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ABSTRACT: The exchange rate is both an 
important economic variable when deter-
mining a country’s export volume and an 
indicator of its international competitive-
ness. This paper re-investigates the impact 
of real exchange rate volatility on Turkey’s 
exports using the structural vector autore-
gression method and monthly data from 
2003:01 to 2019:12. Empirical evidence 
shows that real exchange rate and exchange 

rate volatility do not affect exports in Tur-
key. On the other hand, external income 
has had a slight effect on Turkey’s exports 
in the post-global-crisis period. The find-
ings show that other factors which effect 
macroeconomic indicators in the Turkish 
economy should also be considered.
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1. INTRODUCTION 

Producers are assumed to have full knowledge of the markets. In other words, it 
is assumed that producers know the prices of all inputs and outputs and know the 
production function precisely under perfect competition conditions. In addition, 
consumers have information about their income, utility functions, and the prices 
of all goods and services. However, in the real world, certainty in economic 
activity is an exception because the results of economic activity depend not only 
on individuals’ decisions but also on factors that individuals do not control. Thus, 
the reality is that uncertainty prevails and therefore the rational decisions of 
economic units may produce biased results. The uncertainty arising from an 
increase in exchange rate volatility creates risk. Thus, it is thought that exchange 
rate volatility negatively affects international trade (Doğanlar, 2002: 859). The 
exchange rate is an important economic variable, both as a determinant of a 
country’s export volume and as an indicator of its international competitiveness. 
At the same time, in developing countries such as Turkey the exchange rate also 
plays an important role in production costs due to the total value of imported 
intermediate and capital goods. High fluctuations in the exchange rate create 
uncertainty regarding profits and thus reduce the gains of international trade and 
hinder trade volumes (Yüksel et al., 2012; Ozcelebi and Yildirim, 2011). 

The Bretton Woods System, which was based on a fixed exchange rate regime, 
collapsed in 1973, and from that date most countries let their currencies float free. 
Since then, the question of whether volatility in the exchange rate within the 
flexible exchange rate system affects international trade flows has been a matter 
of intense debate. Exchange rate volatility is defined as the risk associated with 
unexpected movements in the exchange rate. It is widely believed that high 
exchange rate volatility increases uncertainty and hinders the growth of foreign 
trade. This belief is accepted not only by politicians and financial market 
participants but also by commercial economists (Cushman, 1983:45; Arize, 1997, 
p.95).  

In the literature the results of studies on the relationship between exchange rate 
volatility and trade flows are contradictory. Most studies argue that volatility 
reduces foreign trade (Doğanlar, 2002; Al-Rashidi and Lahiri, 2013; Serenis, 2013; 
Barseghyan and Hambardzumyan, 2017), while some find that the former 
stimulates the latter (Serenis and Tsounis, 2014; Uslu, 2018). The existence of a 
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negative relationship between these variables is due to risk-averse firms. 
Accordingly, high exchange rate volatility reduces the expected profitability from 
exports and therefore reduces the trade volume (Altintaş et al., 2011). The positive 
or negative effect of exchange rate volatility on exports is also analysed within the 
framework of income and substitution effects. Given the effects of increased risk 
on both income and substitution, the impact of volatility on exports will vary 
depending on the degree of risk aversion. When risk increases, individuals prefer 
to export more to avoid the possibility of a serious reduction in their income 
(income effect). However, if firms are less risk-averse, they find the return on 
exports less attractive and decide to export less (substitution effect). 
Consequently, higher volatility leads to more exports if the income effect 
dominates the substitution effect (Grauwe, 1988: 67). However, some studies find 
no significant relationship between exchange rate volatility and exports 
(Bahmani-Oskooee and Harvey, 2011; Bahmani-Oskooee et al., 2015). 

After the 1929 Great Depression the Law on the Protection of the Turkish 
Currency came into force in 1930 and foreign exchange markets began to be 
audited. The central bank was established in 1930 and the Law on Lending Affairs 
came into effect in 1933, implementing a fixed exchange rate regime in Turkey. 
After Turkey became a member of the IMF and the World Bank in 1947 an 
adjustable fixed exchange rate policy was implemented (Dilbaz Alacahan and 
Akarsu, 2017: 332). Since 1980, Turkey has implemented liberal economic 
policies. A floating exchange rate regime was adopted after the 2001 economic 
crisis, to be determined according to supply and demand in the market. Hence, 
exchange rate volatility and uncertainty increased (Erdal et al., 2012). The current 
account deficit problem in Turkey’s economy has been called the ‘learned 
helplessness’ phenomenon, and the relationship between exchange rate and 
foreign trade has been intensively analysed in the economics literature of Turkey. 
Table 1 shows that the findings of these studies on exchange rate volatility in the 
Turkish economy are as diverse as they are in the international literature.  
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Table 1: Summary of previous studies on exchange rate volatility in Turkey 

Author Period Method 
Impact of 
Volatility 

Özbay (1999) 1998Q2–1997Q2 OLS Negative 
Acaravci and Ozturk 
(2002) 

1989:01–2002:08 Johansen Cointegration Test Negative 

Kasman and Kasman 
(2005) 

1982Q1–2001Q4 Johansen Cointegration Test Positive 

Guloglu (2008) 1982:01–2006:12 Markow Switching ARCH Negative 
Köse et al. (2008) 1995:01–2008:06 Johansen Cointegration Test Negative 
Tarı and Yıldırım (2009) 1989Q1–2007Q3 Johansen Cointegration Test Negative 
Altintaş et al. (2011) 1993Q3–2009Q4 ARDL Positive 
Yüksel et al. (2012) 2003:02–2010:12 OLS No Impact 
Erdal et al. (2012) 1995:01–2007:11 Johansen Cointegration Test Negative 
Çiftçi (2014) 2003:01–2013:11 ARDL Negative 
Balcılar et al. (2014) 1995Q1–2012Q4 ARDL No Impact 
Sevim and Doğan (2016) 2002:01–2014:11 ARDL No Impact 
Çelik (2018) 1995:01–2017:01 ARDL Negative 
Ayhan (2019) 2005:01–2014:02 ARDL  Negative 
Köse and Aslan (2020) 2002:01–2017:12 Structural VAR No Impact 
Note: OLS = Ordinary least squares, ARCH = Autoregressive conditional heteroskedasticity, ARDL 
= Autoregressive distributed lag model, VAR = Vector autoregression. 

The present study uses monthly data for the period 2003–2019 to investigate the 
relationship between exports and exchange rate. Two important break points 
were taken into consideration for the selection of the dataset period. The first is 
the financial measures taken in 2003 after the 2001 crisis. The second is the global 
Covid-19 pandemic. Therefore, the years before 2003 and the year 2020 have been 
excluded. The study uses the most up-to-date dataset and simultaneously analyses 
the effects of both exchange rate and volatility on exports. Most previous studies 
use vector autoregression (VAR) analysis, but this study’s application of the 
structural VAR (hereafter SVAR) model reinforces its novelty. The SVAR model 
estimates impulse-response functions by imposing short- and long-term 
constraints on the model’s calculation process. The study’s analyses also consider 
structural breaks. 
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The remainder of the article is organised as follows. Chapter 2 introduces the data 
set and the econometric methodology, section 3 reports the findings, and the final 
section presents the concluding remarks. 

2. DATASET AND ECONOMETRIC METHODOLOGY 

This section first introduces the variables in the study and then explains the SVAR 
model that is used to examine the relationship between the relevant variables. 

2.1. Dataset 

The relationship between exchange rate volatility and exports is examined using 
monthly data for the period January 2003 – December 2019. The CPI-based real 
effective exchange rate (2003=100) is from the Central Bank of the Republic of 
Turkey and imports and exports are from the Turkish Statistical Institute (in 
thousand US$). The industrial production index (2015=100) for the EU (27) 
countries is from the OECD. The industrial production index is added to the 
model as a proxy for external income. The income of EU countries is used because 
they are important trading partners for Turkey. The industrial production index 
and foreign trade data are seasonally adjusted and therefore without calendar 
effects. The Exponential Generalised Autoregressive Conditional 
Heteroskedasticity (EGARCH) process is used to capture exchange rate volatility 
(Nelson, 1991). The logarithmic transformation is applied to all variables.  

The ARCH LM test is used to examine the existence of heteroskedasticity in the 
real exchange rate series (see Table 2) and the null hypothesis claiming that there 
is no ARCH effect is rejected at the 1% significance level. This shows that there is 
a heteroskedasticity problem in the residuals of the real exchange rate series. After 
detecting the existence of the ARCH effect, the appropriate GARCH model is 
used to estimate the exchange rate volatility. Before moving on to the GARCH 
models, the quantile-quantile graph and the Shapiro-Wilk (1965) normality test 
are used to examine whether the real exchange rate shows a significant difference 
from the normal distribution, and it is observed that the distribution of the 
relevant series is not normal. In the light of these results, GARCH models are 
analysed considering the student-t distribution. In order to determine the most 
suitable model the Akaike and Schwarz values should be the smallest, the ARCH 
effect should be eliminated, and there should be no autocorrelation problem. 
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Considering all these factors, it is determined that EGARCH(1,1) is the most 
suitable model for estimating exchange rate volatility. The gamma coefficient in 
the EGARCH model examines the leverage effect. A negative gamma coefficient 
indicates the presence of a leverage effect. As shown in Table 3, the alpha+beta<1 
condition is met. According to the results of the EGARCH (1,1) model, the 
gamma coefficient is positive and statistically insignificant. Accordingly, it is 
observed that there is no leverage effect. The Ljung Box Q and Q2 and ARCH-
LM tests are used to examine the autocorrelation problem in the residuals 
obtained from the appropriate EGARCH (1,1) model and whether the ARCH 
effect disappears (see Table 4 in the Appendix). 

Table 4 shows that the ARMA (2,0) – EGARCH (1,1) model, found to be the most 
suitable model for estimating the volatility of the real exchange rate variable, is 
eliminated and there is no autocorrelation problem. Accordingly, all the 
conditions are met for the EGARCH (1,1) model, which is determined as the 
appropriate model to estimate exchange rate volatility. The conditional variance 
given by the EGARCH (1,1) model is used as the real exchange rate variable. The 
volatility series obtained for this paper is as in Figure 1. 

Figure 1: Real exchange rate volatility 
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2.2. The SVAR Model 

Sims (1980) developed the VAR model as an alternative approach to 
simultaneous equation systems. Simultaneous equation systems do not consider 
the dynamic structure in time series, and these models also take some variables as 
exogenous. According to Sims this is questionable, since this supposition of the 
exogeneity of variables reflects the preferences and prejudices of the 
modelmakers and is not fully supported by theoretical evaluations. Unlike the 
simultaneous equation models, the VAR models consider all variables to be a 
priori endogenous and imposed by statistical tools rather than controversial 
theories (Lütkpohl, 2005, p.1). 

Using the VAR models makes it possible to observe the relative importance of 
various shocks on macroeconomic variables and to address their dynamic impact. 
The VAR analysis gives policymakers a deeper understanding of how economic 
variables are affected by demand or supply shocks so that in an everchanging 
environment they can respond with more effective policy decisions (Sarte, 1997, 
p.45). However, changes in policy implementation, economic crises, and shocks 
that occur for similar reasons cannot be defined perfectly with a specific variable. 
Therefore, the VAR models cannot determine the influence of shocks, and the 
SVAR approach was developed for this reason. The SVAR technique provides the 
determination of sufficient constraints to define underlying shocks in the form of 
either repetitive structures using economic information, coefficient restrictions, 
and variance or covariance restrictions, or constraints on the short- or long-term 
multipliers. The SVAR model offers the opportunity to determine constraints 
consistent with economic theory and current conditions, and so helps to achieve 
more robust and logical findings (Köse and Aslan, 2020, p.6). Also, contrary to 
the VAR models, the SVAR models consider structural changes, and both short- 
and long-term constraints can be imposed (Narayan et al. 2008, p.2765). 

The VAR model with a lag p (VAR (p)) can be written as follow (Narayan et al., 
2008, p.2766): 

X� �  A�X��� � �� A�X��� � ��� �  u� (1) 

In Equation 1, the Ai (i=1,…,p) are (KxK) parameter matrices, p shows the lag of 
the VAR model, X is an 𝑛𝑛𝑛𝑛1 vector of dependent variables, and u� is an 𝑛𝑛𝑛𝑛1 vector 
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of reduced form residuals. According to Narayan et al. (2008), the deterministic 
component can be safely ignored because it is not affected by shocks to the 
system. In this case, the SVAR model can be written as: 

𝐴𝐴𝐴𝐴� �  𝐴𝐴�∗𝐴𝐴��� � �� 𝐴𝐴�∗ 𝐴𝐴��� � 𝐵𝐵𝜀𝜀�  (2) 

where matrix B contains the structural form parameters of the model, while 
matrix A is used to connect instant models. The 𝜀𝜀� is an 𝑛𝑛𝑛𝑛1 vector of structural 
disturbances shown as var���� � ⋀, where ⋀ is a diagonal matrix with variance 
of structural defects forming diagonal elements. Shocks cannot be observed 
directly, so some restrictions are needed. The common practice for the constraint 
is to multiply Equation 2 by A-1. This leads to the following relationship between 
reduced-form disturbances and structural disturbances (Narayan et al., 2008, 
p.2766): 

𝑢𝑢� �  𝐴𝐴�� 𝐵𝐵𝜀𝜀� (3) 

Equation 3 for the AB model can be written as: 

𝐴𝐴𝑢𝑢� � 𝐵𝐵𝜀𝜀� (4) 

In this study the SVAR model includes income, real exchange rate volatility, and 
import and export variables. Köse and Aslan’s (2020) study is based on creating 
constraints for the SVAR model under which external income is not 
contemporaneously affected by shocks in other variables in the system but 
external income affects export shocks simultaneously. While real exchange rate 
volatility is not affected contemporaneously by shocks of the other variables, it 
has an impact on the import and export shocks. While the real exchange rate is 
not affected by the variables, it affects all variables except income. Imports only 
have an impact on exports. On the other hand, exports do not affect any variables, 
yet they are simultaneously affected by all variables. The impacts of external 
income and exchange rate volatility on exports are determined considering the 
economic theory. However, the influence of import restrictions is determined 
considering the economic structure of Turkey. Turkey has external dependence 
on energy, which is an essential item in production; therefore it is expected that 
imports have an impact on exports (Köse and Aslan, 2020, p.8). Under these 
constraints, the SVAR model is as below: 
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where ε����, ε����, ε������, ε����, and ε���� are structural disturbances; that is, 
exports, real exchange rate, exchange rate volatility, income, and import shocks, 
respectively. u����, u����, u������, u����, and u���� are residuals in the reduced-form 
equations and represent unexpected disturbances. 

3. FINDINGS 

This section presents the findings and interpretations of the econometric 
analyses. In the VAR models the variables must meet the stationarity condition, 
which is essential for robust results. Hence, unit root tests are carried out before 
employing the SVAR analysis: both classical unit root tests with a single structural 
break such as Phillips-Perron (1988), Ng-Perron (2001), and Zivot-Andrews 
(1992), and Lee and Strazicich (2003) LM tests with two structural breaks (See 
Tables 5, 6, and 7 in the Appendix). When these unit root tests are evaluated 
together it is determined that the integration degree of the volatility series is I (0), 
and the real exchange rate, exports, and imports are I (1). Finally, although the 
Phillips-Perron (1988) and Lee and Strazicich (2003) tests show that the income 
variable is stationary at the first difference, according to the Ng-Perron (2001) 
and Zivot-Andrews (1992) tests it is stationary at level. The graph of the series 
shows that there is only one structural break, so the result of the Zivot-Andrews 
(1992) test with one structural break is considered. Therefore, the income variable 
is I (0). 

Both domestic and global economic crises and the policies implemented because 
of those crises may cause structural breaks in the macroeconomic dataset. 
Therefore, considering structural breaks in the analyses of macroeconomic data 
ensures that the results are more consistent. The SVAR models assume that 
structural parameters remain constant throughout volatility regimes. Bacchiocchi 
and Fanelli (2012, 2015) state that this assumption might be valid to some extent, 
but this situation is controversial for macroeconomic data since there is 
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parameter instability. Hence, structural breaks may have noticeable consequences 
for both the transmission and propagation shock mechanisms (Bacchiocchi and 
Fanelli, 2015, p.2). 

In this context, in this study both structural break unit root tests and Bai and 
Perron’s (2003) multiple structural break tests are used to investigate the presence 
of a structural break (see Table 8 in the Appendix). Structural break unit root tests 
mostly reveal that there is a break in 2008. According to the Bai and Perron (2003) 
test, the break dates are 2008M11 and 2012M02. The mortgage crisis that 
emerged in the US real estate market in mid-2007 caused a global economic crisis 
towards the end of 2008. Therefore, it is thought that the 2008 global crisis led to 
the structural break in Turkey’s economy. Since the variables used in the study 
are directly affected by global market conditions, 2008M11 is considered as a 
break date. The data set is divided into two regimes starting from the period after 
the break date and the impulse-response functions between the variables are 
examined. 

The confidence intervals required for impulse response functions are obtained 
using Monte Carlo simulations. In order to get reliable results, both of the dashed 
lines must be on either the positive or the negative side (Yamak and Korkmaz, 
2005:26). In addition, Abrigo and Love (2016) state that the effect is insignificant if 
the confidence intervals include the zero line (Abrigo and Love, 2016: 795). This 
study considers these two facts regarding the results of the impulse-response 
analysis. Impulse-response analysis can examine the effect of a shock in one 
variable on other variables. The impulse-response functions of the shocks on 
exports are presented in Figure 2. Ninety-five per cent confidence intervals, that are 
shown with the dashed lines, are established to show the parameter uncertainty, the 
future 10-month responses are considered, and the 500 bootstrapped iterations are 
used. The Akaike Information Criteria (AIC) is chosen for the lag length selection 
of the VAR model, which is determined to be 2. 

This paper uses real effective exchange rate. In this case, increasing the real 
exchange rate, which is an indication of revaluing the Turkish Lira, and the 
expectation of a rising exchange rate level are supposed to hinder the export level. 
Therefore, a negative relationship is expected between exchange rate and exports.  
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In Figure 2, it seems that the increase in the real exchange rate has a positive 
impact on exports for 4 months. This effect is negative in the 5th and 6th months 
and balances in the following months. However, the impact is statistically 
insignificant. This insignificant relationship between real exchange rate and 
exports is consistent with Aktaş’s (2010) findings. Contrary to the real exchange 
rate, the effect of shocks in exchange rate volatility on exports is negative, but this 
effect is also insignificant. It is observed that the external revenue affects Turkey’s 
exports positively, and this effect is statistically significant for the first two 
months. Increasing foreign demand is an important driving factor for exports. 
Therefore, the positive effect of external income on exports is in accordance with 
the economic theory. Finally, imports do not affect exports. This result 
contradicts the results of Köse and Aslan (2020), who find that exports respond 
increasingly to shocks in imports. 

Figure 2: The variables’ impulse-response functions (2003–2019) 

 

The stationarity degrees of the variables for the sub-periods are examined with 
the Phillips-Perron unit root test. Except for the real exchange rate, all variables 
are found to be stationary at the first difference in both the first and second sub-
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periods. While the real exchange rate variable is stationary at its level in the first 
sub-period, it meets the stationarity condition after taking the first difference in 
the second sub-period examined (see Table 9 in the Appendix). 

Figures 3 and 4 show the impact of real exchange rate, exchange rate volatility, 
income, and import shocks on exports for the pre-global-crisis and post-global-
crisis periods. The appropriate lag length is 2 for both sub-periods according to 
AIC. 

In the pre-global-crisis period (see Figure 3) the response of exports to shocks in 
exchange rates is positive, and insignificant. This result contradicts the hypothesis 
which suggests that exports will become more expensive as a result of the 
appreciation of a country’s real effective exchange rate, and thus exports will 
suffer. However, Saatcioğlu and Karaca (2004) also find similar results for the 
Turkish economy. On the other hand, in the post-crisis period (see Figure 4) the 
impact of the exchange rate on exports fluctuates and becomes zero as of the 6th 
month, but this effect is not statistically significant. The latter can be explained by 
considering global markets in the global crisis. A similar relationship is observed 
in the response of exports to external income. However, although foreign income 
has a significant positive effect in the first months of the pre-crisis period, there 
is no significant influence in the post-crisis period. The response of exports to 
shocks in exchange volatility is negative in the pre-crisis period. In other words, 
exchange rate uncertainty reduces exports in Turkey. However, this impact is not 
statistically significant. In the post-crisis period, exports respond to shocks by first 
decreasing, then increasing and decreasing again. The response is statistically 
significant for the first period. Finally, imports are ineffective in both periods. 
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Figure 3: The variables’ impulse-response functions pre-global financial crisis 
(2003:01–2008:11)  

 

Figure 4: The variables’ impulse-response functions pre-global financial crisis 
(2008:12–2019:12) 
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The most recent study investigating the relationship between real exchange rate 
and exports for Turkey’s economy is by Köse and Aslan (2020). The findings of 
this paper differ from Köse and Aslan (2020) in terms of the impact of imports 
on exports. The study finds that, contrary to expectations, imports do not have a 
significant effect on exports. The most recent figure showing the share of imports 
in exports is from 2016 and is 16.5% (OECD, 2021). This shows that Turkish 
exports are not highly dependent on imported inputs. Examining the relationship 
between variables on a sector basis rather than at the macro level would provide 
more reliable results and show the effects of imports on exports more clearly. 

4. CONCLUSION 

Exports are a component of aggregate demand, which is why most researchers 
agree that an increase in exports contributes positively to economic growth 
through increasing aggregate demand. In addition, increased exports eliminate 
foreign exchange shortages, reduce production costs, increase employment, allow 
the appropriate allocation of the division of labour and resources, and can 
encourage the implementation of new technologies. Therefore, appropriate ways 
of achieving a sustainable export volume as an essential step for increasing welfare 
are extensively researched in the economics literature. With the liberalisation of 
international trade and capital markets and the transition to a floating exchange 
rate regime, the effects of exchange rate and/or exchange rate volatility on foreign 
trade have been the subject of considerable debate. Turkey’s economy is based on 
a dual currency system as a result of high levels of dollarisation and has struggled 
constantly with a current account deficit problem. Therefore, it is important to 
define the relationship between exchange rate and foreign trade correctly. 

The connection between real exchange rate and foreign trade data for the period 
2003:01–2019:12 was analysed using SVAR. Since the dataset includes the 2008 
global crisis the analyses took structural breaks into account. When structural 
breaks are neglected, it appears that the impact of real exchange rate, volatility, 
and imports on exports is not statistically significant. On the other hand, shocks 
in external income have a positive and significant impact on exports in the first 
two months. These results suggest that Turkey’s exports are mostly affected by 
external demand. Regarding the structural breaks, the response of exports to the 
shocks is an increase in the real exchange rate and this effect reaches equilibrium 
after the 6th and 7th months. Again, this response is not significant. The impact of 
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exchange rate volatility on exports is negative in the first period but the direction 
of the response changes in the second period. However, these effects are found to 
be statistically insignificant. 

This study shows that exchange rate volatility has no effect on exports. Therefore, 
the hedging practices of exporting companies (such as forward, option, and swap 
contracts) should be examined. In addition, because the Turkish economy has an 
increasingly important current account deficit problem and an increasing 
exchange rate, it should not be deduced from the results that the risks brought by 
volatility, and the negative effects of these risks on foreign trade, can be ignored. 
This situation justifies the concerns in the literature that volatility will adversely 
affect foreign trade. While the depreciation of the Turkish lira is expected to 
increase exports economically, both the increasing uncertainty and the cost of 
importing intermediate goods, especially in the manufacturing sector, may pose 
a significant problem for manufacturers.  

Examining the relationship between volatility and foreign trade based on sectors 
would provide more consistent results. Using aggregated export data may cause 
aggregation biases, so working with sector-based data to eliminate possible biases 
might be more effective. The consequences of national and international and 
positive and negative externalities are different for each sector. Thus, further 
studies could produce more reliable evidence by paying attention to sector-based 
export data and structural breaks. 
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APPENDIXES 

Table 2: ARCH LM Test 

χ2 statistics 180.99 
p value 0.0000 

 

Table 3: GARCH model statistics 

Variable EGARCH(1,1) 

mu 
4.51*** 
(255.3) 

AR(1) 
1.145*** 
(26.27) 

AR(2) 
–0.148*** 

(–3.33) 

Omega 
–2.153 

(–1.126) 

Alpha1 
–0.143 

(–1.483) 

Beta1 
0.704** 
(2.657) 

Gamma1 
0.066 

(0.370) 
Akaike Information Criteria –4.51 

Schwarz Information Criteria –4.38 
Note: Values in parentheses are t statistics. *, **, and *** indicate significance levels at 10%, 5%, 
and 1%, respectively. 

Table 4: Heteroskedasticity and autocorrelation test results 

Model: ARMA (2,0) – EGARCH (1,1) 
ARCH Test [3] 0.249 (0.62) Q [1] 0.317 (0.57) Q2 [1] 0.083 (0.77) 
ARCH Test [5] 0.290 (0.94) Q [5] 3. 655 (0.14) Q2 [5] 1.387 (0.76) 
ARCH Test [7] 2.667 (0.58) Q [9] 5.877 (0.28) Q2 [9] 3.555 (0.66) 
Note: The values in square brackets show the lag lengths, and the values in parentheses show the 
probability values of the relevant statistics. 
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Table 5: Ng-Perron and Phillips-Perron unit root test results 

Variable 
Ng-Perron 

Phillips-
Perron 

MZa MZt MSB MPT t-statistics 
lnX –2.246 –0.928 0.413 34.48 –2.613 

ΔlnX –95.61*** –6.912*** 0.072*** 0.959*** –19.77*** 
lnEXR –4.756 –1.442 0.303 18.56 –3.638** 

ΔlnEXR –88.14*** –6.638*** 0.075*** 1.034*** – 
lnM –1.331 –0.643 0.483 48.01 –2.587 

ΔlnM –16.08* –2.813* 0.175* 5.809* –14.62*** 
lnY –17.68** –2.972** 0.168* 5.161** –2.368 

ΔlnY – – – – –15.69*** 
VOL –66.97*** –5.785*** 0.087*** 0.371*** –7.075*** 

Note: ln denotes logarithmic transformation, Δ denotes the difference operator. ***, **, and * 
indicate that the null hypothesis is rejected at 1%, 5%, and 10% significance levels, respectively. A 
constant-trend model is considered for all variables except for the VOL variable, and a constant 
model for the VOL variable. The appropriate lag length in the Ng-Perron test is determined 
according to the Schwarz Information Criteria, and the lag length in the Phillips-Perron test is 
determined according to Newey-West. 

Table 6: Zivot-Andrews unit root test results 

Variable Test statistic TB λ 
lnX –4.345 2008M10 0.34 

ΔlnX –19.88*** 2009M06 0.38 
lnEXR –4.766 2016M10 0.81 

ΔlnEXR –10.80*** 2006M07 0.21 
lnM –4.005 2010M07 0.45 

ΔlnM –6.720*** 2009M03 0.36 
lnY –6.374*** 2008M10 0.34 

VOL –7.662*** 2009M05 0.37 
Note: ln denotes logarithmic transformation, Δ denotes the difference operator, TB denotes the 
break date and λ denotes the break point (TB/T). The calculated t-statistics values are compared 
with the table critical values of Zivot and Andrews (1992). The mentioned table critical values are 
1%: –5.57, 5%: –5.08 for the C model. *** indicates that the null hypothesis is rejected at the 1% 
significance level. 
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Table 7: Lee and Strazicich (2003, 2004) two break points LM unit root test 
results 

Variable Test statistic TB λ 
lnX –5.164 2008M08, 2011M03 0.33, 0.48 

ΔlnX –13.45*** 2007M05, 2009M03 0.26, 0.36 
lnEXR –5.199 2011M07, 2017M02 0.50, 0.83 

ΔlnEXR –11.001*** 2004M08, 2008M10 0.10, 0.34 
lnM –4.990 2008M09, 2011M01 0.33, 0.47 

ΔlnM –7.281*** 2007M12, 2010M12 0.29, 0.47 
lnY –5.152 2008M08, 2010M01 0.33, 0.42 

ΔlnY –9.283*** 2008M02, 2009M01 0.30, 0.36 
VOL –7.428*** 2008M03, 2009M12 0.31, 0.41 

Note: ln denotes logarithmic transformation, Δ denotes the difference operator, TB denotes the 
break date, and λ denotes the break point (TB/T). C model is estimated for unit root test. *** 
Indicates that the null hypothesis is rejected at the 1% significance level. 

Table 8: Bai-Perron multiple structural break test results 

Specification 
y� � �lnX��          z� � �l, VOL�, 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙� , lnY�, lnM��             q = 5             p = 0      
h = 30        M = 2          ε = 0.15 

Break 
Number 

F-statistic 
Scaled 

F-statistic 
Weighted 
F-statistic 

UD max 
statistic 

WD max 
statistic 

1 54.582** 272.911** 272.911** 
308.654** 360.228** 

2 61.731** 308.654** 360.228** 
Break Numbers (Selected according to the Information Criteria) 

Sequential                           2 
BIC                                      2 
LWZ                                    2 

Break Dates 
2008M11             2012M02 

Note: y� denotes dependent variable, z� denotes independent variables changing on the basis of 
regimes, q denotes the number of independent variables changing on the basis of regimes, p denotes 
the number of unchanging independent variables on the basis of regimes, h denotes the minimum 
number of observations in any regime, M denotes the number of max breaks, and ε denotes 
trimming percentage. ** indicates the rejection of the main hypothesis at the 5% significance level. 
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Table 9: Phillips-Perron unit root test results/sub periods 

Variable 
Phillips-Perron test statistics 

First Sub-Period  
(2003:01–2008:11) 

Second Sub-Period  
(2008:12–2019:12) 

lnX –1.575 –2.286 
ΔlnX –10.088*** –19.614*** 

lnEXR –3.489** –0.934 
ΔlnEXR – –9.690*** 

lnM –2.212 –2.404 
ΔlnM –5.639*** –13.657*** 
lnY –1.367 –1.181 

ΔlnY –9.136*** –14.546*** 
VOL –3.745 –5.936*** 

Note: ln denotes logarithmic transformation and Δ denotes the difference operator. ***, **, and * 
indicate that the null hypothesis is rejected at 1%, 5%, and 10% significance levels, respectively. The 
lag length is determined according to Newey-West. 
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