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Abstract This study examines the impacts of exchange rate volatilities on real

total export and all the subcategories of real total export by standard international

trade code (SITC) from 0 to 9 of Malaysia to the United States (US). Exchange rate

volatilities are computed by the moving standard deviation with order three

[MSD(3)] and estimated by the generalized autoregressive conditional

heteroscedasticity (GARCH) model, more specifically the GARCH(1,1) model. The

results of the autoregressive distributed lag (ARDL) approach show insignificant

impacts of exchange rate volatilities on real total export in the level but some

significant impacts of exchange rate volatilities on the subcategories of real total

export in the first differences. There are more cases when exchange rate volatility

estimated by the GARCH(1,1) model are found to have significant impact on

exports. The significant impacts of exchange rate volatilities are found for some

sectors of exports and can be negative or positive. Exporters of Malaysia shall

improve their products through innovation and high technology and also to further

diversify their exports in order to reduce the impact of exchange rate volatility.
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1 Introduction

Exchange rate volatility can cause uncertainty into exports. Exporters confront

uncertainty of their costs and revenues because of the change of exchange rate. This

might affect their revenues. Exporters, who are risk averse will avoid exchange rate

volatility and thus will reduce their exports and perhaps will focus more on selling

in the domestic market. On the other hand, some exporters might regard exchange

rate volatility to be a risk that can result higher return and therefore these exporters

increase their exports. However, there is no consensus on the impact of exchange

rate volatility on export (Baek 2013, 2014). This recommends that the impact of

exchange rate volatility on export should be assessed based on case by case basis.

The impact of exchange rate volatility on export is shown to be different from

industries. The use of disaggregated export data enables the impact of exchange rate

volatility on export to be tested more accurately and can avoid the problem of

aggregation bias in export data in testing the impact of exchange rate volatility on

export, that is, a number of insignificant impacts of exports can be offset by a

significant impact of export or an insignificant impact of export is offset by a

number of significant impacts of exports (Bahmani-Oskooee and Hegerty 2007;

Byrne et al. 2008; Fang et al. 2009; Ćorić and Pugh 2010; Bahmani-Oskooee and

Harvey 2011; Verheyen 2012; Bahmani-Oskooee et al. 2013; Nishimura, and

Hirayama 2013; Thorbecke and Kato 2013; Baek 2013, 2014; Bahmani-Oskooee

et al. 2014; Wong 2014; Naknoi 2015).

This study examines the impacts of exchange rate volatilities on real total export

and all the subcategories of real total export by standard international trade code

(SITC) from 0 to 9 of Malaysia to the United States (US). The impacts of exchange

rate volatilities on different categories of exports can be different because of

different demand elasticities of exports (Caglayan and Di 2010). Conversely, the

previous studies in the literature of the impact of exchange rate volatility on export

mainly examine certain category or some categories of exports (Bahmani-Oskooee

and Harvey 2011; Wong and Tang 2008, 2011; Bahmani-Oskooee et al. 2014). The

data are monthly for the period from January, 2010 to December, 2014. The impact

of exchange rate volatility on a specific category of export can be assessed more

directly by using disaggregated data, that is, the sub-categories of real total export.

The impact of exchange rate volatility on export could be different because monthly

data are used rather than quarterly or yearly data. There is limited study on the

impact of exchange rate volatility on disaggregated bilateral exports of Malaysia to

the US. The US is an old and important trading country of Malaysia. In 2010, export

of Malaysia to the US was Malaysian ringgit (RM) RM60,951 million or 9.5 per

cent of total export of Malaysia and import from the US was RM56,259 million or

10.6 per cent of total import of Malaysia. In 2013, export of Malaysia to the US

reduced to RM58,055 million or 8.1 per cent of total export of Malaysia and import

from the US reduced to RM50,980 million or 7.9 per cent of total import of

Malaysia. In 2013, the US is the fourth most important exporting country of

Malaysia after Singapore, China and Japan. Exports of Malaysia to Singapore,

China and Japan were about 14.0 per cent, 13.5 per cent and 11.1 per cent of total
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export of Malaysia, respectively (MOF 2014). Exchange rate volatilities are

computed by the moving standard deviation with order three [MSD(3)] and

estimated by the generalized autoregressive conditional heteroscedasticity

(GARCH) model, namely the GARCH(1,1) model, which is selected from a group

of the autoregressive conditional heteroscedasticity (ARCH) models. This study

provides some evidence of the impacts of exchange rate volatilities computed by a

non-ARCH model and estimated by an ARCH model on real total export and the

sub-categories of real total export. The impact of exchange rate volatility on export

can be different because different measurements of exchange rate volatilities are

used. Moreover, the selection of an ARCH model without considering other ARCH

models may result in the selection bias of the ARCH model in the estimation of

exchange rate volatility. The export demand model is estimated as a function of real

exchange rate, real foreign demand and exchange rate volatility, where real export is

expressed by export value divided by export price of respective export. In the

literature of the impact of exchange rate volatility on export, real exports mainly are

expressed by unit prices, that is, nominal exports divided by unit values (Bahmani-

Oskooee et al. 2013, 2014). However, unit values of exports are not good proxies for

export prices and can be biased because the bundles of export goods can change

over time (Byrne et al. 2008; Bandt and Razafindrabe 2014). In some studies, real

export of each commodity is expressed by nominal export of each commodity

divided by aggregate export price index rather than by export price of respective

commodity (Bahmani-Oskooee and Harvey 2011). The autoregressive distributed

lag (ARDL) approach is used to assess the impacts of exchange rate volatilities on

exports, which is currently a state of art of the estimation method. Moreover, the

ARDL approach is able to examine the impacts of exchange rate volatilities in the

levels and in the changes on exports.

2 Literature review

Bahmani-Oskooee and Hegerty (2007) provide a good literature review of the

impact of exchange rate volatility on international trade. Wong (2014) presents a

more recent discussion of the impact of exchange rate volatility on international

trade. There are some studies on the impact of exchange rate volatility on export in

Malaysia (Bahmani-Oskooee and Harvey 2011; Wong and Tang 2008, 2011).

Bahmani-Oskooee and Harvey (2011) investigate the impact of real exchange rate

volatility on international trade between the US and Malaysia, that is, the impact of

real exchange rate volatility on 17 categories of industry in 3-digit level of the US

importing industries from Malaysia and on 101 categories of industry in 3-digit

level of the US exporting industries to Malaysia using the ARDL approach for

annual data from the year 1971 to the year 2006. The 17 categories of industry in

3-digit level are 031, which is fish, fresh and simply preserved, 032, which is fish, in

airtight containers, 053, which is fruit, preserved and fruit preparati, 075, which is

spices, 099, which is food preparations, not elsewhere specified (n.e.s.), 231, which

is crude rubber-including synthetic and reclaimed, 243, which is wood, shaped or

simply worked, 292, which is crude vegetable materials, n.e.s., 581, which is plastic
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materials, 631, which is veneers, plywood boards and other wood, 632, which is

wood manufactures, n.e.s., 656, which is made-up articles, wholly or chiefly, 687,

which is tin, 821, which is furniture, 841, which is clothing except fur clothing, 892,

which is printed matter and 941, which is animals, n.e.s. including zoo animals,

dogs. However, the study does not analyse all the categories of exports. The impact

of exchange rate volatility on export can be different from sectors of exports. Real

export of each commodity is expressed by nominal export of each commodity

divided by aggregate export price index. Exchange rate volatility is computed by the

standard deviation of the twelve monthly real bilateral exchange rates within a year.

The results show that exchange rate volatility is found to have short-run impacts of

about two-thirds of the industries and the impacts of exchange rate volatility

continue into the long run in 38 of the US exporting industries and in 10 of the US

importing industries. The main long-run determinants of exports are found to be the

levels of economic activities in both countries.

Wong and Tang (2008) investigate the impact of exchange rate volatility on

electrical exports of Malaysia, namely SITC 716, SITC 7415, SITC 772, SITC 773

and SITC 775 using the ARDL approach for quarterly data from quarter I, 1990 to

quarter IV, 2001. SITC 716 is rotating electric plants and parts thereof. SITC 7415

is air-conditioning machinery comprising a motor-driven fan and elements of

changing the temperature and humidity, parts thereof. SITC 772 is electrical

apparatus, resistors, other than heating resistors; printed circuits; switchboard and

control panels. SITC 773 is equipment for distributing electricity. SITC 775 is

household-type electrical and non-electrical equipment. The study examines only

the impact of exchange rate volatility on some categories in 3-digit level of SITC 7

and one category in 4-digit level of SITC 7. Exchange rate volatility is derived by

the moving standard deviation with order four of real effective exchange rate of

Malaysia. The results show that exchange rate volatility is found to have an adverse

impact on electrical exports of Malaysia.

Wong and Tang (2011) examine the impact of exchange rate volatility on a

category of exports of Malaysia, namely SITC 776 using the Johansen cointegration

approach for quarterly data from quarter I, 1990 to quarter IV, 2001. SITC 776 is

thermionic, cold cathode or photo-cathode valves and tubes; diodes, transistors and

similar semiconductor devices; photosensitive semiconductor devices; light-emit-

ting diodes; mounted piezoelectric crystals; electronic integrated circuits and

microassembles; parts thereof. Exchange rate volatility is the moving standard

deviation with order four of real effective exchange rate of Malaysia. The results

show that exchange rate volatility is found to have both the long run and the short

run impacts on semiconductor exports of Malaysia.

Fang et al. (2009) demonstrate that the impact of exchange rate volatility on

export depends on the state of currency whether it is in depreciation or appreciation.

The study amongst others reports that an increase in exchange rate volatility would

lead to an increase in export during depreciation in Malaysia. Caglayan and Di

(2010) report that there is little impact of real exchange rate volatility on

international trade. The study finds that the impact of exchange rate volatility on

export is significant only in about six per cent of the models estimated. Moreover,
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the impact of real exchange rate volatility on international trade is found to be

positive.

In a summary, real export of each commodity is expressed by nominal export of

each commodity divided by aggregate export price index is frequently used in the

literature of the impact of exchange rate volatility on export (Bahmani-Oskooee and

Harvey 2011). Also, some categories of exports to the whole world rather than

bilateral exports are usually examined (Wong and Tang 2008, 2011). Exchange rate

volatility, which is expressed by a moving standard deviation rather than selected

from a group of the ARCH models, is commonly used in the past studies (Wong and

Tang 2008, 2011; Bahmani-Oskooee and Harvey 2011; Bahmani-Oskooee et al.

2014). There are not many studies to compare the impacts of exchange rate

volatilities computed by a non-ARCH model and estimated by an ARCH model on

exports. The low frequency data, namely yearly or quarterly data rather than

monthly data are frequently used in the literature of the impact of exchange rate

volatility on export. Generally, there are not many studies on the impact of

exchange rate volatility on export in Malaysia.

3 Data and methodology

Real total export is the sum of export values of SITC from 0 to 9 divided by the total

export price index (2005 = 100). SITC 0 is food and live animals. SITC 1 is

beverages and tobacco. SITC 2 is crude materials, inedible, except fuels. SITC 3 is

mineral fuels, lubricants and related materials. SITC 4 is animal and vegetable oils,

fats and waxes. SITC 5 is chemicals and related products. SITC 6 is manufactured

goods classified chiefly by material. SITC 7 is machinery and transport equipment.

SITC 8 is miscellaneous manufactured articles. SITC 9 is commodities and

transactions not classified elsewhere in SITC. Real exports of SITC from 0 to 9 are

export values of SITC from 0 to 9 divided by the export price indexes of SITC from

0 to 9 (2005 = 100), respectively. Real exchange rate is RM against the US dollar

exchange rate multiplied by the ratio of the consumer price index (CPI) of the US

(2005 = 100) over the CPI of Malaysia (2005 = 100). Exchange rate volatilities

are computed by the MSD(3) and estimated by the GARCH(1,1) model. Real

foreign demand is expressed by the industrial production index of the US

(2005 = 100). Total export, export values of SITC from 0 to 9 and the export price

indexes were obtained from various issues of Malaysia External Trade Statistics

System, Department of Statistics Malaysia. RM against the US dollar exchange rate

was obtained from the website of Central Bank of Malaysia. The CPI of Malaysia

was obtained from Consumer Price Index, Department of Statistics Malaysia. The

CPI and the industrial production index of the US were obtained from the website of

United Nations Economic Commission for Europe Statistical Database. The sample

period is from January, 2010 to December, 2014. The length of the sample period is

restricted by the availability of the monthly export price indexes in Malaysia.

Exchange rate volatility is unobservable in the market and therefore it must be

estimated through its proxy using appropriate method. The MSD(3) is coumputed as

follows:
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MSD 3ð Þ ¼ 1=3ð Þ
X3

i¼1

ln etþi�1 � lnetþi�2ð Þ2
" #1=2

ð1Þ

where ln is logarithm and e is real exchange rate. The window of moving average is

fixed to three since monthly data are used and therefore average of 3 months is a

quarter. The window of moving standard deviation is arbitrary. A larger window

size would introduce the problem of over smoothing and lack of degree of freedom

in the estimation. A smaller window size may cause under smoothing. The moving

standard deviation is employed because it is commonly used as a measurement of

exchange rate volatility to examine the impact of exchange rate volatility on export.

This measurement is said to be able to capture well of exchange rate volatility

(Verheyen 2012; Nishimura and Hirayama 2013). However, it might not able to

address the problem of volatility clustering, that is, high or low volatility is followed

by high or low volatility.

The ARCH models are argued to be good in modelling the volatility clustering.

The ARCH models are widely used to model the conditional variance of exchange

rate (Nishimura and Hirayama 2013). An ARCH model can be presented as follows:

ln et ¼ l þ c1 ln et�1 þ c2 ln et�2 þ ut

ut ¼ et
ffiffiffiffi
rt

p
; etjIt�1 �Nð0; 1Þ

rdt ¼ xþ
Xp

i¼1

aiðjut�ij þ hiut�iÞd þ
Xq

i¼1

bir
d
t�i

ð2Þ

where ut is a disturbance term, et is a white noice stoachastic process, It�1 is the past

information set, d is the power term and rt is the conditional variance. In this study,

the order of the lags in the mean equation is selected based on the Akaike infor-

mation criterion (AIC). When d ¼ 2, p ¼ 1, q ¼ 0 and h1 ¼ 0, the estimated model

is the ARCH model or the ARCH(1) model. When d ¼ 2, p ¼ 1, q ¼ 1 and h1 ¼ 0,

the estimated model is the generalized autoregressive conditional heteroscedasticity

(GARCH) or the GARCH(1,1) model. When d = free, p ¼ 1, q ¼ 1 and h1 6¼ 0, the

estimated model is the asymmetric power generalized autoregressive conditional

heteroscedasticity (APGARCH) model or the APGARCH(1,1) model. When

d = free, p ¼ 1, q ¼ 1 and h1 = 0, the estimated model is the power generalized

autoregressive conditional heteroscedasticity (PGARCH) model or the

PGARCH(1,1) model (Ding et al. 1993; Brooks et al. 2000). Finally, when d = 2,

p ¼ 1, q ¼ 1, h1 = 0, rdt = lnrdt and ut�ij j ¼ uut�i þ /½ ut�ij j � E ut�ij j�, where E is

the expectation operator and the estimated model is the EGARCH model or the

EGARCH(1,1) model. The conditional variance models are estimated by the

maximum likelihood estimators. The selection of an ARCH model from a group of

the ARCH models with different distribution assumptions of the disturbance term,

namely Gaussian, student’s t and generalized error enables the estimation of

volatility more precisely to be compared with the estimation of volatility from a

certain ARCH model.

The results of the ARCH(1) model, the EGARCH(1,1) model, the PGARCH(1,1)

model, the APGARCH(1,1) model and the GARCH(1,1) model, are reported in
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Table 1. The powers for the APGARCH(1,1) model and the PGARCH(1,1) model

are fixed to unity. On the whole, the ARCH models with generalized error

distribution except the GARCH(1,1) model with normal distribution are found to be

the best among distributions of Gaussian, student’s t and generalized error in terms

of significance of the estimated coefficients and the large values of the log

likelihood ratio, the AIC and the Schwarz Bayesian criterion (SBC). The ARCH

tests, which are based on the F statistics for testing the disturbance term of the mean

equations demonstrate all the estimated models have no ARCH effect and therefore

the estimated models are said to be appropriate. Moreover, the Ljung-Box statistics

with order twelve and twenty fourth, respectively show the stationary of the

disturbance terms of the mean equations. Nevertheless, the log likelihood ratio of

the GARCH(1,1) model is the largest, that is, 167.2164. Also, the absolute values of

the AIC and the SBC of the GARCH(1,1) model are the largest, that is, 5.5592 and

5.3460, respectively. The coefficients of the mean equation and the variance

equation of the GARCH(1,1) model are mostly found to be statistically significant.

On the whole, exchange rate volatility estimated by the GARCH(1,1) model is

selected from the ARCH models to examine the impact of exchange rate volatility

on export.

The plot of exchange rate volatilities computed by the MSD(3) and estimated by

the GARCH(1,1) model are given in Fig. 1. The discriptive statistics of exchange

rate volatilites are given in Table 2. The patterns of the two exchange rate

Table 1 Exchange rate volatilities, January, 2010–December, 2014 (ln et ¼ þg1 ln et�1 þg2 ln et�2þ
ut; rdt ¼ xþ aðjut�1j þ hut�1Þd þ brdt�1)

ARCH(1) EGARCH(1,1) PGARCH(1,1) APGARCH(1,1) GARCH(1,1)

Mean equation

l 0.2496*** 0.2202*** 0.1894*** 0.1588*** 0.2470***

g1 1.0946*** 1.1363*** 1.1698*** 1.2460*** 1.0797***

g2 -0.3172*** -0.3343*** -0.3400*** -0.3889*** -0.2992***

Variance equation

x 0.0002*** -15.5001*** 0.0054 0.0053 0.0003***

a -0.1448 -0.2944 0.1222 0.1531 -0.1508*

b – -0.8471 0.5356 0.2951 -0.4271

h – – – 0.5472 –

Diagnostic tests

AIC -5.5576 -5.5187 -5.5036 -5.4863 -5.5592

SBC -5.3444 -5.2701 -5.2549 -5.2021 -5.3460

LR 167.1697 167.0434 166.6046 167.1015 167.2164

ARCH 0.1602 0.0482 1.1106 1.1788 0.3513

Q(12) 12.118 8.7556 12.783 13.761 11.785

Q(24) 20.119 13.393 21.087 21.626 18.647

AIC is the Akaike information criterion. SBC is the Schwarz Bayesian criterion. LR is the log likelihood

ratio. ARCH is the F-statistic for the ARCH test. Q(12) and Q(24) are the Ljung-Box statistics with the

orders twelve and twenty four, respectively. *** (**, *) Denotes significance at the 1 % (5 %, 10 %) level
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volatilities are about the same. The mean of exchange rate volatility computed by

the MSD(3), that is, 0.0185 is larger than the mean of exchange rate volatility

estimated by the GARCH(1,1), that is, 0.0002. The Jarque–Bera normality test is

found to be insignificant for exchange rate volatility computed by the MSD(3) but

significant for exchange rate volatility estimated by the GARCH(1,1) model. There

is weak correlation between the two exchange rate volatilities, that is, 0.1164.

Kwiatkowski et al. (1992) propose a stationary test. The model is specified as

follows:

yt ¼ b0dt þ lt þ ut

lt ¼ lt�1 þ et; et � iidNð0; r2e Þ
ð3Þ

where dt is the deterministic components, that is, constant or constant plus time

trend, lt is a pure random walk with innovation variance r2e , ut is stationary or

heteroskedastic and et is normally identically independently distributed with mean

zero and variance r2e . The test statistic is the Lagrange multiplier (LM) test for

testing the null hypothesis, that is, H0 : r2e = 0, which implies yt is stationary and lt
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Fig. 1 Exchange rate volatilities computed by the MSD(3) and estimated by the GARCH(1,1) model,
January, 2010–December, 2014

Table 2 The descriptive

statistics of exchange rate

volatility estimated by the

MSD(3) and the GARCH(1,1)

model, January, 2010–

December, 2014

SD standard deviation

*** Denotes significance at the

1 % level

MSD(3) GARCH(1,1) Model

Mean 0.0185 0.0002

Median 0.0148 0.0001

Maximum 0.0443 0.0014

Minimum 0.0026 0.0000

SD 0.0111 0.0003

Skewness 0.5245 2.5326

Kurtosis 2.4668 9.6119

Jarque–Bera 3.2884 167.6533***
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is a constant against the alternative hypothesis, that is, Ha : r2e [ 0. The test statistic

is specified as follows:

LM ¼ T�2
XT

t¼1
s2t =r

2
u ð4Þ

where st ¼
Pt

i¼1 ui, ut is the residual of a regression of yt on lt and dt and r2u is a

consistent estimate of the long-run variance of ut, that is, the sum of squared

residual divided the sample size (T). The critical values can be obtained in the paper

by Kwiatkowski et al. (1992).

The ARDL approach approach allows the regressors to be integrated of order

zero [I(0)] and integrated of order one [I(1)] (Fuinhas and Marques, 2012). The

unrestricted error correction model for the export demand model is specified as

follows (Bahmani-Oskooee et al. 2014):

D ln xt ¼ b10 þ
Xp

i¼0

b11ilnet�i þ
Xq

i¼0

b12iln y�t�i þ
Xr

i¼0

b13ivt�i

þ
Xs

i¼1

b14iln xt�i þ b15lnet�1 þ b16 ln y
�
t�1 þ b17vt�1 þ b18ln xt�1 þ u1;t

ð5Þ

where D is the first difference operator, xt is real export, which is real total export or

real exports of SITC from 0 to 9, respectively, et is real exchange rate, y�t is real

foreign demand, vt is exchange rate volatility computed by the MSD(3) or estimated

by the GARCH(1,1) model and u1,t is a disturbance term. The F-statistic is com-

puted to test the null hypothesis, H0: b15 = b16 = b17 = b18 = 0 against the

alternative hypothesis, Ha: b15 = b16 = b17 = b18 = 0. If the F-statistic falls

outside the upper bound or it is denoted by I(1), the null hypothesis of no cointe-

gration is rejected. If the F-statistic falls below the lower bound or it is denoted by

I(0), the null hypothesis of no cointegration cannot be rejected. However, no con-

clusive inference can be made for the F-statistic falls inside the critical bounds, that

is, between I(0) and I(1). The order of the lags in the unrestricted error correction

model is selected based on the SBC or the AIC.

The ARDL approach for the export demand model can be estimated as follows:

ln xt ¼ b20 þ
Xp

i¼0

b21ilnet�i þ
Xq

i¼0

b22ilnyt�i þ
Xr

i¼0

b23ivt�i

þ
Xs

i¼1

b24iln xt�i þ u2;t

ð6Þ

where u2,t is a disturbance term. The order of the lags in the ARDL model is selected

based on the SBC or the AIC. The error correction model of the ARDL approach

can be estimated as follows:
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Dln xt ¼ b30 þ
Xp

i¼0

b31ilnet�i þ
Xq

i¼0

b32ilnyt�i

þ
Xr

i¼0

b33ivt�i þ
Xs

i¼1

b34iln xt�i þ b35ect�1 þ u3;t

ð7Þ

where ect-1 is the error correction term generated from Eq. (6) and u3,t is a dis-

turbance term. In this study, the general to specific modelling strategy is used to find

the error correction model. Initially, three lags of each first difference variable are

used and sequentially variables, which are statistically insignificant and do not

contribute substantially to the goodness of fit of the model, are excluded.

4 Results and discussions

The results of the Kwiatkowski, Phillips, Schmidt and Shin (KPSS) unit root test

statistics are reported in Table 3. The KPSS unit root test statistics show that the

variables are mostly non-stationary in their levels but become stationary after taking

the first differences indicated by the KPSS unit root test statistic with the model

included a constant only or the KPSS unit root test statistic with the model included

a constant and a time trend except real exports of SITC 2, SITC 3, SITC 8, real

foreign demand and exchange rate volatilities, which are stationary in level. Thus,

variables in this study are mixture of I(0) and I(1) variables.

The ARDL bounds testing approach and the long run coefficients of the ARDL

approach are given in Table 4. Panels (a) and (b) present the results of the ARDL

approach with exchange rate volatilities computed by the MSD(3) and estimated by

the GARCH(1,1) model, respectively. The F statistics are found to be statistically

significant except real export of SITC 5 when exchange rate volatility is estimated

by the GARCH(1,1) model, which the F statistic falls in between I(0) and I(1) and

therefore no conclusive conference can be made on real export and their

determinants but it is said to be cointegrated in this study. On the whole, real

exports and their determinants are said to be cointegrated. The coefficient of real

exchange rate is found to be negative and statistically significant for real export of

SITC 4 when exchange rate volatility is computed by the MSD(3). An increase in

real exchange rate will lead to a decrease in real export. Contrarily, the coefficient of

real exchange rate is found to be positive and statistically significant for real export

of SITC 3 when exchange rate volatility is estimated by the GARCH(1,1) model. An

increase in real exchange rate will lead to an increase in real export. The coefficients

of real foreign demand are found to be positive and statistically significant except

real exports of SITC 0, SITC 1, SITC 3, SITC 5 and SITC 9 when exchange rate

volatility is computed by the MSD(3) and except real exports of SITC 0, SITC 1 and

SITC 9 when exchange rate volatility is estimated by the GARCH(1,1) model. Thus,

an increase in real foreign demand will lead to an increase in real export. The

coefficient of exchange rate volatility is found to be positive and statistically

significant only for real export of SITC 3, which exchange rate volatility is

computed by the MSD(3) and real exports of SITC 2 and SITC3 when exchange rate
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volatility is estimated by the GARCH(1,1) model. The coefficient of exchange rate

volatility is found to be negative and statistically significant only for real export of

SITC 0 when exchange rate volatility is estimated by the GARCH(1,1) model. An

increase in exchange rate volatility would lead to a decrease or a decrease in real

export.

The error correction models are reported in Table 5. Figure 2 displays the plots

of cumulative sum of recursive residuals (CUSUM) and cumulative sum of squares

of recursive residuals (CUSUMSQ). For exchange rate volatility computed by the

MSD(3), the plots of cumulative sum of recursive residuals (CUSUM) and

cumulative sum of squares of recursive residuals (CUSUMSQ) show no evidence of

instability of the error correction models except the real exports of SITC 1, SITC 2,

SITC 6 and SITC 9 models, which CUSUM shows stability of the error correction

Table 3 The results of the

Kwiatkowski, Phillips, Schmidt

and Shin (KPSS) Unit Root Test

Statistics

xt,t is real total export. xi,t is real

export of SITC i (i = 0–9). et is

real exchange rate. yt is real

foreign demand. v1,t is exchange

rate volatility computed by the

MSD(3). v2,t is exchange rate

volatility estimated by the

GARCH(1,1) model. No trend is

the KPSS test statistic estimated

with the model included a

constant only. Trend is the

KPSS test statistic estimated

with the model included a

constant and a time trend.

Values in the parentheses are the

lags used in the estimation. ***

(**, *) Denotes significance at

the 1 % (5 %, 10 %) level

No trend Trend

ln xt,t 0.1916 (5) 0.1864(5)*

D ln xt,t 0.1591(2) 0.0139(0)

ln x0,t 0.5312(5)** 0.1372(5)*

D ln x0,t 0.0922(7) 0.0780(7)

ln x1,t 0.5185(4)** 0.0712(2)

D ln x1,t 0.0406(3) 0.0317(3)

ln x2,t 0.0712(3) 0.0575(3)

D ln x2,t 0.2325(3) 0.0710(6)

ln x3,t 0.2325(4) 0.0601(3)

D ln x3,t 0.0444(2) 0.0410(2)

ln x4,t 0.5320(4)** 0.1863(2)**

D ln x4,t 0.0670(6) 0.0666(6)

ln x5,t 0.6523(5)** 0.1882(4)**

D ln x5,t 0.0775(3) 0.0354(3)

ln x6,t 0.8592(3)*** 0.0615(2)

D ln x6,t 0.0409(3) 0.0407(3)

ln x7,t 0.2530(5) 0.2143(5)**

D ln x7,t 0.1993(5) 0.0541(6)

ln x8,t 0.1061(5) 0.0744(5)

D ln x8,t 0.0827(2) 0.0567(3)

ln x9,t 0.4367(5)* 0.1129(5)

D ln x9,t 0.0961(6) 0.0656(6)

ln et 0.2245(5) 0.1948(5)**

D ln et 0.4192(6)* 0.0748(6)

ln yt 0.9693(6) 0.0561(3)

D ln yt 0.0470(4) 0.0465(4)

v1,t 0.0854(4) 0.0876(4)

D v1,t 0.0548(3) 0.0538(3)

v2,t 0.1241(1) 0.0597(1)

D v2,t 0.1798(6) 0.0966(6)
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models but CUSUMSQ shows marginal instability of the error correction models at

the 5 per cent level. For exchange rate volatility estimated by the GARCH(1,1)

model, the plots of CUSUM and CUSUMSQ show no evidence of instability of the

error correction models except the real export of SITC 1, which CUSUM shows

stability of the error correction model but CUSUMSQ shows marginal instability of

the error correction model at the 5 per cent level. The adjusted coefficients of

(a)

Fig. 2 The Plots of Cumulative Sum of Recursive Residuals (CUSUM) and Cumulative Sum of Squares
of Recursive Residuals (CUSUMSQ)
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determination (R2) are in the range of 0.1878 for the SITC 0 model to 0.5998 for the

SITC 3 model when exchange rate volatility is computed by the MSD(3) and in the

range of 0.1482 for the SITC 0 model to 0.6351 for the SITC 3 model when

Fig. 2 continued
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exchange rate volatility is estimated by the GARCH(1,1) model. The estimated

models are mostly fulfil the conditions of no-autocorrelation, no functional form and

normality and homoscedasticity of the disturbance term. For exchange rate volatility

computed by the MSD(3), real exports of SITC 1 and SITC 4, which no functional

form of the disturbance term is rejected, real export of SITC 2, which normality of

(b)

Fig. 2 continued
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the disturbance term is rejected and real exports of SITC 6 and 9, which no

functional form and normality of the disturbance term are rejected. For exchange

rate volatility estimated by the GARCH(1,1) model, real exports of SITC 1 and

Fig. 2 continued
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SITC 4, which no functional form of the disturbance term is rejected, real exports of

SITC 2 and SITC 5, which normality of the disturbance term is rejected and real

export of SITC 6, which no functional form and normality of the disturbance term

are rejected. The coefficients of the one lag of error correction terms are found to

have the expected negative signs and statistically significant. Moreover, the values

of the one lag of error correction terms are less than one except real exports of SITC

2, SITC 3 and SITC 6 when exchange rate volatility is computed by the MSD(3) and

real exports of SITC 3 and SITC 6 when exchange rate volatility is estimated by the

GARCH(1,1) model, which the values of the one lag of error correction terms are

close to one, respectively. On the whole, there are equilibrium relationships among

the variables in the estimated models.

The coefficients of exchange rate volatility computed by the MSD(3) are all

found to be statistically significant except real exports of SITC 3, SITC 5 and SITC

6. The coefficients of exchange rate volatility estimated by the GARCH(1,1) model

are all found to be statistically significant except real export of SITC 4. The impacts

of exchange rate volatilities are found to be negative and positive. Thus, some

sectors of exports are found to be more sensitive to exchange rate volatility whilst

some sectors of exports are found to be less sensitive to exchange rate volatility.

Furthermore, some sectors of exports response negatively to exchange rate volatility

whilst some sectors of exports response positively to exchange rate volatility.

This study finds that there is no evidence of exchange rate volatility on real total

export of Malaysia to the US in the level but some evidence of exchange rate

volatility on the sub-categories of real total export in the level. Moreover, the

significant impacts of exchange rate volatilities on exports are mainly found in the

first differences of exports. Conversely, Caglayan and Di (2010) report that there is

little effect of exchange rate volatility on sectoral trade flows for both advanced and

emerging economies. The finding that exchange rate volatility to have significant

impact on exports is consistent with the findings such as Bahmani-Oskooee and

Harvey (2011) and Wong and Tang (2008, 2011). The use of exchange rate

volatility estimated by the GARCH(1,1) model in the estimation produces about the

same conclusion as the use of exchange rate volatility computed by the MSD(3).

However, there are more cases of exports, where the impact of exchange rate

volatility estimated by the GARCH(1,1), are found to have significant impacts on

exports compared with the impact of exchange rate volatility computed by the

MSD(3) on exports. Furthermore, the impact of exchange rate volatility is found to

be different from sectors of exports. Real exports of SITC 0, SITC 2 and SITC 3 are

found to be more sensitive to exchange rate volatility when exchange rate volatility

is estimated by the GARCH(1,1) model as the coefficients of exchange rate

volatility are found to be statistically significant on real exports both in the level and

the first differences. The impact of exchange rate volatility on export can be

negative or positive. An increase in exchange rate volatility will lead to a negative

or positive impact on some exports of Malaysia to the US. Byrne et al. (2008) report

that exchange rate volatility is found to have significant negative impacts for

different sectors of exports. The adverse impacts of exchange rate volatility are

mostly found for exports of differentiated goods. Jaussaud and Rey (2012) argue

that the impact of exchange rate volatility on export differs from sectors of exports
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because companies from different sectors of exports do not react in the same way to

exchange rate volatility. Firms in the imperfect market structure do not revise much

their export prices and margins compared with firms in the perfect market structure.

As a result, the impact of exchange rate volatility should be different from sector of

export. This study finds that real foreign demand is mostly found to have significant

impact on real export in the level. An increase in real foreign demand will lead to an

increase in real export. In some cases, the coefficients of real exchange rate are

found to be negative. Hence an increase in real exchange rate would lead to a

decrease in real export.

There is no evidence of the impact of exchange rate volatility on real total export

could be due to the exchange rate policy and its management implemented in

Malaysia are satisfactory to avoid the adverse impact of exchange rate volatility on

export. Malaysia adopts a managed floating exchange rate (IMF 2014). Central

Bank of Malaysia might intervene in the exchange rate market in the short run but in

the long run likely would let the exchange rate market to determine the value of

RM, which is pegged against a basket of currencies. In the short run, small and

medium exporters shall be given more convenience to access the forward and future

markets. Thus, it is less costly for small and medium exporters to hedge their risk of

uncertainty from exchange rate volatility. In the long run, the forward and future

markets shall be further developed with the use of the state of art of technology in

the transaction and more forward and future instruments shall be introduced.

Currently, the economy of the US is not very impressive. In the short run, an

effective marketing approach shall be adopted to aggressively promote exports of

Malaysia in the US and also to other countries such as in Association of Southeast

Asian Nations Economic Community (AEC) (MOF 2013). AEC would provide an

extensive potential export market to exporters of Malaysia. Exporters through

diversification of their export markets would reduce exposure of exchange rate

volatility. Diversification shall have tendency to reduce risks including risk of

exchange rate volatility. The economic recovery in the US in the future will bring to

better prospects of exports of Malaysia to that country. In the long run, exporters of

Malaysia shall continue to improve their products through innovation and high

technology. The high quality products shall be less sensitive to the price change

including exchange rate volatility.

5 Concluding remarks

This study examines the impact of exchange rate volatility on real total export and

all its sub-categories namely real exports of SITC from 0 to 9. Exchange rate

volatilities are computed by the MSD(3) and estimated by the GARCH(1,1) model.

The GARCH(1,1) model is found to be the best model for estimating exchange rate

volatility among the ARCH models of the ARCH(1) model, the GARCH(1,1)

model, the PGARCH(1,1) model, the APGARCH(1,1) model and the

EGARCH(1,1) model. Real export, real exchange rate, real foreign demand and

exchange rate volatility are found to be cointegrated. There is no evidence that

exchange rate volatility to have significant impact on real total export but some
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evidence of exchange rate volatility to have significant impact on the sub-categories

of real total export. Exchange rate volatility is mostly found to have a significant

impact on real exports in the first differences. There are more categories of exports

when exchange rate volatility estimated by the GARCH(1,1) model are found to be

significant. The significant impact of exchange rate volatility differs from sectors of

exports. Moreover, the significant impact of exchange rate volatility can be negative

or positive. The impact of exchange rate volatility on export is about the same with

the use of different measurements of exchange rate volatility. Export sector creates

more high paying employment opportunities. This can help to achieve the vision of

Malaysia to become a high income country.
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