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FINANCIAL ECONOMICS | RESEARCH ARTICLE

Impact of exchange rate on uncertainty in stock 
market: Evidence from Markov regime-switching 
GARCH family models
Mehdi Zolfaghari1* and Saeid Hoseinzade2

Abstract:  We employ the Markov Regime-Switching GARCH (MRS- GARCH) family mod-
els under the normal, Student’s t-, and GED distributions to measure the uncertainty of 
the industry index returns (IIR) of Tehran Stock Exchange over the period of 2013–2019. 
The models distinguish between two different regimes in both conditional mean and 
conditional variance. The results show that the MRS-EGARCH-in-mean (MRS-EGARCH-M) 
models under GED and Student’s t-distributions have the best performance to model the 
IIR volatility. We find evidence of regime-switching behaviour in Iran’s stock market. After 
removing the forecastable component (expected variation) from the best fitted models, 
we measure the time series of the IIR uncertainty (unforecastable component) and 
estimate the impact of exchange rate fluctuations on them using an autoregressive 
distributed lag (ARDL) model. We find that foreign exchange rate fluctuations have 
a significant and distinct impact on the IIR uncertainty across various regimes. The results 
show that the exchange rate generally has a negative and positive impact on the IIR 
uncertainty for export and import-oriented industries, respectively, under both regimes.

Subjects: Economic Psychology; Econometrics; Investment & Securities  

Keywords: uncertainty; stock market; Markov regime-switching

1. Introduction
Measurement of uncertainty, which is an amorphous concept in financial markets, is major concern 
for financial researchers. Recently, some studies suggest that in order to measure uncertainty 
accurately, it is necessary first to remove the common or forecastable component of the variation, 
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and then proceed to the computation of the uncertainty indicator (Gilchrist et al., 2014). Uncertainty 
in a series is defined as the volatility of a purely unforecastable error of that series. The current value 
of time series depends on their previous values, with some lag, and random shocks. In financial 
markets, volatility estimations are common proxies for uncertainty (Caporale et al., 2015; Chuliá et al., 
2017). In order to measure uncertainty, it is necessary to remove the forecastable component 
estimated from the variation of the best fitted model (Chuliá et al., 2017; Jurado et al., 2015).

In econometrics literature, the autoregressive integrated moving average (ARIMA) model with 
generalized autoregressive conditional heteroscedasticity (GARCH) processes is a popular model 
for measuring uncertainty (Ho et al., 2013). GARCH family models have been used to measure 
uncertainty of economic and financial variables such as inflation (e.g., Conrad & Hartmann, 2019; 
Daniela et al., 2014; Hartmann et al., 2017), oil price (e.g., Alsalman, 2016; Kocaaslan, 2019; 
Rahman & Serletis, 2012; Wang et al., 2017), and exchange rate (Caporale et al., 2015; 
Smallwood, 2019).

One major problem of the standard GARCH model is that it assumes that the conditional 
volatility follows only one regime over the entire period (Shi & Feng, 2016). To solve this 
Hamilton (1985, 1989)) proposed Markov Regime-Switching (MRS) models to allow for parameters 
to transit between state spaces. Recently, many studies have incorporated MRS specification into 
GARCH framework known as MRS-GARCH models (e.g., Gao et al., 2018; Naeem et al., 2019; Shi & 
Feng, 2016; Zhang et al., 2019; Zolfaghari & Sahabi, 2017). These models have been extensively 
examined on stock markets (e.g., Abounoori et al., 2016; Shi & Feng, 2016; Zhipeng & Shenghong, 
2018).

In this paper, we use the MRS-GARCH family models to model the volatility of the Industry Index 
Returns (IIR) of Tehran Stock Exchange (TSE)) and to measure the IIR uncertainty over the period 
of 2013–2019.1 MRS-GARCH models distinguish between two different regimes in both the condi-
tional mean and the conditional variance of the IIR. We then compare the performance of these 
models with those of ARMA-GARCH family models under the normal, Student’s t-, and GED 
distributions.2 Based on likelihood ratio test (LRPG) suggested by Garcia and Perron (1996), we 
choose the best fitted models from both groups (MRS-GARCH and ARMA-GARCH family models). 
Our findings indicate that MRS-EGARCH-M model under GED and Student’s t-distribution outper-
forms other models. After removing the forecastable component from the best fitted models, we 
measure the IIR uncertainty.

We also investigate if the exchange rate dose influence the IIR uncertainty. Many economists 
have suggested a significant relationship between the stock markets and exchange rates (e.g., 
Abouwafia & Chambers, 2015; Bahmani-Oskooee & Saha, 2016; Roubaud & Arouri, 2018; Singhal 
et al., 2019; Tunc & Solakoglu, 2017). There is a fairly sizable literature showing that exchange rate 
movements affect stock prices. Our finding (based on ARDL model) show that foreign exchange 
rate has a significant impact on the IIR uncertainty that varies across different regimes.

The contribution of this paper is threefold. First, we propose an improved method to measure the 
return uncertainty in the stock market. In previous studies (e.g., Buth et al., 2015; Caporale et al., 
2015; Kido, 2016), the uncertainty had been measured through the standard GARCH models. In 
this study, we improve these models using several distributions (the normal, Student’s t-, GED 
distributions) and take into account the feedback and leverage effects. Our second and main 
contribution is that we use the MRS-GARCH family models under different regimes. The results 
show that MRS-GARCH family models have better performance than benchmark models indicating 
that regime switching capability is an important feature to model the IIR uncertainty. Last, we 
examine the impact of the exchange rate fluctuations on the IIR uncertainty across two different 
regimes.
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2. Methodology

2.1. ARMA-GARCH models
Some studies report that standard GARCH model is the best to model the stock market volatility 
(Lim & Sek, 2013). However, others (e.g., Zolfaghari & Sahabi, 2017, 2019) show that asymmetric 
GARCH model improves the performance of measuring conditional variance. Therefore, in addition 
to the standard GARCH model, we use the specifications of the GARCH-M (in mean), EGARCH, 
EGARCH-M (in mean), the IGARCH, and IGARCH-M (in mean) models. All models in our specification 
allow for change in the series of log-returns according to heteroskedastic diffusion:

● rt ¼ μt þ �t;ht ¼ ωþ ∑
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in which, μt is ARIMA mean equation, and ht is conditional variance (i.e. volatility).3

Evidence suggests that the financial time series are rarely Gaussian but typically leptokurtic, and 
exhibits fat-tail behaviour (Zolfaghari & Sahabi, 2017).

2.2. MRS-GARCH models
One issue with GARCH models is that they tend to overestimate volatility forecasts, particularly 
during periods of high volatility, which is due to the high degree of persistence implied by GARCH 
model. This persistence could be derived from structural changes in the variance process (Hamilton 
& Susmel, 1994), and can lead to weak forecasts (Birtoiu & Dragu, 2012). In order to overcome this 
issue, an MRS process can be employed to model the changes in parameters. The MRS model has 
the advantage of using the estimation of varying regime-switching probabilities of being in 
a particular regime instead of a linear model that is estimated for each regime separately (Haas 
et al., 2006). Regime-switching models are characterized by the possibility for some or all para-
meters to change across several states according to a Markov process, which is governed by 
a state variable St. Regime-switching models draw the current value of the variable from a set 
of possible distributions based on the most likely state that could have determined such an 
observation.

The transition probability represents the probability of switching from state i at t � 1 to state j at t: 

Pr st ¼ j st� 1 ¼ ijð Þ ¼ Pij (1) 

If we assume, for simplicity, that there are only 2 states, the transition matrix4 can be written as: 

P ¼ ρ11 ρ21
ρ12 ρ22

� �

¼
ρ 1 � q

1 � ρ q

� �

(2) 

In our study, we let Stf g follow a two-state first-order Markov process with time varying 
transition probabilities: 

Zolfaghari & Hoseinzade, Cogent Economics & Finance (2020), 8: 1802806                                                                                                                        
https://doi.org/10.1080/23322039.2020.1802806                                                                                                                                                       

Page 3 of 49



Pr St ¼ 1jSt� 1 ¼ 1; rtð Þ ¼ Pt;

Pr St ¼ 2jSt� 1 ¼ 1; rtð Þ ¼ 1 � Pt;

Pr St ¼ 1jSt� 1 ¼ 2; rtð Þ ¼ 1 � qt;

Pr St ¼ 2jSt� 1 ¼ 2; rtð Þ ¼ qt

(3) 

The probability of being in regime i for i ¼ 1; 2 depends on realizations in ~rt and Stf g only 
through St� 1. For the time varying transition probabilities we assume: 

Pt ¼ Φ d1 þ e1:rtð Þ;

qt ¼ Φ d2 þ e2:rtð Þ
(4) 

with Φ 0ð Þ denoting the cumulative distribution function and d1; d2; e1; e2 representing para-
meters to be estimated from the data. A general form of the MRS-GARCH models can be written as: 

rt ϕt� 1j

~
f θ 1ð Þ

t

� �
with probability p1t

f θ 2ð Þ
t

� �
with probability 1 � p1tð Þ

8
<

:
(5) 

where, f �ð Þ stands for one of the possible conditional distributions used in the model (normal, 

Student’s-t, GED), θ ið Þ
t is the vector of parameters in the ith regime that characterizes the dis-

tribution, p1t ¼ Pr st ¼ 1 ϕt� 1jð Þ is the ex-ante probability and ϕt� 1 is the information set at t � 1.

The vector of time varying parameters θ, can be written as a function of three components: 

θ ið Þ
t ¼ μ ið Þ

t ; h ið Þ
t ; v

ið Þ
t

� �
(6) 

where, μ ið Þ
t ¼ E rt ϕt� 1jð Þ is the conditional mean, h ið Þ

t ¼ Var rt ϕt� 1jð Þ is the conditional variance, and 

v ið Þ
t is the shape parameter of the conditional distribution.

Therefore, there are four main input elements in a MRS-GARCH model: conditional mean, 
conditional variance, regime process and conditional distribution. The conditional mean is mod-
elled as: 

rt ¼ μ ið Þ
t þ εt (7) 

where, i = 1, 2 (since we assume two regimes), εt ¼ ηt
ffiffiffiffiffi
ht

p
and ηt

~iid 0;1ð Þ. The conditional 

variance, given the whole unobserved regime path ~st ¼ st; st� 1; . . .ð Þ is h ið Þ
t ¼ V εt ~st;ϕt� 1jð Þ. 

Conditional variance follows GARCH(1,1): 

h ið Þ
t ¼ α ið Þ

0 þ α ið Þ
1 ε2

t� 1 þ β ið Þ
1 ht� 1 (8) 

in which ht� 1 is an average of past conditional variances. This simplification is due to the fact 
that the state-dependency of the past conditional variances of a GARCH model is infeasible in 
a regime-switching context. The reason is that the conditional variance would depend on the 
observable information set ϕt� 1, the current regime st which determines the parameters, as well as 
all past states ~st� 1.

In order to avoid this path-dependency Hamilton (1985, 1989), Cai (1994), Gray (1996), Dueker 
(1997), and Klaanssen (2002) advocate the use of the conditional expectation of the lagged 
variance as a proxy for the lagged variance. The MRS-GARCH model proposed by Klaanssen 

Zolfaghari & Hoseinzade, Cogent Economics & Finance (2020), 8: 1802806                                                                                                                        
https://doi.org/10.1080/23322039.2020.1802806

Page 4 of 49



(2002) has two main advantages compared to previous models. First, it allows for higher flexibility 
in capturing the persistence of shocks to volatility. Second, similar to standard GARCH models, 
direct expressions for the multi-step ahead volatility forecasts exist. Klaanssen (2002) recommend 
using the conditional expectation of the lagged conditional variance with an extended information 
set. His model also integrates out the past regimes by taking into account the current ones using 
the following specification for the conditional variance: 

h ið Þ
t ¼ α ið Þ

0 þ α ið Þ
1 ε2

t� 1 þ β ið Þ
1 Et� 1 h ið Þ

t� 1 stj
h i

(26) 

in which the conditional expectation is defined as: 

Et� 1 h ið Þ
t� 1 stj

h i
¼ ~pii:t� 1 h ið Þ

t� 1

� �2
þ h ið Þ

t� 1

� �

þ ~pji:t� 1 μ jð Þ
t� 1

� �2
þ h jð Þ

t� 1

� �

� ~pii:t� 1μ ið Þ
t� 1 þ ~pji:t� 1μ jð Þ

t� 1

h i2
(27) 

and the probabilities are computed as: 

~pji:t ¼ Pr st ¼ j stþ1 ¼ i;j Ωt� 1ð Þ ¼
~pjiPrðst ¼ j Ωt� 1Þ � pjipj;t

�
�

Prðst ¼ j Ωt� 1Þpi;tþ1
�
�

with i; j ¼ 1;2 (28) 

3. Empirical analysis and discussion

3.1. Data description
In this study, we focus on Tehran Stock Exchange (TSE) over the period of 1 September 2013 to 
27 February 2019. Most of the previous studies have been conducted on developed, large, deep 
and low-volatility stock markets. TSE total market capitalization is nearly one-third of the country’s 
GDP, and a wide range of stocks, derivatives, and debt securities are traded on this exchange. The 
stock market data and exchange rate (US Dollar (USD)/Iranian Rial (IRR)) are obtained from TSE 
and the Central Bank of Iran, respectively.5

We use the daily index return for the 17 big industries (where there are at last three listed 
companies) of the TSE, industry index returns (IIR). For each industry, the daily return of industry 

index is computed as rt ¼ ln pt
pt� 1

� �
� 100, where, pt is the industry index closing value on day t. 

Table 1 reports some characteristics of selected industries, including average number of the listed 
companies and their share of the total market value. Among industries, the Chemical and Basic 
metals have the highest market share (22.4% and 14.21%, respectively). Also, the Cement and 
Chemical industries have the largest number of listed companies.

In columns 4 to 11 of Table 1, the descriptive statistics of the IIRs have been provided. Positive 
skewness suggests low probability of large decreases in the IIR during the study period. High 
kurtosis implies that extreme index changes occur frequently. The Jarque and Bera (1980) statis-
tics, which measure the normality of the distribution using both skewness and kurtosis statistics, 
show that we can reject the null hypothesis of normality for all return series at conventional 
significant levels.

Both Dicky and Fuller (1979) and Phillips and Perron (1988) statistics indicate no evidence of 
a unit root in the IIR. The test statistics of Kwiatkowski et al. (1992) cannot reject the null 
hypothesis of stationary, therefore, we use ARMA instead of ARIMA.

The bottom row of Table 1 show summary statistics of the USD/IRR rate returns. According to the 
Skewness, Kurtosis and Jarque-Bera P-value, exchange rate changes do not follow a normal distribution.
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3.2. Measuring the IIR uncertainty
The first step to measure the uncertainty is modelling the forecastable component of IIR. In order 
to do that, we take the following five steps:

Step 1: Estimating the ARMA model

IIR volatility modelling includes the specification of the ARMA (p;q) model corresponding to the 
stages described by Box and Jenkins (1970). To identify the best fitted model, we apply the 
Schwarz Information Criterion (SIC). This criterion represents a trade-off between “fit” measured 
by the log likelihood value and “parsimony” measured by the number of free parameters. Table 2 
shows the best fitted ARMA model for the IIR. According to Table 2, the estimated parameters of 
ARMA are significant at the level of 1% for all industry indexes.

Step 2: Estimating the GARCH family models

After estimating ARMA model for the IIR, the “ARCH effect” is tested for the IIR. The results show 
that most industries (except for six of them i.e. Machinery, Metal products, Food, Ceramic tile, Oil 
and Rubber), have ARCH effect based on F and χ2 statistics. Therefore, these six industries are 
transferred to the third step, and the rest are modelled based on four GARCH family models under 
the normal, Student’s-t, and GED distributions. Table 3 shows the conditional mean and variance 
models for the Investment industry.

The above process was carried out for the other industry indexes, but due to the limited space of 
the paper, their detailed presentation (as in Table 3) is in the online Appendix. As illustrated in 
Table 3 (and results of other industry indexes), most parameters are significant at 1%, 5% or 10% 
levels. The estimates of individual parameters from different models are quite close.

Step 3: Estimating the MRS-GARCH family models

After estimating the ARMA-GARCH models, we estimate each of these models by Markov 
Regime-Switching GARCH models. The estimated parameters of the MRS-GARCH models for 
Investment industry are presented in Table 4. The models for other 10 industries are provided in 
Appendix (A).

In Table 4, columns μ1 and μ2 show the conditional mean for regimes 1 and 2, respectively. 
Columns λ1 and λ2 show the “feedback effect” in the GARCH-M, IGARCH-M and EGARCH-M models. 
Parameters b01 and b02 are the intercept terms in the conditional variance equation for regimes 1 
and 2, respectively. Parameters b11 and b12 are coefficients of ε2

t� 1 in GARCH/IGARCH, GARCH-M/ 

IGARCH-M models, and coefficients of εt� 1ffiffiffiffiffiffiffi
ht� 1
p

�
�
�
�

�
�
�
� in EGARCH, and EGARCH-M models for regimes 1 and 

2, respectively. Parameters b21 and b22 are also coefficients of ht� 1 in GARCH/IGARCH, GARCH-M/ 
IGARCH-M models and coefficients of εt� 1ffiffiffiffiffiffiffi

ht� 1
p (which are indicative of the leverage effect) in two 

models of EGARCH, and EGARCH-M for regimes 1 and 2, respectively. Finally, b31 and b32 are 
coefficients of lnht� 1 in two models of EGARCH and EGARCH-M for regimes 1 and 2, respectively. 
In economic terms, regime 1 represents periods of low volatility with high returns (calm state), and 
regime 2 represents periods of high volatility with low returns (turbulent state).

Estimates of individual parameters from different models are not quite close. Specifically, both 
p11 and p22 are different in all models, suggesting that the expectations of staying in both regimes 
are different. Table 5 shows the conditional mean and variance models of six industries without 
the ARCH effect under MRS.
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ĥ t
¼
�

1:
07
þ

0:
35

ε t
�

1
σ t
�

1

� � �

� � �
þ

0:
04

ε t
�

1
σ t
�

1
þ

0:
92

ln
h t
�

1
(4

8.
9)

 (
1.

58
) 

(7
.7

) 
(−

5.
1)

(C
on

tin
ue

d)

Zolfaghari & Hoseinzade, Cogent Economics & Finance (2020), 8: 1802806                                                                                                                        
https://doi.org/10.1080/23322039.2020.1802806                                                                                                                                                       

Page 9 of 49



Ta
bl

e 
3.

 (C
on

tin
ue

d)
 

M
od

el
Di

st
rib

ut
io

n
Co

nd
iti

on
al

 m
ea

n
Co

nd
iti

on
al

 v
ar

ia
nc

e

IG
AR

CH
N

or
m

al
ŷ t
¼

0:
02
þ

0:
99

y t
�

1
�

0:
57

u t
�

1
�

0:
32

u t
�

2
(−

19
.9

) 
(−

39
.1

) 
(6

39
.2

) 
(9

.4
)

σ̂2 t
¼

0:
01

ε2 t�
1
þ

0:
99

σ2 t�
1
(3

75
9.

2)
 (

19
.9

1)

t
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According to the coefficients given in Table 5, three industries, Metal Products, Oil Products, and 
Rubber follow single regime and hence, do not display a switching behavior.

Step 4: Normality test

After estimating the ARMA-GARCH and MRS-GARCH family models, we examine the normality of 
distributions for the IIR in each of the estimated models using Jarque- Bera (1980) test. The results 
show that none of the models follow the normal distribution. Therefore, we choose the optimal 
model between the “Student’s-t” or “GED” distribution. To compare the models, due to restrictions 
of the Wald, Ordinary Likelihood Ratio, and Lagrange Multiplier tests (Garcia & Perron, 1996), we 
apply the likelihood ratio test (LRPG) suggested by Garcia and Perron (1996). This test is computed 
as follows:

(9) LRPG ¼ 2� lnL1 � lnL0j j

in which, lnL is the log likelihood of the competing models.

Tables 6 and 7 show LRPG likelihood ratio statistics for ARMA-GARCH and MRS-GARCH family 
models.

The results of the LRPG likelihood ratio for ARMA-GARCH family models, as shown in Table 6, 
indicate that most IIRs follow EGARCH models (EGARCH and EGARCH-M).

The results of the LRPG likelihood ratio for the MRS- GARCH family models in Table 7 show that all 
selected IIRs follow EGARCH-M model. In fact, according to Table 7, all selected models have 
“feedback effect” in both regimes. In other words, the volatility of the IIR is significantly related to 
the IIR in both regimes. These effects are different and depend on the regime. Also, all selected 
models have “leverage effect” under both regimes, which means that the IIRs asymmetrically 
react to good and bad news.

Step 5: Choosing the best fitted models

In this step, we choose the best fitted model among the selected models in each industry 
(between the selected MRS-GARCH and ARMA-GARCH models) using the information criteria 
and the forecast accuracy measures. Information criteria include Akaike Information Criterion 
(AIC) and Schwarz Information Criterion (SIC). AIC and SIC offer a relative estimate of the 
information lost when a given model is used to represent the process that generates the 
data. The AIC penalizes the number of parameters less strongly than does the SIC. In 
addition to AIC and SIC, we use two forecast accuracy measures, root mean squared Error 
(RMSE) and mean absolute percentage error (MAPE). In general form, RMSE and MAPE are 
computed as follows: 

Table 5. Conditional mean and variance model of IIRs without the ARCH effect under MRS
Industry C1 C2 y1 t� 1ð Þ y2 t� 1ð Þ y1 t� 2ð Þ y2 t� 2ð Þ p11 p11

Machinery 0.001 0.004 0.4 0.23 0.92 0.81

Metal products 0.001 0.007 0.3 −0.88

Oil products 0.001 0.01 0.35 −0.07

Food 0.0001 0.001 040 0.21 0.12 0.11 0.91 0.92

Ceramic Tile 0.001 0.003 0.62 0.14 0.09 −0.12 0.72 0.27

Rubber 0.001 0.01 0.37 0.01
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RMSE ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
n

∑
n

i¼1
ypi � yai

� �2
s

; (10)  

MAPE ¼
1
n

∑
n

i¼1

ypi � yai

yai

�
�
�
�

�
�
�
�; (11) 

in which, yaiandypi represent the actual and predicted values, respectively. To investigate the 
out-of-sample accurate predictability, we conduct a 10-day ahead (two weeks) forecast for the 
index return of industries by selected models. The forecast accuracy measures (RMSE and MAPE) 
are used to examine the prediction accuracy of different models.

Table 8 shows the best fitted model of industries which have the ARCH effect, based on the 
information criteria and the forecast accuracy measures.

Based on the AIC and SIC results in Table 8, the optimal model of all IIRs follow MRS- GARCH 
models. In fact, AIC and SIC value in MRS-GARCH models are lower than ARMA-GARCH models. As 
shown in Table 8, the MRS-GARCH models in all industries have the smaller RMSE and MAPE values 
compared with the ARMA-GARCH models. Indeed, the prediction errors of selected MRS-GARCH 
models are small based on two evaluation criteria. Therefore, we find strong evidence that MRS- 
GARCH models outperform the ARMA-GARCH family models in capturing the characteristics of the 
IIR series. Our findings indicate that MRS-EGARCH-M model under GED and Student’s t-distributions 
has better results than other MRS-GARCH models. Table 9 shows the characteristics of the optimal 
model for each industry.

Columns 5 and 6 in Table 9 report transition probabilities (p11, p22). For example, in the 
Investment industry, when the index return is in the low volatility state (regime 1) in a given day, 
with 64% probability, it remains in the same state in the following day. Similarly, there is only 
a 28% probability that it switches out of the high volatility state (regime 2). This implies that none 
of the two states are persistent. As in Turner et al. (1989), we can use these transition probabilities 
to estimate the duration during which IIR remains in a given state by computing the maximum 
number of consecutive periods, denoted as n. For example, in the Investment industry, the 
duration to stay in regime 1 is 2.7 days and in regime 2 is 3.8 days. The smoothed probability of 
being in regimes 1 and 2 for each industry are reported in Appendix (B).

According to the smoothed probability, the selected models for each industry suggest that:

● Bank index return started in the turbulent state (regime 2). It continually jumped between the 
turbulent and calm states until 2016, and often stayed in calm state (regime 1) from 2016 to 
2018. Then it jumped between two states from 2018 to 2019 and often stayed in calm state in 
the last year.

● Auto, Sugar, Real Estate, Cement, Chemical and Basic Metals index returns started in the 
turbulent state and switched between two states, but they often stayed in turbulent state.

● Medication index return started in the turbulent state and switched between two states, but it 
often stayed in the calm state.

● Mining and Insurance index returns started in the calm state and switch between two states, 
but often stayed in calm and turbulent states, respectively.

3.3. Impact of exchange rate on the IIR uncertainty
We also investigate if the exchange rate fluctuations (USD/IRR) impacts the IIR uncertainty. The 
relationship between the stock prices and exchange rates is well documented in the literature. 
Currency depreciation can move share prices in either direction. Export-oriented firms which gain 
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international competitiveness and thus export more, are expected to make more profit and enjoy 
an increase in their share prices. On the other hand, domestic firms that are not export-oriented 
will face an increase in the cost of imported inputs and perhaps experience a decline in their profit 
margin and share prices. (Bahmani-Oskooee & Saha, 2016).

Before estimating the model, we examine the overall trend of the exchange rate in Iran 
during the period under study. Figures 1 and 2 show the trend of the USD/IRR rate and its 
fluctuations from 1 September 2013 to 27 February 2019. Between 2013 and 2017 the 
exchange rate was rising steadily, with some temporary jumps in year ends due to increase 
in demand. During this period, daily exchange rate fluctuations, except for some periods, were 
relatively flat and at a maximum of 5%. This relative stability was mainly due to Iran’s active 
foreign policy that eventually led to a nuclear agreement with 5 + 1 countries (USA, the UK, 
Russia, Germany, China, and France). Over this period, both international trade, especially oil 
sales, and foreign domestic investment (FDI) increased which led to reduction in economic 
uncertainty in Iran. In the beginning of 2018, the political tensions between the new US 
administration and Iran rose. These tensions, which eventually led to the US government 
pulling out of the nuclear agreement and imposing economic sanctions against Iran, had 
a significant impact on the exchange rate with the IRR losing more than 80% of its value 
over 9 months. Slowing down economic activities which resulted in reduction in imports along 
with some measures that the Central Bank of Iran undertook, led to a sizable decline in 
exchange rate towards the end of 2018. However, the exchange rate began rising again in 
2019 due to very high inflation and money supply.
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Figure 1. The logarithm of the 
USD/IRR rate from 
1 September 2013 to 
27 February 2019.
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Figure 2. The USD/IRR rate daily 
returns from 1 September 2013 
to 27 February 2019.
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In this section, first, we measure the time series of the IIR uncertainty using the optimal model 
in terms of two different regimes. In order to measure uncertainty, we remove the predictable 
component of the variation from optimal models by measuring the conditional variance series. 
After measuring the IIR uncertainty, we estimate the effect of the exchange rate changes on the 
IIR uncertainty using the ARDL model. The ARDL(p; q) model specification is given as follows: 

C L; pð Þyt ¼ μþ B L; qð Þxt þ ut (12) 

in which, yt is time series of uncertainty and x is exchange rate return.6 μ is the vector of other 
parameters such as the intercept term and time trends. Also, C L; pð Þ ¼ 1 � γ1L � γ2L2 � . . . � γpLp, 

and B L; qð Þ ¼ β0 þ β1Lþ β2L2 þ . . . þ βqLq. L is a lag operator. According to ARDL model, long- 
term effect is given as follows: 

B L; qð Þ

C L;pð Þ
¼

∑q
j¼0 βj

1 � ∑p
j¼1 γj

(13) 

The short-term effect is calculated form below equation: 

Δyt ¼ β0Δxt þ aut� 1 þ εt (14) 

where, β0 is short-term effect. Also ut� 1 ¼ yt� 1 �
μ

1� γ1þ...þγpð Þ
�

β0þβ1þ ... þβq

1� γ1þ...þγpð Þ
xt� 1

We use SIC to select optimal lags (p and q) for modeling relationship between the IIR uncertainty 
and exchange rate. The detailed results are lengthy and are not reported in the paper. Table 10 shows 
the final ARDL(p; q) model with short-term and long-term effects of the exchange rate on the IIR 
uncertainty under two regimes. Long-term and short-term effects were estimated based on Eq. (13) 
and Eq. (14) under final model of ARDL(p; q). In the first column, the dependent variable is the 
uncertainty calculated under regime 1, and in the second column, is the uncertainty calculated 
under regime 2.

Most of the estimated parameters are significant at 1%, 5% and 10% levels. In the short-term 
and long-term, the impact of exchange rate on the return uncertainty of the Insurance and Metal 
products indexes under two regimes is insignificant. However, exchange rate has a significant 
impact on the return uncertainty of the Investment, Mining, Sugar, and Bank indexes only under 
regime 1. Insurance companies are classified in the service sector. Since the service sector in 
comparison with other economic sectors is rarely related to foreign trade, especially in developing 
countries (with the exception of the banking sector, which holds foreign exchange reserves and 
participates in foreign trade as a third party), it is logical that the coefficients of service companies 
be insignificant. The coefficient of the return uncertainty of the Bank index is significant in regime 1 
in both short-term and long-term.

Some industries such as sugar receive large part of their inputs from inside the country and sell 
their products in domestic markets. Nevertheless, their products are affected by the inflationary 
effects of exchange rate fluctuations. In addition to being active mainly in domestic markets, some 
industries such as Metal products and Mining are protected by government against some sys-
tematic risks such as exchange rate shocks. Therefore, exchange rate has less effect on their 
return uncertainty.

When the exchange rate increases, in the short-term the Investment industry index return 
uncertainty decreases under regime 1, but in the long term, its effect is not significant. The 
exchange rate fluctuations have a significant effect on the return uncertainty of other industry 
indices under two regimes in the short-term and long-term. Among these industries, some such as 
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Auto, Medication and Machinery are heavily dependent on import. Moreover, some industries such 
as Chemical, Basic metals, and Oil products export more than half of their products to other 
countries. Thus, as we expect, the coefficients of the above two groups are significant.

The results of ARDL model show that the exchange rate has a negative effect on export-oriented 
industries’ uncertainty, i.e., increase in exchange rate reduces return uncertainty and vice versa. 
This is expected because export-oriented industries benefit from higher exchange rates. Reduction 
in exchange rates, on the other hand, imposes some uncertainty due to unexpected interventions 
of large (mostly government-sponsored) investment firms that try to keep the value of these 
companies. The same logic, with opposite effects, applies to import-oriented industries which 
explains the results of ARDL model.

We can interpret the overall results of Table 10 in another aspect. According to Table 10, in many 
industries, exchange rate appreciation reduces the IIR uncertainty. These results can be 

Table 10. Short-term and long-term effect of the exchange rate on the IIR uncertainty
Model Industry Short- term Long-term

Regime 1 Regime 2 Regime 1 Regime 2 Regime 1 Regime 2
ARDL(1,1) ARDL(1,0) Investment −0. 5430*** 

(−5.26)
−0.00002 

(−0.68)
−0.00001 

(−0.51)
−0.00004 

(−0.98)

ARDL(1,2) ARDL(1,2) Auto 0. 4870*** 
(4.56)

0.0261*** 
(2.65)

0.0105** 
(2.14)

0.0032** 
(1.98)

ARDL(0,1) ARDL(1,0) Mining 0. 2700*** 
(3.52)

0.0009 
(1.58)

0.0001 
(1.48)

0.0007 
(1.52)

ARDL(1,1) ARDL(1,1) Chemical 0.00132* 
(1.79)

−0. 4830*** 
(−4.95)

−0.0004* 
(−1.65)

0.0018* 
(1.86)

ARDL(1,0) ARDL(1,0) Basic 
Metals

−0. 0699*** 
(−2.95)

0. 1090*** 
(3.62)

−0.0008 
(−1.21)

−0.00009 
(−0.68)

ARDL(1,2) ARDL(1,2) Cement −0.0430** 
(−2.31)

−0.0253** 
(−1.99)

0.0458**- 
(−2.51)

−0.044** 
(−2.41)

ARDL(1,1) ARDL(1,0) Sugar −0.0355** 
(−2.14)

−0.0005 
(−1.2)

−0.0094* 
(−1.74)

−0.0001 
(−1.04)

ARDL(1,1) ARDL(1,0) Bank −0.0121** 
(−2.15)

−0.0006 
(−1.12)

−0.0045* 
(−1.73)

−0.0007 
(−1.23)

ARDL(1,2) ARDL(1,2) Real Estate −0.0102* 
(−1.89)

−0.0116** 
(−2.05)

−0.0142** 
(−2.14)

−0.024*** 
(−2.65)

ARDL(1,1) ARDL(1,1) Medication 0.0074* 
(1.70)

0.0185** 
(2.41)

0.0479** 
(2.51)

0.0325** 
(2.12)

ARDL(1,1) ARDL(1,1) Food −0.0040*** 
(−2.69)

−0.0033** 
(−2.45)

−0.0005* 
(−1.69)

−0.0005* 
(−1.68)

ARDL(1,2) Oil 
Products

−0.037** 
(−2.14)

−0.0004* 
(−1.71)

ARDL(1,2) Rubber −0.032*** 
(−3.15)

−0.0003* 
(−1.81)

ARDL(2,1) ARDL(1,1) Machinery 0.036** 
(2.10)

0.037** 
(2.15)

0.0003* 
(1.81)

0.0002* 
(1.73)

ARDL(1,1) ARDL(2,1) Ceramic 
Tile

−0.032*** 
(−3.17)

−0.035*** 
(−3.25)

−0.0013* 
(−1.84)

−0.0009* 
(−1.73)

ARDL(1,0) ARDL(1,0) Insurance −0.00005 
(−0.89)

−0.00004 
(−0.74)

−0.00003 
(−0.74)

−0.00001 
(−0.24)

ARDL(1,0) Metal 
products

−0.00001 
(0.98)

(0.00002) 
(1.12)

Note: * indicates significance at the 10% level; **, at the 5% level; and *** at the 1% level. t-statistics are reported in 
parentheses. 
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interpreted using the concept of uncertainty. As mentioned in the Introduction Section, the 
uncertainty is an unpredictable component of any time series. In the Iranian economy, high 
growth in money supply over the past years (for instance, between 2013 and 2019 the money 
supply on average grew 27% per year) has been the main economic driver of rising inflation and 
devaluation of the national currency. This phenomenon is not unknown to and unpredictable by 
investors, and hence, is reflected into stock prices without having a huge impact on the unpre-
dictable component. In contrast, when the exchange rate falls temporarily, contrary to investors’ 
expectations, the unpredictable component (or forecast error) increases, so does the uncertainty. 
Therefore, the negative relationship between the exchange rate and the uncertainty is justified for 
many industries.

4. Conclusion
The goal of this study is to measure the IIR uncertainty by improving models of MRS-GARCH family 
and to estimate the impact of changes in exchange rate on the IIR uncertainty. We first apply 
MRS-GARCH family models to estimate the IIR volatility. Then, we compare their performances 
with those of ARMA-GARCH family models under the normal, Student’s-t and GED distributions. We 
find that MRS-GARCH models are more powerful to model the IIR volatility. This indicates that 
a switching behaviour exists in the IIR indexes. We also show that MRS-EGARCH-M models under 
GED and Student’s t-distributions outperform other MRS-GARCH models.

We estimate the impact of the exchange rate on the IIR uncertainty in a regime-switching 
environment. The results show that the exchange rate has a negative and positive impact on the 
IIR uncertainty for export and import-oriented companies, respectively, under both regimes.

Our findings have several economic and financial implications. Knowing the stock prices trend 
under different regimes (and their transition probabilities between regimes) helps investors to 
predict the stock prices more accurately. Moreover, having a better understanding of uncertainty 
and its magnitude enables investors to measure the risk.

There are several avenues to extend this research. First, one could investigate the perfor-
mances of MRS-GARCH models for forecasting and calculating value at risk (VaR). Second, 
since volatility is a key input in option pricing formulas, it would be interesting to compare 
the performances of MRS-GARCH models and other popular models to price options. Third, the 
univariate MRS-GARCH models could be extended to multivariate ones, which could model the 
covariance between two different asset returns in order to estimate hedging and asset 
allocation.
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Notes
1. MRS-GARCH family models include MRS-GARCH, MRS- 
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and MRS-IGARCH-M.

2. ARMA-GARCH family models including ARMA-GARCH, 
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ARMA-IGARCH, and ARMA -IGARCH-M.

3. The ARIMA(p, d, q) process of autoregressive order “p” 
and moving average order “q” and integration order 
“d” can be described as: 

xt ¼ cþ ∑
p

i¼1
αixt� i þ ∑

q

j¼1
βjεt� j þ ε  

4. ρ and q are probabilities of the volatility remaining in 
the same regime.

5. There are usually two exchange rates in Iran, the 
official and the unofficial exchange rate. In recent 
years, the official exchange rate, which has been 
almost constant, has been used by the government to 
import vital goods (such as wheat, corn and medicine). 
But the unofficial exchange rate (which is partly con-
trolled by the central bank) accounts for a significant 
portion of the country’s currency market. Private sector 
exporters and importers use this rate to convert 
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domestic currency into foreign (and vice versa) 
through currency exchanges. For this reason, unofficial 
exchange rate changes are used as an exogenous 
variable affecting stock prices, inflation rate, etc. in 
most economic studies (e.g., Abounoori & Tour, 2019; 
Davoudi et al., 2018; Zolfaghari & Sahabi, 2017). 
Following the literature and given that the official 
exchange rates’ fluctuation is almost non-existent, we 
use unofficial exchange rate in this study. Due to the 
facility of buying and selling foreign currency by indi-
viduals and companies, there is no black market in this 
regard. However, some government agencies (such as 
the Center for Combating Smuggling of Goods and 
Foreign Currency) monitor indirectly the very large and 
suspicious transactions.

6. Iran has a high inflation and high interest rates com-
pared to the US which affects the exchange rates in 
medium-term and long-term. Since our analysis is 
daily, the impact of inflation/interest rates differential 
on the exchange rate is negligible. Therefore, daily 
exchange rate returns are not adjusted for inflation/ 
interest rates.
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Appendix (B)
The smoothed probability of being in regimes 1, 2 for the IIR
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