, 0.5 and determina-
tion estimation and also consider two regimes in the model

rt = a+ brt−1 + et , i ∈ (1, 2) (5)

Table 2: Sample statistics of Markov regime switching model from daily
data (2016- 2019)

First Regime Second Regime

rt et = ∆rt − a− brt−1 rt et = ∆rt − a− brt−1

Mean 2729.20 0.1375 16489.57 1025.414

Median 2728 0.1436 16451 1012.715

Std 179.204 0.07524 2052.128 596.6847

Skewness -0.6851 -0.4531 -0.45887 -0.005183

Kurtosis 3.142 1.8322 2.65871 1.83124

J-B Test 226.1254 175.2451 165.1248 238.2158

The variance is the only difference between the two models in order to
solve this problem, we have the following statement:

σ2
st = σ2

1(1− st) + σ2
1st (6)

Markov random regime switching model

In this model, γ is extremely important. In this research, we only consider
two modes γ = 0 and γ = 1 that shows explosive and non-explosive
behavior respectively.We estimated the Markov random regime switching
model in three case which is show in table 3.

It is important to consider the transmission probabilities. We con-
sider the probabilities p00 and p11 for probability of staying in the zero-
regime and regime one. The expected duration of the zero-mode regime
is 1

1−p00
= 2853 and 1

1−p00
= 2853 is the duration of regime one which

shows the days that two regimes are continuous, so probability of staying
in the zero-mode regime is 0.9996 and the probability of staying in regime
one mode is 0.9997.
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Table 3: Sample statistics of limited, diffusion and non-diffusion Markov
random regime switching model from daily data (2016- 2019)

Parameters Coefficient T-Statistics Significance Level

γ 0.5 - -

Limited ω1 3.4162 3.48 0.00

model ω2 3.5142 6.52 0.00

ϕ 8E-4 0.37 0.00

γ 1 - -

Diffusion ω1 1.3451 2.34 0.01

model ω2 2.3642 3.67 0.00

ϕ -7E-6 -3.57 0.03

Non γ 0 - -

Diffusion ω1 3.2256 0.69 0.45

model ω2 5.3124 -2.35 0.00

ϕ -8E-5 6.25 0.00

4 Variation Test

The unit root test is one of the most common tests that is used to detect
the stationarity of a time series. The basic assumption of the Dickey-
Fuller test is that the error sentences have white-noise and therefore are
not correlated. Phillips and Peron introduced another model of this test,
and in fact, they generalized the Dickey-Fuller test in which the assump-
tion of lake of white-noise sentences was considered.According to the data
in Table 1 the distribution is not normal. Then if the series has a single
root, then the market can be efficient. Series tests can be used to check
the efficiency and to determine the root of a unit.

From Table 4 we conclude:
1- The values of the Dickey-Fuller test and the Phillips-Peron test are

equal at all levels and for both series.
2- In the logarithmic series of the Euro-Rial exchange rate, the Dickey-

Fuller and Phillips-Peron tests are greater than critical values at 1percent,
5percent and 10 percent significant levels, then the zero assumption is not
rejected and the existence of the unit root is not accepted.
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Table 4: Sample statistics of Phillips Perron and Dicky Fuller Test from
daily data (2016- 2019)

Dicky Fuller Test

Significance Level critical value Statistics Result

Euro 0.01 -3.48221 -0.84925 Accept

Logarithm 0.05 -2.89654 -0.84925 Unit

Series 0.1 -2.54562 -0.84925 Root

Euro Difference 0.01 -3.48221 -0.84925 Reject

Logarithm 0.05 -2.89654 -0.84925 Unit

Series 0.1 -2.54562 -0.84925 Root

Phillips Perron Test

Significance Level critical value Statistics Result

Euro 0.01 -3.48221 -0.84925 Accept

Logarithm 0.05 -2.89654 -0.84925 Unit

Series 0.1 -2.54562 -0.84925 Root

Euro Difference 0.01 -3.48221 -0.84925 Reject

Logarithm 0.05 -2.89654 -0.84925 Unit

Series 0.1 -2.54562 -0.84925 Root

3- The unit root demolished after differentiation Logarithm Series.

4.1 Comparison of dynamic interest rate fluctuation
models

To compare the models, we used three test including Likelihood Ratio
Test, mean absolute error, the root mean square error over three differ-
ent periods. The Likelihood Ratio Test is the first test to compare the
regime switching and Markov random regime switching models which is
as follows:

R2 = 1−
1
T

∑T
t=1 (σt | t− 1rγt−1 − |et|)2

1
T

∑T
t=1 e

2
t

(7)

The mean absolute error calculated the distance between the real values
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and the predicted values. The formula for calculating this statistic is as
follows:

MSE =

∑N
i=1 |xi − x̃i|

N
(8)

Where xi are real values of time series, x̃i is the estimated or predicted
values of the time series, represent the sum of the absolute errors and is
the total number of data. In this statistic, the lower this amount be, it
will be more appropriate:

RMSE(θ) =

√
E((θ1 − θ2)

2) =

√∑N
i=1 (x1,i − x2,i)

2

N
(9)

In whichθ1 is actual value and θ2 is estimated value. In the following
table, the intended values for each model. The tables of comparison of
these two models with three tests of Likelihood Ratio Test, mean absolute
error and the root mean square error are given in Table 5.

Table 5: Sample statistics of compare between Markov regime switch-
ing and Markov random regime switching models from daily data (2016-
2019)

Period Test Markov Regime Markov Random Regime

2016/11/12 MSE 14.6892 17.5123

to RMSE 3.53 4.507

2017/11/12 r2 0.9933 0.9918

2017/11/12 MSE 99.23 120.31

to RMSE 13.24 15.85

2018/11/12 r2 0.9923 0.99100

2018/11/12 MSE 109.81 111.43

to RMSE 9.85 12.34

2019/11/12 r2 0.975 0.968

Based on the results of Table5, the Markov regime switching model,
has better than other model.
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5 Conclusion

According to the results of the three intended statistics, the most suitable
model is the switching regime model, which according to the individual
study of each regime as well as the dependence of the parameters in each
regime to mentioned regime, better results will be achieved and after this
model, the random oscillation model is better one which shows better
results than propagation model and random oscillation model.

Here, we need to concentrate on the volume of national and foreign
currency in circulation in the economy: by lowering the supply of national
money and increasing the supply of foreign currency in circulation in
the economy, we will lower the national and foreign exchange rates. In
general, changes in the regime are often based on political and social
problems, and the shocks that come about in this area are very important
influential. Therefore, it is necessary to succeed in these areas if we
be willing that the exchange rate to be far from excessive jumps and
abundant shocks; but, it is not possible to fully expect these areas to be
fully covered, because some series of conditions origins from outside the
country. Future studies in this field can investigate the forecast for the
exchange rate of other random series, such as the Fourier series, or to
apply the existing model for other valid currencies
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