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PREFACE

After Malaysia adopted managed floating exchange regime in 2005, Ringgit has been
seen fluctuating frequently, especially during the episodes of mid-2008 subprime
mortgage crisis and in 2016. During these two periods, Ringgit faced sharp
depreciation against USD and this caused worry and uneasiness among individuals,
business entities and government because they were impacted negatively by the
effects of exchange rate fluctuation. Because of the importance of exchange rate, we
are keen to know what factors, i.e., terms of trade, crude palm oil price, productivity
differential and real interest rate differential, will affect the exchange rate in Malaysia
and how much their magnitude of significance on the exchange rate is. By
understanding these objectives, this can provide insight to all parties on the

determinants of exchange rate in Malaysia.
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ABSTRACT

This research attempts to investigate the relationship of the factors of exchange rate,
such as terms of trade, crude palm oil price, productivity differential and real interest
rate differential, with the real exchange rate in Malaysia. In the research, secondary
data from 2008Q1 to 2016Q4 was collected from various databases and co-
integration test and Vector Error Correction Model were employed to carry out the
research. The results showed that in long run, terms of trade and crude palm oil price
are statistically significant to the real exchange rate whereas productivity differential
and real interest rate differential fail to show significance. Meanwhile, all variables
are statistically important to real exchange rate in short run except for terms of trade,
which is as predicted from the literature review. In the VEC granger causality test,
only terms of trade do not granger cause the real exchange rate while crude palm oil
price, productivity differential and real interest rate differential exhibit bi-directional
and uni-directional causality respectively to the real exchange rate. Although this
research has its own limitations, this study is still applicable for individuals, firms,
government and academician on the relationship of these variables toward the real
exchange rate of RM/USD.
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Determination of Real Exchange Rate: The Case of Malaysia

CHAPTER 1: RESEARCH OVERVIEW

1.0 Introduction

This research examines the relationship between real exchange rate and variables,
such as terms of trade, crude palm oil price, productivity differential and real
interest rate differential in Malaysia. Firstly, the study will highlight the
background of Malaysia’s economic situation and its exchange rate. Based on the
research background, problem statement is identified for the study and research
objectives as well as research questions are mapped out. Lastly, significance of

the study will be discussed too.

1.1 Background of Research

Malaysia, a small and highly open economy, was well performed over the last few
years and remained stable although the country faced slowdown in worldwide
growth and exposed to commodity prices and financial market volatility.
According to International Monetary Fund (IMF), Malaysia is the fastest growing
economies among its neighbour countries despite the real gross domestic product
(GDP) growth slowed down. The Malaysian economy grew by 5.6% in the first
quarter of 2017, compared to 4.3% and 4.5% in the third and last quarter of 2016
respectively, which was above the market expectation. This contributed to the
highest growth since the first quarter of 2015 (Bernama, 2017). Trade
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Determination of Real Exchange Rate: The Case of Malaysia

performance, on the other hand, was sustained with total trade of RM1.485 trillion,
contributed by higher trade of RM10.09 trillion and RM6.87 billion with trading
partners, such as China and United States respectively. Because of expansion of
manufactured exports (electrical and electronic) by 3.2% and agricultural exports
by 4.7%, they contributed to the export growth albeit a lower performance

recorded in mining goods (Bernama, 2017).

Besides, Malaysia’s main commodity, crude palm oil (CPO) industry is looking
more promising because of the higher worldwide demand for palm oil and
strengthening of CPO price. According to leading vegetable oils analyst, Thomas
Mielke, the global imports of vegetable oils are expected to be added by at least
3.0 million tonnes to meet the current demands (Puspadevi, 2017). This news is in
fact favourable to Malaysia who is the second largest CPO producer in the world.
Since 1990, production of CPO has now increased to four-fold amount in Figure

1.1 and constitutes about 40% of CPO global share after Indonesia.

Figure 1.1: CPO production in Malaysia from 1990 to 2016
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Figure 1.2: CPO price from 2008 to 2016
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Adapted from: Bloomberg

After global financial crisis, CPO price in Figure 1.2 hit all-time high in 2011
because of growing demand from Malaysia’s largest CPO importers like India
and China (Malaysia Palm Oil Board, 2012), as well as the introduction of
biodiesel as an alternative fuel for the crude oil (Johari et al., 2015). However, in
2011 to 2014, CPO price hit bottom because of export tax of CPO from Indonesia
(Abdulla, Arshad, Bala, Noh, & Tasrif, 2014) and availability of cheaper
substitution of vegetable oil, like soybean oil (Malaysian Palm Oil Council, 2013).
After that, CPO price recovered and rose up again in 2016 because of weather
problem which reduced the country’s fresh fruit bunch production by about 20%-
30%, leading to demand higher than supply subsequently. Because of the current
high crude palm oil prices, March inflation rate hit an eight-year-high at 5.1%
(Intan, 2017).

Since Malaysia is an export-dependent country with export contributing 71% of
Malaysia GDP (Malaysia Country Risk Report, 2017), much of its revenue comes
from export activities. If there is high exchange rate fluctuation in Malaysia,

Undergraduate Research Project Page 3 of 131 Faculty of Business and Finance



Determination of Real Exchange Rate: The Case of Malaysia

international trade and foreign direct investment would be negatively affected
(Tsen, 2013). Therefore, maintaining the stability of exchange rate is important as
it reflects the price competitiveness of a country. However, since ever Malaysia
adopted managed float exchange regime, the currency has been fluctuating a lot
against USD. Before 1972, Malaysia adopted fixed exchange rate regime by
pegging Malaysia dollar to pound and changed to USD lately due to devaluation
of pound. During Asian financial crisis, Malaysia imposed capital control and was
forced to adopt fixed exchange rate regime that pegged MYR to USD at
RM3.80/USD in September 1998 in order to stabilize the financial market. After
7 years of pegging towards USD, managed float exchange regime was adopted in
July 2005 (Chan, Lye & Hooy, 2010). Since then, the exchange rate moves freely
according to the market forces and Bank Negara Malaysia (BNM) intervenes only
when there is large currency fluctuation in either direction to maintain the foreign

exchange market’s stability.

Figure 1.3: Malaysia nominal exchange rate from 1990M1 to 2017M1
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Determination of Real Exchange Rate: The Case of Malaysia

During the global financial crisis in the late 2008 in Figure 1.3, exchange rate was
highly volatile and Malaysia suffered from capital flight since the second quarter
of 2008. Capital flows had a large impact on the Ringgit stabilization. The
exchange rate depreciated from RM3.46/USD in December 2008 to RM3.64/USD
in March 2009, an approximately 5% loss of its value before recovering back in
2010 and 2011 to RM3.10/USD. However, this was short lived as the exchange
rate of Malaysia started to depreciate at the end of 2014 from RM3.49/USD to as
high as RM4.48/USD to end the year of 2016. Among the region, ringgit has
performed the worst in that year and this becomes a major concern to individuals,
firms, financial institutions and government. With depreciation of ringgit,
households need to spend more to buy imported and domestic goods and this
decreases their purchasing power while firms have to fork out more to buy
imported materials, leading to higher costs to their products and lower
profitability (Khoo, 2015). Meanwhile, Malaysian financial institutions and
government could be worst affected too because of the high debt servicing cost
from the appreciation of dollar as most of the debts are denominated in dollar
(Langner, 2016). Given these adverse effects of exchange rate fluctuation, it
becomes clear that exchange rate determination needs to be thoroughly studied in

order to avoid such circumstances to Malaysia.

1.2 Problem Statement

Real exchange rate plays a vital role in investment decision and international
trade because changes of it can affect foreign direct investment inflows and
exports. When the exchange rate is volatile, it not only affects its host country, but
its trading partners too, whereby this phenomenon is evident from Asian financial
crisis and the global financial crisis. Because of that, the policy makers in
developing countries are very concern on the exchange rate fluctuation as it can
bring many problems to individuals, business and government (Afzal & Hamid,
2013).
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After Malaysia adopted managed floating exchange regime in 2005, ringgit has
since been fluctuating frequently and becomes the main centre of attention to
consider in any decision making process. In just a decade, the ringgit faced sharp
devaluation twice in mid-2008 and 2016. Because of mortgage crisis happened in
United States in mid-2008, it created a global recession and hit Malaysia, causing
a sharp loss of almost 6% of its value against USD in just six months’ time. This
created fear among all parties as they were impacted negatively by the sharp
depreciation of Ringgit, but, fortunately, the effect was short-lived. However, in
2016, Ringgit Malaysia (MYR) becomes a hot topic again in the nationwide due
to its sharp devaluation in domestic currency. Started in late 2014, MYR
depreciated against USD and finally, on December 2016, it reached RM4.48/$,
prompting shock and worry to the whole nation that another crisis similar to 2008
subprime mortgage crisis might strike again. However, crisis did not happen, but

the exchange rate still hovers above RM4.20/$ as of now.

The sudden depreciation of MYR especially in 2016 becomes a main concern to
the government because they play essential role in maintaining the stability of
exchange rate. Government officials and experts believed that the ringgit was
undervalued and did not reflect the true economy as the country’s growth of 4.2%
and 4% were better than expected for the first two quarters of the year (Bernama,
2016), yet the ringgit performance was not as expected. As a result, this becomes
a puzzle to the government. To address this puzzle, we intend to determine the
factors of real exchange rate in Malaysia in order to understand how the
magnitude of the following macroeconomic variables can affect the real exchange

rate.

Cashin, C é spedes and Sahay (2004) mentioned that the fluctuations in
international commodity prices are likely to affect the real exchange rate. In
Malaysia case, most of the empirical literatures focus on how oil price affects the
real exchange rate (Tsen, 2014; Basnet & Upadhyaya, 2015; Hussain, Zebende,
Bashir & Donghong, 2017), but surprisingly, there are not much literature reviews

done on the relationship between crude palm oil (CPO) price with real exchange
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rate except for Aprina (2014) in Indonesia. Among all the commodities, CPO has
been one of Malaysia’s major export commodities since 2008 and Malaysia
constitutes 39% of global palm oil production and 44% of global exports (Nordin
Nordin & Ismail, 2014). Given that the contribution of CPO to Malaysia’s export
is this huge, fluctuations of CPO price during boom and bust cycles can affect
export earnings and add pressure to the country’s current account and exchange
rate. Therefore, to fill this gap, we intend to use CPO price as one of our main
commodity factors of exchange rate. Other than CPO price, we have also included
terms of trade, productivity differential and real interest rate differential as our
macroeconomic factors because they are relevant to Malaysia, whose main
dependence is on trade, is a rapid-growth developing country and is highly
sensitive towards changes in the U.S. interest rates.

Hence, based on such economic conditions, it is appropriate to employ these four

macroeconomic variables as determinants of real exchange rate in Malaysia.

1.3 Research Objective

1.3.1 General Objective

The objective of this research is to study the macroeconomic determinants of
real exchange rate in Malaysia in order to understand how these factors can
affect the exchange rate against USD.
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1.3.2 Specific Objectives

1. To investigate the relationship between terms of trade and real exchange
rate.

2. To investigate the relationship between CPO price and real exchange rate.

3. To investigate the relationship between productivity differential and real
exchange rate.

4. To investigate the relationship between real interest rate differential and

real exchange rate.

1.4 Research Questions

There are four research questions in this research:

1. Is there a relationship between terms of trade and real exchange rate?

2. s there a relationship between CPO price and real exchange rate?

3. s there a relationship between productivity differential and real exchange
rate?

4. s there a relationship between real interest rate differential and real

exchange rate?
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1.5 Hypothesis of the Study

1.5.1 Terms of Trade

Hia: There is no relationship between terms of trade and real exchange rate

in the long run.

Hib: There is a relationship between terms of trade and real exchange rate

in the long run.

Hic: There is no relationship between terms of trade and real exchange rate

in the short run.

Hid: There is a relationship between terms of trade and real exchange rate

in the short run.

Hie: Terms of trade does not Granger cause on real exchange rate.
Hir: Terms of trade does Granger cause on real exchange rate.
H1g: Real exchange rate does not Granger cause on terms of trade.

H1n: Real exchange rate does Granger cause on terms of trade.

1.5.2. Crude Palm Qil (CPO) Price

H2a: There is no relationship between CPO price and real exchange rate in

the long run.
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Hab: There is a relationship between CPO price and real exchange rate in

the long run.

Hac: There is no relationship between CPO price and real exchange rate in

the short run.

Hzq: There is a relationship between CPO price and real exchange rate in
the short run.

H2e: CPO price does not Granger cause on real exchange rate.
Hof: CPO price does Granger cause on real exchange rate.
Hog: Real exchange rate does not Granger cause on CPO price.

H2n: Real exchange rate does Granger cause on CPO price.

1.5.3. Productivity Differential

Hsa: There is no relationship between productivity differential and real

exchange rate in the long run.

Hap: There is a relationship between productivity differential and real

exchange rate in the long run.

Hac: There is no relationship between productivity differential and real

exchange rate in the short run.

Haqa: There is a relationship between productivity differential and real

exchange rate in the short run.
Hse: Productivity differential does not Granger cause on real exchange rate.

Hss: Productivity differential does Granger cause on real exchange rate.
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Hag: Real exchange rate does not Granger cause on productivity

differential.

Han: Real exchange rate does Granger cause on productivity differential.

1.5.4. Real Interest Rate Differential

Haa: There is no relationship between real interest rate differential and real

exchange rate in the long run.

Hap: There is a relationship between real interest rate differential and real

exchange rate in the long run.

Hac: There is no relationship between real interest rate differential and real

exchange rate in the short run.

Hasq: There is a relationship between real interest rate differential and real

exchange rate in the short run.

Hse: Real interest rate differential does not Granger cause on real

exchange rate.

Haf: Real interest rate differential does Granger cause on real exchange

rate.

Hag: Real exchange rate does not Granger cause on real interest rate
differential.

Han: Real exchange rate does Granger cause on real interest rate

differential.
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1.6 Significance of Study

Maintaining the stability of exchange rate has always been the main tasks of
government and policy makers because high exchange rate fluctuations will affect
a country’s economic growth. To determine the macroeconomic factors
associated with foreign exchange rate, this research would assist them in
identifying the possible determinants of exchange rate in order to formulate
proper policies to strengthen their economy. Given that the exchange rate
fluctuations have important consequences for monetary policy, this research also
offers insight to the central bank on the transmission between exchange rate and
interest rate mechanism for them to stimulate proper inflation rate and growth in

the country (Tsen, 2014; Andries, Caprarua, Ihnatova & Tiwaric, 2017).

Besides, this research also offers knowledge on the macroeconomic variables of
exchange rate to assist exporters and importers in risk management decisions
(Afzal & Hamid, 2013; Wong, 2015). By understanding the fundamentals of
exchange rate, they can predict the movements of foreign exchange rate and avoid
foreign exchange losses through appropriate hedging strategies, such as forward
contract or futures, on foreign exchange market to mitigate the exchange rate

fluctuations on their revenue.

Aside from that, individuals like investors and foreign exchange traders are very
keen on a country’s exchange rate movement because exchange rate can affect
their investment portfolios. For investors, they prefer investment in a nation with
stable exchange rate to decrease investment risk and avoid foreign exchange
losses (Shaffer, 2016). Meanwhile, traders would like to forecast the movement of
exchange rate to gain speculation and arbitrage profits (Hossfeld & Rothig, 2016).
Therefore, this research would benefit these individuals to further improve their

forecasting performance on exchange rate through the determinants.
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Lastly, this research could be a platform for future researchers as reference. Since
that there are limited studies on the role of crude palm oil in affecting the
exchange rate in Malaysia, this research will offer more insight and understanding
on their relationship and, thus, encourage further possible research in this area.

1.7 Chapter Layout

The research is made up of five chapters. Chapter 1 is an overview of the research
background on Malaysia and its exchange rate, problem statement, research
objectives, research questions, hypothesis and significance of the research. In
chapter 2, a detailed literature review and theoretical models related to the real
exchange rate determinants are provided. The theoretical framework and
hypothesis development are also discussed in this chapter. Research design, data
and methodology are explained in chapter 3 while chapter 4 will explain the
results obtained from the processed data with graphs, tables and charts. Lastly,
chapter 5 summarizes the major findings of the research and discusses

implications, limitations and recommendations for this research topic.

1.8 Conclusion

This research is to investigate the macroeconomic determinants, such as CPO
price, terms of trade, productivity differential and real interest rate differential on
Malaysian real exchange rate. Further elaboration on the relationship between

these variables will be discussed in chapter two.
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CHAPTER 2: LITERATURE REVIEW

2.0 Introduction

In this chapter, we are going to look at the literature review on the relationship
between dependent variable (exchange rate) and independent variables, namely
terms of trade, commodity prices, productivity differential and real interest rate
differential. Initially, this chapter will present a layout of critical reviews on the
past researcher’s findings on these variables. After that, the relevant theoretical

frameworks on the exchange rate will be discussed.

2.1 Review of Literature

2.1.1 Terms of Trade

Terms of trade could cause either income effect or substitution effect
(Edwards & Wijnbergen, 1987). Changes in export price will trigger income
effect. If export prices increases (decreases), local income will increase
(decrease). Because of that, non-tradable’s price will rise relatively to the

exogenous price of tradable, leading to real exchange rate to appreciate
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because current account balance improves. Meanwhile, when the export price
increases, this triggers substitution effect. Foreign demand starts to avoid local
exports, resulting in a fall to the exports. Eventually, factors of productions
from tradable shift to non-tradable. Consequently, the non-tradable price
reduces and domestic currency weakens because of worsened trade. In short,
the net effect of this variable with exchange rate is ambiguous, and thus, the
empirical literature on explaining this variable on real exchange rate has

remained mixed.

When Coudert, Couhard and Mignon (2015) looked at the commodity
exporters, there is a positive long run relationship between the panel country’s
terms of trade and their real exchange rate, be they low-income, moderate or
developed countries, but the positive relationship only last in the advanced
economies in the short run. This is attributed by the pegged currency regime.
Worry of floating regime, high intervention in foreign exchange and capital
control are applied in developing countries, therefore mitigating the short run
adjustments of their real exchange rates to fundamentals. They concluded that
in high fluctuation regime, changes in the terms of trade become a positive
factor of exchange rate variation.

Dauvin (2014), on the other hand, extended the study to include energy-
exporting countries and also confirmed similar result as previous authors. He
explained that the energy-dependent countries’ currencies can be called as
energy currencies because energy prices, reflected by the terms of trade, can
explain largely on the real exchange rate. The author added that there is a
point that the real effective exchange rate of the countries response to oil
prices via terms of trade as evidenced by Tsen (2011) in Hong Kong and
Japan. When oil market fluctuates highly, they become oil currencies because
high movements in oil prices affects the terms of trade either through the
imports’ price or the exports’ price. When the price of oil follows a downward
trend, production and transportation costs are lowered for commodity

producers, and improve terms of trade.
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Similarly, Ricci, Milesi-Ferretti and Lee (2013) also found there is a strong
positive long-run relationship between the real exchange rate and commodity
terms of trade in advanced countries, but weaker in emerging markets. One
unique of their studies is that they formulate it on the basis of the price of the
main exported and imported commodities relative to a worldwide price index
for manufactured goods because it is arguably less plagued by endogeneity
problems and can reflect more on the commodity prices’ role in driving real

exchange rate.

However, Bouraoui and Phisuthtiwatcharavong (2015) and Bashir and
Lugman (2014) disagreed because they found negative sign on the variable in
Thailand and Pakistan respectively. The former argued that since terms of
trade is a ratio between export price and import price for all commodity prices,
it does not only contains trade between Thailand and the United States, but
also trade with other countries too. Also, terms of trade’s fluctuations
normally show changes in the commodity prices rather than trade volume
while Pakistan’s result can be explained through substitution effect. When the
price of exportable goods increases, the foreign demands on such goods
decrease because it is being substituted by cheaper goods, thereby causing

exports to decline and depreciation in real exchange rate.

In the context of three Asian countries, exchange rate in Hong Kong is found
to be insignificantly affected by terms of trade whereas Japan and Korea show
a positive relationship (Tsen, 2011). This can be explained through exchange
rate regime. Since Hong Kong’s exchange rate is closely monitored because
of currency board arrangement, the terms of trade’s impact on the real
exchange rate is restricted in the fixed exchange regime, unlike the floating

exchange regime which sees large impact of terms of trade in Japan and Korea.
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2.1.2 Commodity Price

In commodity-dependent countries, fluctuations of world commodity price
can affect the country’s exports, income and inflation rates. Since commodity
exports bring in foreign exchange, any fluctuation can directly impact
exchange rate, which commonly dubbed as commodity currencies, for
example, Chile (Hegerty, 2016) in the forex market. Generally, an increase of
international commodity export price is always accompanied by appreciation
of real exchange rate because more inflow of revenue into the country drives
up the demand of domestic currency and then the exchange rate. Indeed, this
phenomenon holds well in the past studies. Kohlscheen (2014) and Arezki,
Dumitrescu, Freytag and Quintyn (2014) confirmed the importance of
commodity prices in Brazil and South Africa respectively, while Kia (2013)
and Choudhri and Schembri (2014) concluded that Canada, a producer of
commaodities, exhibits significant positive trend with commaodity price index
after 1990 because energy prices are an important component of the variable,
likewise, to energy-exporting countries (Dauvin, 2014).

On the other hand, Bodart, Candelon and Carpantier (2015) added that with
the effect of structural factors, i.e. flexible exchange rate regime, higher
degree of financial openness and high trade openness; they can reduce the
magnitude of the real exchange rate response (appreciation) toward a rise in
commaodity price in developing countries. When the exchange rate is flexible,
the nominal exchange rate adjusts to offset the commodity price shocks,
resulting in smaller response of real exchange rate toward the commodity
price shock. When trade openness is high, this reflects lower non-tradable and
more foreign-imported goods. Since non-tradable goods are very responsive
to commaodity price shock, smaller share of the non-tradable in the domestic
market will have a smaller impact of commodity price shock, and eventually
reduces the response of the real exchange rate. If the capital stock cannot

increase in response to a positive commodity price shock, the domestic
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interest rate increases and the domestic wage rate increases by less than it
would do if capital is freely mobile. This reduces the impact on the non-

tradable good price and hence on the real exchange rate.

In Malaysia, oil industry and palm oil industry have been the main commodity
industries in the country given their large share of commodity export volume
among other commodities. In the empirical literature, oil price has been
extensively studied as a factor in exchange rate determination. In line with
result from Nusair and Kisswani (2014), Tsen (2014) also found positive co-
integration between crude oil price with real exchange rate, but the former
added that the relationship is more evident after incorporating structural
breaks because of the dramatic crisis experienced. However, Bashet and
Upadhyaya (2015) disagreed and argued that the sensitivity of exchange rate,
inflation and economic growth are impacted by oil price fluctuations in short
term only, and not in long run because in the impulse response function, much
of the effect is absorbed within 5-6 quarters. This is because the effects are
fully assimilated into the market and reach new equilibrium in long term,
thereby signalling the macroeconomic stability. Hussain, Zebende, Bashir and
Ding (2017) also confirmed that oil price affects the exchange rate in
Malaysia, but the relationship is negative. When oil price increases, the cost of

production also increases and this leads to non-competitive exports.

Despite the extensive studies on oil price variable, not much attention is
focused on CPO price with exchange rate in Malaysia. In order to know how
palm oil exports are affected by exchange rate risks, Sidek, Yusoff, Ghani and
Duasa (2011) concluded that a good management of real exchange rate is
needed to manage exports performance because Malaysia’s export will be bad
when the real exchange rate appreciates. When the real exchange rate is
overvalued, CPO exports decrease because they are now less competitive. At
the same time, effect from global financial crisis is found to affect less on the
commodity industry since food and agricultural commodities are just a small
part of domestic expenditures.
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In Malaysian stock market performance, Nordin et al. (2014) also agreed on
the importance of CPO to the equity. They evidenced that an increase in the
palm oil price will enhance the performance of the index in short run and long
run, but Saiti, Ali, Abdullah and Sajilan (2014) could not find any presence of
significant correlation and lead-lag relationship between the commaodity price
and exchange rate at all levels, suggesting that information of commaodity
returns is immediately absorbed into currency returns on day-to-day basis.
Meanwhile, using simultaneous equation model on data from 1984 to 2011,
Aprina (2014) managed to confirm that increase in CPO price brings
appreciation of Rupiah’s exchange rate, confirming positive impact of CPO

price to Indonesia’s exchange rate.

2.1.3 Productivity Differential

According to Balassa (1964) and Samuelson (1964), productivity differential
in two economies can explain the deviation of real exchange rate. They
explained that higher price of non-tradable is caused by higher productivity of
tradable compared to non-tradable. As such, the real exchange rate appreciates.
However, the empirical studies on the validity of Balassa-Samuelson (BS)
hypothesis has provided mixed results.

Ricci et al. (2013) noticed that the relative productivity differential on real
exchange rate in emerging and developed countries yield different results.
They found no evidence of BS effect in advanced country, but significant
evidence in emerging countries. This is because rapid-growth emerging
countries have higher productivity of traded goods and their productivity
growth has a greater variation than in advanced countries, thereby improving
statistical testing ground. However, Camarero and Ordo6fiez (2012) disagreed.
Using economy wide productivity measure to examine the $/£ exchange rate
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behaviour, there is significant confirmation of nonlinearity in the exchange
rate adjustment to its productivity differential by ESTAR model, implying
that the variable is enough to demonstrate the exchange rate’s behaviour in a
developed country, but, Tsen (2011) and Choudhri and Schembri (2014)

found inconsistency of BS hypothesis in Hong Kong and Canada respectively.

Chowdhury (2012), on the other hand, supported that BS prediction is more
pronounced among fast-growing economies. To fulfil BS hypothesis, there
must be long run relationship and a positive impact. Among seven Asian
countries (Bhutan, India, Pakistan, Sri Lanka, Maldives, Bangladesh and
Pakistan), only Bangladesh showed sign of BS effect. This means that stage of
development of a country is important in BS prediction because different
country has different economy growth. In Malaysia, Tsen (2014) also
evidenced that BS effect presents significantly just as Chowdhury’s prediction

on developing countries.

To clarify the mixed results on BS hypothesis, Choudhri and Schembri (2010)
revisited the theory with a modified model which incorporates terms of trade
mechanism. They show how the terms of trade’s adjustment can alter the
effect of productivity on real exchange rate. Finding implied that BS
hypothesis is frail in that small changes in the elasticity within a plausible
band can cause the productivity measurement on the real exchange rate be
positive or negative as well as small or large. When there is productivity
improvement in tradable sector, the supply of the goods increases, which then
reduces the price of tradable goods, or export price. Consequently, terms of
trade worsen and this negative effect offsets the positive BS effect, resulting

in inconsistency of results.

Meanwhile, variation of trade costs over time also changes the impact of
productivity on the real exchange rate (Bordo, Choudhri, Fazio & MacDonald,

2017). Since that their sample period includes major shifts in exchange rate
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regimes around four main sub-periods (classical gold standard, interwar,
Bretton Woods and managed floating), the shift in the structural trade caused
by changes in trade costs is found to account for the large variations of
productivity differential effects across four different exchange regimes in 14
countries. When trade costs were high in the sub-sample period because of the

implementation of trade restrictions, the sign contradicts with BS effect.

Another reason of the diverging results is because of the improper
classification of sectors into tradable and non-tradable industries. Using GDP
per capita as the productivity differential proxy can be misinformed because
BS model studies on the long run real exchange rate movements in terms of
traded-non-traded productivity growth, so the proxy used needs to have
classification of industries into traded and non-traded to capture the country

heterogeneity (Dumrongrittikul, 2012).

2.1.4 Real Interest Rate Differential

Interest rates are important to the exchange rate because any adjustments to
the monetary policy can affect the exchange rate of a country. According to
International Fisher Effect (IFE), interest rate affects exchange rate negatively.
When the local interest rate increases, the domestic currency depreciates and
exchange rate relative to another nation becomes bad. However, Byrne and
Nagayasu (2008), Ozsoz and Akinkunmi (2012), Tsen (2014) and Adamek
(2016) results are not consistent with IFE theory. Their findings revealed that
increase in real interest rate differential leads to appreciation of real exchange
rate. Because of high domestic interest rate, this would increase the
attractiveness of domestic financial assets and enhance capital inflows
(Wilson, 2014; Tafa, 2015). Despite that, Sarac and Karagsz (2016) cautioned

that absence of evidence on higher short term interest rates worsening the

Undergraduate Research Project Page 21 of 131 Faculty of Business and Finance



Determination of Real Exchange Rate: The Case of Malaysia

exchange rate does not mean that high interest rates can defend the exchange
rate because the perverse effect of higher interest rates on the exchange rate is

still a theoretical matter.

In empirical literature, many authors have concluded that real interest rate
differential have long run relationship with the real exchange rate (Beng &
Ying, 2000; Alam Butt & Igbal, 2001; Byrne and Nagayasu, 2008; Tang,
2011; Adamek, 2016). Byrne and Nagayasu (2008) and Tang (2011)
suggested that structural break is very important in the real exchange-interest
rate relationship because it can affect the co-integration test. Therefore,
normal unit root and co-integration tests are not appropriate. To rectify this,
Lanne, Litkepohl & Saikkonen (2002) proposed approach of structural shifts
in vector autoregressive (VAR) model to test long-run equilibrium. Also,
presence of structural breaks is specific to country and uncommon across
industrial countries (Byrne & Nagayasu, 2008). When Lanne et al. approach is
applied, only did UK and Switzerland show co-integraton relationship
compared to conventional co-integration test. This evidence confirms that
structural shift may be uncommon across countries. While this condition holds
in most industrial countries without consideration of structural breaks, they

are important to certain countries such as Switzerland and UK.

Some authors also argued that countries cannot escape from the impossible
holy trinity, meaning that the monetary authority fails to defend the exchange
rate from the effect of domestic money supply because according to Isard’s
(1983), there appears to be a rope, in the form of interest rate differential,
which connects the exchange rate to long-term current account position. This
explains why there appears long run relationship between the variables in
Malaysia and Cambodia (Beng & Ying, 2000; Tang 2011). In Romania,
evidence of co-movement relationship between interest rates and exchange
rates is also noted when using wavelet based analysis. In short term, the

relationship between the variables is negative, confirming the sticky-price
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models, while in long term, the relationship is positive, indicating the PPP
theory (Andries et al., 2015).

In contrast, Kohlscheen (2014) revealed that short or long term fluctuation in
the Brazil’s real exchange rate were not explained by the changes in the
interest rate differential. The author explained that any attempt to include the
variable in the model rendered counterintuitive signs because coincidentally,
the long period of stable appreciation of the Real concurred with the
unprecedented reduction of the interest rate differential. Similarly, Bouraoui
& Phisuthtiwatcharavong (2015), who investigated on the determination of
Thailand’s exchange rate like Chow and Kim (2004) did, found that interest
rate differential is not important to THB/USD exchange rate. This is because
the economic conditions are difficult to predict and the central bank did not

implement a suitable interest rate policy to manage the exchange rate.

2.2 Review of Relevant Theoretical Models

2.2.1 Neary (1988) Model

In commodity-exporting countries, terms of trade, which is reflected by
commodity prices, usually explains the relationship between real exchange
rates and commaodity prices. The impact of terms of trade on the real exchange
rate can be explained by two-sector (tradable and non-tradable sectors)
models framework developed by Neary (1988) that demonstrates on how

substitution and income effect to affect their relationship.
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The real exchange rate is defined either externally by the relative price of the
consumption basket between domestic country and abroad or internally as the
relative price between the two sectors. In both situations, because of the law
of one price on tradable, real exchange rate appreciates when the price of the
non-traded goods increases relative to the tradable. In this model, an increase
in the exported commodity price leads to appreciation of the real exchange
rate through both substitution and income effect (Neary, 1988). Through
substitution effect, supply of non-traded goods will reduce and then increases
their price, pushing up the real exchange rate. Similarly, through income
effect, the demand for non-traded goods increases which then contributes to
the swelling of their relative prices as well. These effects, of course, assume
that resources are used in the commodity sector and non-traded goods are
normal goods, whose demand rises with income. However, if the tradable and
non-tradable goods are complements, then, the indirect effect of improvement
of terms of trade through the traded goods’ price will lead to lower demand
for non-traded goods and finally, a real exchange rate depreciation. Then, the
net effect of terms of trade improvement is ambiguous unless the relative

strength of the income effect and substitution effect are known.

2.2.2 Balassa-Samuelson Hypothesis

To examine the relationship between real exchange rate and its determinants,
there is one popular and enduring explanation on how sectoral productivity
changes affects the real exchange rate based on the well-known hypothesis of
Balassa (1964) and Samuelson (1964). According to the basic version of the
hypothesis, Balassa (1964) and Samuelson (1964) assumes that the purchasing
power parity (PPP) holds for the traded goods. It predicts that the relative
price of non-traded goods relative to traded goods. Price of non-traded goods
will increase through the improvement in the relative productivity of traded to

nontraded goods in a country with its trading partner, and thus, appreciate the
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local currency. Under the theory, it is assumed that there is technological
progress in the home country’s traded good sectors (especially manufactured
goods and agricultural products) and no changes in foreign country. At the
same time, labour is the only factor of production. The nominal wage, real
wage and marginal product of labour will be raised in the home country’s
traded-goods sector when there is technical improvement in the home country.
With unhindered labour mobility between sectors, the non-traded sector needs
to increase the sector’s nominal wage so that the labour force is maintained.
As such, the prices would increase even if labour productivity in this sector
remained relatively unchanged. Because of this, countries would experience a
relative increase in their national price level and real exchange rate as

countries experiencing higher rates of productivity growth in traded goods.

2.2.3 Real Interest Rate Differential models

Few models are available to explain the relationship between exchange rate
and interest rate differential. The first model is flexible monetary exchange
rate model by Frenkel (1976), who assumes that prices are perfectly flexible,
which changes in expected inflation rate is reflected by changes in the
nominal interest rate. When domestic interest rate increases relative to the
foreign interest rate, demand for domestic currency drops, which causes it to
depreciate instantly. Consequently, exchange rate worsens, thus there is
negative relationship between nominal exchange rate and nominal interest rate
differential (as cited in Frankel, 1979). Frenkel (1976) model is consistent

with International Fisher Effect (IFE) theory as both indicate the same results.

The second model is introduced by Dornbusch (1976) that assumes that prices
are sticky, at least in the short run. When there is an increase in the domestic

money supply, domestic interest rate will fall and leads to capital outflow.
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Consequently, domestic currency depreciates and overshoots its long run
equilibrium level. Due to the depreciation of domestic currency, demand for
domestic goods increases and this starts to drive up domestic prices, leading to
appreciation of exchange rate. At the same time, an increase in the domestic
price level leads to a rise in the domestic money demand and also domestic
interest rate to maintain money market equilibrium. Moreover, excess money
supply could lead to inflationary pressures. As a result, this will be reflected in
a rise in interest rate and exchange rate would appreciate, thus there is a
positive relationship between nominal exchange rate and nominal interest rate

differential.

Frankel (1979) introduced real interest rate differential model that includes
both flexible and sticky price model. It implies that exchange rate and nominal
interest rate differential are negatively related while exchange rate and
expected long run inflation rate differential are positively related. The
exchange rate will differ from its equilibrium value by an amount which is
same to the real interest rate differential, calculated by subtracting the

expected inflation differential from nominal interest differential.

Three models above assume that Uncovered Interest Parity (UIP) and
Purchasing Power Parity (PPP) are held constant. Firstly, UIP stated that the
nominal interest differential between two countries should be equivalent to the
expected spot exchange rate movement. Therefore, UIP implies that country
with high interest rate should have depreciating currency thus leads to
appreciation of exchange rate (Karahan & Colak, 2012). Secondly, PPP is
defined on the basis of law of one price, which indicates that the price of
identical goods would be same in any given country. PPP holds when
exchange rate adjusts to offset the inflation rate differential between two
countries. Therefore, an increase in the relative price level of a country will
lead to exchange rate depreciation relative to other country, keeping the

relative price of similar goods the same across both countries (Madura, 2015).
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2.3 Proposed Theoretical Framework

Figure 2.1: Proposed theoretical framework on the relationship between selected

variables with real exchange rate.

Terms of Trade

CPO Price

Real Exchange Rate

Productivity Differential

N/

Real Interest Rate Differential

Source: Developed for the research

Dauvin (2014) and Tsen (2011 found that energy prices and oil prices, reflected
by terms of trade can explain largely on the real exchange rate. This shows that it
is vital to include terms of trade as an independent variable especially in
investigating the real exchange rate of export-dependent country, such as
Malaysia (Tsen, 2014).

In Malaysia, the main commodity industries are oil industry and palm oil industry.
According to Malaysia External Trade Development Corporation, both industries
provide large share of commodity export volume among other commaodities, so
CPO price is included in our research. Besides, there are limited studies on the

relationship between CPO price and real exchange rate in Malaysia.

According to Balassa-Samuelson (BS) effect, productivity differential is vital in

explaining the relationship of real exchange rate (Chowdhury, 2012; Choudhri
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and Schembri, 2010). Ricci et al. (2013) found more evidence of BS effect on
emerging countries compared to developed countries. The reason is because
developing countries has higher productivity of traded goods and greater variation

of productivity growth.

Real interest rate differential is one of the important variables in determining the
relationship of real exchange rate in Malaysia as any changes in the monetary
policy could affect the country’s exchange rate (Tsen, 2014; Quadry, M. O.,
Mohamad, A., & Yusof, Y., 2017; Byrne and Nagayasu, 2008). Furthermore,
domestic capital inflow and outflow is heavily determined by the domestic

interest rate compared to foreign interest rate (Wilson, 2014; Tafa, 2015).

2.4 Hypothesis Development

Given that the real exchange rate used is a direct quote (RM/$), negative sign
from the results refer to appreciation of exchange rate while positive sign refers to
depreciation of exchange rate.

2.4.1 Terms of Trade

As mentioned in Neary (1988), terms of trade can bring either income effect
or substitution effect. Income effect happens when there are changes in export
price. When export prices increases, local income also increases, causing a
rise in the non-tradable goods which then leads to real appreciation of

exchange rate. At the same time, substitution effect can also come in when
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export prices increase. The higher export price will cause lower foreign
demand on the local exports and shifts the factors of production from tradable
sector to non-tradable sector. As a result, the non-tradable goods drop and
domestic currency weakens because of worsened trade. Because of such
offsetting effect, the relationship between terms of trade with real exchange
rate can be ambiguous. Therefore, we expect that we could either obtain a

positive or negative sign for this variable.

2.4.2 Crude Palm Oil Price

We expect to obtain a negative sign for CPO price with real exchange rate.
This is because most of the empirical studies were able to evidence that
commaodity prices affect the real exchange rate positively. When the price of a
commodity increases, there will be more inflow of currency to the home
country from the export revenue, leading to appreciation of domestic currency
(Kia, 2013; Aprina, 2014; Arezki et al., 2014; Choudhri & Schembri, 2014;
Dauvin, 2014; Kohlscheen, 2014; Ashfahany & Priyatna, 2015; Hegerty,
2016).

2.4.3 Productivity Differential

Under Balassa-Samuelson hypothesis, labour is the only input in the
production while technology is assumed to be constant (Balassa, 1964,
Samuelson, 1964). When there is a wage hike in the home country’s tradable
sector, this effect will spill over to non-tradable sector too, causing the wage

to rise to retain the workforce. As a result, the non-tradable goods experience

Undergraduate Research Project Page 29 of 131 Faculty of Business and Finance



Determination of Real Exchange Rate: The Case of Malaysia

an increase in price, leading to real exchange rate to appreciate. As such, the
BS effect should bring appreciation to real exchange rate. Therefore, we

expect to obtain a negative sign for this variable.

2.4.4 Real Interest Rate Differential

According to Frankel (1979) model, when the domestic money demand
decreases due to tight money supply, domestic interest rate increases relative
to foreign interest rate and causes inflation rate higher than expected. Thus,
demand for domestic currency drop, leading to depreciation of domestic
currency and exchange rate worsens. As a result, exchange rate and real
interest rate differential is negatively related. This result also conforms to
International Fisher Effect (IFE) theory. Therefore, we expect to get a positive

sign for this variable.
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2.5 Conclusion

This chapter highlights past empirical results on the relationship between
independent variable (real exchange rate) with independent variables (terms of
trade, crude palm oil price, productivity differential and real interest rate
differential) and the relevant theoretical models that explain them. Then, the
corresponding expected signs of the variables are determined before moving to

next chapter on the data description and the methodology used.
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CHAPTER 3: METHODOLOGY

3.0 Introduction

This chapter is about data collection method, research design, sample design
which comprised of sampling technique and target population, data processing
and data analysis. We selected crude palm oil, term of trade, productivity
differential and real interest rate differential as independent variables while real
exchange rate as dependent variable. Total data employed is 36 sample size from
2008Q1 to 2016Q4.

3.1 Research Design

This research paper is investigating the macroeconomic determinants of real
exchange rate in Malaysia. This study covers the period from 2008Q1 to 2016Q4.
Quantitative data is used in this research in which they are time series data and
these secondary data is taken from Bloomberg, Department of Statistic Malaysia,
Trading Economics and International Financial Statistics (IFS). These secondary
data is used to investigate the relationship between the explanatory variable (real
exchange rate) and response variables (CPO price, terms of trade, productivity
differential and real interest rate differential), which is the objective of this
research paper.
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3.2 Data Collection Method

3.2.1 Data Source

This research study is using secondary data from 1% January 2008 to 31%

December 2016 with quarterly basis. All variables which are real exchange

rate, crude palm oil price, term of trade, productivity differential and real

interest rate differential involves a total 36 observations. We are all using

secondary data extracted out from different sources.

Table 3.1: Summary of variables used

Variable (s) | Proxy | Formula Sources
(i) Dependent variable
Real Bloomberg,
Exchange RER CPI IFS
g Nominal exchange rate X —_Ust
Rate CPly,;
(i) Independent variables
Department
Terms of | TOT Malaysia export volume index of Statistic
Trade Malaysia import volume index Malaysia.
Trading
Economics
Crude Palm Bloomberg
Qil CPO RM per metric tonne
Productivity IFS
Differential o GDPy
(PD) PD & Unemployment,,
GDPyg ¢
—log -
Unemploymentyg,
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Real Interest IFS,
Rate RIRD (ine — mae) — Guse — Tus,e) Bloomberg
Differential

M = Malaysia , US = United Stated, t = time

Source: Developed for the research

Based on table 3.1, it shows all the sources used to extract the data. RER
refers to a country’s adjusted exchange rate to inflation rate. The nominal
exchange rate of RM/$ is adjusted accordingly to inflation from Malaysia and
United States to represent a country’s price competitiveness. TOT is defined
as amount of import goods an economy can purchase per unit of export goods
and it is normally represented in index form (Tsen, 2011). CPO, one of the
main commodities in Malaysia, is measured in domestic currency. PD refers
to the productivity growth in a country, whether in tradable or non-tradable
sectors. To represent this, Malaysia’s productivity is compared with U.S.’s
productivity differential in logarithm. Lastly, RIRD is the adjusted interest
rate differential after taking inflation rate into account. Here, Malaysia uses
money market rate while United States uses Federal fund rate to compare the

interest rate differential between Malaysia and United States.

3.3 Sampling Design

3.3.1 Target Population

Purpose of this study is to investigate how macroeconomic factors affect
Ringgit Malaysia against USD. All of the variables chosen are relevant to
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Malaysia’s economic conditions that are growing rapidly, i.e., term of trade,
crude palm oil price, productivity differential and also real interest rate
differential. Malaysia is the fastest growing economies among other
neighbour countries because of good economic growth over the years. The
expansion of manufactured exports and agriculture exports contributed much
on the export growth (Bernama, 2017). In term of agriculture growth,
Malaysia’s main commodity, CPO, plays an important role for the expansion.
It is one of the important components in determining the countries growth rate,
thus, we include CPO as one of the independent variable in examining
changes of exchange rate. Since Malaysia adopted managed float exchange
regime, exchange rate has been fluctuating a lot, so every party is very
concerned on such movement (Chen et al, 2010). Thus, our study is very
important for those who expose to foreign exchange rate risk as we provide a
clear study regarding exchange rate and factors affecting it. Moreover, this
research will be useful to readers who are interested to know more about the
performance of Ringgit after crisis since our research period is after 2007.

3.3.2 Sampling Technique

E-Views (Econometrics Views) is used for general statistical analysis and
econometric analyses, such as cross-section and panel data analysis and time
series estimation and forecasting. E-Views 9 is used in this research paper. E-
Views 9 is a simple and powerful tool to be used for data analysis and
evaluation, regression, forecasting, and simulation. E-Views 9 is able to
perform data analysis (mean, median, standard deviation), diagnostic checking
(autocorrelation, heteroscedasticity, multicollinearity, normality test), and co-
integration testing (stability test, unit roots test, Johansen test and VECM)

(“EViews 9 Overview”, n.d.).
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3.4 Data Processing

Data used in this research paper is collected from Bloomberg, Department of
Statistic Malaysia, Trading Economics and IFS. The data collected are real
exchange rate (nominal exchange rate of Malaysia, CPI of Malaysia and US),
terms of trade of Malaysia, CPO price, productivity differential (GDP and
unemployment for Malaysia and US), and real interest rate differential (interbank
money market rate of Malaysia, federal fund rate of US and inflation rate of
Malaysia and US). The data will be checked, filtered and calculated for further

empirical analysis. The empirical testing will be conducted through E-Views 9.

Figure 3.1: Data Processing

Data collection from Bloomberg, Department of Statistic Malaysia, Trading
Economics and IFS.

Check, filter and calculate the collected data for futher empirical testing.

Run the empirical testing through E-Views 9

Analyse and interpret the empirical results.

Source: Developed for the research
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3.5 Econometric Model

This research designs to examine the changes of exchange rate by using Ringgit
Malaysia against United State Dollar (USD) as dependent variable (y;) and
involves four independent variables which are term of trade (x,), crude palm oil

price (x,), productivity differential (x3) and real interest rate differential (x,).

The estimated regression model is given as below:

Ve = & + B1X1t + BaXar + B3xXzp + BaXar T

log RERt = a+ ﬁl IOgTOTt + ﬁz log CPOt + ﬁ3 lOgPDt + B4RIRDt + U

N=36

Where,

log RER; = In of real exchange rate of MYR against USD at period t
log TOT, = In of term of trade at period t

log CPO; = In of crude palm oil price at period t

log PD; = In of productivity differential at period t

RIRD, = Real interest rate differential at period t
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3.6 Data Analysis

3.6.1 Descriptive Statistics

Descriptive statistics show the summary of the measure and sample. The
objective of the descriptive statistic is used to summarize data which contains
kurtosis, skewness, standard deviation, minimum, maximum, median and
mean for analysis. According to Gujarati (2004) mode, median and mean are
the three measures of central tendency of a random variable. Maximum
represents the largest number while minimum represents the smallest data in a
dataset. Variance with square root will be standard deviation. Skewness
measures about the symmetry in a distribution while kurtosis measures about

the size of the tails.

3.6.2 Diagnostic Checking

3.6.2.1Multicollinearity

Multicollinearity may be defined as the situation where there is perfect
or nearly perfect linear relationship between the explanatory variables.
In other words, multicollinearity occurs when the explanatory
variables are highly correlated. When the regressors are highly

correlated, they are mostly conveying similar information.
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Multicollinearity causes misleading of high individual p-value, even
though the variable is important. In fact, a low p-value indicates that
the independent variable significantly improves the fitness of the
model. Multicollinearity causes wider confidence intervals on the
regression coefficients. This will affect the confidence of independent
variable in appreciating or depreciating dependant variable. The wide
confidence intervals also will cause the action of excluding or adding a
variable may alter the coefficients and their sign significantly (Paul,
2006).

Multicollinearity is the matter of degree, not about presence or absence.
There is no certain tests for testing the multicollinearity, however
variance inflation factor (VIF) and tolerance (TOL) are known as the
indicator of multicollinearity. When VIF is close to 10, it indicates that
the independent variables have perfect or nearly perfect
multicollinearity. When TOL is close to zero, it means that there is
perfect or nearly perfect multicollinearity. TOL is the inverse of the
VIF (Gujarati, 2004).

3.6.2.2 Normality Test

Normality test is applied to test whether the data set follows a normal

distribution and is in a bell-shaped curve or does not involve in normal
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distribution. This testing is important as normally distributed allows a
precise distribution characteristic. OLS holds assumption that the error
term is in normal distribution and the Classical Normal Linear
Regression Model (CNLRM) assumes constant variance, independent
and zero mean value of error term. Jarque-Bera (JB) test of normality
is a method that based on OLS residuals. It requires a large sample
size and also includes the kurtosis coefficient and skewness coefficient
into Jarque-Bera formula. Skewness is used as a measurement in
measuring the asymmetry of probability distribution while kurtosis is
to measure the tallness of distribution in regard to a normally
distribution data set (Gujarati, 2004). Test statistic of JB test:

§2 (K —3)2
L K=3)7

IB=ntg+ — |

N=sample size, S= skewness coefficient, K = kurtosis coefficient

3.6.2.3 Autocorrelation

cov(p, 1) = 0 or E(uipy) =0 i #j

Autocorrelation or serial correlation may be defined as the disturbance
of observation being correlated with other disturbance of observations
ordered in times series data or cross sectional data (Gujarati, 2004).
Autocorrelation is occurred mostly in times series but not cross
sectional data. In the random sampling assumption, it assumes that
there are different error terms for the observations in cross sectional
data because of the independent conditional on the explanatory
variables in the sample (Wooldridge, 2013). Presence of
autocorrelation will lead to unbiased and consistent of the OLS
estimators, inefficient and underestimated. The famous test used in

detecting autocorrelation is Durbin-Watson test. Durbin-Watson test is
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used to detect the first order of autocorrelation problem of the
regression equation. However, we will be using Breusch-Godfrey test
instead of Durbin-Watson test in autocorrelation testing because it is
difficult for time series model for assuming its regressors as non-
stochastic, which means observations on explanatory variables are
fixed in repeated samples. Breusch-Godfrey test (LM test) is based on
Lagrange Multiplier principle. The test allows for (1) non-stochastic
independent variables, such as the lagged values; (2) higher-order
autoregressive models, such as AR(1), AR(2); and (3) simple or

higher-order moving averages of white noise error terms.

3.6.2.4 Heteroscedasticity

When variances in a regression are not constant, there are either
heteroscedasticity or homoscedasticity. Heteroscedasticity is possible
to arise in both times series data and cross section data (Greene, 2002).
However, according to Gujarati (2004), it is more likely to occur in
cross sectional data compared to time series data. This condition could
arise due to certain reason, for example, the presence of outliers and
whenever assumption of CLRM doesn’t hold. In addition, some other
sources of heteroscedasticity such as incorrect data transformation and
incorrect functional form are also factors for this problem. There are
some test of heteroscedasticity such as Koenker-Bassett (KB) test,
park, Breusch-Pagan-Godfrey and also White test. Each test based on
certain assumption. For example, KB test is based on squared residuals.
While for Breusch-Pagan-Godfrey test, left hand side of the regression
will be placed with squared ordinary residuals as variable and the right
hand side variables will be placed with those variables which need to
be estimated (Breusch & Pagan. 1979).
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3.6.2.5 Stability Test

Stability test applies to determine structural break and also the stability
of error correction model. CUSUM of square test which stands for
OLS method is very common nowadays as their calculation is easy
(Ploberger & Kramer, 1992). Cumulative sum test used to show if
coefficients of regression are changing systematically while
cumulative sum of square test is applied to show if coefficients of
regression changing suddenly. However, this testing is not perfect. If
serial correlation problem occur in the data set, the result of CUSUM
about model stability will be insufficient and misleading. Thus, there
are different types of estimator to determine the stability of the model,
for example, CUSUM and CUSUMQ. They are all function to
determine the stability of model but in different condition. For instance,
whenever a data set meets structural break or constant term, CUSUM
test will be a good estimator compared to CUSUMQ test (Andrew,
1993).

3.6.3 Inferential Analysis

3.6.3.1 Unit Root Tests

The purpose of unit root test or so called stationary test is to test
whether the time series variable is stationary or non-stationary.
Inclusion of non-stationary data may lead to bias regression because
when standard regression is used on non-stationary data, the result is

valueless despite there is high R? and significant t ratio. Not only that,
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use of non-stationary data will make the standard assumptions for
asymptotic analysis to be invalid, which means the t-ratios will not
follow t-distribution, and F-statistic will not follow F-distribution
(Brooks, 2008).

The common unit root tests will be Augmented Dickey-Fuller (ADF)
unit root test and Phillips-Perron (PP) unit root test. ADF and PP test
are to test whether the data are stationary in which level, or integrated
in which level, such as first differences or second differences, i.e. 1(0),
I(1), 1(2). The ADF test revises the DF test to overcome the possibility
of serial correlation in the error terms by adding the lagged dependent
terms, while PP test excludes the lagged difference terms. ADF test
and PP test usually carry out the same conclusion; however, PP test is
having a more complicated calculation of test statistic. Therefore, ADF

test may be a better test as compared to PP test (Gujarati, 2004).

Hypothesis of the tests are as followed:
Ho: There is no serial correlation.

Hi: There is a problem of serial correlation.

3.6.3.2 Johansen & Juselius Test

After the stationary level or integrated order of independent variables
have been classified, they are possible to build up a meaningful model
that may lead to stationary relations among the variables, so that the
model is predictable and forecastable. Co-integration testing is a

necessary step to build an empirically meaningful relationship.
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Johansen test is a superior test for co-integration. Johansen test is a
VAR based test (Sj6, 2011). Johansen test needs an appropriate lag
length in order to proceed. Akaike Information Criterion (AIC) and
Schwarz Information Criterion (SIC) will be the most common use of
lag length selection (Ozcicek & McMillin, 1999). Both AIC and SIC
can be used to compare the in-sample and out-sample forecasting
performance of a model (Gujarati, 2004). VAR model offers a very
rich structure and able to capture more features of the data. VAR
model can be further extended to include first difference terms and co-
integrating relationships which is a vector error correction model
(VECM) (Brooks, 2008). Johansen test can detect all co-integration
relations existed in the system compared to older methods to
determine the long run relationship between variables (Johansen &
Juselius, 2009). In Johansen test, there is two testing statistic, which

are trace statistics and maximum eigenvalue statistic (Johansen, 1991).

Hypothesis of trace statistics:

Ho: There are at most r cointegrating relations.
H1: There are more than r cointegrating relations.
Hypothesis of maximum eigenvalue statistic

Ho: There are r coinegrating relations.

Hi: There are r+1 cointegrating relations
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3.6.3.3 Vector Error Correction Model

Vector error correction model (VECM) is a testing instrument that
reparameterized from VAR model with the objective to interpret co-
integrating relationship about a data set. It is suitable to use in a set of
variables with more than 1 cointegrating vectors. The concept of
cointegration can be say is when a data set with linear combination of |
(0) exists in a set of I (1) time series variables, the 1(1) time series
variables is then cointegrated (Killian & Lutkepohl, 2016).

AZt=T1AZt-1 + ...+ Tk- 1 AZt-k-1 +TIZt-1 + p+et; t=1, ...,T

Wald y? , T and F test in VECM is performed to indicate econometric
exogeneity of the dependent variables. VECM approach allows user to
distinguish long run and short run Granger causality, for example, F
test and Wald 2 in VEC model are mainly applied to examine short
run causal effects of the data set, while T test of the lagged error-
correction terms is used to indicate the long run causal relationship
(Masih & Masih 1997). The reason researchers choose to apply VEC
model is because of the efficiency gains and accuracy in estimating the
reduced-form VAR model, when VECM is correctly specified.
Moreover, one of the advantages of VECM is that VECM facilitates
the imposition of restriction on the long run effects of structural shock
in VAR model, which extends the range of identifying assumption
used for the structural impulse response analysis (Killian & Lutkepohl,
2016). Error correction model is started with a not equilibrium and

univariate quantity of x.

o
Ly = ax;
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Supposedly, if x; is a vector of economic variables, it is said to be
equilibrium with equation a’x;, = 0. However, in most of the time, x;
will not be equilibrium, it will form a equilibrium error with equation
Z; = a'x;. When equilibrium error occurred, error-correcting model
will be used to correct the data by allowing long run components of
variables to follow equilibrium constraints and perform a flexible

dynamic specification in short run (Engle & Granger, 1987).

3.6.3.4 Granger Causality

Granger Causality is a test that applies to determine the relationship
between variables. It is used to examine the causality between
variables, but it cannot prove the direction of influence and causality
towards the other variables. A unit root test must be performed to
examine all the variables are stationary as to conform to the fulfilment
of assumption of Granger causality test. Moreover, error term involved
must be independent and uncorrelated to other variables to prevent
bias. If the error term is correlated to other variables, transformation of
the error term must be carried out (Gujarati, 2004). Block Exogeneity
Wald tests is used to determine the causal relationship among all the
variables. Under this system, an exogenous can be treated as
endogenous and the test will let one knows which variables are
exogenous and which variables are endogenous. In doing test statistic
of Granger causality, Chi-square test is used. If Chi-square test >
critical value, the null hypothesis will be rejected (Dasgupta, n.d).

Hypothesis of the test is as followed:

H,: X does not Granger cause on Y

H;: X does Granger cause on Y
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And

H,: Y does not Granger cause on X

H;: Y does Granger cause on X

3.7 Conclusion

In summary, the research involves studying the terms of trade, CPO price,
productivity differential and real interest rate differential against exchange rate of
RM/$. All the data are obtained from Bloomberg, Department of Statistics
Malaysia, IFS and Trading Economics. Overall, the sample size is 36 from
2008Q1 to 2016Q4 for the following tests: multicollinearity, normality,
autocorrelation, heteroscedasticity, stability test, unit root test, Johansen test,
VECM and Granger causality test. The tests will be carried out using E-Views 9

and the empirical results will be discussed in detail in Chapter 4.
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CHAPTER 4: DATA ANALYSIS

4.0 Introduction

In this chapter, the description and interpretation of the empirical results will be
carried out. All the results are computed through the software of E-views 9.
Firstly, diagnostic checking, such as multicollinearity, normality (Jarque-Bera),
autocorrelation (Breusch-Godfrey  Serial Correlation LM Test),
heteroscedasticity test (White Test) and stability test (CUSUM Test), will be
reviewed before proceeding to co-integration test (Johansen & Juselius Test and
Vector Error Correction Model). A precise and fully description on these tests

will be presented.

4.1 Descriptive Analysis

In explaining the general pattern, trend and basic features of data collected, a
descriptive statistics which included the mean, median, maximum, minimum,
standard deviation, skewness and kurtosis is used in the analysis. The analysis
included the dependent variable and independent variable from 2008Q1 to
2016Q4 as shown in Table 4.1.
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Table 4.1 Descriptive Analysis of All Variables (200801 — 20160Q4)

Variables Obs Mean Median Max Min Std. Dev. Skewness Kurtosis
LNRER 36 1.2174 1.1828 1.4504 1.1020 0.0956 0.9795 3.0647
LNTOT 36 4.6250 4.6255 4.7247 4.5444 0.0430 0.0083 2.3832
LNCPO 36 7.8526 7.8066 8.2318 7.3963 0.1830 0.2174 2.7949
LNPD 34 -1.8203 -1.7954 -1.7269 -2.0199 0.0802 -1.0339 2.9498
RIRD 36 1.8873 2.0750 4.7700 -2.6500 1.5353 -1.0635 4.1852

Notes: 1. No. of observation for eight years = 36. 2. LNRER = In of exchange rate of MYR against USD; LNTOT = In of terms of trade; LNCPO = In of crude palm oil price
per metric tonne in MYR; LNPD = In of productivity differentials; RIRD = Real Interest Rates Differentials

Source: Developed for the research
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According to the Table 4.1, crude palm oil price shows the highest value of the
mean value (7.8526) while the lowest mean is productivity differential (-1.8203).
This indicates that the crude palm oil price in Malaysia shows the highest level
while productivity differential gives the lowest level among the variables. When it
comes to median value, crude palm oil price still shows the highest value (7.8066)
and productivity differential also shows the lowest level (-1.7954). As for
minimum and maximum point of variables, crude palm oil again have the highest
value at 7.3963 and 8.2318 respectively whereas the productivity differential has

the lowest minimum (-2.0199) and maximum (-1.7269) point among the variables.

In standard deviation, real interest rate differential has the highest standard
deviation value of 1.5353 while terms of trade has the lowest value at 0.0430. The
skewness analysis indicates that most of the variables are positively skewed
except for productivity differentials and real interest rate differentials which are
negatively skewed, but for terms of trade, the distribution is approximately
symmetric given the skewness value is very small at 0.00828. Besides, the
kurtosis analysis shows that real interest rate differential has the highest kurtosis
value (4.1852), which called leptokurtic, because the value exceeds 3. On the
other hand, terms of trade shows the lowest kurtosis value (2.3832), or also known

as platykurtic, as the value is less than 3.

4.2 Diagnostic Testing

4.2.1 Multicollinearity

Multicollinearity happens when the explanatory variables in a multiple

regression model are highly correlated. There is no certain test to detect
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multicollinearity problem, but Variance Inflation Factor (VIF) can be used as

an indicator to test multicollinearity. Variance Inflation Factor (VIF) is

defined as:

VIF= —

1-R?

Table 4.2: Summary table of Variance Inflation Factor (VIF)

(Refer to Appendix 4.1-4.4)

Variables | R? (1-R?>) | VIF Result

No serious multicollinearity
LNCPO 0.3621 0.6379 | 1.5677

problem

No serious multicollinearity
LNPD 0.1170 0.8830 |1.1326

problem

No serious multicollinearity
LNTOT 0.1793 0.8207 |1.2185

problem

No serious multicollinearity
RIRD 0.3234 0.6766 | 1.4779

problem

Source: Developed for the research

Table 4.2 shows the result of Variance Inflation Factor (VIF) for LNCPO,
LNPD, LNTOT and RIRD. The VIF figures for each independent variable are

less than 10, which indicate that there is no serious multicollinearity problem

occurred.

4.2.2 Normality Test

Normality test is used to determine whether the data set is normally distributed.

The test would be unreliable if the error term is not normally distributed. We

used Jarque-Bera test to detect whether the error term is normally or not

normally distributed. The null and alternative hypothesis are as follow:
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Ho: Error term is normally distributed
H1: Error term is not normally distributed

This means that if p-value is less than 1%, 5% or 10% significance level, there
is enough evidence to reject the null hypothesis. In other words, the error term

is not normally distributed.

Table 4.3: Summary result of Normality test- Jarque-Bera
(Refer to Appendix 4.5)

Jarque-Bera Test p-value Decision
Normally

0.4449 0.8006 .
distributed

Source: Developed for the research

From Table 4.3, the p-value is 0.8006 which is greater than 10% significance
level. Therefore, we have not enough evidence to reject the null hypothesis,

meaning that the error term is normally distributed.

4.2.3 Autocorrelation (Breusch-Godfrey Serial Correlation LM
Test)

Autocorrelation happens when the error term of observations are correlated
with other error term of observations and this problem mostly occurred in
times series data. Therefore, it is imperative to conduct autocorrelation test to
avoid spurious results. In this paper, Breusch-Godfrey Serial Correlation LM

Test has been chosen to detect autocorrelation problem.
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Table 4.4: Summary result of Breusch-Godfrey Serial Correlation LM Test
(Refer to Appendix 4.6)

F-statistic 1.4287
Obs*R-squared 4.3840
Prob. Chi-Square(2) 0.1117

Source: Developed for the research

Ho: There is no autocorrelation problem.

Hi: There is autocorrelation problem.

In Table 4.4, the p-value obtained is 0.1117 which is greater than 10%
significance levels. In the hypothesis for this test, the null hypothesis will not
be rejected because p-value is more than 1%, 5% and 10% significance level.
This means that there is autocorrelation problem. Thus, we do not have
enough evidence to reject the null hypothesis. In short, our model has no

autocorrelation problem.

4.2.4 Heteroscedasticity Test (White Test)

Heteroscedasticity occurs when the variance of a variable is not constant over
time. This problem could occur due to the presence of outliers, or incorrect
functional form or data transformation and lead to misleading result. As a
result, the regression is no longer assumed to be best, efficient, unbiased and
efficient. Hence, we choose to apply White Test to detect this problem in our

model.
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Table 4.5: Summary result of Heteroscedasticity White Test
(Refer to Appendix 4.7)

F-statistic 0.6677
Obs*R-squared 8.5951
Prob. Chi-Square(11) 0.6592

Source: Developed for the research

Ho: There is no heteroscedasticity problem.

H1: There is heteroscedasticity problem.

In Table 4.5, our p-value (0.6592) is greater than 10% significance level.
Hence, we do not have enough evidence to reject the null hypothesis. This

means that the model has no heteroscedasticity problem.
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4.2.5 Stability Test (CUSUM Test)

Figure 4.1: CUSUM Test
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-10 -
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5% Significance |

CUSUM test is used to ensure the stability of the coefficient. The figure 4.1

shows the cumulative sum of deviation of each sample value from the target

value. A minor shift in the process mean will lead to gradually increasing or

decreasing of the cumulative sum of deviation value. As shown in the figure

above, CUSUM line does not cross either upper or lower 5% significance

critical lines, thus the coefficients are considered as stable and this concludes

that the model is stable.
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4.3 Inferential Analyses

4.3.1 Unit Root Test

Before running the co-integration analysis, unit root test on all the variables
are carried out to investigate the stationarity properties of the variables. Using
Augmented Dickey Fuller (ADF) and Philips Perron (PP), they are conducted
in levels and in first difference. The hypothesis of the unit root test is as follow:

Ho: There is presence of a unit root

H1: There is no presence of a unit root

If p-value is less than the significance level, the null hypothesis will be
rejected, concluding that the variable has a unit root in level form. Then,

repetition of step will be conducted to the first difference.
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Table 4.6: Results of Unit Root Test (ADF) (Refer to Appendix 4.8-4.27)

LEVEL FORM FIRST DIFFERENCE
Variables Intercept Trend & Intercept Intercept Trend & Intercept
LNRER -0.1510(0) -0.8344(0) -5.3474(0)*** -5.6880(0)***
LNTOT -1.7619(0) -1.8308(0) -5.0798(0)*** -5.0325(0)***
LNCPO -2.8042(0)* -2.6199(0) -5.1377(0)*** -5.2376(0)***
LNPD -2.0087(0) -2.4232(2) -5.9907(0)*** -5.9052(0)***
RIRD -2.3747(0) -2.4176(0) -4.7384(0)** -4.6595(0)***

NOTE: *****=* indicates the rejection of null hypothesis at 10%, 5% and 1% of significance level. Number in parentheses is the number of lag length. The lag length is based on Schwarz Info Criterion. The null

hypothesis under ADF test is the presence of a unit root.

Source: Developed for the research
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Table 4.7: Results of Unit Root Test (Phillips-Perron)

(Refer to Appendix 4.28-4.47)

LEVEL FORM FIRST DIFFERENCE
Variables Intercept Trend & Intercept Intercept Trend& Intercept
LNRER -0.1887(1) -0.8344(0) -5.3474(0)*** -5.7648(4)***
LNTOT -1.7619(0) -1.9934(1) -5.1404(2)*** -5.0930(2)***
LNCPO -2.9395(1)* -2.7596(1) -5.0834(4)*** -5.2075(3)***
LNPD -1.8888(4) -2.7606(2) -7.4773(11)*** -7.8348(12)***
RIRD -2.6191(3)* -2.6774(3) -5.1340(11)*** -4.9308(11)***

NOTE: ****** indicates the rejection of null hypothesis at 10%, 5% and 1% of significance level. Number in parentheses is the number of lag length and based on Newey-West Bandwith using Default (Barlett

Kernel). The null hypothesis under PP test is the presence of a unit root.

Source: Developed for the research
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From the table 4.6 and 4.7, both results from ADF and PP unit root test are
unable to reject the null hypothesis of variables (LNRER, LNTOT and LNPD)
having unit root at level form since their p-values are more than any of the
significance level, i.e., 1%, 5% and 10%.. This concludes that these three
variables are not stationary and contain unit root, except for LNCPO which
can be rejected at 10% significance level. As for RIRD, ADF test does not
reject the null hypothesis of having a unit root, but in PP test, it can reject the
null hypothesis at 10% significance level.

Applying similar tests to the first differences, both tests are able to reject the
null hypothesis of unit root at first differences since the p-value for all the
variables are less than 1% significance level. Hence, this concludes that all

variables are stationary and have no unit root at first differences.

In summary, ADF test and PP test conclude that LNRER, LNTOT, LNCPO,
LNPD and RIRD are not stationary at level form. Instead, they are stationary
at first difference, or known as 1(1). Once the variables are confirmed to be
I(1), we can proceed to Johansen co-integration test.

Undergraduate Research Project Page 59 of 131 Faculty of Business and Finance



Determination of Real Exchange Rate: The Case of Malaysia

4.3.2 Johansen & Juselius (JJ) Cointegration Test

Before we conduct Johansen test, we need to choose the appropriate lag length
because Johansen test is very sensitive to the lag length used. In order to do so,
we run the VAR lag length selection criteria to choose the optimal lag length.
To select a lag length, there are various lag length selection criteria such as
Akaike information criteria (AIC), Schwarz information criteria (SIC),
Hannan-Quinn criterion (HQC), final prediction error (FPE) and Bayesian
information criterion (BIC) available. According to Liew (2004), AIC and
FPE are found to be a better option for smaller sample sizes (60 observations
and below) and they produce the least probability of under estimation among
other criteria while HQC is more suitable for larger sample size (120
observations and above). Since our sample size is small, we choose to follow

the recommended lag selections, AIC and FPE, in our study.
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Table 4.8: VAR lag length selection criteria (Refer to Appendix 4.48)

Lag LogL LR FPE AIC SC HQ
0 101.8292 NA 1.33e-09 -6.2470 -6.0158 -6.1716
1 194.7202 149.8242* 1.71e-11* -10.6271 -9.2394* -10.1747*
2 212.7358 23.2460 3.08e-11 -10.1765 -7.6323 -9.3472
3 248.9505 35.0464 2.20e-11 -10.9000* -7.1994 -9.6937

* indicates lag order selected by the criterion. LR: sequential modified LR test statistic (each test at 5% level); FPE: Final prediction error; AIC: Akaike information criterion; SC: Schwarz information criterion; HQ:

Hanna-Quinn information criterion.

Source: Developed for the research
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From the table 4.8, we can see that FPE recommends one lag while AIC

recommends three lags. Given that AIC is a more popular lag selection choice

in previous empirical researches, we use three lags to run Johansen test.

In order to determine the number of co-integrating relations, there are two

statistics, namely maximum eigenvalue statistic and trace statistic, that can be

used to compare with critical values under 5% significance level to make

decision on the hypothesis. The null hypothesis refers to no co-integration

while the alternative hypothesis refers to co-integration. If p-value is less than

the significance level, then the null hypothesis is rejected and this means that

the variables are co-integrated, implying that there is long-run relationship

between the variables.

Table 4.9: Johansen’s cointegration tests results (Refer to Appendix 4.49)

Hypothesized | Eigenvalue | Trace Critical Max- Critical
no. of CE(s) Statistic Value Eigen Value
Statistic

r=0 0.8713 157.4773 | 69.8189** | 61.5181 | 33.8769**
r<l1 0.8121 95.9592 47.8561** | 50.1512 | 27.5843**
r<2 0.6172 45.8080 29.7971** | 28.8044 | 21.1316**
r<3 0.3881 17.0035 15.4947** | 14.7357 | 14.2646**
r<4 0.0728 2.2678 3.8415 2.2678 3.8415

Note: ** denotes significance level at 5%

Source: Developed for the research

From the table 4.9, the null hypothesis of no co-integration between the

variables is rejected because the p-value from trace statistics and maximum

eigenvalue statistic is less than 5% significance level. Hence, the variables are
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co-integrated and the test implies that there are 4 co-integrating vectors in the

long-run relationship.

4.3.3 Vector Error Correction Model

Once cointegration is confirmed in Johansen test, we proceed to Vector Error
Correction Model (VECM) to determine the long run and short run
relationship in the model. From VECM, the long run coefficient of the

variables in the model (Refer to Appendix 4.50) is constructed as below:

LNRER=15.1417-3.5321LNTOT+0.3512LNCPO+0.1732LNPD-0.0205RIRD
Se (0.7161) (0.1483) (0.1952) (0.0147)
t-stat [4.9324]*** [-2.3683]**  [-0.8873] [1.3979]
(Equation 4.1)

From the equation 4.1, when the terms of trade, crude palm oil price,
productivity differential and real interest rate differential are zero, the real

exchange rate is 15.14.

For terms of trade, the variable is significant at 1% significance level since the
t-statistic is more than the critical value of 2.750. This means that when there
is 1% increase in terms of trade, on average, the real exchange rate appreciates
by 3.5321%, ceteris paribus.

Meanwhile, crude palm oil price is significant at 5% significance level since

the t-statistic is less than the critical value of -2.042. This means that when
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there is 1% increase in crude palm oil price, on average, the real exchange rate

depreciates by 0.3512%, ceteris paribus.

However, productivity differential and real interest rate differential are
insignificant at 10% significance level. In the past, many empirical studies
managed to find significance of productivity differential to their countries’

exchange rate, especially those developing countries.

Besides, VECM is also able to show short run relationship between the
variables through the lagged independent variables. Not only that, the error
correction term (ECT) is able to capture the short dynamics of the four
variables to long run equilibrium. The coefficient of ECT will tell the speed of
adjustment of terms of trade, CPO price, productivity differential and real
interest rate differential to reach long run equilibrium of real exchange rate.

By referring to Appendix 4.50, the equation with ECT is illustrated as below:

DLNRER = 0.00270-0.2966ECT:1+0.2970DLNRER.1+0.0933DLNRER->—
0.1672DLNTOT1+0.1959DLNTOTt2—0.1459DLNCPO.1—
0.1301DLNCPOt-2-0.3450DLNPDt.1—0.3517DLNPD¢.o—
0.0177DRIRDt.1+0.0102DRIRDy.2+¢

(Equation 4.2)
Where,

DLNRER = First difference of natural log of real exchange rate in Malaysia
(RM/USD)

DLNTOT = First difference of natural log of terms of trade in Malaysia (unit)
DLNCPO = First difference of natural log of CPO price (RM per metric tonne)

DLNPD = First difference of natural log of productivity differential (GDP per

capita)
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DRIRD = First difference of real interest rate differential (%)
ECT = Error Correction Term

g = Error term

From the equation 4.2, crude palm oil price, productivity differential and real
interest rate differential have positive impact on the real exchange rate in the
short run given that the t-value associated with the one lag value of the three
variables are statistically significant at 10%, whereas the term of trade is not
significant in the short run. Meanwhile, the ECT obtained is with a negative
sign as expected and significant at 10%. The significance of ECT explains the
validity of an equilibrium relationship among the variables used in the co-
integration test. The adjustment coefficient indicates that there is 29.66% of
short-run disequilibrium corrected in each quarter to achieve long run
equilibrium. This shows that the VECM has fast speed of adjustment,

approximately 3.37 quarters to reach the full adjustment to equilibrium.

Table 4.10: Overall fitness of the model (Refer to Appendix 4.51)

R?=0.5152 | Adjusted R?=0.2485 | F-test probability: 0.0967

Source: Developed for the research

In table 4.10, the significance of overall model represented by F test shows
that the variables are able to explain the real exchange rate because the
probability of F test (0.0967) is less than 10% significance level. Having low
adjusted R? of 0.2485 does not mean that the model is necessarily bad because
according to Gujarati & Porter (2009), as long as the regression coefficients
are statistically significant and has logical relevance of the regressors with the

dependent variable, the model is still good.
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4.3.4 Granger Causality Test

VEC Granger Causality test is conducted to determine any short run causality
running among the five variables. Under the test, the null hypothesis states that
there is no granger causality among the variables and rejection of null
hypothesis means there is causality exist between the variables. Table 4.11
provides the results of the existence of causality between real exchange rate

and other four macroeconomic variables.

Table 4.11: Results of VEC Granger Causality (Refer to Appendix 4.52)

Dependent Independent Variables
Variables  TAINRER | ALNTOT | ALNCPO | ALNPD ARIRD
ALNRER 5 0.4683 55207 8.6963 75331
* **x **x
ALNTOT | 4.4478 - 0.0266 0.3206 9.2324
*kk
ALNCPO | 15.0260 | 6.4130 - 1.0522 6.0113
*kk *xk * %k
ALNPD 0.9862 1.1436 1.5447 . 6.7112
**x
ARIRD 17534 | 27.5090 0.6645 1.4725 5
*kk

Note: *** ** and * denotes significance level at 1%, 5% and 10%

respectively.

Source: Developed for the research

Based on the results in table 4.11, real interest rate differential and crude palm
oil price granger cause real exchange rate at 5% and 10% significance level
respectively. On the same note, Kahyan, Bayat & Ugur (2013) also evidence

uni-directional causality between real interest rate with exchange rate in China
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and India with causality running from real interest rate to exchange rate in the
former and from exchange rate to real interest rate in the latter. Meanwhile,
productivity differential also significantly exhibits short run causality to real
exchange rate at 5% significance level; but only terms of trade do not have any
short run causality with real exchange rate which contradicts with Tsen (2014)
who found uni-directional causality from terms of trade to real exchange rate
in Malaysia while Coudert et al. (2015) showed bi-directional between the two

variables.

On the other hand, terms of trade has a causal effect on crude palm oil price at
5% significance level and the causality is uni-directional. Real interest rate
differential also exhibits causal effect, a uni-directional one, to productivity

differential and crude palm oil price both at 5% level of significance.

Lastly, real exchange rate also granger cause crude palm oil at 1% significance
level, concluding that there exists bi-directional granger causality between
crude palm oil price and real exchange rate which is similar as Hegerty (2014)
that explained commodity prices caused exchange market pressure in Chile
and Peru. Similarly, real interest rate differential and terms of trade also

exhibit strong bi-directional granger causality.
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4.4 Conclusion

In short, the descriptive analysis on the variables, diagnostic checking, and
inferential analysis has been provided in this chapter which the empirical results
generated from E-view 9. Following with the results, a well explained analysis
and interpretation have also been presented in this chapter. The following chapter

will step into the process of summarizing the whole research.
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CHAPTER 5: DISCUSSION, CONCLUSION AND
IMPLICATIONS

5.0 Introduction

Our research concentrates how crude palm oil price, terms of trade, real interest
rate differential and productivity differential affects the real exchange rate in the
long run and short run. This chapter will start from summary of statistical analysis,
followed by justifications of major findings found by various econometric tests in
Chapter 4. After that, policy implications, limitations and recommendations will

be discussed in detailed in the last part of this chapter.
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5.1 Summary of Statistical Analyses

Table 5.1 Summary table of Diagnostic Checking

Econometric Problems Results
Multicollinearity There is no serious multicollinearity
problem.
Normally distribution The error term is normally distributed.
Autocorrelation There is no autocorrelation problem.
Heteroscedasticity There is no heteroscedasticity problem.
Stability of coefficient Stable coefficients and VECM model is
stable.

Source: Developed for the research
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Table 5.2: Summary of Vector Error Correction Model Test (Long run)

Vector Error Correction Model
ngf{;%?g: Ir{?:ﬁ:g?::t Exgizcrfed Results Consistency F';/Ie 'Sﬁ?s Inconsistency
Negative sign Tsen (2009),_ Ricci et. al.
LNRER LNTOT +/- & significant (2013), Dauvin (2014) and - -
Coudert et al.,(2015)
Kia (2013) Aprina (2014), Arezki et
e al.(2014), Choudhri & Schembri (2014),
Positive sign ’
LNRER LNCPO - & significant - - Dauvin (2014) Kohlscheen (2014),
Ashfahany and Priyatna (2015), and
Hegerty (2016)
Positive sign . Choudnri .&
L NRER LNPD i & Chowdhury(2012), Ricci et Schembri, i
insignificant al.(2013), and Tsen (2014) | (2010), Bordo
et al. (2017)
Negative sign Byrne and ngayasu _(2008), K_ohlsc_heen (2014), Bouraoui &
L NRER RIRD N & Ozsoz and Akinkunmi (2012), i Phisuthtiwatcharavong (2015) and
e Tsen (2014) and Adamek Quadry, M. O., Mohamad, A., & Yusof,
insignificant (2016) Y.(2017)
Source: Developed for the research
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Table 5.3: Summary of Vector Error Correction Model Test (Short run)

Vector Error Correction Model
Dependent . . .
Variables Independent Variables Expected Sign Results Significance
DLNRER DLNECT 1 - Negative Significant
DLNRER DLNTOT 11 +- Negative Not Significant
DLNRER DLNCPO 1 - Negative Significant
DLNRER DLNPD 1. i Negative Significant
DLNRER DRIRD 11 + Negative Significant

Source: Developed for the research
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Table 5.4: VEC Granger Causality test

VEC Granger Causality test
Variables Granger Cause Results

LNTOT —> LNRER No Granger Cause )
LNCPO=——>LNRER Granger cause Bi-directional causality
LNPD —> LNRER Granger Cause Uni-directional causality
RIRD = LNRER Granger cause Uni-directional causality
LNTOT =—> LNCPO Granger cause Uni-directional causality
LNTOT = RIRD Granger cause Bi-directional causality
RIRD =2 LNCPO Granger cause Uni-directional causality
RIRD =—> LNPD Granger cause Uni-directional causality

Source: Developed for the research
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5.2 Discussions of Major Findings

5.2.1 Terms of Trade

In the research, we obtain a positive long run relationship between terms of
trade and exchange rate from the co-integration tests, but it is insignificant in
short run. In line with Coudert et al. (2015), they also noted similar result in a
panel of commodity exporters, in which short run only lasts in advanced
economies. This is because majority of the countries pegged their currencies.
When pegged through intervention in foreign exchange and capital control in
developing countries, these limit the short run responses of real exchange rate
to fundamentals, including changes of terms of trade, because of the price
rigidity and fixity of nominal parities in the short run. Similarly, Tsen (2011)
also agreed that terms of trade’s impact on the real exchange rate is restricted
in the fixed exchange rate regime, unlike the floating exchange regime which
sees large impact of terms of trade, especially in countries like Japan and
Korea. Given Malaysia adopts a managed float exchange regime, this could
mitigate any short run adjustment of its real exchange rate to terms of trade

and explain the insignificance of the variable in short run.

Aside from that, Tsen (2009), Ricci et al (2013) and Dauvin (2014) also
managed to prove that terms of trade affects real exchange rate positively in
long run. Generally, export-oriented countries depend on the exports’
activities to get their revenue and most of their wealth depends on the
commodity exports which they contribute large part of the exports. When
there is increase in export prices, local wages will increase, resulting in higher
demand for non-traded goods. This in turn drives up the price of non-tradable

in relative terms, thereby appreciating real exchange rate through
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improvement in current account balance, and this effect is known as income
effect (Edwards & Wijnbergen, 1987; Neary, 1988).

In Granger causality test, we failed to exhibit any causality running from the
terms of trade to the real exchange rate in Malaysia as opposed to Tsen (2009)
and Coudert et al. (2015) who managed to find uni-directional and bi-
directional causality between the variables respectively. In fact, many studies
prove that commodity terms of trade are weakly exogenous. In other words, it
is the real exchange rate that adjusts toward its equilibrium level. Since many
commodity exporters are small nations, they have limited power over the
international exports price and become price takers (Broda, 2004). In fact, this
holds true for Malaysia as its main commodities, such as crude oil and crude
palm oil, follow international pricing benchmark. Although Malaysia and
Indonesia jointly produce about 85% of the world CPO production, their
production magnitude are insufficient for them to influence the international

price, causing disadvantage to them as major producers (Adnan, 2014).

5.2.2 Crude Palm Oil Price

In the co-integration test, we obtained a long run negative relationship
between CPO price with real exchange rate in Malaysia which contradicts
with authors’ consensus that increase of price of commodity export has
positive impact on real exchange rate (Kia, 2013; Aprina, 2014; Arezki et al.,
2014; Choudhri & Schembri, 2014; Dauvin, 2014; Kohlscheen, 2014;
Ashfahany & Priyatna, 2015; Hegerty, 2016). In fact, in Aprina (2014) and
Ashfahany and Priyatna (2015) researches, they found that increase in CPO

price appreciates Ringgit and Rupiah real exchange rate.
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To clarify this surprising contradiction, it is important to determine the
country’s share of main exported commodity first. According to Bodart,
Candelon and Carpantier (2012), in order for the domestic currency to
appreciate, the dominant commodity needs to contribute for at least 20% of
the total country’s exports because the larger the share of the main exported
commaodity, the greater the price impact on the real exchange rate. Although
Malaysia is the second largest world CPO producer and accounts for 40% of
global demand of CPO, the share of CPO export in total export is just about
6.5% on average from 2008 to 2016 (Refer to Appendix 5.1.1 and Appendix
5.1.2.). In other words, the positive impact of CPO price on real exchange rate
is not strong and could possibly be very small. Also, having higher CPO price
lately does not guarantee much inflow of currency to the country because of
the worsened export volume. Since 2012, the CPO export value (Refer to
Appendix 5.2) has been decreasing because of weaker export demand from
Malaysia’s largest CPO importers and cheaper alternative vegetable oil, like
soybean oil. Coupled with Indonesia’s competitive pricing, Malaysia is losing
competitive edge of CPO export to Indonesia (Ismail, 2017). In that case, the
increase of CPO price lately does not translate much to the exchange rate

appreciation since the effect is considerably small.

Besides, crude oil price and CPO price has been evidenced to be correlated
and having dependence on each other. In long run, CPO price is highly elastic
with crude oil price and there is a weak positive dependence between them as
seen in Appendix 5.3 in which both move in similar trend (Arshad & Hameed,
2013; Kiatmanaroch, Puarattanaarunkorn, Autchariyapanitkul & Sriboonchitta,
2015). Given their dependence on each other, there could be a spill over effect
among them toward exchange rate and thus, can explain why relationship
between CPO price with exchange rate in Malaysia appears negative at a
considerably small percentage (0.35%) in our research. In fact, from 2006 to
2016, Hussain et al. (2017) evidenced that there is strong negative cross-
correlation between oil price and Malaysia exchange rate in long run. This
means that when oil prices increase, the exchange rate depreciates.

Coincidentally, Hussain et al. (2017)’s sample period also matches with ours
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(2008-2016). In that case, the negative impact of crude oil price on exchange
rate could spill over to CPO price and cause it to show negative long run
relationship with real exchange rate. Since that the share of CPO export is not
significant enough to exhibit strong positive impact of the commaodity price on
the real exchange rate, then the negative impact spill over from crude oil price

will overlap the positive effect.

5.2.3 Productivity Differential

Surprisingly, we did not obtain the expected sign for our productivity
differential in long run. Instead of negative sign, we obtained an insignificant
positive sign, indicating that increase in productivity differential leads to
depreciation of Ringgit, which is a violation from Balassa Samuelson
hypothesis and different from Chowdhury (2012) and Tsen (2014) who
confirmed presence of BS effect in Bangladesh and Malaysia respectively.
According to Choudhri and Schembri (2010), many empirical results did not
meet BS hypothesis because there is long run PPP deviations for traded goods,
rendering the estimates to be insignificant and wrong sign. This can be
explained through the demand-supply effects in Edwards (1987) model. If the
growth in productivity has greater positive supply effects than demand effects,
this causes the labour movement from traded sector to non-traded sector.
When there is increase in labour force in non-traded sector, oversupply of non-
traded goods happens and this decreases their prices, thereby depreciation of

local currency.

Besides, Tsen (2011) and Choudhri and Schembri (2014) also confirm
inconsistency of BS hypothesis in Hong Kong and Canada respectively. They
found that increase in productivity differential leads to depreciation of

exchange rate. This inconsistency can be answered through the role of terms
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of trade which can significantly changes the productivity differential effect on
real exchange rate (Choudhri & Schembri, 2014; Gubler & Sax, 2017; Bordo
et al., 2017). Tradable goods are differentiated and improvement in
productivity in the local traded sector can deteriorate the terms of trade by
increasing their supply. Although there is positive BS effect from the increase
of price of non-tradable goods, the former tends to offset the latter, leading to
depreciation of currency, for example, in Benigno and Thoenissen (2002)
study on United Kingdom. When there is an increase in traded-goods
productivity, this causes deterioration in the U.K. terms of trade, which is
enough to offset the effect of the productivity-induced appreciation in the
relative price of non-traded goods, resulting in a decrease in the real value of

sterling.

Furthermore, the insignificance of productivity differential in our result could
be attributed by the proxy problem. As mentioned by Dumrongrittikul (2012),
using GDP per capita as proxy can be misleading because it does not represent
the traded and non-traded productivity differential. Adamek (2016), who
found insignificance and opposite BS effect in Czech Republic, also
experienced similar problem like ours when ratio of domestic real GDP per
capita to foreign’s is used as proxy. On the same note, Gubler and Sax (2017)
concluded that different proxy can yield different result, for example, when
total factor productivity and sectoral labour productivity are used, BS effect

will be violated and produce opposite sign.

5.2.4 Real Interest Rate Differential

Although there are authors who managed to find positive and significance of
the variable effect on real exchange rate (Byrne & Nagayasu, 2008; Ozsoz &
Akinkunmi, 2012; Tsen, 2014; Adamek, 2016), our result failed to exhibit
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significant long run relationship between real interest rate differential with real
exchange rate in Malaysia. This too is also reported by Kohlscheen (2014) in
Brazil, Bouraoui and Phisuthtiwatcharavong (2015) in Thailand as well as
Quadry, M. O., Mohamad, A., & Yusof, Y. (2017) in Malaysia. In Brazil,
because of the long period of stable appreciation of Real coinciding with
reduction of interest rate differential, it caused counterintuitive signs
(Kohlscheen, 2014) while in Thailand, it is because of economic condition and
inappropriate monetary policy (Bouraoui & Phisuthtiwatcharavong, 2015).

In the past, the failure of no co-integration between the variables has been
associated with the issue of omission of important variables in the model
(Campbell & Clarida, 1987; Meese & Rogoff, 1988). They agreed that the
variance of the variable is not large enough to explain the fluctuation of the
exchange rate and may need to include expected value of future real exchange

rate, which may have a larger variance, to find co-integration.

Besides, Byrne and Nagayasu (2008) and Tang (2011) mentioned that
structural break is very important in the real exchange-interest rate relationship.
Using conventional unit root and co-integration tests can be biased because it
exhibits absence of long run relationship, and thus, not suitable to use when
structural break is present (Perron, 1988; Lanne et al., 2002). However, in our
model, we assume there is no major structural break happened and this could

possibly affect the result.

Meanwhile, likewise to Tsen (2014), we found positive relationship between
real interest rate differential with exchange rate in short run. In Country Risk
Report 2017, analysts also supports that the real interest rate differential
between Malaysia and the United States remains in favour of Ringgit. This
means that increase in the variable leads to appreciation of Ringgit. As
mentioned by Wilson (2014) and Tafa (2015), because of higher domestic

interest rate, investors will be attracted to local financial assets that offer better
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return. Eventually, this leads to capital inflows to the country. For example,
when US Federal Reserve (Fed) increased the interest rate by 25 basis points,
this triggers short-term capital outflows from Malaysia and adds pressure to
Ringgit (Ee, 2017). This shows the positive relationship between these two

variables.

5.3 Implications of Study

We would like to recommend various policy implications that are useful to
different parties, such as government or central bank, firms, individual investors
or traders and also academicians. The findings are helpful in assisting them to
understand more regarding significant variables that influence real exchange rate

and how these variables would benefit them.

5.3.1 Policy Makers

Real interest rate differential is important towards movement of real exchange
rate and this research result implies that this variable brings positive impact to
Ringgit in short run. Therefore, the central bank has to be more sensitive and
closely monitor interest rate of both Malaysia and United States as real interest
rate differential is determined by the gap between Malaysia money market rate
and US federal funds rate real. As such, any movement by Fed to raise the
interest rate can have adverse impact toward Ringgit. Recently, move of
United States Federal Reserve (Fed) hikes on federal funds rate is still
considered as major issue towards Malaysia because of possible capital

outflow. When foreign interest rate is higher, this encourages investment away
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from home country, causing depreciation of domestic currency. Hence, this
research highlights the importance of sensitivity of local interest rate relative
to U.S. interest rate to central bank to incorporate appropriate short term
monetary policy to mitigate possible capital outflow.

Given that the terms of trade exhibit the largest impact toward Ringgit in the
result, policy makers need to be concern of Malaysia’s external trade because
the economy is tightly linked with export-oriented activities. When terms of
trade improves, there will be more export revenue to the country and increases
the demand for Ringgit. Therefore, trade policies especially those with major
trading partners should be observed consistently and government needs to
formulate policies to encourage more trading opportunities to Malaysia so that

the country can still maintain competitiveness in the international trade.

The research also highlights the significance of CPO price to Ringgit in both
short run and long run. Since CPO is the second main export commodity after
crude oil in Malaysia, government may attempt to provide incentives to
upstream and downstream CPO industries to increase the export share in the

future.

5.3.2 Firm

In firm perspective, real exchange rate brings a meaningful impact towards the
transaction of the company because it can affect cost and revenue of the firms,
especially to importers and exporters. Hence, this research may help the firms
to have better forecasting power on the future exchange rate movement
through the variables incorporated in this study. In most of the countries

(including Malaysia), US dollar is the most popular currency in trading
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(Amadeo, 2017), therefore, fluctuation movement of US dollar towards home
currency become relatively important as it will determine the cost of the raw
materials. With this research, importers might be able to know the right timing
to buy raw materials at cheaper cost when movement of exchange rate is
predicted. Should the exchange rate is unfavourable, importers and exporters
can enter into hedging contracts to overcome the probability of the foreign
exchange losses. For example, crude palm oil plantation firms, such as Sime
Darby, are recommended to put attention on the exchange rate movement
because changes in the exchange rate can alter the revenue amount since the
invoice billings are usually done in USD. Thus, CPO exporters could look into
derivatives market, such as FCPO, in Bursa Malaysia to hedge against the
FOREX losses.

5.3.3 Individuals

Individuals, such as investors and foreign exchange traders have interest in a
country’s exchange rate movement because any volatility in Ringgit can affect
their investment portfolio and speculation. Thus, this research may provide
them with important information for them to make a critical decision on their
investment. Individual and institutional investors, as well as fund managers
need to be aware of Malaysia’s economic conditions, such as external trade,
productivity growth, interest rate movement and commodity price, because
fluctuations of Ringgit can affect their foreign investment greatly. With that,
they can rely on these factors to forecast exchange rate movement so that they
can, either to decide to invest locally, or to invest abroad to generate more
return. As for foreign exchange traders, this research might aid them to earn
better return from their foreign exchange speculation when they can have

better forecasting power on the exchange rate market
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5.3.4 Academician

In the past, not many empirical studies have been done on the relationship
between crude palm oil price with real exchange rate in Malaysia, except for
Ashfahany and Priyatna (2015) who obtained positive relationship between
the variables. Yet, this research result shows that increase in CPO price
depreciates Ringgit, which is surprisingly unexpected. As explained before,
the unexpected result could be due to presence of external shocks, like crude
oil. Considering such limited studies on this matter, this research can serve as
a platform to bring more interest to future researchers to study more on
relationship between CPO price with exchange rate and how these two

variables interact in Malaysia.

5.4 Limitations of Study

Every research contains its own limitations that are unavoidable by the researcher.
The following section is going to discuss several limitations that exist in our study
and these limitations should be included in the future research in order to get more

comprehensive results.

Structural break refers to unexpected sudden changes in time series that generally
lead to serious forecasting error and occurrence of unreliability problem in the
model. In our research, we assume that there is no structural break occurred in the
sample period of 2008 to 2016. However, global financial crisis happens during
2008, which is the first year of our sample period. According to Byrne and
Nagayasu (2008) and Tang (2011), structural break is important to detect real
exchange rate and real interest rate differential relationship. Also, structural break

is included to detect ringgit exchange rate misalignment (Sidek & Yusoff, 2009).
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Without the inclusion of structural shift, this unexpected event might affect the

behaviour of variables toward exchange rate.

Besides, we only include one pair of currency, that is RM/$ in our model.
Although US dollar is the global currency that is commonly used by most of the
countries, however, other currencies especially RMB is very important to
Malaysia because China is the second largest major trading partner for Malaysia
(Refer to Appendix 5.4) and recently Malaysia has many big projects with China
which will significantly increase the flow of the traded funds between China and
Malaysia. This indicates that RMB becomes relatively important to Malaysia;
therefore, we cannot omit the influence of RMB towards Malaysia. If we only
focus on one currency, it may not reflect other performance of the currency with
Malaysia.

Lastly, our research is also limited because of the possibility of omission of
important macroeconomic variables. In Malaysia, there is other main commaodity,
such as crude oil industry, that is very vital to the economy due to its high
contribution of revenue to the government. Exclusion of this commodity might not
be able to reflect how commodity sectors affect the real exchange rate. Also,
inclusion of this variable could perhaps explain better on how CPO price affects

the real exchange rate in our result.

5.5 Recommendations for Future Research

To overcome the limitations of the study, three recommendations are provided to
future researchers to avoid similar problems happened in this research. These
recommendations will be beneficial to future researchers to get better and valid

results.
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To enable better evidence on co-integration among the variables, it is
recommended to pre-test any structural breaks in the model using LM unit root
test before running any conventional co-integration tests. If there is presence of
structural breaks detected, then it is highly recommended to apply breaks in
Johansen et al. approach. In Byrne and Nagayasu (2008) study, the authors found
the evidence that real interest rate differential is a vital variable to his research
once structural shift is included. As a result, we recommend structural break

should be taken into consideration in order to get significant co-integrating results.

In order to obtain more comparable and precise results, it is recommended to
include more important currency such as RMB relatively to Malaysia. This is
because when there are more choices of comparison, it provides higher quality of
results to capture the effect of the determinants towards Malaysia exchange rate

when we made the comparison with each of the currency.

In our research, we failed to exhibit positive relationship between CPO price with
real exchange rate because of possibility of spillover effect from crude oil price.
As such, for future research, it is recommended to incorporate crude oil price with
CPO price as representative of commodities to reflect better relationship of them

with the real exchange rate.
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5.6 Conclusion

In summary, we are able to show the importance of crude palm oil, terms of trade,
real interest rate differential and productivity differential towards real exchange
rate in Malaysia. In long run, significant relationship is found between crude palm
oil and terms of trade with real exchange rate while in the short run, only terms of
trade shows insignificant relationship. Then, policy implications, limitations and

recommendations are provided in the research.
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APPENDICES

Appendix 4.1: Multicollinearity for LNCPO

Dependent Variable: LNCPO

Method: Least Squares

Date: 06/29/17 Time: 16:57
Sample (adjusted): 2008Q1 2016Q2
Included observations: 34 after adjustments

Variable Coefficient ~ Std. Error  t-Statistic Prob.
LNPD -0.187166 0.354828  -0.527484 0.6017
LNTOT 1.614728 0.637449 2.533110 0.0168
RIRD 0.055976 0.018234 3.069883 0.0045
C -0.071928 2.998476  -0.023988 0.9810
R-squared 0.362142 Mean dependent var 7.844379
Adjusted R-squared 0.298356 S.D. dependent var 0.184135
S.E. of regression 0.154239 Akaike info criterion -0.790492
Sum squared resid 0.713693 Schwarz criterion -0.610920
Log likelihood 17.43836 Hannan-Quinn criter. -0.729252
F-statistic 5.677471 Durbin-Watson stat 1.053245

Prob(F-statistic) 0.003339
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Appendix 4.2: Multicollinearity for LNPD

Dependent Variable: LNPD

Method: Least Squares

Date: 06/29/17 Time: 16:59

Sample (adjusted): 2008Q1 2016Q2
Included observations: 34 after adjustments

Variable Coefficient Std. Error t-Statistic  Prob.

LNCPO -0.049098 0.093079 -0.527484 0.6017
LNTOT 0.016488 0.359696 0.045839 0.9637

RIRD 0.019527 0.010095 1.934423 0.0625

C -1.547192 1.509550 -1.024936 0.3136
R-squared 0.117043 Mean dependent var -1.820291

Adjusted R-squared  0.028747 S.D. dependentvar  0.080158
S.E. of regression 0.078997 Akaike info criterion -2.128678
Sum squared resid 0.187217 Schwarz criterion -1.949107
Log likelihood 40.18753 Hannan-Quinn criter. -2.067439
F-statistic 1.325578 Durbin-Watson stat ~ 0.534994
Prob(F-statistic) 0.284456

Appendix 4.3: Multicollinearity for LNTOT

Dependent Variable: LNTOT

Method: Least Squares

Date: 06/29/17 Time: 16:59

Sample (adjusted): 2008Q1 2016Q2
Included observations: 34 after adjustments

Variable Coefficient Std. Error t-Statistic  Prob.

LNCPO 0.109121 0.043078 2.533110 0.0168
LNPD 0.004248 0.092664 0.045839  0.9637

RIRD -0.004722  0.005365 -0.880059  0.3858

C 3.788522 0.359404 10.54112  0.0000
R-squared 0.179287 Mean dependent var  4.628139

Adjusted R-squared  0.097215 S.D. dependentvar  0.042200
S.E. of regression 0.040096 Akaike info criterion -3.484955
Sum squared resid 0.048230 Schwarz criterion -3.305383
Log likelihood 63.24424 Hannan-Quinn criter. -3.423716
F-statistic 2.184523 Durbin-Watson stat  0.529550
Prob(F-statistic) 0.110484
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Appendix 4.4: Multicollinearity for RIRD

Dependent Variable: RIRD

Method: Least Squares

Date: 06/29/17 Time: 17:00

Sample (adjusted): 2008Q1 2016Q2
Included observations: 34 after adjustments

Variable Coefficient ~ Std. Error  t-Statistic Prob.
LNTOT -5.330247 6.056694  -0.880059 0.3858
LNPD 5.679180 2.935852 1.934423 0.0625
LNCPO 4.270477 1.391088 3.069883 0.0045
C 3.337419 26.18322 0.127464 0.8994
R-squared 0.323385 Mean dependent var 1.829779
Adjusted R-squared 0.255723 S.D. dependent var 1.561578
S.E. of regression 1.347197 Akaike info criterion 3.544060
Sum squared resid 54.44817 Schwarz criterion 3.723632
Log likelihood -56.24902 Hannan-Quinn criter. 3.605299
F-statistic 4.779444  Durbin-Watson stat 0.957466

Prob(F-statistic) 0.007713
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Appendix 4.5: Normality test- Jarque-Bera

;
Series: Residuals

6. Sample 2008Q4 2016Q3
Observations 32

> Mean -4.33e-16
Median -0.001752

4 4 Maximum 0.065801
Minimum -0.057401

3- Std. Dev. 0.029822
Skewness 0.241525

5 Kurtosis 2.683243
Jarque-Bera  0.444896

1 Probabilty ~ 0.800557

0

-0.06 -0.04 -0.02 0.00 0.02 0.04 0.06
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Appendix 4.6: Autocorrelation- Breusch-Godfrey Serial Correlation LM Test

Breusch-Godfrey Serial Correlation LM Test:

F-statistic 1.428721 Prob. F(2,18) 0.2655
Obs*R-squared 4.383959 Prob. Chi-Square(2) 0.1117
Test Equation:
Dependent Variable: RESID
Method: Least Squares
Date: 06/29/17 Time: 22:59
Sample: 2008Q4 2016Q3
Included observations: 32
Presample missing value lagged residuals set to zero.
Variable Coefficient Std. Error t-Statistic ~ Prob.
C(2) 0.013731 0.158200 0.086797 0.9318
C(2) -0.016806  0.313458 -0.053615 0.9578
C(3) -0.284583  0.282498 -1.007380 0.3271
C(4) 0.003056 0.079811 0.038296 0.9699
C(5) -0.009192 0.062015 -0.148221 0.8838
C(6) -0.046688 0.162120 -0.287983 0.7766
C(7) 0.038067 0.161578 0.235597 0.8164
C(8) -0.079970  0.412392 -0.193918 0.8484
C(9) 0.033641 0.319944 0.105146 0.9174
C(10) 0.003118 0.006797 0.458670  0.6520
C(11) 0.002480 0.008046 0.308237 0.7614
C(12) 0.001916 0.007319 0.261812 0.7964
RESID(-1) 0.030024 0.361739 0.083000 0.9348
RESID(-2) 0.580197 0.348431 1.665169 0.1132
R-squared 0.136999 Mean dependent var -4.32E-16
Adjusted R-squared -0.486280 S.D. dependentvar  0.029822
S.E. of regression 0.036357 Akaike info criterion -3.491210
Sum squared resid 0.023793 Schwarz criterion -2.849950
Log likelihood 69.85935 Hannan-Quinn criter. -3.278650
F-statistic 0.219803 Durbin-Watson stat ~ 1.960800
Prob(F-statistic) 0.996011
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Appendix 4.7: Heteroscedasticity Test: White Test

F-statistic 0.667697 Prob. F(11,20) 0.7518
Obs*R-squared 8.595069 Prob. Chi-Square(11)  0.6592
Scaled explained SS 2.825701 Prob. Chi-Square(11)  0.9928
Test Equation:
Dependent Variable: RESID/2
Method: Least Squares
Date: 06/29/17 Time: 15:02
Sample: 2008Q4 2016Q3
Included observations: 32
Coefficien
Variable t Std. Error t-Statistic ~ Prob.
C 0.000926 0.000408 2.269321 0.0345
(-15.141729473600003-
0.35121036770600003*LCPO(-1)-
0.17323426306999999*LPD(-
1)+LRER(-
1)+3.5321059434799999*LTOT (-
1)+0.020500572327000001*RIRD(-
nHN2 0.010481 0.022141 0.473385 0.6411
(LRER(-1)-LRER(-2))"2 -0.049950 0.066016 -0.756644  0.4581
(LRER(-2)-LRER(-3))"2 0.003926 0.058478 0.067144 0.9471
(LPD(-1)-LPD(-2))"2 -0.080194 0.058601 -1.368469 0.1863
(LPD(-2)-LPD(-3))"2 -0.009956 0.060833 -0.163656 0.8716
(LCPO(-1)-LCPO(-2))"2 -0.010807 0.009332 -1.158058 0.2605
(LCPO(-2)-LCPO(-3))"2 -0.004197 0.005867 -0.715321 0.4827
(RIRD(-1)-RIRD(-2))"2 447E-05 8.59E-05 0.520238 0.6086
(RIRD(-2)-RIRD(-3))"2 4.33E-05 8.00E-05 0.540842 0.5946
(LTOT(-1)-LTOT(-2))"2 0.752246 0.349291 2.153637 0.0436
(LTOT(-2)-LTOT(-3))"2 -0.178675 0.329904 -0.541595 0.5941
R-squared 0.268596 Mean dependent var 0.000862
Adjusted R-squared -0.133676 S.D. dependentvar  0.001136
S.E. of regression 0.001209 Akaike info criterion 10.31768
Sum squared resid 2.92E-05 Schwarz criterion 9.768034
Log likelihood 177.0830 Hannan-Quinn criter. 10.13549
F-statistic 0.667697 Durbin-Watson stat  1.365846
Prob(F-statistic) 0.751762
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Appendix 4.8: ADF Test for LNRER include intercept in level form

Null Hypothesis: LNRER has a unit root
Exogenous: Constant
Lag Length: O (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -0.151003 0.9356
Test critical values: 1% level -3.632900

5% level -2.948404

10% level -2.612874

*MacKinnon (1996) one-sided p-values.

Appendix 4.9: ADF Test for LNRER include intercept and linear trend in level
form

Null Hypothesis: LNRER has a unit root
Exogenous: Constant, Linear Trend
Lag Length: O (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -0.834438 0.9524
Test critical values: 1% level -4.243644

5% level -3.544284

10% level -3.204699

*MacKinnon (1996) one-sided p-values.

Appendix 4.10: ADF Test for LNRER include intercept in first difference form

Null Hypothesis: D(LNRER) has a unit root
Exogenous: Constant
Lag Length: O (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -5.347362 0.0001
Test critical values: 1% level -3.639407

5% level -2.951125

10% level -2.614300

*MacKinnon (1996) one-sided p-values.
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Appendix 4.11: ADF Test for LNRER include intercept and linear trend in first
difference form

Null Hypothesis: D(LNRER) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: O (Automatic - based on SIC, maxlag=9)

t-Statistic  Prob.*

Augmented Dickey-Fuller test statistic -5.688015 0.0002
Test critical values: 1% level -4.252879

5% level -3.548490

10% level -3.207094

*MacKinnon (1996) one-sided p-values.

Appendix 4.12: ADF Test for LNTOT include intercept in level form

Null Hypothesis: LNTOT has a unit root
Exogenous: Constant

Lag Length: O (Automatic - based on SIC, maxlag=9)

t-Statistic  Prob.*

Augmented Dickey-Fuller test statistic -1.761856  0.3925
Test critical values: 1% level -3.632900

5% level -2.948404

10% level -2.612874

*MacKinnon (1996) one-sided p-values.

Appendix 4.13: ADF Test for LNTOT include intercept and linear trend in level
form

Null Hypothesis: LNTOT has a unit root
Exogenous: Constant, Linear Trend
Lag Length: O (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -1.830754 0.6681
Test critical values: 1% level -4.243644

5% level -3.544284

10% level -3.204699

*MacKinnon (1996) one-sided p-values.
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Appendix 4.14: ADF Test for LNTOT include intercept in first difference form

Null Hypothesis: D(LNTOT) has a unit root
Exogenous: Constant

Lag Length: O (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -5.079838 0.0002
Test critical values: 1% level -3.639407

5% level -2.951125

10% level -2.614300

*MacKinnon (1996) one-sided p-values.

Appendix 4.15: ADF Test for LNTOT include intercept and linear trend in first
difference form

Null Hypothesis: D(LNTOT) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: O (Automatic - based on SIC, maxlag=9)

t-Statistic  Prob.*

Augmented Dickey-Fuller test statistic -5.032453 0.0014
Test critical values: 1% level -4.252879

5% level -3.548490

10% level -3.207094

*MacKinnon (1996) one-sided p-values.

Appendix 4.16: ADF Test for LNCPO include intercept in level form

Null Hypothesis: LNCPO has a unit root
Exogenous: Constant

Lag Length: O (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -2.804243 0.0679
Test critical values: 1% level -3.632900

5% level -2.948404

10% level -2.612874

*MacKinnon (1996) one-sided p-values.
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Appendix 4.17: ADF Test for LNCPO include intercept and linear trend in level
form

Null Hypothesis: LNCPO has a unit root
Exogenous: Constant, Linear Trend
Lag Length: O (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -2.619884  0.2744
Test critical values: 1% level -4.243644

5% level -3.544284

10% level -3.204699

*MacKinnon (1996) one-sided p-values.

Appendix 4.18: ADF Test for LNCPO include intercept in first difference form

Null Hypothesis: D(LNCPO) has a unit root
Exogenous: Constant
Lag Length: O (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -5.137731 0.0002
Test critical values: 1% level -3.639407

5% level -2.951125

10% level -2.614300

*MacKinnon (1996) one-sided p-values.

Appendix 4.19: ADF Test for LNCPO include intercept and linear trend in first
difference form

Null Hypothesis: D(LNCPO) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -5.237578  0.0008
Test critical values: 1% level -4.252879

5% level -3.548490

10% level -3.207094

*MacKinnon (1996) one-sided p-values.
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Appendix 4.20: ADF Test for LNPD include intercept in level form

Null Hypothesis: LNPD has a unit root
Exogenous: Constant
Lag Length: O (Automatic - based on SIC, maxlag=8)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -2.008650 0.2819
Test critical values: 1% level -3.646342

5% level -2.954021

10% level -2.615817

*MacKinnon (1996) one-sided p-values.

Appendix 4.21: ADF Test for LNPD include intercept and linear trend in level
form

Null Hypothesis: LNPD has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 2 (Automatic - based on SIC, maxlag=8)

t-Statistic  Prob.*

Augmented Dickey-Fuller test statistic -2.423192 0.3613
Test critical values: 1% level -4.284580

5% level -3.562882

10% level -3.215267

*MacKinnon (1996) one-sided p-values.

Appendix 4.22: ADF Test for LNPD include intercept in first difference form

Null Hypothesis: D(LNPD) has a unit root
Exogenous: Constant
Lag Length: O (Automatic - based on SIC, maxlag=8)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -5.990727 0.0000
Test critical values: 1% level -3.653730

5% level -2.957110

10% level -2.617434

*MacKinnon (1996) one-sided p-values.
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Appendix 4.23: ADF Test for LNPD include intercept and linear trend in first
difference form

Null Hypothesis: D(LNPD) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: O (Automatic - based on SIC, maxlag=8)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -5.905194  0.0002
Test critical values: 1% level -4.273277

5% level -3.557759

10% level -3.212361

*MacKinnon (1996) one-sided p-values.

Appendix 4.24: ADF Test for RIRD include intercept in level form

Null Hypothesis: RIRD has a unit root
Exogenous: Constant

Lag Length: O (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -2.374677 0.1559
Test critical values: 1% level -3.632900

5% level -2.948404

10% level -2.612874

*MacKinnon (1996) one-sided p-values.

Appendix 4.25: ADF Test for RIRD include intercept and linear trend in level
form

Null Hypothesis: RIRD has a unit root
Exogenous: Constant, Linear Trend
Lag Length: O (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -2.417553 0.3647
Test critical values: 1% level -4.243644

5% level -3.544284

10% level -3.204699

*MacKinnon (1996) one-sided p-values.
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Appendix 4.26: ADF Test for RIRD include intercept in first difference form

Null Hypothesis: D(RIRD) has a unit root
Exogenous: Constant

Lag Length: O (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -4.738355 0.0005
Test critical values: 1% level -3.639407

5% level -2.951125

10% level -2.614300

*MacKinnon (1996) one-sided p-values.

Appendix 4.27: ADF Test for RIRD include intercept and linear trend in first
difference form

Null Hypothesis: D(RIRD) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: O (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -4.659458  0.0036
Test critical values: 1% level -4.252879

5% level -3.548490

10% level -3.207094

*MacKinnon (1996) one-sided p-values.
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Appendix 4.28: PP Test for LNRER include intercept in level form

Null Hypothesis: LNRER has a unit root
Exogenous: Constant

Bandwidth: 1 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat  Prob.*

Phillips-Perron test statistic -0.188652 0.9308
Test critical values: 1% level -3.632900

5% level -2.948404

10% level -2.612874

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 0.001766
HAC corrected variance (Bartlett kernel) 0.001816

Appendix 4.29: PP Test for LNRER include intercept and linear trend in level
form

Null Hypothesis: LNRER has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 0 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat  Prob.*

Phillips-Perron test statistic -0.834438 0.9524
Test critical values: 1% level -4.243644

5% level -3.544284

10% level -3.204699

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 0.001621
HAC corrected variance (Bartlett kernel) 0.001621
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Appendix 4.30: PP Test for LNRER include intercept first difference form

Null Hypothesis: D(LNRER) has a unit root
Exogenous: Constant
Bandwidth: 0 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat  Prob.*

Phillips-Perron test statistic -5.347362 0.0001
Test critical values: 1% level -3.639407

5% level -2.951125

10% level -2.614300

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 0.001813
HAC corrected variance (Bartlett kernel) 0.001813

Appendix 4.31: PP Test for LNRER include intercept and linear trend in first
difference form

Null Hypothesis: D(LNRER) has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 4 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat  Prob.*

Phillips-Perron test statistic -5.764774  0.0002
Test critical values: 1% level -4.252879

5% level -3.548490

10% level -3.207094

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 0.001672
HAC corrected variance (Bartlett kernel) 0.001105
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Appendix 4.32: PP Test for LNTOT .include intercept in level form

Null Hypothesis: LNTOT has a unit root
Exogenous: Constant
Bandwidth: 0 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat  Prob.*

Phillips-Perron test statistic -1.761856  0.3925
Test critical values: 1% level -3.632900

5% level -2.948404

10% level -2.612874

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 0.000526
HAC corrected variance (Bartlett kernel) 0.000526

Appendix 4.33: PP Test for LNTOT include intercept and linear trend in level
form

Null Hypothesis: LNTOT has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 1 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat  Prob.*

Phillips-Perron test statistic -1.993440  0.5845
Test critical values: 1% level -4.243644

5% level -3.544284

10% level -3.204699

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 0.000520
HAC corrected variance (Bartlett kernel) 0.000632
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Appendix 4.34: PP Test for LNTOT .include intercept in first difference form

Null Hypothesis: D(LNTOT) has a unit root
Exogenous: Constant
Bandwidth: 2 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat  Prob.*

Phillips-Perron test statistic -5.140390  0.0002
Test critical values: 1% level -3.639407

5% level -2.951125

10% level -2.614300

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 0.000508
HAC corrected variance (Bartlett kernel) 0.000622

Appendix 4.35: PP Test for LNTOT include intercept and linear trend in first
difference form

Null Hypothesis: D(LNTOT) has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 2 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat  Prob.*

Phillips-Perron test statistic -5.092960 0.0012
Test critical values: 1% level -4.252879

5% level -3.548490

10% level -3.207094

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 0.000499
HAC corrected variance (Bartlett kernel) 0.000612
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Appendix 4.36: PP Test for LNCPO include intercept in level form

Null Hypothesis: LNCPO has a unit root
Exogenous: Constant
Bandwidth: 1 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat  Prob.*

Phillips-Perron test statistic -2.939516  0.0510
Test critical values: 1% level -3.632900

5% level -2.948404

10% level -2.612874

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 0.018580
HAC corrected variance (Bartlett kernel) 0.021588

Appendix 4.37: PP Test for LNCPO include intercept and linear trend in level
form

Null Hypothesis: LNCPO has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 1 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat  Prob.*

Phillips-Perron test statistic -2.759565 0.2208
Test critical values: 1% level -4.243644

5% level -3.544284

10% level -3.204699

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 0.018425
HAC corrected variance (Bartlett kernel) 0.021129
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Appendix 4.38: PP Test for LNCPO include intercept in first difference form

Null Hypothesis: D(LNCPO) has a unit root
Exogenous: Constant
Bandwidth: 4 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat  Prob.*

Phillips-Perron test statistic -5.083424  0.0002
Test critical values: 1% level -3.639407

5% level -2.951125

10% level -2.614300

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 0.023414
HAC corrected variance (Bartlett kernel) 0.018258

Appendix 4.39: PP Test for LNCPO include intercept and linear trend in first
difference form

Null Hypothesis: D(LNCPO) has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 3 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat  Prob.*

Phillips-Perron test statistic -5.207461 0.0009
Test critical values: 1% level -4.252879

5% level -3.548490

10% level -3.207094

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 0.022598
HAC corrected variance (Bartlett kernel) 0.019400
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Appendix 4.40: PP Test for LNPD include intercept in level form

Null Hypothesis: LNPD has a unit root
Exogenous: Constant
Bandwidth: 4 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat  Prob.*

Phillips-Perron test statistic -1.888767 0.3333
Test critical values: 1% level -3.646342

5% level -2.954021

10% level -2.615817

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 0.002094
HAC corrected variance (Bartlett kernel) 0.001720

Appendix 4.41: PP Test for LNPD include intercept and linear trend in level form

Null Hypothesis: LNPD has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 2 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat  Prob.*

Phillips-Perron test statistic -2.760626  0.2209
Test critical values: 1% level -4.262735

5% level -3.552973

10% level -3.209642

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 0.001903
HAC corrected variance (Bartlett kernel) 0.002050
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Appendix 4.42: PP Test for LNPD include intercept in first difference form

Null Hypothesis: D(LNPD) has a unit root
Exogenous: Constant
Bandwidth: 11 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat  Prob.*

Phillips-Perron test statistic -7.477341 0.0000
Test critical values: 1% level -3.653730

5% level -2.957110

10% level -2.617434

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 0.002419
HAC corrected variance (Bartlett kernel) 0.000677

Appendix 4.43: PP Test for LNPD include intercept and linear trend in first
difference form

Null Hypothesis: D(LNPD) has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 12 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat  Prob.*

Phillips-Perron test statistic -7.834766  0.0000
Test critical values: 1% level -4.273277

5% level -3.557759

10% level -3.212361

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 0.002412
HAC corrected variance (Bartlett kernel) 0.000541
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Appendix 4.44: PP Test for RIRD include intercept in level form

Null Hypothesis: RIRD has a unit root
Exogenous: Constant
Bandwidth: 3 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat  Prob.*

Phillips-Perron test statistic -2.619136  0.0988
Test critical values: 1% level -3.632900

5% level -2.948404

10% level -2.612874

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 1.199608
HAC corrected variance (Bartlett kernel) 1.527682

Appendix 4.45: PP Test for RIRD include intercept and linear trend in level form

Null Hypothesis: RIRD has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 3 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat  Prob.*

Phillips-Perron test statistic -2.677399 0.2514
Test critical values: 1% level -4.243644

5% level -3.544284

10% level -3.204699

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 1.182441
HAC corrected variance (Bartlett kernel) 1.535034
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Appendix 4.46: PP Test for RIRD include intercept in first difference form

Null Hypothesis: D(RIRD) has a unit root
Exogenous: Constant
Bandwidth: 11 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat  Prob.*

Phillips-Perron test statistic -5.134007 0.0002
Test critical values: 1% level -3.639407

5% level -2.951125

10% level -2.614300

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 1.366066
HAC corrected variance (Bartlett kernel) 0.369975

Appendix 4.47: PP Test for RIRD include intercept and linear trend in first
difference form

Null Hypothesis: D(RIRD) has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 11 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat  Prob.*

Phillips-Perron test statistic -4.930791 0.0018
Test critical values: 1% level -4.252879

5% level -3.548490

10% level -3.207094

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 1.365788
HAC corrected variance (Bartlett kernel) 0.386677
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Appendix 4.48: Var lag order selection criteria

VAR Lag Order Selection Criteria
Endogenous variables: LNRER LNTOT
LNCPO LNPD RIRD

Exogenous variables: C

Date: 06/29/17 Time: 17:46

Sample: 2008Q1 2016Q4

Included observations: 31

Lag  LogL LR FPE AIC sc HQ

0  101.8292  NA 1.33e-09 -6.247043 -6.015754 -6.171648
1 1947202 149.8242* 1.71e-11* -10.62711 -9.239379* -10.17474*
2 2127358 23.24603  3.08e-11 -10.17651 -7.632336 -9.347170
3 2489505 3504640 2.20e-11 -10.90003* -7.199417 -9.693722

* indicates lag order selected by the criterion

LR: sequential modified LR test statistic (each test at 5%

level)

FPE: Final prediction error

AIC: Akaike information

criterion

SC: Schwarz information

criterion

HQ: Hannan-Quinn information criterion
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Appendix 4.49: Johansen & Jusellius Co-integration Test

Date: 06/29/17 Time: 16:50

Sample (adjusted): 2009Q1 2016Q2
Included observations: 30 after adjustments
Trend assumption: Linear deterministic trend
Series: LNRER LNTOT LNCPO LNPD
RIRD

Lags interval (in first differences): 1 to 3

Unrestricted Cointegration Rank Test (Trace)

Hypothesize
d Trace 0.05
Critical

No. of CE(s) Eigenvalue  Statistic Value Prob.**
None * 0.871343  157.4773  69.81889 0.0000
Atmost1* 0.812074 9595920  47.85613 0.0000
Atmost2* 0.617164  45.80796  29.79707 0.0003
Atmost3* 0.388102  17.00353  15.49471 0.0294
Atmost4  0.072808  2.267840  3.841466 0.1321

Trace test indicates 4 cointegrating egn(s) at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values

Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

Hypothesize

d Max-Eigen 0.05
Critical

No. of CE(s) Eigenvalue  Statistic Value Prob.**
None * 0.871343  61.51810  33.87687 0.0000
Atmost1* 0.812074  50.15124  27.58434 0.0000
Atmost2* 0.617164  28.80443  21.13162 0.0034
Atmost3* 0.388102  14.73569  14.26460 0.0421
Atmost4  0.072808  2.267840  3.841466 0.1321

Max-eigenvalue test indicates 4 cointegrating eqn(s) at the 0.05

level

* denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values

Unrestricted Cointegrating Coefficients (normalized by

b*S11*b=I):
LNRER LNTOT LNCPO LNPD RIRD
31.47764 5422220 -11.64913 -11.09975  0.835809
46.95080  105.4280 -4.113760  6.189955  0.885320
-15.86332 -96.12033  17.03685 -22.20731  1.188712
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-11.91192  9.799678  -2.933631  -1.314402
-38.29776  3.176179  14.28533  -0.037360

Unrestricted Adjustment Coefficients (alpha):

D(LNRER) -0.013296 -0.009619 -0.010477 -0.006095  0.000839
D(LNTOT) -0.006346 -0.003871  0.004260 -0.004721  0.000646
D(LNCPO) 0.022840 -0.059077  0.026477 -0.008899  0.000196
D(LNPD)  0.028243  0.009956  0.001695 -0.003232  0.004047
D(RIRD) -0.112480 -0.016907 -0.006063  0.348924  0.076119
1 Cointegrating Log

Equation(s): likelihood  266.9708

Normalized cointegrating coefficients (standard error in

parentheses)

LNRER LNTOT LNCPO LNPD RIRD

1.000000 1.722563 -0.370076 -0.352623  0.026552

(0.31764)  (0.06399)  (0.09549)  (0.00658)

Adjustment coefficients (standard error in

parentheses)
D(LNRER) -0.418519

(0.17962)
D(LNTOT) -0.199743

(0.09441)
D(LNCPO) 0.718934

(0.66001)
D(LNPD)  0.889013

(0.19450)
D(RIRD)  -3.540597

(5.49081)
2 Cointegrating Log
Equation(s): likelihood  292.0464
Normalized cointegrating coefficients (standard error in
parentheses)
LNRER LNTOT LNCPO LNPD RIRD
1.000000  0.000000 -1.300497 -1.948451  0.051904

(0.24326)  (0.47509)  (0.03057)

0.000000  1.000000 0.540138 0.926426 -0.014717

(0.11892)  (0.23225)  (0.01494)

Adjustment coefficients (standard error in

parentheses)
D(LNRER)

-0.870136  -1.735032
(0.28512)  (0.59800)
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D(LNTOT) -0.381494 -0.752192
(0.15831)  (0.33203)
D(LNCPO) -2.054792 -4.989992
(0.73953)  (1.55104)
D(LNPD)  1.356447  2.581002
(0.31246)  (0.65532)
D(RIRD) -4.334400 -7.881385
(9.85661)  (20.6726)
3 Cointegrating Log
Equation(s): likelihood  306.4486
Normalized cointegrating coefficients (standard error in
parentheses)
LNRER LNTOT LNCPO LNPD RIRD
1.000000  0.000000  0.000000 -0.981459  0.067982
(0.19388)  (0.01250)
0.000000  1.000000  0.000000  0.524804 -0.021395
(0.09376)  (0.00605)
0.000000  0.000000  1.000000  0.743555  0.012363
(0.32793)  (0.02115)
Adjustment coefficients (standard error in
parentheses)
D(LNRER) -0.703935 -0.727970  0.015957
(0.24206)  (0.62927)  (0.08677)
D(LNTOT) -0.449066 -1.161629  0.162416
(0.14908)  (0.38756)  (0.05344)
D(LNCPO) -2.474800 -7.534940  0.428049
(0.63570)  (1.65258)  (0.22787)
D(LNPD)  1.329559  2.418082 -0.341082
(0.32335)  (0.84060)  (0.11591)
D(RIRD) -4.238215 -7.298570  1.276542
(10.2369) (26.6122)  (3.66944)
4 Cointegrating Log
Equation(s): likelihood  313.8165
Normalized cointegrating coefficients (standard error in
parentheses)
LNRER LNTOT LNCPO LNPD RIRD
1.000000  0.000000  0.000000  0.000000 0.201752
(0.05069)
0.000000  1.000000  0.000000  0.000000 -0.092924
(0.02659)
0.000000  0.000000  1.000000  0.000000 -0.088981
(0.03666)
0.000000  0.000000  0.000000  1.000000  0.136297
(0.05085)
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Adjustment coefficients (standard error in

parentheses)

D(LNRER) -0.669211 -0.655372 -0.043767  0.338586
(0.22182)  (0.57570)  (0.08730)  (0.09685)

D(LNTOT) -0.422169 -1.105394  0.116153 -0.034273
(0.12833)  (0.33307)  (0.05051)  (0.05603)

D(LNCPO) -2.424098 -7.428934  0.340840 -1.181068
(0.62187)  (1.61397)  (0.24474)  (0.27152)

D(LNPD)  1.347972  2.456579 -0.372752 -0.280021
(0.32054)  (0.83191) (0.12615)  (0.13995)

D(RIRD) -6.226200 -11.45492  4.695882  0.254881
(8.55551)  (22.2045)  (3.36711)  (3.73551)

Undergraduate Research Project

Page 122 of 131

Faculty of Business and Finance



Determination of Real Exchange Rate: The Case of Malaysia

Appendix 4.50: Vector Error Correction Model

Vector Error Correction Estimates

Date: 06/29/17 Time: 17:47
Sample (adjusted): 2008Q4 2016Q2
Included observations: 31 after adjustments
Standard errors in () & t-statistics in [ ]

Cointegrating Eq:  CointEql
LNRER(-1) 1.000000
LNTOT(-1) 3.532106
(0.71611)
[ 4.93238]
LNCPO(-1) -0.351210
(0.14830)
[-2.36827]
LNPD(-1) -0.173234
(0.19525)
[-0.88726]
RIRD(-1) 0.020501
(0.01467)
[ 1.39786]
C -15.14173
Error Correction: D(LNRER) D(LNTOT) D(LNCPO) D(LNPD) D(RIRD)
CointEql -0.296611 -0.130464 -1.098232 0.090911 -4.758582
(0.16114) (0.06412) (0.41506) (0.21660) (3.69792)
[-1.84070] [-2.03479] [-2.64595] [0.41972] [-1.28683]
D(LNRER(-1)) 0.296972 0.179917 0.341509 0.176210 -5.527463
(0.25724) (0.10235) (0.66258) (0.34577) (5.90319)
[ 1.15447] [1.75781] [0.51542] [0.50962] [-0.93635]
D(LNRER(-2)) 0.093263 -0.032585 2.355812 -0.187082 2.625945
(0.24651) (0.09809) (0.63496) (0.33135) (5.65705)
[0.37833] [-0.33222] [3.71018] [-0.56461] [ 0.46419]
D(LNTOT(-1)) -0.167179 -0.039482 2.468582 -0.365633 10.36045
(0.40428) (0.16086) (1.04133) (0.54341) (9.27757)
[-0.41352] [-0.24544] [2.37060] [-0.67285] [1.11672]
D(LNTOT(-2)) 0.195930 0.339043 -1.107857 0.405154 -38.12897
(0.31680) (0.12605) (0.81599) (0.42582) (7.26995)
[0.61847] [2.68974] [-1.35768] [0.95147] [-5.24473]
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D(LNCPO(-1)) -0.145875 0.002625 -0.291115 0.031994 -1.214115

(0.07934) (0.03157) (0.20437) (0.10665) (1.82078)

[-1.83855] [0.08314] [-1.42447] [0.30000] [-0.66681]

D(LNCPO(-2)) -0.130117 0.004044 -0.669109 0.103437 0.238188

(0.06277) (0.02497) (0.16167) (0.08437) (1.44039)

[-2.07303] [0.16192] [-4.13868] [ 1.22603] [0.16536]

D(LNPD(-1)) -0.344971 0.036982 0.096932 -0.205740 0.143826

(0.16414) (0.06531) (0.42280) (0.22063) (3.76686)

[-2.10163] [0.56623] [0.22926] [-0.93249] [0.03818]

D(LNPD(-2)) -0.351655 0.001515 0.584633 0.004023 -4.549217

(0.16376) (0.06516) (0.42181) (0.22012) (3.75805)

[-2.14737] [0.02325] [1.38601] [0.01828] [-1.21053]

D(RIRD(-1)) -0.017665 -0.000637 0.013558 0.008384 -0.046617

(0.00689) (0.00274) (0.01774) (0.00926) (0.15801)

[-2.56549] [-0.23240] [0.76444] [0.90583] [-0.29502]

D(RIRD(-2)) 0.010207 0.008993 -0.046539 0.022610 -0.561902

(0.00746) (0.00297) (0.01922) (0.01003) (0.17127)

[ 1.36768] [3.02833] [-2.42097] [2.25388] [-3.28084]

C 0.002679 -0.003238 -0.023751 0.009028 0.003576

(0.00761) (0.00303) (0.01960) (0.01023) (0.17461)

[ 0.35202] [-1.06955] [-1.21186] [ 0.88271] [ 0.02048]

R-squared 0.535135 0.748679 0.675514 0.387132 0.693543

Adj. R-squared 0.266002 0.603177 0.487654 0.032313 0.516120

Sum sg. resids 0.026261 0.004158 0.174233 0.047447 13.82994

S.E. equation 0.037178 0.014793 0.095761 0.049972 0.853166

F-statistic 1.988368 5.145500 3.595838 1.091070 3.908985

Log likelihood 65.65444 94.22323 36.32383 56.48585 -31.47625

Akaike AIC -3.461577 -5.304725 -1.569279 -2.870055 2.804920

Schwarz SC -2.906485 -4.749633 -1.014188 -2.314963 3.360011

Mean dependent 0.003845 -0.003911 0.002161 0.005006 0.065887

S.D. dependent 0.043394 0.023483 0.133785 0.050800 1.226492

Determinant resid covariance

(dof adj.) 2.74E-12
Determinant resid covariance 2.37E-13
Log likelihood 230.6516
Akaike information criterion -10.68720
Schwarz criterion -7.680451
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Appendix 4.51: Proxy system of LNRER equation in VECM model into OLS

Dependent Variable: D(LRER)
Method: Least Squares
Date: 07/15/17 Time: 15:24

Sample (adjusted): 2008Q4 2016Q3
Included observations: 32 after adjustments

D(LRER) = C(1)*( LRER(-1) + 3.53210594348*LTOT(-1) -

0.351210367706

*LCPO(-1) - 0.17323426307*LPD(-1) +

0.020500572327*RIRD(-1) -

15.1417294736 ) + C(2)*D(LRER(-1)) + C(3)*D(LRER(-2))

+ C(4)

*D(LTOT(-1)) + C(5)*D(LTOT(-2)) + C(6)*D(LCPO(-1)) +

C(7)*D(LCPO(

-2)) + C(8)*D(LPD(-1)) + C(9)*D(LPD(-2)) +

C(10)*D(RIRD(-1)) + C(11)
*D(RIRD(-2)) + C(12)

Coefficient Std. Error t-Statistic  Prob.
C(1) -0.270573  0.158694 -1.704995 0.1037
C(2) 0.272701 0.255687 1.066540  0.2989
C(3) -0.009780 0.222323 -0.043990 0.9653
C(4) -0.159270 0.403664 -0.394562 0.6973
C(5) 0.139136  0.310963 0.447436 0.6594
C(6) -0.144229 0.079219 -1.820625 0.0837
C(7) -0.117611 0.061356 -1.916864 0.0697
C(8) -0.311599 0.160311 -1.943717 0.0661
C(9) -0.384055 0.160129 -2.398403 0.0263
C(10) -0.015914 0.006638 -2.397571 0.0264
C(11) 0.008460 0.007235 1.169451 0.2560
C(12) 0.004465 0.007374 0.605514 0.5516
R-squared 0.515178 Mean dependent var  0.004460
Adjusted R-squared  0.248526 S.D. dependentvar  0.042830
S.E. of regression 0.037128 Akaike info criterion -3.468870
Sum squared resid 0.027570 Schwarz criterion -2.919219
Log likelihood 67.50193 Hannan-Quinn criter. -3.286677
F-statistic 1.932021 Durbin-Watson stat ~ 1.879277
Prob(F-statistic) 0.096679
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Appendix 4.52: VEC Granger Causality

VEC Granger Causality/Block Exogeneity Wald
Tests

Date: 06/30/17 Time: 10:25

Sample: 2008Q1 2016Q4

Included observations: 31

Dependent variable: D(LNRER)

Excluded Chi-sq Df Prob.
D(LNTOT) 0.468335 2 0.7912
D(LNCPO) 5.520679 2 0.0633
D(LNPD)  8.696324 2 0.0129

D(RIRD)  7.533056 2 0.0231

All 21.61400 8 0.0057
Dependent variable: D(LNTOT)

Excluded Chi-sq Df Prob.
D(LNRER)  4.447765 2 0.1082
D(LNCPO) 0.026639 2 0.9868
D(LNPD)  0.320621 2 0.8519

D(RIRD)  9.232372 2 0.0099

All 15.29398 8 0.0537
Dependent variable: D(LNCPO)

Excluded Chi-sq Df Prob.
D(LNRER) 15.02604 2 0.0005
D(LNTOT)  6.412956 2 0.0405
D(LNPD)  1.952177 2 0.3768

D(RIRD)  6.011309 2 0.0495

All 24.82261 8 0.0017
Dependent variable: D(LNPD)

Excluded Chi-sq Df Prob.
D(LNRER) 0.986249 2 0.6107
D(LNTOT) 1.143593 2 0.5645
D(LNCPO)  1.544704 2 0.4619

D(RIRD)  6.711202 2 0.0349
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All 9.751451 8 0.2829

Dependent variable: D(RIRD)

Excluded Chi-sq Df Prob.
D(LNRER) 1.753423 2 0.4161
D(LNTOT) 27.50904 2 0.0000
D(LNCPO) 0.664473 2 0.7173

D(LNPD)  1.472500 2 0.4789

All 31.49493 8 0.0001
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Appendix 5.1.1 Malaysia’s major export from 2008 to 2012

2008 2009 2010 2011 2012
Export Products RM RM RM RM RM
% % % % %
billion billion billion billion billion

Electrical & Electronic Products 253.81 | 38.25 | 227.78 | 41.02 | 249.9 | 39.12 | 236.53 | 34.06 | 231.16 | 32.9
Palm Oil 49.69 749 | 38.48 | 6.93 47.7 7.47 64.82 9.33 56 8
LNG (Liquified natrual gas) 40.73 6.14 31.2 562 | 38.74 | 6.06 49.96 7.19 56.13 8
Refined Petroleum Products 32.21 4.85 22.06 | 3.97 | 28.71 4.49 36.53 5.26 51.49 7.3
Chemicals & Chemical Products 40.55 6.11 3298 | 5.94 | 40.69 6.37 47.19 6.79 46.3 6.6
Crude Petroleum 44.09 6.64 | 25,57 | 460 | 31.02 | 4.86 32.92 4.74 31.95 | 45
Machinery, Appliances & Parts 21.93 3.31 19.12 | 3.44 | 21.23 3.32 23.59 3.40 25.31 3.6
Optical & Scientific Equipment 18.31 2.87 18.75 2.70 22.93 3.3
Manufactures of Metal 19.65 2.96 1453 | 2.62 | 18.37 2.88 21.46 3.09 20.24 2.9
Rubber Products 16.02 | 2.51% | 18.14 | 2.61% | 20.14 | 209
Textiles & Clothing
Wood products 1415 | 255
Iron & steel products
Other Products 140.99 | 20.1

Adapted from: MATRADE
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2013 2014 2015 2016
Export Products RM RM RM RM
billion ” billion ” billion ” billion ”
Electrical & Electronic Products 236.98 32.91 256.15 33.43 277.92 | 35.75 287.72 36.61
Palm Oil 45.92 6.38 46.95 6.13 40.12 5.16 41.44 5.27
LNG (Liquified natrual gas) 59.57 8.27 64.29 8.39 44.6 5.74 32.02 4.07
Refined Petroleum Products 68.37 9.50 70.36 9.18 54.53 7.01 545 6.93
Chemicals & Chemical Products 47.47 6.59 51.51 6.72 55.13 7.09 58.99 7.51
Crude Petroleum 31.64 4.39 33.79 441 26.08 3.35 22.27 2.83
Machinery, Appliances & Parts 27.07 3.76 30.01 3.92 36.16 4.65 37.69 4.80
Optical & Scientific EQuipment 20.84 2.89 23.64 3.09 26.09 3.36 28.75 3.66
Manufactures of Metal 28.16 3.91 26.45 3.45 34.9 4.49 33.39 4.25
Rubber Products 18.94 2.63 18 2.35 20.18 2.60 20.25 2.58
Textiles & Clothing
Wood products
Iron & steel products
Other Products 135.03 18.75 14498 | 1892 | 161.64 | 20.79 | 168.92 | 21.49

Adapted from: MATRADE
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Appendix 5.2: Crude Palm Oil Export from 1990-2016 in Malaysia

Crude Palm Oil Export - Malaysia (million)
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Adapted from: Palm Oil Analytics

Appendix 5.3: Crude oil prices ($/barrel) and crude palm oil prices (RM/tonne)

Main commodity prices of Malaysia

160 4000
140 ,A /\\ 3500
120 v/‘\ /' 3000
100 - - 2500
80 - \ 2000 e Brent
60 1500 ——WTI
vV —cPO
40 - 1000
20 500
0 T T T T T T T T T T T T T T T T T 0
0 00 OO OO O O +d +d N N OO OO < < 1o 1 © ©
o O O O d 4 4 4 4 4 4 4 d d A d d
O O O O O O O O O O OO O oo o o o o
AN AN AN AN &N AN N N N N NN NN N N NN
DS DI DI DD IS DD DD DIDDD
— — — — — — — — — — — — — — — — — —

Adapted from: Bloomberg
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Appendix 5.4: Malaysia’s trading partners

Jan - May 2017
TOTAL EXPORTS: RM377.96 billion
Singapore
Other Countries RMSi.éQ bil
RM113.90 bil ) B
30.1%__
: China
Germany __RM50.00 bil
RM11.11 bil 13.2%
2.9%
USA
Australa __RM36.11 bil
RM13.62bil_____ " 2.6%
3.6%
India - i N lapan
RM14.30 bil " s “~_RM31.61 bil
3.8% grones “._Thailand 8.4%
RM1471bil HongKong RM20.64 bil
30% RM16.67 bil i
4.4% -
Jan - May 2016
TOTAL EXPORTS: RM306.45 billion
Singapore
Other Countries __RM43.91 bil
RMS3.57 bil A 14.3%
e ¥ ' China
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2.9%
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RM1100bil_____ 10.5%
3.6% S
india 32 B apan
RM12.58 bil_~ RMZ5 00l
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) Indonesia_/ Hong Kon s -
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-22 bi RM14.96 bil 5 79
3.7% 299
Adapted from: MATRADE
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