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Abstract

This paper examines the long- and short-run dynamics of asymmetric adjustment
between the nominal exchange rate and commodity prices, namely oil, palm oil,
rubber, and natural gas prices, in Malaysia using monthly data from January 1994 to
December 2017. The relationship between exchange rate and each commodity price
is examined in terms of Engle-Granger and threshold cointegrations. The estimated
results provide evidence of long-run threshold cointegration and show that the
adjustments towards the long-run equilibrium position are asymmetric in the short
run. Furthermore, this study finds evidence of a unidirectional causal relationship
running from the nominal exchange rate to oil price in the long and short run using
a spectral frequency domain causality application. There is also empirical evidence of
bidirectional causality between the nominal exchange rate and palm oil price, rubber
price, and natural gas price in the long and short run. Overall, the findings have
significant implications for the current debate on the future of primary commodities
in Malaysia.
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Introduction
The exchange rate is at the center of the policy debate in both developed and emerging

economies. The literature has considered a wide variety of fundamentals as the key de-

terminants of the exchange rate. The earliest and most prominent factors for exchange

rate determination are the monetary fundamentals. Meese and Rogoff (1983)

highlighted that monetary fundamentals contain limited information over the short to

the medium term. Since then, the empirical evidence of the influence of monetary fun-

damentals on the exchange rate has been mixed, with the general conclusion that the

nominal exchange rate dynamics can be explained by monetary fundamentals over

long horizons (Khan et al. 2019; Xie and Chen 2019; Tawadros 2017). Besides monet-

ary fundamentals, commodity prices, including energy and agricultural commodity

prices, are considered an important determinant for export-oriented economies.
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Several studies investigated countries with different exchange rate regimes and eco-

nomic structures, with the countries with commodity currencies having been paid more

attention (Ferraro et al. 2015; Rossi 2013; Chen and Rogoff 2003).

Oil is an important energy commodity, with many uses, including as a source of en-

ergy, raw material in industries, and trading commodity. Further, oil is considered a

key player in explaining the dynamics of agricultural commodity prices. The theoretical

analysis of this relationship considers two transmission channels from nominal oil

prices to the nominal exchange rates, namely the portfolio and wealth effect channels

(Habib et al. 2016). The portfolio channel considers the medium to the long run, while

the wealth channel confirms the short-run effects of oil prices on the nominal exchange

rate. These two-transmission channels were initially proposed by Krugman (1983) and

Golub (1983), respectively. The basic concept is that wealth is transferred to oil-

exporting countries, which improves exports and trade deficits, resulting in stabilizing

the domestic currency (Beckmann and Czudaj 2017). However, the nominal causality

from exchange rates to oil prices (denominated in US dollars) follows the expectation

channel. The expectation channel explains that a rise in the US dollar increases oil

prices in the domestic currency, which decreases demand for oil outside the US, thus

leading to fall in oil price (Habib et al. 2016).

Although oil price affects commodity production through input prices, it also poten-

tially affects agricultural products through competition in output markets or biofuels. A

direct linkage between oil price and agriculture products exists, while the indirect effect

is obvious through the exchange rate (Nazlioglu and Soytas 2012). Chenery (1975) dis-

cussed the disruption in world trade due to the rise in oil and agriculture prices. He ex-

plained that substantial adjustments are necessary after prices rise due to changes in

productivity. Moreover, oil and natural gas prices are cointegrated because these fuels

can be substituted (Hartley and Medlock III 2014). There is also evidence that techno-

logical changes alter the substitutability between natural gas and oil products, which in

turn impacts the nominal exchange rate. As a result, this phenomenon increases the re-

searchers’ interest for investigating the impact of the change in energy and agriculture

commodity prices on the nominal exchange rate.

Different techniques can be applied to capture the impact of energy and agricul-

ture commodity prices on the nominal exchange rate behavior in the long and

short run. As traditional linear techniques may be mis-specified, they are hence

unable to adequately capture the complex nonlinear characteristics of exchange

rate dynamics (Alom 2016; Khashei et al. 2009). The issue of non-linear patterns

in exchange rate determination induces the researcher to use nonlinear techniques.

The theoretical and empirical roots of nonlinear behavior are caused by economic

crises such as the OPEC decision, 1997–1998 Asian financial crisis, 2008–2010 glo-

bal financial crisis, and the geopolitical extreme events of 2006 that lead to an oil

shock (Alom 2016). All these factors may generate structural breaks and asymmet-

ric responses in the behavior of exchange rates and distort linearity. Past studies

have provided considerable evidence in favor of nonlinear exchange rate dynamics

(Hansen 2011; Teräsvirta et al. 2010; Bahmani-Oskooee et al. 2008). However,

these empirical evidences use nonlinear symmetry-imposing models. Symmetric ad-

justment models are unable to capture asymmetric policy preferences. Under these

circumstances, there is a need to account for these effects by estimating a
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nonlinear adjustment model that allows considering the speed of adjustment to

equilibrium of the nominal exchange rate.

The emerging economy of Malaysia has recently experienced unprecedented declines

in economic performance due to the recent depreciation of the ringgit (MYR) and de-

clining effect of oil prices. Further, the Malaysian economy was severely influenced by

the Asian financial and global financial crises, which directly affected its exchange rate

dynamics. Additionally, the different Malaysian exchange rate regimes make it more

complex compared to the other emerging economies (Lye et al. 2011). Furthermore,

the role of commodity prices cannot be ignored in Malaysia, which has an export-

oriented and open economy that depends on the export of commodities. It is also the

second largest palm oil producer after Indonesia. The Malaysian economy currently ac-

counts for 44% of world exports and 39% of the global production of palm oil. It ex-

ports 27% of the global production of oil and 12% of that of fat (MPOB 2019). This

industry is thus considered the fourth largest contributor to Malaysia’s economy, ac-

counting for MYR 52.7 billion of gross national income in 2011 and an increase to

MYR 178 billion is estimated by 2020. The total export value of the palm oil industry

in Malaysia was MYR 60.17 billion in 2015 (DOSM 2018). As Malaysia is a palm oil

producer and the largest exporter, an increase in palm oil price would be in favor of

the trade balance and currency appreciation.

Besides palm oil, Malaysia is also a net exporter of gas. Based on the latest world li-

quefied natural gas (LNG) report, Malaysia (10.2%) is the third biggest exporter of LNG

after Qatar (31.8%) and Australia (12%) (EIA 2016; IGU 2016). Furthermore, Malaysia

Investment Development Authority (MIDA) identified that the Malaysian oil and gas

industry will become prominent in the future because the oil and gas contribute 20% to

the Malaysian GDP at the moment. Additionally, the rubber industry is the fourth lar-

gest export-driven commodity in Malaysia. According to Rubber Statistics Malaysia,

the natural rubber production in June 2018 rose by 16.3% to 41,578 tones compared to

that of May 2018 of 35,761 tones. For year-on-year, the production decreased by 17.9%.

Figure 1 shows the negative impact of oil price on the exchange rate. This tendency

confirms crude oil has a prominent impact on the Malaysian exchange rate. Palm oil

price is also found to have a negative relationship with the nominal exchange rate, as

shown in Fig. 2. The relationship between the nominal exchange rate and palm oil price

is presenting a similar tendency from 1998 to 2015. Figures 3 and 4 show similar ef-

fects, that is, a negative relationship between the nominal exchange rate, rubber price,

Fig. 1 The relationship between the nominal exchange rate and oil price
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and natural gas price. The historical data show a strong negative nexus between com-

modity prices and nominal exchange rate. This association is important for Malaysia as

a net exporter of commodities and the volatility may have a significant impact on the

determination of the Malaysian exchange rate.

In determining the exchange rate, commodity prices are considered as an import-

ant predictor (Rossi 2013). Chen and Rogoff (2003) emphasized that commodity

prices are a dominant new monetary model for exchange rate determination. They

identified a commodity price change to be an essential external shock for small

and emerging economies. Export-led emerging economies experience the appreci-

ation of the exchange rate in parallel with an upsurge in the export price of com-

modities. Additionally, Chen (2004) found that the movements in the commodity

prices of three exporters, Australia, Canada, and New Zealand, exhibit a robust re-

sponse to the nominal exchange rate. Chen and Rogoff’s (2003) results were con-

firmed by Ferraro et al. (2015), who examined the impact of in-sample commodity

prices on the exchange rate.

More recently, Zou et al. (2017) investigated the dynamic long-run relationship be-

tween the exchange rate and commodity prices. They found that country-specific com-

modity price indices increased the value of the currency in Australia and New Zealand.

Conversely, Chen et al. (2010) argued that commodity prices do not predict the ex-

change rate by considering the weighted average index of total commodities instead of

individual commodities. Golub (1983) and Krugman (1983) inferred that an increase in

price of oil generates surplus for oil exporting economies and deficits for oil importing

Fig. 2 The relationship between the nominal exchange rate and palm oil price

Fig. 3 The relationship between the nominal exchange rate and rubber price
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economies through the unequal distribution of wealth, which eventually affects the ex-

change rate. For oil exporting countries, extant studies generally provided evidence of a

negative relationship between exchange rate and oil price, which leads to currency ap-

preciation (Aziz et al. 2013).

Basher et al. (2016) employed a Markov switching approach to determine that

the change in oil price leads to an exchange rate appreciation in oil-exporting

economies. Hussain et al. (2017) showed that 12 Asian countries (except Hong

Kong and Japan) had weak negative cross-correlation between oil price and the ex-

change rate from 2006 to 2016. By contrast, Yousefi and Wirjanto (2004) deter-

mined that oil price has a positive impact on the US Dollar in five OPEC

countries. For India, Ghosh (2011) investigated that an increase in oil prices may

have appreciates the Indian exchange rate relative to the US one at a daily fre-

quency from 2007 to 2008. Similarly, Reboredo et al. (2014) argued that oil price

has a significant positive impact on the exchange rate using cross-correlation.

Tiwari and Albulescu (2016) agreed that a significant positive relationship exists in

India between oil price and the exchange rate from January 1980 to February 2016

in the short run. While in for China, Chao et al. (2019) has used some recent

monitoring method to improve the efficiency of the financial market.

Other studies also found strong links between the exchange rate and oil price in the

long run. For example, Benhmad (2012) examined the long run causality between oil

price and the exchange rate using wavelet analysis. Further, Beckmann and Czudaj

(2017) stressed the strong association between the exchange rate and oil price in the

long and short run. Furthermore, palm oil provides is a contributing factor for the ex-

change rate behavior (Aprina 2014). Oladipo and Akinbobola (2011) found that an in-

crease in the price of palm oil may affects its export value, which in turn leads to

strengthening the currency. Although past studies focused on global or country-specific

commodity price indexes, this paper mainly focuses on the response of the exchange

rate predicted by Malaysia’s fuel and agriculture commodity impact on the nominal ex-

change rate. As such, it examines the upward and downward adjustment of the short-

run deviation of oil, palm oil, rubber, and natural gas prices on the nominal exchange

rate in the long-run in Malaysia. The direction and intensity of the relationship are

considered through causality. The rest of the paper is organized as follows. Section 2

describes the empirical estimation strategies. Section 3 reports the results and discus-

sion, and Section 4 concludes the paper.

Fig. 4 The relationship between the nominal exchange rate and natural gas price
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Empirical estimation strategies

This study uses the bilateral nominal exchange rate to capture the dynamics of the

MYR/USD exchange rate. The data are collected from the Department of Statistics

(DOSM 2018), Central Bank of Malaysia (BNM 2018), and the Organization of the Pet-

roleum Exporting Countries (OPEC 2018). The data consist of monthly observations

from January 1994 to December 2017. The monthly observations are calculated from

the daily averages. The description of the data is found in Table 1. The nominal oil

price is obtained from the OPEC dataset and measured in US dollars per barrel. The

rubber price is approximated by the general rubber (free on board, Sen./kg) and crude

palm oil price (per ton) is used as the palm oil price. Additionally, the export unit value

of LNG is used as a proxy for the natural gas price. All variables are seasonally adjusted

and transformed into natural logarithms.

Further, the structural unit root test and Engle-Granger cointegration analysis are

used to obtain further insights into the observed co-movement of the nominal ex-

change rate, oil price, palm oil price, rubber price, and natural gas price. The Zivot and

Andrews (2002) and Perron (1989) tests are used to determine the stationarity of the

variables as per Eq. (1):

Δμt ¼ ρμt−1 þ
Xk

i¼1
λiΔμt−i þ υt : ð1Þ

Furthermore, due to the nonlinear behavior of the exchange rate, the BDS test was

applied to detect chaotic dynamics. The identical distribution (iid) in the null hypoth-

esis can detect non-random chaotic behavior in the data series. The BDS test statistic is

expressed as follows:

Vm;ε ¼
ffiffiffiffi
T

p Cm;ε−Cm
1;ε

sm;ε
; ð2Þ

Where, sm, ε represents the standard deviation of the expression
ffiffiffiffi
T

p ðCm;ε−Cm
1;εÞ , as

per LeBaron (1997). The BDS statistic in distribution N (0, 1) is explained as follows:

Vm;ε →
d

N 0; 1ð Þ: ð3Þ

Therefore, the independent and identical distribution hypothesis is rejected at the

5% significance level when |Vm, ε| > 1.96. Moreover, Engle and Granger’s (1987)

long-run cointegration relation test is employed to confirm the stable, linear, and

long-run relationship between energy, agriculture commodity prices, and the

Table 1 Data description and data sources

Variable name Description Data Source

Nominal exchange rate (NER) Nominal Malaysian Ringgit,
per US dollar (average)

Central Bank of Malaysia

Oil price (OP) OPEC basket price per barrel Organization of the Petroleum
Exporting Countries (OPEC)

Palm oil price (PO) Crude palm oil/Ton Department of Statistics Malaysia (DOSM)

Rubber price (RUB) General rubber, FOB, Sen/kg Malaysian Rubber Exchange

Natural gas price (NG) Liquefied natural gas Curn Department of Statistics Malaysia (DOSM)
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nominal exchange rate. The assumption of linearity in the adjustment to the long-

run equilibrium is symmetric in nature. Further, it also assumes that an increase

or decrease in the deviation from the long-run equilibrium relationship are cor-

rected in the same way. The long-run relationship between nominal exchange rate

and commodity prices is as follows:

NERt ¼ β0 þ β1OPt þ μt ; ð4Þ
NERt ¼ β0 þ β1POt þ μt; ð5Þ
NERt ¼ β0 þ β1RUBt þ μt ; ð6Þ
NERt ¼ β0 þ β1NGt þ μt ; ð7Þ

where NERt denotes the nominal exchange rate, OPt oil price, POt palm oil price,

RUBt rubber price, NGt natural gas price, and μt the residual term.

The presence of nonlinearity in the variables and adjustment process cannot be de-

termined by the linear cointegration technique. Therefore, Enders and Siklos’ (2001)

threshold cointegration is applied here, where the long-run cointegration is linear but

the adjustment to long-run equilibrium level is also facing a nonlinear condition. The

long-run cointegration and nonlinear adjustments are estimated by the threshold auto-

regressive (TAR) and momentum threshold autoregressive (M-TAR) models of thresh-

old cointegration, as proposed by Enders and Siklos (2001). The residual from Eq. (8) is

used for testing a model:

Δμt ¼ ρþItμt−1 þ ρ− 1−Itð Þμt−1 þ
Xk

i¼1
λiΔμt−i þ υt ; ð8Þ

where υt ̴ iid (0, σ2) and It represents the Heaviside indicator function:

TAR : It ¼ 1 if μt−1≥τ
0 if μt−1 < τ

�
ð9Þ

Eq. (9) expresses the TAR model and Eq. (10) the M-TAR model, where τ is a thresh-

old value endogenously suggested by Chan (1993). If μt − 1 and Δμt − 1 are above thresh-

old (τ), the adjustment coefficient is ρ+μt − 1. However, if μt − 1 and Δμt − 1 are below

threshold (τ), the adjustment coefficient is ρ−μt − 1. Enders and Siklos’ (2001) threshold

cointegration is considered as an alternative rule for M-TAR in setting the Heaviside

indicator which is as follows:

M−TAR : It ¼ 1 if Δμt−1≥τ
0 if Δμt−1 < τ

�
ð10Þ

The threshold procedure comprises three stages. In the first stage, we estimate the

TAR and MTAR models for the cointegration procedure. The null hypothesis (H0: ρ
+ =

ρ− =0) of no cointegration is tested by comparing the critical values of the F-statistics

with their corresponding actual values (Φ) as per Enders and Siklos (2001). If the null

hypothesis of no cointegration is rejected, the long run cointegration between nominal

exchange rate and commodity prices exists and we proceed to the second stage of the
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threshold cointegration. In the second stage, we estimate the symmetry of the null hy-

pothesis (H0: ρ
+ = ρ−). If the null hypothesis of symmetry is rejected | ρ+| ≠ | ρ−|, it is

an indication of nonlinear threshold cointegration between the nominal exchange rate

and commodity prices. In the presence of a nonlinear threshold cointegration between

the nominal exchange rate and each commodity’s price, the final phase is the estima-

tion of the threshold vector error correction model (TVECM) to adjust the short-run

deviation in the long-run equilibrium. The TVECM expressions for oil, palm oil, rub-

ber, and natural gas price are as follows:

ΔNERt ¼ α0 þ δþItμt−1 þ δ−Itμt−1 þ
Xk

i¼1
λiΔNERt−i þ

Xk

i¼1
φiΔOPt−i þ υt ; ð11Þ

ΔNERt ¼ α0 þ δþItμt−1 þ δ−Itμt−1 þ
Xk

i¼1
λiΔNERt−i þ

Xk

i¼1
⍴iΔPOt−i þ υt ; ð12Þ

ΔNERt ¼ α0 þ δþItμt−1 þ δ−Itμt−1 þ
Xk

i¼1
λiΔNERt−i þ

Xk

i¼1
ωiΔRUBt−i þ υt; ð13Þ

ΔNERt ¼ α0 þ δþItμt−1 þ δ−Itμt−1 þ
Xk

i¼1
λiΔNERt−i þ

Xk

i¼1
ωiΔNGt−i þ υt ; ð14Þ

where δ+ and δ− denote the above and below speed of adjustment parameters for NERt

from its long-run equilibrium, respectively. α0 is the constant term. ΔOPt − i, ΔPOt − i,

ΔRUBt − i, and ΔNGt − i are the adjustment of oil, palm oil, rubber, and natural gas

prices in the short run. φi, ⍴i, ωi, and ϑi are the coefficients on the lagged change terms.

υt represents a white noise disturbance term.

Furthermore, the framework of Geweke (1982) and Hosoya (1991) comprises

complex nonlinear functions of the parameters of the vector autoregression (VAR)

model, which complicates the statistical inference for the feedback measures over

time. Breitung and Candelon (2006) introduced a Granger causality test in the fre-

quency domain that is easier to implement. The frequency domain or spectral ana-

lysis may be useful if causal links between variables change according to frequency,

such as the short and long run. This study uses the spectral frequency domain ap-

proach to examine the causality between two series based on bivariate spectral

density matrix of VAR among different frequencies. Breitung and Candelon (2006)

proposed a simple approach to test the null hypothesis (H0). Null hypothesis My→

x(ω) = 0 corresponds to H0 : R(ω)β = 0. β is the vector of the coefficients on the

nominal exchange rate:

R ωð Þ ¼ cos ωð Þ cos 2ωð Þ… cos pωð Þ
sin ωð Þ sin 2ωð Þ… sin pωð Þ

� �
ð15Þ

In Eq. (15), the F-statistics are distributed as F(2, T-2p) for ω ϵ (0, π) and Fig. 2 pre-

sents several estimation restrictions, where symbol T refers to the number of observa-

tions that measure the VAR model of order p. Furthermore, the frequency domain

analysis allows observing nonlinearity and causality cycles for high or low frequencies.

This study presents the relationship between energy and agriculture commodity prices

and the nominal exchange rate in a VAR system. The bi-directional relationship be-

tween oil price and nominal exchange rate in the long and shortrun is expressed as per

Eqs. (16) and (17);
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OPt ¼ a1OPt−1 þ…þ apOPt−p þ b1NERt−1 þ…þ bpNERt−p þ ε1t ; ð16Þ
NERt ¼ a1NERt−1 þ…þ apNERt−p þ b1OPt−1 þ…þ bpOPt−p þ ε2t : ð17Þ

The bi-directional relationship between palm oil price and nominal exchange rate in

the long and short run is explained in Eqs. (18) and (19);

POt ¼ a1POt−1 þ…þ apPOt−p þ b1NERt−1 þ…þ bpNERt−p þ ε1t ; ð18Þ
NERt ¼ a1NERt−1 þ…þ apNERt−p þ b1POt−1 þ…þ bpPOt−p þ ε2t; ð19Þ

Where, the bi-directional relationship between rubber price and the nominal ex-

change rate in the long and short run is formulated asper Eqs. (20) and (21);

RUBt ¼ a1RUBt−1 þ…þ apRUBt−p þ b1NERt−1 þ…þ bpNERt−p þ ε1t ; ð20Þ
NERt ¼ a1NERt−1 þ…þ apNERt−p þ b1RUBt−1 þ…þ bpRUBt−p þ ε2t; ð21Þ

where the bi-directional relationship between natural gas price and the nominal ex-

change rate in the long and short run is explained in Eqs. (22) and (23);

NGt ¼ a1NGt−1 þ…þ apNGt−p þ b1NERt−1 þ…þ bpNERt−p þ ε1t ; ð22Þ
NERt ¼ a1NERt−1 þ…þ apNERt−p þ b1NGt−1 þ…þ bpNGt−p þ ε2t : ð23Þ

Results and discussion
Table 2 presents the descriptive statistics of the data. The mean value of palm oil price

is highest, followed by natural gas and rubber prices. The oil price and natural gas price

show increased volatility. Table 3 presents the Brock et al. (1991) test, known as the

BDS test, at the 5% significance level. BDS statistics are useful for detecting serial de-

pendence in a time series. All series have values greater than the 5% significance level.

Thus, the null hypothesis of iid data is rejected for all series. The empirical results sug-

gest that the time series are non-linearly dependent, which indicates they exhibit non-

linear and chaotic behaviors (Brock 2018).

Furthermore, we start our empirical analysis by the Zivot and Andrews (2002) and

Perron (1990) unit root tests to verify the stationarity of variables. Table 4 confirms all

variables have a unit root problem in the presence of structural breaks. After the first

differencing, variables are found to be stationary. This indicates that variables are inte-

grated of I (1). The structural break appears around in 1997, which highlights the start

of the Asian financial crisis (AFC). This crisis has reflected most of the emerging

Table 2 Descriptive statistics

Variables Mean Standard Deviation Minimum Maximum

NER 1.231 0.156 0.896 1.502

OP 3.692 0.702 2.268 4.880

PO 7.515 0.387 6.553 8.214

RUB 6.197 0.526 5.275 7.363

NG 6.844 0.681 5.506 8.009
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markets in East and Southeast Asia countries in 1997. In the case of Malaysia, the im-

pact of the crisis began in mid-1997 when the ringgit had declined by 35.1% against the

US currency (BNM 1997).

Subsequently, we observe the possibilities of a long-run relationship between the

exchange rate and energy and agriculture commodity prices in Malaysia using the

Engle–Granger cointegration. Table 5 presents each model’s residuals, showing that

null hypothesis of no cointegration is rejected at the 5% significance level. This implies

that each energy and agriculture commodity is cointegrated with the nominal exchange

rate, implying a long-run relationship. According to the long-run regression results, an

increase in commodity prices would strengthen the ringgit against US dollar. The re-

sults are in line with Chen (2002). Bashar and Kabir (2013) also found long-run rela-

tionship between the nominal exchange rate and commodity prices. An explanation for

this relationship is that Malaysia is an export-oriented country; thus, higher energy and

agricultural commodity prices would improve its current account balance position and

thereby appreciate the ringgit against the US dollar.

Next, the Enders and Siklos (2001) test is employed to examine the nonlinear thresh-

old cointegration. Table 6 exhibits the threshold effects and focuses on convergence,

threshold cointegration, and adjustment in the long-run equilibrium following a devi-

ation in oil, palm oil, rubber, and natural gas price estimation models with a time

break. Based on the TAR estimation, the threshold value of each model is zero, which

is deterministic in nature. The point estimates advocate the convergence of long-run

equilibrium, suggesting that the convergence for positive divergence is faster than the

negative divergence from the long-run equilibrium of all commodity price estimation

models. Among all models, the F-joint value (6.968) of the oil price model is greater

than the 10% critical value, which means we can reject the null hypothesis of no

Table 3 BDS test statistics

m Univariate Multivariate

NER OP PO RUB NG Model-1 Model-2 Model-3 Model-4

2 0.184 0.187 0.178 0.185 0.195 0.151 0.159 0.153 0.16

3 0.309 0.318 0.299 0.313 0.331 0.256 0.266 0.256 0.268

4 0.393 0.408 0.381 0.399 0.425 0.323 0.338 0.321 0.339

5 0.447 0.468 0.433 0.457 0.489 0.364 0.385 0.361 0.383

6 0.484 0.508 0.465 0.493 0.532 0.389 0.416 0.387 0.411

Note: m represents embedding dimensional points

Table 4 Unit root test results

Variable ZA Perron

Levels First difference Levels First difference

Statistics Break Date Statistics Break Date Statistics Break Date Statistics Break Date

NER −3.065 1997 M11 −16.677* 1998 M02 −2.872 1997 M08 −18.800* 1998 M01

OP −4.057 2014 M05 −10.379* 2008 M07 −4.167 2014 M05 − 16.386* 2008 M10

PO −3.995 2006 M07 −12.091* 2001 M03 −3.989 2006 M06 −12.626* 2008 M10

RUB −3.224 2003 M08 −10.011* 2011 M03 −3.199 2003 M07 −10.266* 2008 M11

NG −4.035 2014 M05 −10.248* 2012 M08 −4.035 2014 M05 −16.092* 2009 M04

Note * and ** represent 1% and 5% significance level
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cointegration. This suggests the long-run relationship between oil price and the nom-

inal exchange rate holds in Malaysia. Additionally, the null hypothesis of symmetric ad-

justment is tested between the nominal exchange rate and palm oil price by using the

F-equal test. The F-equal value (1.618) rejects the null hypothesis of symmetry adjust-

ment and confirms the cointegration adjustment is asymmetric in nature. In reality, the

threshold value is non-zero and therefore Chan (1993) method’s is applied to search

for the threshold value for a consistent M-TAR.

Table 6 also presents the result of the consistent M-TAR model. The estimated

threshold value by Chan (1993) is 0.016 for oil price, 0.007 for palm oil, 0.017 for

rubber, and 0.015 for natural gas price models. The value suggests convergence in

the M-TVECM estimates. The speed of adjustment is faster for a positive deviation

than for negative one from the threshold value for all models. The null hypothesis

of no cointegration is rejected in all models as the value of F-joint statistics is

greater than the 10% critical value. This implies that all models show long-run

cointegration between commodity prices and the nominal exchange rate. The in-

consistency of the cointegration results warrants an examination of the possibility

for asymmetry adjustment. The null hypotheses of F-equal symmetric adjustment

for all models are rejected by the 10% critical value, hence indicating that the ex-

change rate and each commodity price model is strongly cointegrated under the

asymmetric adjustment mechanism. Additionally, the findings are supported by the

portfolio-balance model, which shows the relationship between commodity prices

and the nominal exchange rate through the balance channel based on PPP. In

Malaysia, increases in commodity prices influence the current account surplus,

which in turn causes the appreciation of the currency. Ibrahim and Chanchar-

oenchai (2014) and Alia et al. (2015) found a long-run relationship between oil

price and the exchange rate using asymmetric cointegration. Recently, Churchill

et al. (2019) and Narayan et al. (2019) found support for the nonlinear behavior of

the relationship between the exchange rate and oil price.

As the last step of asymmetric cointegration adjustment, Table 7 reports the results

of the adjustment of asymmetries for each commodity price on the nominal exchange

rate. The results suggest that the speed of the adjustment of the positive deviation

seems to be more rapid than the negative one for all models. Specifically, the adjust-

ment of the positive deviation of oil price is significant at the 5% level, showing a nega-

tive relationship between oil price and the nominal exchange rate in the short run. This

result implies that an increase in oil price leads to appreciating the currency. Addition-

ally, the positive asymmetric adjustable parameter of palm oil price indicates the short-

run adjustment in the long run equilibrium, but only for a below threshold deviation,

which is not statistically significant. The joint coefficient also shows the significant and

negative impact of palm oil price on the exchange rate. This suggests that the positive

deviation of palm oil price adjusted by the exchange rate improves the current account

balance position.

Table 5 Engle-Granger cointegration estimates

Test-statistics Model-1 Model-2 Model-3 Model-4

Z(t) −2.284* −2.244* − 2.263* − 2.201*

Note: *, **, *** represents 1%, 5%, and 10% significance level. Critical value at 1, 5 and 10% level are equals to − 2.573, −
1.942 and − 1.616 level, respectively
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Moreover, the natural gas price also shows a significant negative impact on the

nominal exchange rate. The empirical findings support that an increase in natural

gas prices would depreciate the exchange rate and strengthen the ringgit. Further,

the error correction term is correctly signed and adjusted for positive shocks in

the short run. However, rubber price changes are likely to have no significant im-

mediate impact on the nominal exchange rate. The results support the fact that

the Malaysian economy obtains more benefits from the palm oil and energy sec-

tors. Further, temporal breaks do not have any significant impact on the exchange

rate evolution. This implies that the sample period does not support the impact on

the Malaysian economy. The nominal exchange rate responds to an improvement

in the current account balance. Additionally, the nominal exchange rate response

to a positive adjustment is significant and larger than for a negative adjustment.

The results are consistent with the findings of Chen et al. (2013) and Chen and

Chen (2007). Additionally, Beckmann and Czudaj (2013) also discussed that wealth

is transferred from oil importing to exporting countries, which indicates an im-

provement in the current account balance in domestic currency terms. Therefore,

each model of energy and agriculture commodity price affect the nominal exchange

rate through the wealth effect channel in the short run. As oil, palm oil, rubber,

and natural gas are the main commodities in Malaysia, thus having a significant

impact in the determination of nominal exchange rate in the long and short run.

The relative importance of palm oil, natural gas, and oil prices indicate the role of

commodity prices in the Malaysian economy.

The final empirical estimation explores the existence of spectral causality among vari-

ables over the long and short run. The test statistics lie in the interval (0, π) for the

10% significance level. The frequencies correspond to a wavelength of 2π/ ~ 2 years.

Figure 5 presents the Granger causality of the nominal exchange rate and oil price in

Table 7 The M-TVECM estimates

Model-1 Model-2 Model-3 Model-4

ΔNERt-3 0.102*** (0.060) 0.114*** (0.060) 0.117** (0.059)

ΔNERt-5 0.168* (0.059) 0.212* (0.058) 0.187* (0.058) 0.222* (0.059)

ΔOPt −0.037** (0.015)

ΔOPt-4 −0.030*** (0.015)

ΔPOt-1 −0.045** (0.022)

ΔPOt-4 −0.037*** (0.021)

ΔRUBt-5 −0.024 (0.020)

ΔNGt-3 −0.063* (0.021)

Break effect 0.013 (0.025) 0.008 (0.026) 0.001 (0.030) 0.002 (0.025)

δ+ −0.033** (0.014) −0.036* (0.013) − 0.037* (0.014) −0.038* (0.014)

δ− −0.008 (0.013) −0.009 (0.014) − 0.009 (0.014) −0.011 (0.015)

Diagnostic tests

CUSUM Stable Stable Stable Stable

χ2Serial 2.663 [0.264] 3.255 [0.196] 2.534 [0.282] 2.309 [0.315]

R-square 0.08 0.10 0.07 0.09

DW 1.885 1.850 1.857 1.851

Note: *, ** and *** denote significance at 1, 5 and 10% levels, respectively. Numbers in () and [] represent standard error
and p-value, respectively
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the frequency domain, which is rejected at the 10% significance level. The nominal ex-

change rate cause oil price for frequencies for 8 to 9 months in the long run and corre-

sponds to a wavelength of 3 to 4 months in the short run. A unidirectional causality

runs from the nominal exchange rate to oil price in the long run. Theoretically, this re-

sult implies that Malaysia’s base currency is thus USD, thus depending on the price

strategy of the US currency. This result is supported by the denomination channel in

that the US dollar appreciates when oil-exporting countries reinvest their earnings in

USS denominated assets (Habib et al. 2016). The findings are in line with those of

Tiwari et al. (2013) and Jain and Ghosh (2013), which investigate the Granger causality

running from the exchange rate to oil prices. Tiwari et al. (2013) also confirm a unidir-

ectional causality running from the exchange rate to oil price.

Figure 6 shows the influence of the business cycle on palm oil price and the nominal

exchange rate. The palm oil price Granger influences nominal exchange rate in the

long run. The null hypothesis is rejected at the 10% significance level for 4 to 5 months.

The nominal exchange rate Granger causes palm oil price at low frequencies corre-

sponding to 14 to 23 months in the long run and at a scale of 2.6 to 3.1 months in the

short run. That is, palm oil price Granger causes nominal exchange rate in the long

run, while the nominal exchange rate Granger causes palm oil price in the short run.

The findings are supported by the wealth effect as transfer wealth channel. Ashfahany

and Priyatna (2015) confirmed that palm oil price significantly affects the Indonesian

and Malaysian currencies. Similarly, Aprina (2014) found that the increase in palm oil

prices appreciates the Indonesian rupiah.

Fig. 6 The frequency domain causality between nominal exchange rate and palm oil price

Fig. 5 The frequency domain causality between nominal exchange rate and oil price
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Figure 7 exhibits the results for rubber price and the nominal exchange rate.

Rubber price Granger causes the nominal exchange rate at low frequencies in the

long run, while the nominal exchange rate Granger causes rubber price at low fre-

quency in the long run. This implies the existence of a long-run bidirectional caus-

ality between the nominal exchange rate and rubber price. The findings are

supported the portfolio balance channel, based on PPP theory. The portfolio bal-

ance model treats domestic and foreign assets as imperfect substitutes. Hence, the

exchange rate depends on the demand and supply for domestic and foreign assets.

The theory supports the significant long-run cointegration relationship between the

nominal exchange rate and rubber price in the export-oriented economy of

Malaysia. However, previous studies provide limited evidence of the Granger caus-

ality between rubber price and the nominal exchange rate. For instance, Budiman

and Fortucci (2003) and Burger et al. (2002) examine that exchange rate changes

effect on natural rubber prices through portfolio balance channel in rubber trading

countries.

Figure 8 displays the Granger causality between natural gas price and the nominal ex-

change rate in Malaysia. The findings indicate a bidirectional business cycle causality

between the nominal exchange rate and natural gas price. That is, natural gas price

Granger causes the nominal exchange rate for a wavelength of 3 to 10 months in the

long and short run, while the nominal exchange rate Granger causes natural gas price

for 3 to 57 months in the long and short run. The findings are supported by the wealth

channel in that exporting countries lead to the appreciation of their domestic currency

Fig. 7 Frequency domain causality between nominal exchange rate and rubber price

Fig. 8 Frequency domain causality between nominal exchange rate and natural gas price
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by increasing exports. The results clarify the Malaysian economy is a natural gas ex-

porter, thus the wealth transfer positive shock on the currency account balance that ap-

preciates the currency and improves the current account balance. Byambasuren (2013)

and Kohlscheen et al. (2016) support the commodity impact on the nominal exchange

rate.

Conclusions
This study examined the cointegration, asymmetric cointegration, and causal rela-

tionship between energy and agricultural commodity prices and the exchange rate

in Malaysia from January 1994 to December 2017, allowing for asymmetric adjust-

ments towards long-run equilibrium. The empirical results show the existence of a

long-run relationship between the exchange rate and each commodity price by the

Engle–Granger cointegration test. However, the Engle–Granger cointegration lacks

a threshold adjustment in the long-run equilibrium position. As such, we utilized

the TAR and MTAR models to determine the asymmetric response of the ex-

change rate to the level as well as changes in overvaluation of currency in

Malaysia. These models are in favor of the threshold adjustment between variables,

which further discloses asymmetries in the exchange rate adjustment process. How-

ever, the null hypotheses of cointegration and symmetric adjustment of all models

were not rejected for the TAR model, but only for MTAR model with a non-zero

threshold adjustment value. Therefore, the threshold error correction model is esti-

mated using the MTAR specification. The findings explain that oil, palm oil, and

natural gas prices influence the exchange rate in the short run. This suggests that

the exchange rate responds to positive shocks by an appreciation of the currency.

The threshold error term reflects that the speed of adjustment is faster for stabiliz-

ing the exchange rate. The TAR and MTAR models provide support for energy

and agriculture commodity prices with long-run asymmetric adjustment.

Additionally, the findings explain the relationship between the exchange rate and

each commodity price using frequency domain causality in the long and short run.

The empirical findings show bidirectional Granger causality exist between the ex-

change rate and commodity prices in the long run. However, a unidirectional caus-

ality runs from the exchange rate to oil price in the long run. Malaysia is a net

exporter of oil whose main currency is the USD. The findings support that the

supply of oil is adjusted by the Malaysian government as a response to exchange

rate changes and the price strategy of the US currency. Natural gas price influ-

ences the exchange rate in the short run, which suggests that currency appreciation

could decline as the natural gas price rises. Therefore, when natural gas price in-

creases, the government needs to weigh rapidly in the foreign exchange market to

reduce exchange rate volatility.

Since Malaysia is an economy driven by commodity-based exports, rising commodity

prices led to the accumulation of foreign exchange reserves which exert pressure on

currency demand. As the demand for a currency increases, it causes the appreciation of

the domestic currency. The findings show that the nominal exchange rate responds to

positive shocks rather than negative ones. This implies that the exchange rate in

Malaysia rather responds to overvaluation than the undervaluation. This also holds for

the Asian financial crisis, when misalignment due to overvaluation was apparent. AN

Butt et al. Financial Innovation            (2020) 6:22 Page 16 of 19



overvalued currency can result in unsustainable current account deficits, rising external

debt, and the risk of speculative attacks at unfavorable cost. However, an undervalued

currency has an equivocal effect on growth.

Regarding policy implications, its Malaysian policy makers should focus on monetary

policy output whenever dealing with an overvaluation of the exchange rate. This output

component supports the wealth effects channel, allowing to improve the current ac-

count balance that in turn stabilizes the exchange rate. Considering the wealth effects,

policymakers prefer to boost the exports of domestic goods. The policy may be subject

to higher undervaluation than overvaluation, resulting in boosted exports, reduced

trade deficits, and lower the debt burdens. As such, this study could be expanded to in-

clude the role of macroeconomic news in commodity prices. Past studies have found

that energy price, specifically that of oil, responds promptly to macroeconomic news.

The identification of such effects could be an additional interesting avenue for future

research.
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