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Abstract

The pepper industry represents a significant economic sector in Malaysia. Despite the
importance of the pepper industry to the Malaysian economy, the review of the literature
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indicates that the industry has not attracted much research emphasis. More specifically, the
literature indicates that limited studies have attempted to investigate the factors that influence
the price of black pepper in Malaysia. Furthermore, the factors that influence the pricing of
black pepper can be identified by selecting the most suitable multivariate model. Hence,
Multiple Linear Regression and VAR model are conducted and compared for determining on
which of the factors are significant for the pricing values of black pepper. The secondary data
on the economic variables of black pepper is obtained from the Malaysian Pepper Board
which is located in Kuching, Sarawak. The analysis of the data can be divided into estimation
and evaluation part. In the estimation part, both types of model are developed and Cochrane —
Orcutt procedure is undertaken to diagnose the autocorrelation problem in Multiple Linear
Regression model. In terms of multivariate approach it is found that VAR model is more
reliable than Multiple Linear Regression since it has smaller readings in most of the criterions
such as MSE and RMSE. Therefore, it can be identified that lagged one of economic
variables such as amount of production, amount of export and pricing of black pepper are
significant factors that affect the annual pricing of the agricultural product.

Keywords: Multiple Linear Regression, VAR, MSE, RMSE, Cochrane- Orcutt
1. Introduction

The factors that might affect the pricing of black pepper would be amount of production, total
amount of consumption and amount of export. In order to identify the significant factors,
Multiple Linear Regression and Vector Autoregressive models may be applicable for this
research. Ravindran (2004) had stated that as the amount of production increases, the pricing
of pepper will increase as well. Thus, Halberg (2006) had found that if the amount of
production increases, the pricing values for major crop plantations will also increase. In this
case, Alice & Peter (2007) had listed down the major crop commaodities around the world as
coffee, tea, pepper and natural rubber. Besides that, Csaki (2002) had discovered that the
consumption of food and agricultural products may influenced the price variations. Even
Redclift (2002) had mentioned amount of consumption in the food market may be related to
the price movements of agricultural products. Then, Ravindran (2004) had also found that the
price of pepper increases as the amount of production and export increases or vise versa.
Narne & Lakdawala (2008) had stated that the exports of pepper are lesser than domestic
consumptions but it does the pricing globally. Other than that, Paul Ebeling (April 22, 2014)
had reported in a newspaper article titled “Vietnam’s Pepper Exports Expected To Earn
US$1-B In 2014”, Vietnam had contributed 50% of pepper export worldwide and it was also
found that it has a great influence on the pricing of different spices.

1.1 Multiple Linear Regression

Abay (2010) had conducted Multiple Linear Regression analysis to estimate quantity of red
pepper that were supplied to the market in Bure Woreda, Ethiopia. The quantity of red pepper
could be dependent on amount of yield, land size, current market price, previous year on
market prices and distance to market. From a survey among 85.3% of farmers were sampled
in the year 2008/2009 production of red pepper that was supplied to the market. As a result,
total yield, land size, credit services, current year market price, previous year on market
prices and number of years of experience in red pepper production are significant factors that
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might affect the quantity of supply for red pepper. Udgebe et al. (2012) had applied Multiple
Linear Regression analysis to relate the transportation cost and storage facilities with the
sales volume and pricing of pepper. It is found that transportation cost might have a
significant influence on the pricing of pepper in Lagos markets, Nigeria. Therefore, the
peppers were sold at lower prices to avoid more losses due to spoilage.

1.2 Vector Autoregressive

Lau et al. (2008) had studied the causality effect among white and black pepper in different
areas of Sarawak by using Vector Autoregressive (VAR) model. It is discovered that there
were interdependencies among the monthly pricing of both types of pepper dated from
January 1990 until June 2005 across different markets in Sarawak including Kuching, Sri
Aman, Bintangor, Sarikei, Sibu and Batu Niah. Kaspersen & Fgyn (2010) had applied VAR
model to determine the impact of world prices of sorghum and coffee on the local pricing for
both products in Uganda market. The data for this study is obtained from FoodNet market
information project and International Coffee Organisation. However, the data on weekly prices
of sorghum is from June 2000 until September 2006 where as the monthly pricing of coffee was
dated from January 1986 until April 2006. It can be summarised that the food prices in world
markets is indirectly related to the local pricing in Uganda market. Thus, there is a direct effect
of world market prices of coffee on the Uganda market. Luo (2011) had formulated VAR
model to relate the external factors that might affect the price fluctuations in the domestic
agricultural products of China starting from the month of January 2002 until June 2010.
Based on the findings, the transmission of price fluctuation of international agricultural
products, the contribution degree of petroleum price and international speculation capital rank
the second and the third are identified as significant factors that influence pricing of domestic
agricultural products in China.

2. Methodology

The main assumption for both multivariate methods is to determine whether the economic
variables of black pepper are stationary or not by applying Augmented Dickey Fuller test.

2.1 Multiple Linear Regression

The model is estimated by using Ordinary Least Squares method. The parameters of by and b,
are expressed as shown below.

b, =Y —b, X (1)
b — Z(xi B X)(Yi _Y_)
b Z(Xi _)?)2 (2)

The general multiple linear regression can be formulated as follows:

Y=L+ B X+ B, X, + Xy +¢€ 3)
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Where:

Y = Pricing value of black pepper (RM in thousands/Tonne)
X1 =Amount of production of black pepper (Tonnes)

X, = Total amount of consumption of black pepper (Tonnes)

X3 = Amount of Export (Tonnes)

&~N(0,0%)

As mentioned by Wooldridge (2012), multiple linear regression that is applied for time series
data can have autocorrelation problems among the error terms. Therefore, the problem can be
diagnosed by using Cochrane- Orcutt procedure for transforming the response and predictor
variables of the model (Samprit & Hadi, 2013). Hence, Kutner et al. (2008) had listed down

several steps to conduct this procedure as follows:

1. The estimation of p . The autoregressive error process can be obtained from the following

equation.

& = P&, T, (4)
Where

&,is the error term.
&, ,represents the error terms at lag 1 that is the predictor variable of the model.

o is known as the autoregressive error process which also referred to as the slope of the

line through the origin.

u, represents the mean of the error term for the regression model.

Therefore, p which is denoted as r can be computed as shown below.

n
Z €16
r=t—— (5)
Z eZH
t=2

2. The variables are transformed which can be represented as Yt and X t.Both variables

can be formulated as follows:
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Yi=Y, -rY, (6)
Where
Yt resembles the transformed response variable, the pricing value of black pepper.

Y, , is the lagged one for pricing value black pepper.

X't =X, —rX,, (7

Where

X, represents the transformed variable for significant predictor variables on the pricing

value of black pepper.

X, 1s the lagged one for the significant independent variables that influence the pricing
of black pepper.

3. Durbin Watson test is carried out again for this regression model with the transformed
variables. If the error terms are uncorrelated then, the procedure does not need to be
iterated.

2.2 \ector Autoregressive Model

Stock & Watson (2001) had also added that VAR models can be in either reduced, recursive or
structural form. In this research, the focus is on the reduced form of VAR model that relate each
one of the economic variables of black pepper in various equations which are also dependent
on their past values. Hyndman and Athanasopoulos (2012) had proposed asymptotic
Portmanteau test for further confirmation on the lag order selection for the \ector
Autoregressive model. The main reason for conducting this test is to ensure there is no serial
correlation among the residuals. In terms of the order of differencing or known as the lag
order, Luetkepohl (2011) had stated that the variables may appear in first differences, 1(1) but
not be cointegrated with each other meaning that the non stationary variables may not be
related with each other at different lag lengths. Therefore, it is already sufficient to conduct
the reduced form of VAR model to examine the behavioural relations in the economy of black
pepper. The general formula for VAR model can be equated as shown below.

Y =U X (8)

The equations consists of deterministic and stochastic components which are represented as

u, and x,. The deterministic component can be in different conditions. The first one is the

linear trend that can be included as the deterministic component in the model as follows:
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U, =Ug +Uy, 9)

It can be also be assumed as non- constant,u,_, and also as a constant,u, =u, which is for

the simplicity of the VAR model. In terms of forecasting, this component plays an important
role in predicting the values for each of the economic variables of black pepper for this
research. The other component is the stochastic in which the order of integration and

cointegration relations are determined by the computation of x,. They, is the vector of

observed variables which is determined by both components in the model. In this study, the
variables such as pricing value, amount of production, total consumption and amount of
export of black pepper are the vector of observed variables and they are linearly related with
each other by inserting the main components of deterministic and stochastic. However,
Luetkepohl (2011) emphasised on the stochastic part of the variables in terms of econometric
analysis because it describes the behavioural relations among them. It is optional to either
include or not the deterministic part of the model. The comparison among models is evaluated
by the use of specified criterions. Alias (2011) had suggested several steps for evaluation
phase. The steps are as follows:

Step 1: The data is divided into estimation part and evaluation part for forecasting
performance.

Step 2: For estimation part, 75% of data will be included to estimate the model.

Step 3: The other 25% will be taken to the evaluation part where each of the
models will be compared according to the specified criterions.

As mentioned before, the models are compared based on criterions such as mean squared
error (MSE), root mean squared error (RMSE) and also mean absolute percentage error
(MAPE). The following would be the formulations for each of them.

Mean Squared Error, MSE

MSE = ! (10)

Root Mean Squared Error, RMSE

(11)

Mean Absolute Percentage Error
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(12)

3. Results and Findings
3.1 Multiple Linear Regression

By applying the cross correlation function as proposed by Cowpertwait & Metcalfe (2009),
the relationships among economic variables such as Production, Consumption, Export and
Pricing at different time lags can be plotted. Furthermore, stepwise regression model is used
and it is found that the model has autocorrelation problem by conducting the Durbin Watson
test. Due to the presence of autocorrelation problem in the regression model, Cochrane-
Orcutt procedure will be applied as proposed by Samprit & Hadi (2013). Hence, the response
and predictor variables would be transformed into new variables by computing this procedure.
Therefore, the regression model can be equated as follows:

¥, =1147 +0.8733y (-1 — 0.00006y *t2) (13)
Where

¥, s the transformed pricing value of black pepper.
Y« Isthe transformed variable for the Pricing at lag 1.

yZw2 represents the transformed variable for quadratic term of Pricing at lag 2.

Based on the F statistic and the p-value (0.0007), the model is found to be significant. It was
also found that the predictor variables, Pricing at lag 1 and quadratic term for Pricing at lag 2
are both significant since the p-values (0.0002 & 0.0438) are lower than the critical value of
0.05. However, the computation on the Multiple R- Square with the value of 0.5786 for this
model seems to be lower than the previous regression proving that the 57.86% of variations
in the pricing value of black pepper can be explained by the Pricing at lag 1 by quadratic term
for Pricing at lag 2. The other 42.14% can be explained by other factors.

By conducting Jarque Bera test, the residuals are proven to be normally distributed since the
p-value (0.5581) is not significant. Based on Figure 1, it can be seen that there are a few
extreme residuals values present in the plot. As mentioned by Cramb (2007), the Asian
economic crisis in 1997 had caused the over fluctuations of the pricing on black pepper. By
referring to Figure 2 and 3, the residuals are scattered and not forming systematic pattern
which shows that there is no presence of heteroscedasticity. Furthermore, Breuch- Pagan test
had shown that the error terms have a constant variance and there is no serial autocorrelation
at first order which is statistically proven by applying the Durbin Watson test. Hence, it does
not violate one of the assumptions pertaining to the error term.
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Figure 1. Autocorrelation plots of residuals on annual pricing of black pepper by
conducting Multiple Linear Regression with Cochrane Orcutt procedure.
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Figure 2. Scatter plot of Residuals against the Transformed of Pricing at lag 1.
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Figure 3. Scatter plot of Residuals against Transformed for Quadratic Term of Pricing at lag
2.

3.2 Vector Autoregressive Model

Thus, Hyndman & Athanasopoulos (2012) had mentioned about asymptotic Portmanteau test
to select lag order for VAR model and it should be started at lag order of 1. It is found that
VAR(1) model will be formulated to relate the influences on the economy of black pepper.
There are four equations altogether to represent each one of the economic variables such as
amount of production, total amount of consumption, amount of export and pricing value of

black pepper. There is also a constant component, u, =u, to be included in the model as well.

Each equation is extracted from each other causing different significance influences on each
one of them. The formulation of the models is based on Tsay (2005) that gives more clearer
picture on the relationships among the variables as shown below.
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r, =1.0149r, , , —1.3323r, ., —0.258r,, , +0.5467r,, , +2972..9996 (14)

Where

r, 1s the amount of production.

Ny represents the lag order of 1 for amount of production.
Iy IS the lag order of 1 for total amount of consumption.
I« resembles the amount of export at lag order of 1.
I« representsthe pricing value of black pepper at lag 1.

r, = 0.0034r, . , +1.232r, ., —0.0032r, , , +0.0006r,, , —136.8 (15)

Where

r,, is the total amount of consumption.

r, =0.508r, . , —0.829r, , , —0.0324r,  , +0.208r, , , +10660 (16)

Where

r,, 1s the amount of export.

r, =—0.5455r, , , —0.1693r, , , +0.4701r, , , +0.6951r, , , +3518.3706 (17)

Where

r, represents the pricing value of black pepper.

Tsay (2005) had suggested identifying the type of relationships among the variables which
can be observed from every element that are included in different equation models. However,
the main concern is the pricing equation that can be extracted from the VAR (1) model as to
be compared with multiple linear regression model in order to identify the underlying
structural relationships among the economic variables of black pepper. Hence, there is a
directional relationship between Production and Pricing and Export is indirectly related to the
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Pricing. Thus, there is no relationship between total amount of consumption and the pricing
values of black pepper.

From equation 17, it can be interpreted that the mean pricing value of black pepper will
decrease by RM 5455 per tonne if the lagged one of amount of production increases by 10000
tonnes. The negative relationship between amount of production and pricing of black pepper
can be explained by Halberg et al. (2006) stating that the increasing in the market prices for
certain major crop commodities is a result of lowering the amount of production. In this case,
Alice & Peter (2007) had listed the mostly traded plantation commodities around the world as
coffee, tea, pepper and natural rubber. As the total amount of consumption at lag 1 increases
by 1000 Tonnes, the average of the pricing value will be reduced by RM 169.30 per tonne. As
for 10000 tonnes increase in lagged one of amount of export, the mean pricing value of black
pepper is increased by RM 4701 per tonne. This theory is also supported by Ravindran (2004)
saying that the price of pepper increases as the amount of export increases. The average for
the pricing value will increased by RM 695.10 per tonne when the pricing value of black
pepper at lag 1 increases by RM 1000 per tonne. Nair (2011) had also stated that the changes
in prices of pepper in Thailand are also highly influenced by the previous pricing.

The model is significant since the p-value for F-statistic is less than critical value of 0.05.
Besides that, lagged one of Production, Export and Pricing might have significant influences
on the Pricing model. Based on Multiple R- Squared, 80.69% of variations in pricing value of
black pepper can be explained by amount of production, total amount of consumption,
amount of export and lagged one of the pricing values. The other 19.31% can be explained by
other factors. By applying the Jarque Bera Test on the residuals, it can be summarised that
they are normally distributed. Based on Figure 4.4, few residuals appear to be out of range
due to specified reasons similar as the previous explanations on this occurrence. In addition,
there is an absence of heteroscedasticity problem for the residuals sine the p-value is not
significant.  In terms of Durbin Watson test, the value is around 2 which had proven that the
error terms are not serially correlated.

48 www.macrothink.org/jas



- Journal of Agricultural Studies
A\\Mac.rOtthl,;'k ISSN 2166-0379
Institute 2016, Vol. 4, No. 4

Diagram of fit and residuals for Pricing
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Figure 4. Several plots on the fitted values and residuals of VAR model for annual pricing of
black pepper.
4. Conclusion

Table 1. Evaluation Summary on Multivariate Models of Pricing Value of Black Pepper

Model MSE RMSE MAPE
Multiple  Linear 2915753 1707.558 11.71%
Regression
Vector 2267417 1505.795 12.69%

Autoregressive

(VAR) model

From Table 1, it can be summarised that VAR model is more reliable than Multiple Linear
Regression since it has a higher Multiple R Square value and it can handle autocorrelation

49 www.macrothink.org/jas



- Journal of Agricultural Studies
A\\Mac.rOtthl,;'k ISSN 2166-0379
Institute 2016, Vol. 4, No. 4

problem among the error terms as mentioned by McGuirk & Spanos (2002). It is also found
that the previous year on amount of production, amount of export and the pricing itself are
significant factors that influence the annual pricing of black pepper.
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