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ABSTRACT

The production of nutmeg in Sumatera Barat in 2011-2018 has decreased with
fluctuation, thus affecting the regional income. Therefore, it is necessary to estimate
the amount of production in the future sustained by an analysis that can determine the
capability of each nutmeg producing area in utilizing the land. The research objective
is to set up a forecasting model and calculate the predicted amount of production, as
well as to find out if a nutmeg producing district/city is capable of optimally utilizing
the production land.

The method used is Brown-type Triple Exponential Smoothing techniques
with parameter a sustained by Profile Analysis. The smallest Mean Square Error is
used as a measure to choose the a. In profile analysis, the average ideal nutmeg
production is compared to the average actual amount of nutmeg production by
performing a parallel, coincidence, and level test. The data used are sourced BPS
publication “Sumatera Barat in Figures” from 2012 to 2019.

Nutmeg productions in 2019 to 2023 in tonnes are forecasted of respectively
1255.95, 1261.38, 1266.94, 1272.65, and 1278.49. Furthermore, the average ideal and
actual amount of nutmeg production is found to be not equal. The profile analysis
revealed that the eleven producing regions in Sumatera Barat can be categorized into
three groups by the level of land optimization namely (1) under optimal areas, include
districts of Kepulauan Mentawai, Pesisir Selatan, Padang Pariaman, and Agam, and
Padang municipality, (2) almost optimal areas, include the districts of Solok, Tanah
Datar, Pasaman Barat and the municipalities of Solok and Sawahlunto, and (3) optimal
area includes Pariaman municipality.

Keywords: Amount of Nutmeg Production, Brown Type Triple Exponential
Smoothing, Profile Analysis.
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CHAPTER1
INTRODUCTION

A. Research background

Indonesian plantation crops have become highly valued commodities and been
produced to support the country’s income. The government has also made efforts to
raise the production of plantation subsector through intensification, extensification,
diversification and rehabilitation. Among those potential crops, nutmeg plantation has

been contributing significantly to Indonesian income (Tumanggor, 2009).

Indonesia has been recorded as the largest nutmeg exporting country in the
world. Around 60% of total international demand for nutmeg are supplied by
Indonesia. The rest is produced by Grenada, India and Madagascar. The export
destination countries are Europeans and US, which have historically known nutmeg
as valuable spices used for many purposes. Indonesian nutmeg is more preferable in
international market since it produces typical scent and contain higher level of

essential oil (Rijal, 2017:3)

According to Nugroho (2019), nutmeg is used for medicines, cosmetics and
food spices and could be found widely in European kitchens. It is quite different to
Indonesian where nutmeg utilization is sometime limited for seasoning purposes only.
Foreigners seem to be more aware of the rich nutritional value in nutmeg that includes
protein, fatty acid, carbohydrate, essential oils, sodium, calcium, vitamin A, vitamin

C, vitamin B1, oleanolic acid, and some other more.

The main producing areas of nutmeg in Indonesia are Kepulauan Maluku,
Sulawesi Utara, Sumatera Barat, Nanggroe Aceh Darusalam, Jawa Barat, and Papua
(Rijal, 2017). Based on BPS data (2016) the highest planted area is located in Maluku
Utara province with an area of 42,716 Ha. Meanwhile, Sumatera Barat is in the ninth
largest producing province with an area of 4,372 ha. According to BPS of Sumatera
Barat province, the amount of nutmeg production in the last three years has dropped
quite significantly. Data on the amount of nutmeg production in Sumatera Barat from

2011 to 2018 is shown in Table 1.



Table 1. Amount of nutmeg production in Sumatera Barat, 2011 — 2018

No Year Nutmeg production (tonnes)
1 2011 1172
2 2012 1224
3 2013 1332
4 2014 1388
5 2015 1450.19
6 2016 1068.86
7 2017 998,7
8 2018 1378.3

Source: Statistics Indonesia - Sumatera Barat Province in Figures, 2012 to 2019

Nutmeg production in Sumatera Barat is illustrated by the following chart:
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Figure 1. Trend analysis chart for the amount of nutmeg production in
Sumatera Barat, 2011 - 2018

Based on data in Table 1, it can be seen that the recent nutmeg production has
dropped by 1.45 tons compared to 2015. It is common to tell that the nutmeg
productivity, like general plants, strongly correlate with productive land utilization.
Productive land is a fertile land with potentials for agriculture or plantation. BPS data
shows that there are still districts/cities in Sumatera Barat where the difference

between nutmeg production area and the amount of nutmeg production is not yet ideal.

Among 12 districts and 7 cities in Sumatera Barat, only 11 of them are known
as nutmeg production areas, according to BPS in their main publication “West Sumatra

Province in Figures” (2019: 476). Other areas do not produce nutmeg due to climatic



and soil conditions that are not suitable for growing nutmeg. Table 2 shows the data
of productive land, production and productivity of nutmeg plantation in eleven
district/cities in Sumatera Barat from 2011 to 2018.

Table 2. Average productive area, production amount and productivity of
nutmeg plantation in districts and municipalities in Sumatera Barat,

2011 -2018
No District/municipality Productive | Production Productivity
area (Ha) (Tonnes) (Kg/Ha)
1 Kepulauan Mentawai reg. 731.1 412.0 563.5
2 Pesisir Selatan reg. 558.3 241.8 433.1
3 Solok reg. 47.8 21.0 438.1
4 Tanah Datar reg. 61.0 38.3 628.7
5 Padang Pariaman reg. 267.5 131.7 492.2
6 Agam reg. 620.5 339.3 546.7
7 Pasaman Barat reg. 8.3 4.2 5144
8 Padang mun. 104.2 40.7 390.3
9 Solok mun. 4.9 3.1 621.3
10 Sawahlunto mun. 15.1 7.0 464.2
11 Pariaman mun. 10.0 7.5 754.1

Source: Statistics Indonesia - Sumatera Barat Province in Figures, 2012 to 2019

The average world nutmeg productivity reaches 451 kg/hectare, meanwhile the
productivity of nutmeg in Indonesia is far below the world average, around 98.9
kg/hectare. Surprisingly, the productivity of nutmeg in Grenada, the second largest
nutmeg producing country after Indonesia, reaches 275.4 kg/hectare (ILO-PCdP2
UNDP). Therefore, the core issue of nutmeg plantation in Indonesia lies on the
productivity, since Indonesia is endowed with large plantation area but cannot utilize
it the best way. The declining of nutmeg production in Sumatera Barat in the last three
years should have become the reflection of the issue itself and it is important to find
out how large the nutmeg production may fall within some years in the future.
Necessarily, a forecasting aimed at estimating the amount of nutmeg production in
Sumatera Barat in the future can be performed to predict what is going to happen and
help getting ready the government and farmers to address the problem. The forecasting
followed by a profile analysis method providing a quantitative comparison between
the productive land area and the amount of nutmeg production are expected to help

identifying the areas to be developed and increased in their productivity again.

In this context, forecasting is used as a statistical method for predicting the

amount of nutmeg production based on past data. According to Makridakis (1999),



forecasting is an activity to predict what will happen in the future. Generally,
forecasting technique is divided into two, namely qualitative forecasting and
quantitative forecasting. Qualitative forecasting is based on the thoughts, estimates
and experiences of a number of specially trained people, while quantitative forecasting

is based on past quantitative data.

According to Makridakis (1999), quantitative forecasting requirements can
only be used if three conditions as follows are fulfilled: a) Availability of information
about past circumstances, b) Such information can be quantified as numerical data, c¢)

It can be assumed that the past pattern will hold in the future.

Specifically, quantitative forecasting consists of two, namely the time series
and causal methods. In the time series method, by knowing the time series pattern of
past data, extrapolation can be carried out to predict future conditions. The time series
method consists of several methods such as the Smoothing Method, the Box Jenkins
Method, and the Decomposition Method (Makridakis, 1999: 8). On another side, the
causal method assumes a causal relationship between one or more independent

variables.

Data on the amount of nutmeg production in Sumatera Barat from 2011 to
2018 has shown as fluctuating and is trendy. In this regard, the suitable forecasting
technique for the data that contains trends is the exponential smoothing method
(Arsyad, 1999: 52). The exponential smoothing method shows a parameter weighting

decreases exponentially the longer values are observed.

The exponential smoothing consists of single, double, and triple exponential
smoothing methods. The exponential smoothing method has several types including
Brown's one-parameter double exponential smoothing method and Holt's two-
parameter double exponential smoothing method and Brown's one-parameter triple
exponential smoothing method and three Winter’s parameters. The single exponential
smoothing method is only used for stationary time series. The double exponential
smoothing method is used for non-stationary time series which forms a linear trend
pattern, while the triple exponential smoothing method is used for quadratic trend time

series.

The decrease in the amount of nutmeg production makes the data pattern not

linear but rather forms a quadratic pattern. The suitable forecasting method for data



with quadratic trend patterns is the Triple Exponential Smoothing Method. The
advantage of this method is that it reduces excessive fluctuation in the time series data
and this method has a constant smoothing factor (a) which functions as an adjustment

for time series fluctuations.

The next step after forecasting is profile analysis, which is one of Multiple
Variable Variance Analysis techniques. This analysis relates to a situation where a set
of p treatments given to two or more groups, then the responses that occur are observed
based on the profiles formed from each group. In this analysis it is assumed that the
responses of the groups are independent, but all responses must be stated in the same

unit so that they can be compared or added up (Agustia et al, 2013: 368).

To find out an estimate of the similarity of the profiles, both the profiles
between treatments and between groups stated by the parallels, it can be seen from the
plot graph between the mean value of each treatment for each group (population). To
find out how much the meaning of parallels (similarity) from the population,
hypothesis tests are needed related to this are needed (Mattjik and Sumertajaya, 2011:
101). The parallels of a population is defined as the same difference in the average of
each variable in the first population and the mean of each variable in the second

population.

Profile analysis can be used to picture difference between two or more
populations where each population is given p treatment (variables) with some tests
performed. The population used in this study is the ideal amount of production from
the area of production land and the amount of nutmeg production in Sumatera Barat
Province. While the areas that produce nutmeg consist of districts: Kepulauan
Mentawai, Pesisir Selatan, Solok, Tanah Datar, Padang Pariaman, Agam, and

Pasaman Barat, as well as for cities: Padang, Solok, Sawahlunto, and Pariaman.

Based on the description above, this research shall perform two steps analysis
namely forecasting on nutmeg production using exponential smoothing and reviewing
nutmeg production with profile analysis. The latter is aimed to look the similarity in
the average ideal amount of production from the area of production land and the
amount of nutmeg production in Sumatera Barat. Therefore, this research is entitled
with "Overview of Nutmeg Production in Sumatera Barat Based on Productive Land

Using Exponential Smoothing and Followed by Profile Analysis"



B. Statement of research problem

The research problem is stated as how to forecast nutmeg production in

Sumatera barat based on land productivity.
C. Research scope

To mitigate the extensification of researched topic, this research is bounded to

some extents as follows:

1. The data used to generate the situation of the past as the basis of forecasting is
sourced from data on nutmeg production from 2011 to 2018 provided by BPS
of Sumatera Barat Province

2. The data used for profile analysis is sourced from the data on nutmeg
productive land and production amount in 11 nutmeg producing districts/cities

in Sumatera Barat.
D. Research questions
The research questions are stated as follows:

1. How is the forecasting results on nutmeg production in Sumatera Barat?
2. Is the productive land available in districts and cities in Sumatera Barat has

been utilized in order to increase nutmeg production in Sumatera Barat?
E. Research goals
This research is carried out to aim at the following goals:

1. To forecast the nutmeg production in Sumatera Barat from 2019 to 2023
2. To identify districts and cities in Sumatera Barat that have utilized productive

land to increase nutmeg production
F. Research benefits
This research is expected to give the following benefits:

1. As a broader insight and practice on theoretical subjects obtained during the
undergraduate study.

2. As an input for local government especially the Estate Plantation Agency of
Sumatera Barat to arrange the policies for improving the nutmeg agricultural

system in the future



3. As areference for oncoming researches that possibly have similarities in topic

or methodology



CHAPTER II
THEORITICAL FRAMEWORK

A. Nutmeg plant

The nutmeg plant (Myristica Fragrans Houtt) is an Indonesian native fruit
plant with tall tree originating from Banda and Maluku (Rijal, 2017: 13). Nutmeg is
one of the most important spice plants because it produces two valuable products,
namely the nutmeg itself and the mace covering the seeds. It is used for essential oil,

spices, medicinal ingredients, food and beverage preservative (Hamad, 2013).

General characteristics of this plant include medium trunk with a height of up
to 18 meters, oval leaves that are always green throughout the year, round fruit with
yellow skin when old, white flesh, which is a typical confectionery known in Bogor.
A thin, rather hard skin, brownish black wrapped in a red mace, and the contents of
the seeds are white, when dried it becomes dark brown with a distinctive aroma similar

to cloves (Sayidin, 2009).

Nutmeg is a plant from the Myristicaceae family. Nutmeg grows ideally in
areas with an altitude of 500-700 meters above sea level. Growing in area with altitude
above 700 m can cause its productivity to be low. Nutmeg also needs a hot climate
with high rainfall and does not change much throughout the year, ambient air
temperature 20-30 C while the rainfall is regularly divided throughout the year.
Nutmeg is a type of plant that can withstand the dry season for several months (Rijal,

2017: 17).

According to Rijal (2017), nutmeg need loose and fertile soil and preferably
the volcanic soil that has good water drainage. Nutmeg grows well in soil textured
from sand to clay with a high organic material content. Soil pH suitable for nutmeg is
around 5.5-6.5. This plant is sensitive to water disturbances, so this plant must have a

good drainage channel (Rijal, 2017: 17).

According to Nugroho (2019), nutmeg may give several benefits to body

health which makes it everybody’s favourite, some of them are:

1. The essential oil contained in nutmeg is effective to alleviate cold syndromes
and warm up the body

2. The lipase enzyme contained in nutmeg is believed to increase appetite.



3. Water boiled with nutmeg helps improve sleeping quality if consumed

4. Saponin substances reduces the syndromes of high stomach acid reflux

5. Meristin substances is believed to maintain brain health, reduced nerve damage
and degradation as found in Alzheimer, Parkinson and dementia.

6. Toxins detoxification in human body

7. Metanol substances prevent the growth of leukemia cells

8. Scolopetin substances stops skin inflammation and help restore skin from scar
and ward traces

9. Normalizes blood pressure and increases immunity

According to Suryadi (2017), the implementation efficient of agriculture
technology is an indicator of success in increasing nutmeg productivity and market
competitiveness. The efficiency of agricultural technology is determined by the

following factors:

1. The use of superior cutting plant part

2. Ideal planting distance to support the plant to grow with optimum amount of
plant per area unit

3. Implementing efficient fertilization recommendation

4. Rehabilitating nutmeg plants with low productivity
B. Nutmeg production in Indonesia

Indonesia supplies about 60% of the world's total nutmeg market each year.
The main producing areas for nutmeg in Indonesia are Kepulauan Maluku, Sulawesi
Utara, Sumatera Barat, Nanggroe Aceh Darussalam, Jawa Barat and Papua.
Indonesian nutmeg production in 2018, based on data from the Directorate General of
Plantation, is 36,242 tons, with producing areas including Maluku Utara with a
production of 8,325 tons, Aceh with a production of 6,273 tons, Maluku 5,774 tons,
Papua Barat 5,675 tons, Sulawesi Utara 5,201 tons, Jawa Barat 1,319 tons, and
Sumatera Barat 1,015 tons (Febrinastri and Hapsari: 2019). Nutmeg is known as a
spice plant that has economic and multipurpose value because every part of the plant

can be used in various industries (Rijal, 2017: 1).

Nutmeg is grown almost everywhere nationally, but currently the largest
producer of nutmeg is still dominated by several provinces. This should become

national main concern while Indonesia has numerous agricultural experts and
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scientists, yet the farmers still have to learn to cultivate their lands due to low
technology adoption (Khaira Ir Djailani, 2018). This situation causes nutmeg
plantations becomes not optimal whereas currently demand for nutmeg has been rising

in positive trend globally.
C. Forecasting methods

Forecasting is a method to predict what is going to happen in the future based

on past data. This method is categorized into two:

1. Qualitative forecasting, is based on qualitative past data. This method could be
explorative or normative.
2. Quantitative forecasting
Defined as forecasting method based on quantitative past data. The best
forecasting method is based on criterion the least difference between
forecasted value and actual value (minimum deviation). According to
Makridakis (1999:8), quantitative forecasting method can perform with three
conditions met: the availability of past circumstances; such circumstances is
able to be quantified as numerical data; and the pattern happening in the past
is assumed to hold in the future.
There are two commonly known quantitative methods in forecasting:
a. Causal method (using regression)
The causal method is a forecasting method that assumes a causal
relationship between one or more independent variables. The purpose of
this model is to find a form of variables relationship and use it to predict
the future value of the independent variable
b. Time series method
The time series method is a method of forecasting that estimates future
conditions based on past data. By knowing the pattern of past data series,
extrapolation is carried out to predict future conditions (Makridakis, 1999:
9). According to Makridakis (1999: 9), an important step in choosing an
appropriate time series method is to consider the type of data pattern. Data
patterns can be divided into four, namely:
1) Horizontal pattern (H), the data value fluctuates around a constant

average value. Such a sequence is "stationary" to its average value.
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Figure a below shows a typical pattern of horizontal or stationary data
patterns.

2) Seasonal Pattern (S), a change pattern that repeats itself automatically
from year to year. ARIMA Method and Winter Method. The data
pattern can be seen in Figure b.

3) Cyclical pattern (C), the data is influenced by long-term fluctuations.
This type of pattern can be seen in Figure c.

4) Trend pattern (T), there is a long-term secular increase or decrease in
the data. This forecasting method used for trend-patterned data is the
Linear Regression method and the Exponential Smoothing Method.

Figure d shows one of the trend patterns.

A
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Figure 2. Type of data patterns
D. Exponential smoothing methods
The exponential smoothing method consists of single, double, and triple

smoothing levels. All of them have the same properties, the newer values are given a

relatively greater weight than the older observed values (Makridakis, 1999:101.
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1. Single Exponential Smoothing Method
The single exponential smoothing method is used for stationary time series. A
stationary time series occurs when the data values fluctuate around a constant

mean value. Single exponential smoothing can be written in the following

equation:
Fro1 = F (%_Yt;,N> (1)
where:
F; : forecasted value or data at time t
Y: : actual value or data at time t
N : amount of value or data

(Makridakis, 1999: 79)

If the old observation Y;_p is not available then the slot has to be replaced by
the approximate value. One possible substitute is the predicted value for the

previous period F; in order to obtain the equation:

= (-151)
- (- ()
- (s (- (2)5)

(s (-2

(Makridakis, 1999: 80)

Based on equation (3) above it can be seen that the forecast for the next period
Fy,1 1s based on the weighting of the last observation with a weight value
(1/N) and the weighting of the last previous prediction (F;) with a weight of

1- % Since N is a positive number, 1/N be a constant between 0 (if N is

infinite) and 1 (if N = 1). By replacing 1/N with a, the above equation

becomes:

Fiyp=ale+ (1 - a)F, “4)
Equation (4) is a general form of forecasts using the exponential smoothing

method. This method significantly reduces the problem of data storage,
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because the exponential smoothing method requires only the last observation,

the last forecast, and a value of a. According to Makridakis (1999: 84-85), for

exponential smoothing, MSE must be determined through trial and error. A

value of « is selected, the MSE is calculated in the test group, and then tested

with another a. Then all the MSE is compared to determine the value @ which

gives the minimum MSE.

. Double Exponential Smoothing Method

This method is appropriate if the data shows the nature of a trend or is affected

by trend elements. In this double exponential smoothing method, the

smoothing process is carried out twice, as follows:

Si=aY;+ (1 —a)S{_;
S, =aS{+(1—a)S,_,

by = S; - S£—1
where:
St : single exponential smoothing value
S, : double exponential smoothing value
a : smoothing constant
b, : t-period double exponential smoothing trend

The following equation:

(1—-a)S,_y =S¢ — as;

’ 1 . a
St—1:1_a5t_1_a5t
yields:
b= S~ (2=~ s
l1-«a l1—«a

(1-a)S; — S; + aS;

- l1—«a
—a$S, + a$;

=—0

= (s5t-5)

11—«

)
(6)
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According to Makridakis (1999: 88), the equation used in forecasting the next
period using the double exponential smoothing method is shown by the
following equation:

Ft+m = at + btm

where:
a. =S{+(S{—S;) (7)
a , " 8
btzl_a(St—St) ®)
and:

Fiim : forecast for the next production

a : smoothing constant

a; : adjusted value for period t

b, : double smoothing trend

m : number of forecasted oncoming periods

(Makridakis, 1999: 88)

When t = 1, the values S/_; and S,_, are not available so the equations (5)
and (6) is not usable. Therefore, by setting S; and S{ equal to Y; or by using the

first value as the initial value, equations (5) and (6) is now usable.

. Brown-type Triple Exponential Smoothing Method

This method is the method proposed by Brown. By using quadratic equations,
this method is more suitable to forecast values that fluctuate or following tidal
wave. In the triple exponential smoothing method, the smoothing process is

carried out three times, as follows:

S{ = aY; + (1 — a)S;_, (first smoothing) 9)
S{' = aS{ + (1 — a)S{_, (second smoothing) (10)
Si" = aS{' + (1 — a)S;”; (third smoothing) (11)

(Makridakis, 1999: 94)

nr

For the first time t (year for example), the values S;, S{’, and S{"" cannot be
determined using equation (9), (10) and (11), so the values are determined

independently, usually using actual value occurred in the first year. Equations
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(9), (10), (11) are used to determine a;, b;, and c¢; so that the forecasting

function is formed using:

1
Ft+m = at + btm + Ectmz (12)
where:
a, = 35{ — 3S;’ + §{" (average value) (13)
be = 5 gz (6 — 508! = (10 = B)SY" + (4 = 30)S{"] .
(double smoothing trend)
— az (SI 25” + SIII
NI, Pl et (13)
(triple smoothing trend)
and:

Fiim : forecast for the next production

S{ : first exponential smoothing value

A\Yd : second exponential smoothing value
S{'"" :third exponential smoothing value

a : smoothing constant

a; : adjusted average value for period t

b, : double smoothing trend

Ct : triple smoothing trend

m : number of forecasted oncoming periods

(Makridakis, 1999: 94)
E. Trend Analysis

Trend analysis is an approach which is basically uses a line resulted by a
regression of a time variable as explanatory or independent variable. Trend analysis is
used to estimate the trend model of a time series data. There are several models of
trend analysis, namely linear models and quadratic models. The linear model is
associated with a trend data pattern in the form of a straight line. Meanwhile, the
quadratic model associates with curved trend data pattern. According to Santoso
(2009: 227), the best trend model is the trend model with the highest measurement

accuracy or the model with the lowest error rate.
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F. Measures of Model Accuracy

To measure the suitability of a particular forecasting method for the data set
used a measure of model accuracy. Measures of the accuracy of the forecasting model
include MAPE (Mean Absolute Percentage Error), MAD (Mean Absolute Deviation)
and MSE (Mean Square Error). To determine the appropriate forecasting model
among existing models, the criteria for the accuracy of the model according to

Makridakis are used, namely:

1. MAPE (Mean Absolute Percentage Error)
MAPE is a measure of model accuracy which is based on absolute error values.

MAPE can be written as:

o
L [B

MAPE = x 100

(Arsyad, 1999: 59)

MAPE is very effective for calculating the difference between the original data
and the forecasted data. The absolute value of the difference is then calculated
as a percentage of the original data. The percentage result is then obtained the
mean value. According to Zainun and Majid (2003: 5), a model has very good
performance if the MAPE value is below 10%, and has good performance if

the MAPE value is between 10% and 20%.

2. MAD (Mean Absolute Deviation)
MAD is a measure of model precision based on the mean absolute deviation.

MAD can be written as:

MAD = E=lil (Arsyad, 1999: 58)

The ideal AD is zero (= 0), which means there are no forecast errors. Because
MAD is the absolute value of the sum of the errors, it may increase the number
and average size of the errors specified. However, large amount of data
(thousands), MAD usage is not appropriate because the resulting error value

can be very large.

3. MSE (Mean Square Error)
MSE (Mean Square Error) is a measure of model accuracy based on the mean

value of the squared error. MSE can be written as:
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i (Y — F)?

MSE = N
where:
Y; : actual data for period ¢t
F; : forecast for period ¢
N : number of observations

(Arsyad, 1999: 58)
In Minitab software, MSE is also called MSD since both is defined by the same

n _5.)2
formula: MSD = w where y, denotes actual value and y, denotes

forecast value. MSE and MAPE measures are based on forecast error e, =
Y, — F;. The error basis for each measure is quadratic error, (Y, — F,)?, for
MSE and absolute error, |Y; — F;|, for MAPE. The MSE measures follow a
procedure called the least squares method. The Least Squares method chooses
an estimate that makes the sum of the squares of the vertical distance from the
observation points to the estimate as small as possible. Mathematically, MSE
and MAPE produce positive values. If MSE increases, MAPE also increases,
and vice versa. Therefore, to measure the accuracy of the model, only one
measure is used and MSE is more preferable since a model that produces the
minimum MSE should become the best forecasting model (Makridakis, 1999:
60).

G. Matrix

Data on productive land area and the amount of nutmeg production in Sumatera

Barat can be arranged in a form of matrix.

Definition 1: An n X p matrix is numbers arranged in n rows and p columns

represented by:

A=(a;), i=12,..,m j=12,..,p

a1 Qg A1p
a a e az

A= :21 ?2 :p (Suryanto, 1988:19)
An1 QApz - Qnp

A n X p matrix may represent a subject group with n amount of population affected

by p treatments.
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Definition 2: Square matrix is a matrix that consists of equal number of rows and
columns, expressed as A,,xn, Wwhere m = n, and thus can be denoted by A, x, =

(a- ) . A matrix of order n X n is also called a square matrix of order n (Suryanto,
Y/nxn

1988: 21).

In the matrix operation performed later, a square matrix will be resulted. The size of

the matrix depends on the number of variables used.
Definition 3: Inverse matrix

If A is a square matrix, and if exists a matrix B such that AB = BA = I, then A is said

to be invertible and B is called the inverse of A, denoted by A~! (Anton, 2004: 46).
AA™'=TandA"1A =1

The inverse of a matrix only exists for a square matrix with non zero determinant value

(Suryanto, 1988: 42).
Definition 4: Transpose matrix

If A is any m X n matrix, then the transpose of A is represented by A' and defined by
the n X m matrix with its first column is the first row of A, its second column is the
second row of the matrix A, and likewise, its third column is the third row of A4, and
so forth (Anton, 2004: 36). Transpose matrix is used in solving profile analysis
problems. At the test stage of the analysis, the transpose profile of the matrix A is

denoted by A’.
H. Matrix of Variance — Covariance

In the forthcoming profile analysis, there are p variables, Xi,X, ..., X,

represented by a vector of p X 1. In this study, there are 11 variables used representing

nutmeg producing districts and cities in Sumatera Barat.

According to Jhonson (2002: 70) the expected value of each member of X is a

vector of the mean, namely:

E(X,) Hq

E(X,) U2

E(x,)] L

E(X) =
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and the variance and covariance matrices:

T=EX-wX -

X, - 111)2 Xy —u) Xy — ) X, - n“l)(Xp - :up)
_E (X — p2) (X1 — 1) Xz — 1p)? e (X — /lz)(Xp - up)
H : ‘. . 5
(Xp - Hp)(X1 — Uq) (Xp - Hp)(Xz — Uz) (Xp - ,up)
E(X, _111)2 E(Xy —u)Xy—pp) E(Xy _“1)(Xp —,up)
_ E(Xy — p2) (X1 — 1) E(X; — p2)? - E(X, _.U'Z)(Xp —up)
: : : ,
E(Xp — up) (X1 — 1) E(Xp — 1) (X — 1) o E(X,— )
(011 012 " O1p
021 022 7t Ozp
(01 Onp - Onp
I. Mean Vector and Covariance of Two Populations

According to Johnson (2002: 283), if X;4, X412, ..., X1, are n; random sample

with size of the first population with a vector of means X; = niZ;.l;le j then the
1

covariance matrix for these samples is:

nq
1 _ — 7
ny — =
Xll nq
s _|X > .
Xl == ;lz ) Xll == Z Xll] , L= 1,2, ...,p (18)
X1y =1

If X51, X232, .., Xon, are n, sized random samples of the second population with

= 1 n . . .
mean vectors X, = n—Z jil X3, then the covariance matrix for these samples is
2

nz
1 _ — !
S1=——7 Z(ij — X2) (X2 — X2) (19)
n, =
)321 nz
_ X > i
X2 = 22 ) XZi = ZXZijrl = 1p2r o P (20)
Ko =

To estimate joint covariance of both random samples:
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ni
1 ol — !
= -1+ Mm,—-1) Z(le - Xl)(le N Xl)
]:
nz
) (Ko = X5) (X = %)
=1
o Tl — R0 - B+ 502 Oy~ ) (y — )
P nl + le - 2
S = ny — 1 S n, — 1 S .
P n,+n,—2 1-I_nl+nz—22 (21)

J. Profile Analysis

Profile analysis is performed when the p series of treatments or variables are
separated into two or more groups (populations). All responses must be arranged in
the same unit, where all responses for different groups are exclusively independent.
The purpose of profile analysis is to determine if each of these populations has an
equal or different mean. In this study the group (population) used is represented by the
ideal amount of production by considering the area of productive land and the amount

of nutmeg production.

If population 1 and 2 are given p treatments on n,; and n, samples, then the

following two mean vectors respectively resulted: x; = [9311’9712: ...,Jflp] and x; =

[)E21, X322, ) fzp]. Therefore, the profile of each population is a graphic generated by

the pairs of points (1, X11), (2, X12), ..., (p, flp) and (1,X,7), (2,%22), .-, (p, fzp).

In the profile analysis the multivariate normal assumptions must be fulfilled.
One of these assumptions is the normality of distribution data so that the data can be
processed further. The multivariate normality test can be performed using the
Kolmogrov-Smirnov test. The normality test hypothesis is:

H, : data is normally distributed

H, : data is not normally distributed
H, is rejected if p-value is lower than significance level (), means that the data is not
normally distributed.

If the data is not normally distributed, the next step taken is using the Levy’s

centre limit theorem that explains the sample distribution of means tends to form
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normal distribution if the sample size is fairly large (Dwinata, 2016: 24). To test the
similarity of the profiles of two populations, one can use the parallels test, coincidence
test and level similarity test in order to draw conclusions from the profiles of the two

populations whether both are the same or different.

1. Parallels test
Parallels test is used to determine whether the profiles of the two populations
are similar or not. The profile is said to be similar if the average difference of
each treatment in the first population and the average of each treatment in the
second population is equal (Kusumastuti, 2007). In addition, parallel profiles
are represented by non existing interaction between the two populations with

p treatment (Mattjik and Sumertajaya, 2011: 102).

Let py = [p11, a2, ...,,ulp] and py = [Uz1, oz, ...,uzp] are mean vectors of
respectively first and second population, then the hypothesis of parallels test is

stated as follows:

H11 — U12 Uz1 — U22
Uiz — U1z Uz — U23
Hy: : = :
Hi(p-1) — U1p Uz(p-1) — H2p 22)
H11 — U2 Uz1 — U2
H,: U1z : U13 " U2z : Uz3
Hip-1) — U1p Uz(p-1) — H2p

with p is the number of the variables being observed. Equation (22) can also
be stated as follows:
Hyy :Cuy = Cuy
Hyy  :Cuy # Cuy
with C is a contrast matrix such that Equation (22) is resulted. Matrix C is
defined as
0 0
O ) 0 :0 (Mamankey, 2011)

00 00 .. -1 1
The test this parallelism hypothesis uses the Hotelling T? statistic formulated
as follows:

T2 = (%, — X,)'C’ [(1 + l) csc']_1 CR,—%)>ct  (23)
ng Ny

where
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2 _(+n—-2)(p—-1)
Tl1+n2—p

Fp—l,n1+n2—p (a)

and S to be the covariance matrix of the variables. H, is rejected if T2 > ¢?
while the value of ¢? depends on the statistic of F in the distribution table
(Mattjik and Sumertajaya, 2011:104).

An overview of the parallel profile of the two populations is illustrated by the

chart below:

/ \ X
S \ ' Populasi |
\
\
' Populasi 2

— »

Figure 3. Two parallel profiles

Based on Figure 3, it can be seen that the first population and the second
population are parallel, because the difference between each treatment is equal.
In other words, the difference between the first treatment in the first population
and the first treatment in the second population and between the second
treatment in the first population and the second treatment in the second
population is equal and always be equal until all treatments are given to both
populations.
Coincidence test
If the parallel test is fulfilled, then the test is continued to coincidence test. The
test is used to find out if the means of both populations are almost similar or
exactly equal. According to Mamangkey (2011), profiles are said to be
coinciding if the sum of uy; = py, = -+ = py, = 1'py and the sum of py; =
Uz = *++ = Up = 1’y are equal, then the hypothesis of the coincidence test
is:

Ho: 1'py = 1,

Hy:1'py #=1'u,

The statistic used for this test is the Hoteling T2 formulated as follows:
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-1

T2 =1'(X, — X,) [(nl + i) 151'] 1'(X, — X,)

1 N2
oo\ (24)
[ VEi-Xy)
1 .1 ,
\/ (n—1 + n—z) 151
o
t1211+n2+2 (E) = Fl,n1+n2—2(a)
. . . 2 2 a
Hy is rejected if T< > t5 4n) 42 (E) (Johnson, 2002:319).

If Hy, is accepted, then the profiles of both populations are said to be similar

or identical. Figure 4 below may illustrate two coincident profiles:

Populasi |1 = Populasi 2

| | | | |

\j

1 2 3 R} 5

Figure 4. Two coincident profiles

Level test
If coincidence test is passed, then a level test shall be carried out to tell if each
treatment on population results in equal mean, expressed as py = U, = -+ =

Up. The hypothesis to test is:

H03 . Cl,l = 0
Hiz; :Cu#0
Joint mean u of puy and u, is formulated as follows:
XX+ X Xy n _ n _
,U=X= Jj=11J Jj=1 J= 1 X1+ 1 Xz (25)
ny +n, (ny +ny) (ny +ny)

Statistic used for testing this hypothesis is T2 formulated as follows:
T? = (ny +ny)X'C'[CSC'7ICX > 2 (26)

_ (ny+ny-1)(p-1)
ni+n,—p+1

with ¢? p—l,n1+n2—p+1(a)
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Hs is rejected if T? > ¢?

(Mattjik dan Sumertajaya, 2011:106)
If Hys is accepted, then it means that all treatments results in equal mean for
each population. If the profile is level, both populations are represented by

parallel lines as illustrated below in Figure 5:

R— == pn]rll]dsl |

-

= Populasi 2

Variabel vang di uji

Figure 5. Two level profiles

The relationship between the parallel test, coincidence test and level test is

concluded as follow:

1. Parallel test
a. If the parallel test is rejected then the profiles will not either coincide or
be level.
b. If the parallel test is accepted, the profiles coincidence and parity need to
be tested (undecided).
2. Coincidence test
If the coincidence test is accepted then the profiles are parallel, but not
necessarily level.
3. Level test
If level test is accepted then the profiles are parallel, but not necessarily

coincide.
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CHAPTER III
RESEARCH METHODOLOGY

A. Type of research

This research is categorized as an applied research, starting with the analysis
of relevant theories and continues with data processing and its application in daily

practices.
B. Types and Sources of Data

The type of data used in this study is secondary data on the amount of
production and the area of productive land for nutmeg in Sumatera Barat from 2011
to 2018. Secondary data is data obtained or collected from sources that have processed
and provided data for distribution. The data source is obtained from the publication
entitled “Sumatera Barat Province in Figures” from 2012 to 2019 published by BPS

(Statistics Indonesia).
C. Object of Research

The research object are the amount of production and the productive land area

of the nutmeg commodity in several districts and cities in Sumatera Barat as follows:

X4 : Kepulauan Mentawai Regency X5 : Pasaman Barat Regency
X, : Pesisir Selatan Regency Xg : Padang Municipality

X5 : Solok Regency X, : Solok Municipality

X, : Tanah Datar Regency X10 :Sawahlunto Municipality
Xs : Padang Pariaman Regency X171  :Pariaman Municipality

X6 : Agam Regency

D. Data analysis technique
The steps and techniques used in this research include:

1. Collecting production data and productive land area of nutmeg in Sumatera
Barat by districts and cities and then performing forecasting process continued
with profile analysis

2. Plotting the data on the amount of nutmeg production in Sumatera Barat using

Minitab™,
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11.

12.

13.

14.

15.

16.

17.

18.
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Testing the trend analysis based on the generated data plots to determine if the
methods used are appropriate with the generated data pattern. The behaviour
of the data pattern is characterized by the smallest MAPE, MAD, and MSE or
MSD values.

Determining the parameter value a to be used in forecasting by ‘trial and error’
method by using Microsoft Excel 2013™,

Performing Brown-type single smoothing value using Eq. 9, double smoothing
value using Eq.10, and triple smoothing value using Eq.11.

Calculating mean values corresponding to t using Eq. 13.

Finding the value of the double smoothing trend using Eq. 14 and the value of
the triple smoothing trend using Eq. 15.

Calculating the forecast of the amount of nutmeg production in Sumatera Barat
using Eq. 12.

Testing the model accuracy obtained based on MSE

Calculating the forecasts of the amount of nutmeg production in Sumatera
Barat for the oncoming years by using the model obtained.

Performing the profile analysis by first conducting a normality test of data on
productive land area and the amount of nutmeg production. This is carried out
by using SPSS ™ and Matlab ™.

Generating population data matrices, namely the X; and X,.

Generating a graph describing the relationship between variables for each
population.

Generating covariance matrices S; and S, by using Eq. 17 and Eq. 19.
Testing if the ideal production amount from the area of production land and
the amount of nutmeg production is similar/identical by using the parallel test
(Eq. 23)

Testing if the ideal production amount from the area of production land and
the amount of nutmeg production is exactly equal using the coincidence test
(Eq. 24)

Testing if each variable of the ideal production amount of the area of
production land and the amount of production of nutmeg has equal mean by
using the level test (Eq. 26).

Interpreting the analysis results.
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In this study, data processing is performed with usage of Microsoft Excel 2013 ™,

SPSS ™ and Matlab ™ softwares.
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CHAPTER 1V
RESULTS AND DISCUSSION
A. Main Results
1. Descriptive analysis

Table 1 shows the nutmeg production in Sumatera Barat from 2011 to 2018.
The figures are total amount production that includes following regencies and cities:
Kep. Mentawai, Pesisir Selatan, Solok, Tanah Datar, Padang Pariaman, Agam, West

Pasaman, Padang, Solok, Sawahlunto, and Pariaman.

Table 1. Amount of nutmeg production in Sumatera Barat, 2011 — 2018

No Year Nutmeg production (tonnes)
1 2011 1172
2 2012 1224
3 2013 1332
4 2014 1388
5 2015 1450.19
6 2016 1068.86
7 2017 998,7
8 2018 1378.3

Source: Statistics Indonesia — Sumatera Barat Province in Figures, 2012 to 2019

Based on the data in Table 1, it can be seen that the lowest amount of nutmeg
production was recorded in 2017 as of 998.7 tons, while the highest recorded in 2015
as of 1,450.19 tons. The average amount of nutmeg production within latest 8 years is

calculated of:

1Y, _ 10012,05
N 8

X = = 1251,51 tonnes
The amount of nutmeg production in Sumatera Barat from 2011 to 2018 is not
located close to average value therefore the data is said to be not stationary. In the last

three years the amount of nutmeg production seems to decrease as shown in the

following figure:
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Time Series Plot of Produksi Pala (Ton)
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Figure 6. Amount of nutmeg production in Sumatera Barat, 2011 — 2018

Based on Figure 6, it can be seen that the amount of nutmeg production in
Sumatera Barat from 2011 to 2018 has fluctuated throughout the years, spotted some
decreases in 2016 and 2017. The amount of nutmeg production in Sumatera Barat in
2018 was increased, associated to some increases in the planted area, production and
export of nutmeg.

Table 3. Amount of ideal and actual nutmeg production in districts and
municipalities in Sumatera Barat, 2011 -2018

No District/municipality Ideal production Production
Area (Ha) (Tonnes)
1 | Kepulauan Mentawai reg. 5849 3296
2 | Pesisir Selatan reg. 4466 1934.2
3 Solok reg. 382.75 167.7
4 | Tanah Datar reg. 487.8 306.7
5 | Padang Pariaman reg. 2436 1053.23
6 | Agamreg. 4964 2714.03
7 | Pasaman Barat reg. 66 33.95
8 | Padang mun. 833.5 325.3
9 | Solok mun. 39.5 24.54
10 | Sawahlunto mun. 121 56.17
11 | Pariaman mun. 80 60.33

Source: Statistics Indonesia - Sumatera Barat Province in Figures, 2012 to 2019

Data on the amount of productive land area is obtained from data on the level
of productivity and the amount of nutmeg production. Productivity data will show the
amount of nutmeg production per hectare. If the data on the amount of nutmeg
production is compared with the productivity of the nutmeg plant, the ideal amount of

production will be obtained from the area of the nutmeg production area.
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Table 3 shows that Kepulauan Mentawai Regency has the highest ideal amount
of production from among other districts/cities, as recorded of 5849 hectares, with the
amount of production obtained of 3296 tons. The second highest ideal amount of
production area is Agam Regency, recorded of 4964 hectares with total production of
2714.03 tons. The third largest ideal production area is Pesisir Selatan Regency, as of

4466 hectares, with relatively small amount of production of 1934.2 tons.
2. Forecasting and Profile Analysis

Forecasting analysis of the productive amount of nutmeg in Sumatera Barat
using the Brown Type Triple Exponential Smoothing method is carried out with the

following steps:
a. Create a data plot analysis to determine the behaviour of the data plots.

The first step in conducting forecasting analysis is to plot the data. The plot of
the amount of nutmeg production in Sumatera Barat is illustrated by Figure 2.
The results of the data plot show an increase from 2011 to 2015 and hence the

data pattern is said to be trendy.

b. Test trend analysis using Minitab™ software in order to determine the
appropriate forecasting method to implement. The trend analysis test is carried

out first against a linear trend. The following are the results of the linear trend

in Figure 7.
Trend Analysis Plot for Produksi Pala (Ton)
Linear Trend Model
Yt = 1273 - 4,87655*t
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Figure 7. Linear trend for the amount of nutmeg production in
Sumatera Barat, 2011 - 2018
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Figure 7 shows that the production of nutmeg from 2011 to 2018 did not spread
close to the linear trend line, from 2015 to 2017 the data spread outside the
linear trend line. The MAPE value on the linear trend, as the measure of the
accuracy of the model based on the absolute error value, is 11.4%. MAD value
on the linear trend which states the absolute average value of forecasting errors
to measure the accuracy of the technique used is 138.1. MSD value on the
linear trend which states the measure of the accuracy of the model based on the

mean squared error is 23001.4.

The trend analysis test is continued with the quadratic trend test with the

following analysis results:

Trend Analysis Plot for Produksi Pala (Ton)
Quadratic Trend Model
Yt = 1156 + 66%t - 7,8%t**2

Variable
—&— Actud
—m— Fits

Accuracy Measures
MAPE 10,5
MAD 1263
MSD 21707,5

Produksi Pala (Ton)

2011 2012 2013 2014 2015 2016 2017 2018
Tahun

Figure 8. Quadratic trend for the amount of nutmeg production in
Sumatera Barat, 2011 - 2018

In Figure 8, it can be seen that the MAPE value in the quadratic trend as a
measure of the accuracy of the model based on the absolute error value is
10.5%. MAD value which is based on the absolute average value of the
forecast error to measure the accuracy of the technique used is 126.3. MSD

value based on the mean squared error is 21707.5.

The most appropriate trend analysis is trend analysis which has the smallest
MAPE, MAD, and MSD values. The results of the trend analysis above can
be tabulated in Table 4 as follows:
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Table 4. Measures of trend analysis results for the amount of nutmeg
production (tonnes) in Sumatera Barat, 2011 — 2018

Trend MAPE MAD MSD
Linear 11.4% 138.1 23001.4
Quadratic 10.5% 126.3 21707.5

Based on Table 4, it can be seen that the smallest MAPE, MAD, and MSD
values are in the quadratic trend. Therefore, the data on the amount of nutmeg
production in Sumatera Barat forms a quadratic trend pattern. Thus, the
appropriate forecasting method used to predict the amount of nutmeg

production in Sumatera Barat is the Brown-type Triple Exponential Method.
Calculating the parameter values to be used in the forecast

The value of a for Brown-type triple exponential smoothing ranges from 0 to
1. a is obtained by ‘trial and error’ method in order to get the smallest MSE
value. In this study, the value of a which produced the smallest MSE was

0.125. Complete data is available in Appendix 1.
Calculating the value of the Brown Type first smoothing parameter

The first smoothing value for the Brown type, S/ at the period t = 1 with a of
0.125 is obtained by setting S; = Y; = 1172 (using Eq. 9). Therefore, Brown
type's first exponential smoothing value for Nutmeg production data in

Sumatera Barat for the next period is calculated as follows:

Si=aYy+ (1 —a)S{_;
S;=a¥,+(1—-a)s;
= (0,125 x 1224) + (0,875 x 1172)
= 153 + 1025,5
= 1178,5

This process is repeated for the oncoming periods t and available in Appendix

4.
. Calculating the value of the Brown Type second smoothing parameter

The second smoothing value for the Brown type, S;" at the period t = 1 with

a of 0.125 is obtained by setting S;' = ¥; = 1172 (using Eq. 10). Therefore,
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Brown type's second exponential smoothing value for Nutmeg production data
in Sumatera Barat for the next period is calculated as follows:
Sy =aS;+(1—a)S;
= (0,125 x 1178,5) + (0,875 x 1172)
= 147,313 + 1025,5
= 11782,81

This process is repeated for the oncoming periods t and available in Appendix

5.

. Calculating the value of the Brown Type third smoothing parameter

nr

The third smoothing value for the Brown type, S;" at the period t = 1 with «
of 0.125 is obtained by setting S;"" =Y; = 1172 (using Eq. 11). Therefore,
Brown type's third exponential smoothing value for Nutmeg production data
in Sumatera Barat for the next period is calculated as follows:
S} =aS) +(1—a)s)"”

= (0,125 x 1172,81) + (0,875 x 1172)

= 146,60 + 1025,5

=11782,101

This process is repeated for the oncoming periods t and available in Appendix

6.
. Calculating average values

Average values adjusted for period t is calculated by using Eq. 13 after the
value of the Brown Type first, second and third smoothing parameter have

been obtained.
a, = 35, — 35, + 85"
=3 X 3535,5 -3 x3518,43 + 1172,
=1189,16

This process is repeated for the oncoming periods t and available in Appendix

7.
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h. Finding the double smoothing trend

To find the value of the double exponential smoothing trend with the help of
Microsoft Excel 2013, Eq. 14 is used as follows.

b, = [(6 — 5)S, — (10 — 8a)SY + (4 — 3a)S."]

_*
2(1 — )2
= 0,0816[(5,375)1178,5 — (9)1172,81 + (3,625)1172,1]
= 0,0816(6334,4375 — 10555,29 + 4248,8625)

= 0,0816(28,01)

= 2,2852

This process is repeated for the oncoming periods t and available in Appendix

8.
i.  Finding the triple smoothing trend

To find the value of the triple exponential smoothing trend with the help of
Microsoft Excel 2013, Eq. 15 is used as follows.

aZ
2= g2 52— 257 =S
= 0,0204 [1178,5 — (2 X 1172,81) + 1172,1
= 0,0204 (1178,5 — 2345,62 + 1172,1
= 0,0204 (4,98)

= 0,102

This process is repeated for the oncoming periods t and available in Appendix

9.
j. Obtaining the accurate model by using MSE

By choosing a value of 0.125 gives the smallest MSE of 393191.75 ((see

Appendix 1). Therefore, the following model is appropriate to use:
1
Frym = a; + bym + Ectm2 = 1250,65 + 5,225m + 0,0068m?

Based on the data on the amount of nutmeg production in Sumatera Barat with

a of 0.125, the 8™ forecast value is 1250.65, the 8™ data double and triple
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smoothing trend values are respectively 5.225 and 0.137. Complete results are

available in Appendix 9.
. Forecasting for the amount of nutmeg production for the oncoming years

With the accurate model obtained, the prediction of the amount of nutmeg
production in Sumatera Barat for the year 2019 (which is the 9th period) is

performed as follows:

1
Ft+m = at + btm + ECth

= 1250,65 + 5,225m + 0,0068m?
Fayq = 1250,65 + 5,225 (1) + 0,068 (1)2
= 1250,65 + 5,225 + 0,068
= 1255.95
Fayp = 1250,65 + 5,225 (2) + 0,068 (2)2
= 1250,65 + 10,45 + 0,272
= 1261,38
Fars = 1250,65 + 5,225 (3) + 0,068 (3)2
= 1250,65 + 15,675 + 0,612
= 1266,94
Farq = 1250,65 + 5,225 (4) + 0,068 (4)2
= 1250,65 + 20,9 + 1,088
= 1272,65
Fays = 1250,65 + 5,225 (5) + 0,068 (5)2
= 1250,65 + 26,125 + 1,7
= 12678,49

The forecasting results on the amount of nutmeg production in Sumatera Barat
from 2019 to 2023 using the Brown-type Triple Exponential Smoothing is

shown in the Table 5 as follows:



Table 5. Forecast for the amount
Barat, 2019 — 2023
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of nutmeg production in Sumatera

Amount of

Year Period m production
(tonnes)
2019 9 1 1255.95
2020 10 2 1261.38
2021 11 3 1266.94
2022 12 4 1272.65
2023 13 5 1278.49

Based on Table 5, the amount of nutmeg production in Sumatera Barat from

2019 to 2023 is predicted to drop and lower than those in 2018. The next

analysis to perform is the profile analysis on the data on the area of productive

land and nutmeg production in each district/city in Sumatera Barat.

The next step is to set up data matrices, namely a 8 X 11 sized matrix, X, that

represents the productive land area and a 8 X 11 sized matrix, X,, that measures

nutmeg production. Further details on data are available in Appendix 11. From each

matrix, two mean vectors are generated, denoted by X; and X,, which represent the

average value of each variable observed.

Using Eq. 16, the average value for the first variable (ideal amount of nutmeg

production area):

¢ _ (821+825++648)

11 —

_ (367 4512 + -+ 649)

12 —

8

= 731,125

8

and so forth until the 11" regions. This process is repeated for the second variable. So,

the mean vectors for each variable are written as follows:
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731,17 r 412 7
558,3 241,8
47,8 21
61 38,3
304,5 131,7
X, =1620,5 and X, =1339,3
8,3 4,2
104,2 40,7
4,9 3,1
18,4 7
L 10 L 7,5

The next step is to draw the chart to picture the relationship between X; and X,:

Profil Lahan Produktif dan Produksi Pala

== [_ahan Produktif

== Produksi

Nilai Rataan Kabupaten/Kota

Kabupaten/Kota

Figure 9. Realtionship between regions and their average amount of
productive area and production

Based on Figure 9, it can be seen that the data on productive land area in
general almost match the data on nutmeg production from eleven regions. However,
there are still variables or districts/cities in which the amount of production is lower

than ideal production as found in the first, second, fifth, sixth, and eighth regions.

The next step is to set up the covariance matrices based on the data on the ideal
amount of production and the actual amount of production. The method is to use Eq.
17 and Eq. 19 to obtain the covariance matrix S for the productive land area and the
covariance matrix S, for the amount of production as shown in Appendix 12. After §4

and S, are set up, Eq. 21 is then used to calculate joint covariance matrix Sp, as

formulated as follows:
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_ nl_l S+ le—l S
p_n1+n2_2 1 n1+n2_2 2

given n; = n, = 8. The value of matrices §; and S, is available in Appendix 12. Joint

covariance calculation is performed as follows:

7 7

Spuy = 77 (6524) + 77 (1170) = 3848
7 7

Spip = 77 (—4435) + 7 (21505) = —1142 = Sp,,
7 7

Spis = 77 (244) + 77 (1438) = 194 = 5, |

and so forth. Software helps on calculating joint covariance is very efficient, the

following S, matrix is obtained shortly:

*

1.0e +04

- 0,3848 —0,1142 0,0194 —0,0067 0,0788 0,4656 —0,0133 0,0430 —0,0018 —0,0230 0,0070
-0,1142 0,5999 0,0212 0,0215 0,1403 —0,0043 0,0138 0,0005 0,0074 0,0276 —0,0117
0,0194 0,0212 0,0064 0,0037 0,0136 0,0722 0,0004 0,0081 0,0003 —0,0002 0,0006
-0,0067 0,0215 0,0037 0,0096 —0,0082 0,0399 0,0018 0,0057 0,0005 0,0033 0,0012
0,0788 0,1403 0,0136 —0,0082 0,1455 0,1728 —0,0062 0,0378 0,0026 —0,0036 —0,0017
0,4656 —0,0043 0,0722 0,0399 0,1728 1,4190 —0,0163 0,1862 0,0014 0,0320 0,0236
-0,0133 0,0138 0,0004 0,0018 —0,0062—0,0163 0,0017 —0,0053 0,0001 0,0013 —0,0004
0,0430 0,0005 0,0081 0,0057 0,0378 0,1862 —0,0053 0,0490 0,0012 —0,0017 0,0043
-0,0018 0,0074 0,0003 0,0005 0,0026 0,0014 0,0001 0,0012 0,0002 0,0004 0,0001
-0,0230 0,0276 —0,0002 0,0033 —0,0036 0,0320 0,0013 —0,0017 0,0004 0,0059 -0,0010
0,0070 —0,0117 0,0006 0,0012 —0,0017 0,0236 —0,0004 0,0043 0,0001 —0,0010 0,0015

After joint covariance value has been obtained, the next step is to perform a
profile analysis by testing the similarity of the productive land profile and the amount
of production using the parallel test, coincidence test and level test. In this study, a =

0.05 (or confidence level of 95%) was used.
Parallel Test

Parallel test is used to see whether the profiles of the two populations are

similar or not. The hypothesis of the parallel test is:

Hyy :Cuy = Cuy
Hoy :Cuy # Cup

where C is a (p — 1) X p sized contrast matrix defined as follows:
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—1 1 g @ 9 Q0 0 0 0 0
0o -1 1 M) O sl 0 00 000
0 0 -1 1 00 0 ¢ 0 0 0
0 0 0 -1 10 0 0 000
C= 0 0 00 -1 100000
' 0 0 0 00 -1 10000
0 0 0 00 0 -11000
0 0 000 9 0 =1 1 0 0
0 0O o000 O0OO0OS-1 10
L 0 0 06600000 60 -1 1

The difference between the average productive land area and the amount of production

for each variable is obtained as follows:

731,17 1412 7 319,17
558,3 241,8 316,5
47,8 21 26,9
61 38,3 22,6
304,5 131,7 172,8
X;—X,; =1620,5|—|339,3|=281,2

8,3 4,2 4
104,2 40,7 63,5
49 3,1 1,9
18,4 7 11,4
L 101 L 751 L 25

The Hotelling T? test statistic with value n; = n, = 8 is then calculated using Eq. 23:

_ 1 1 B
TZ = (Xl _Xz)’C, [<_+_> CSC,] C(Xl _Xz)
ng Ny

= 830,6

and the comparison value of:

2 :(nl +n,—2)(p—1)
n,+n,—p

=728

Fp—l,n1+n2—p (0()

where Fy(,(0,05) = 3,64. It is found that T? > c?, therefore Hy, is rejected which
means that the ideal production and the actual production amounts have different
profile. Thus, it can be concluded that the difference between average ideal amount of
production and the average amount of production of nutmeg in Sumatera Barat is
statistically significant. Figure 9 has shown that the difference occurs in regions:
Kepulauan Mentawai Regency, Pesisir Selatan Regency, Padang Pariaman Regency,

Agam Regency, and Padang Municipality
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Based on the calculation, it turns out that the parallel test was rejected.
Therefore, testing similarity of the profile of the ideal and actual amount of production
using coincidence and level tests is no longer necessary. It has been stated in the
relationships between the three tests that if the parallel test is rejected, then the profiles

do not coincide and are not level.

The next step is to perform profile analysis of each region except for the
previous five districts/cities since the test result has shown that there is significant
difference between ideal and actual amount of nutmeg production in those regions.
The period used in this step starts from 2011 to 2018. The result of profile analysis for

six remaining regions is presented as follows:

1. Solok Regency
Based on the data on the ideal and actual amount of nutmeg production as
presented in Appendix 10, a graph of the relationship between both variables
in Solok Regency is displayed in the following Figure 10:

Profil Pala Kabupaten Solok

\ﬂ"»{ff“ﬁa, ) 4 == |_ahan Produktif

/ =@ Produksi

Pala Kabupaten Solok
£2

20112012201320142015201620172018

Angka dari Luas dan Produksi

Tahun

Figure 10. Relationship between nutmeg productive area and the amount
of production in Solok Regency, 2011 — 2018

In Figure 10 it can be seen that the area of productive land in Solok Regency
in several years has almost approached the amount of nutmeg production. After
setting up the relationship chart between the ideal and the actual amount of
nutmeg production for eight periods of year, the following tests is performed
to tell if there is any parallels, coincidence and parity of both profiles for Solok

Regency.
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Parallels test
Hypothesis to test is:
Hop: Cpy = Cpp
Hyy:Cpy # Cptp

with test statistic:

T2 = (%, — X,)'C’ [(1 + i) csc']_1 C(X, - %)

ny n,
= 16,026

and a 7 X 8 sized contrast matrix C with n; = n, = 8. The comparison
value is calculated as follows:

2= (g +n; —2)(p—1)

n+n,—p

where F,g(0,05) = 3,5.

Fp_1n,4m,—p(@) = 42,88

It is found that T? < ¢? therefore H,; is accepted, meaning that the
profiles of ideal and actual amount of nutmeg production in Solok
Regency are similar.
Coincidence test
Hypothesis to test is:

Hop: 1'py = 1'p,

Hip: 'y # 1,
with matrix 1'=[11111111]. Test statistic used is Hoteling
calculated as follows:

_ 1 1 -
T? = 1'(X; — X,) [(— + —) 151’] 1'(X; — X,) = 361,58
n, n

and the comparison value calculated of:
5 a
tny+ny+2 (E) = Fl,n1+n2—2 (a) = F1,4(0;05) =4,6

It is found that T? > t? therefore Hy, is rejected, meaning that the amount
of ideal and actual nutmeg production in Solok Regency are not exactly
equal. However, the both data do not coincide, the agricultural
improvement on nutmeg plantation in this region is almost optimum.

Level test
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Hypothesis to test is:
H03: C‘Ll =0
H13: C‘Ll 0

The Hoteling test statistic is calculated as follows:

T2 = (ny, + n,)X'C'[CSC']T™1CX = 95,97

The value of X is obtained from X = —2—X, + —2—X,, withn, = n, =
ni+n, ni+n,

8.

The comparison value is calculated as follow

2= (ny+n, —D(p—1)

n+n,—p+1 Fp-tny4n,—p+1(@) = 388
1 2

and the value of F; 4(0,05) = 3,29.

It is found that T? > c? therefore H,; is rejected, meaning that there is
difference between the amount of ideal and actual nutmeg production in

Solok Regency in some periods.

2. Tanah Datar Regency
The following Figure 11 displays the relationship between the data on the ideal

and actual amount of nutmeg production in Tanah Datar Regency:

Profil Pala Kabupaten Tanah Datar

N/

P O
e | ahan Produktif

=== Produksi

Luas dan Produksi Pala

Kabupaten Tanah Datar

20112012 2013 2014 2015 2016 2017 2018

Tahun

Figure 11. Relationship between nutmeg productive area and the amount
of production in Tanah Datar Regency, 2011 — 2018

Profile test analysis is to be performed as follows:

a. Parallels test
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Hypothesis to test is:
Ho1: Cpy = Cptp
Hyy:Cpy # Cpp
with test statistic:

o 1 1 o
TZ = (Xl _Xz),C, [<_ +n_> CSC’] C(Xl - Xz)
2

nq

= 33,45

and a 7 X 8 sized contrast matrix C with n; = n, = 8. The comparison
value is calculated as follows:

o2 = (g +n, -2)(p—1)
ng+n,—p

where F; ¢(0,05) = 3,5.

Fp 1 4m,—p(@) = 42,88

It is found that T2 < ¢? therefore Hy, is accepted, meaning that the
profiles of ideal and actual amount of nutmeg production in Tanah Datar
Regency are similar.
Coincidence test
Hypothesis to test is:

Hop: 1y = 1,

Hyp: 'y # 1,

Test statistic used is Hoteling’s calculated as follows:
_ -yl o1 B
T2 = 1,(X1 - Xz) [(_ + _> 151’] 1’(X1 - Xz) = 172,04
n; Ny

and the comparison value calculated of:

a
t7211+n2+2 (E) = Fl,n1+n2—2 (a) = F1,4(0105) = 416

It is found that T? > t? therefore Hy, is rejected, meaning that the amount
of ideal and actual nutmeg production in Tanah Datar Regency are not
exactly equal. However, the both data do not coincide, the agricultural
improvement on nutmeg plantation in this region is almost optimum.
Level test
Hypothesis to test is:

Hyz:Cu=0

Hiz:Cu+0
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The Hoteling test statistic is calculated as follows:
T? = (ny + ny)X'C'[CSC']71CX = 78,55
The comparison value is calculated as follows

2 :(nl +n,—1)(p—1)
n+n,—p+1

Fp—l,n1+n2—p+1(a) = 38,38

and the value of F; 4(0,05) = 3,29.

It is found that T? > c? therefore H,; is rejected, meaning that there is
difference between the amount of ideal and actual nutmeg production in

Tanah Datar Regency in some periods.

. Pasaman Barat Regency

The following Figure 12 displays the relationship between the data on the ideal

and actual amount of nutmeg production in Pasaman Barat Regency:

Profil Pala Kabupaten Pasaman Barat
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Kabupaten Pasaman Barat

2011 2012 2013 2014 2015 2016 2017 2018
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Figure 12. Relationship between nutmeg productive area and the amount
of production in Pasaman Barat Regency, 2011 — 2018

Profile test analysis is to be performed as follows:
a. Parallels test
Hypothesis to test is:
Hop: Cpy = Cpp
Hyy:Cpy # Cptp

with test statistic:
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_ 1 1 B
T2 = (Xl _Xz),C, [<_+_) CSC’] C(Xl _Xz)
n; np

= 23,2
and a 7 X 8 sized contrast matrix C with n; = n, = 8. The comparison
value is calculated as follows:

o2 = (g +n, -2)(p—1)
ng+n,—p

where F,g(0,05) = 3,5.

Fp_1ny+m,—p(@) = 42,88

It is found that T? < ¢? therefore H,; is accepted, meaning that the
profiles of ideal and actual amount of nutmeg production in Pasaman Barat
Regency are similar.
Coincidence test
Hypothesis to test is:

Hop: 1'py = 1,

Hyp: 'y # V',

Test statistic used is Hoteling’s calculated as follows:

_ -/t 1 R
TZ = 1,(X1 - Xz) [<_ + _) 151’] 1’(X1 - Xz) = 30,67
ng Ny

and the comparison value calculated of:

a
t7211+n2+2 (E) = Fl,n1+n2—2 (a) = F1,4(0105) = 416

It is found that T? > t? therefore H,, is rejected, meaning that the amount
of ideal and actual nutmeg production in Pasaman Barat Regency are not
exactly equal. However, the both data do not coincide, the agricultural
improvement on nutmeg plantation in this region is almost optimum.
Level test
Hypothesis to test is:

Hpz:Cu =20

Hi;:Cu+0

The Hoteling test statistic is calculated as follows:
T? = (ny +ny)X'C'[CSC'17ICX = 447,13

The comparison value is calculated as follows
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2= (ny+n, —D(p—-1)

ng+n; —p+1 Fyp1nytn,—p+1(@) = 38,38
1 2

and the value of F; 4(0,05) = 3,29.

It is found that T? > ¢? therefore Hy; is rejected, meaning that there is
difference between the amount of ideal and actual nutmeg production in

Pasaman Barat Regency in some periods.

. Solok Municipality
The following Figure 13 displays the relationship between the data on the ideal

and actual amount of nutmeg production in Solok Municipality:

Profil Pala Kota Solok

roduksi Pala

Kota Solok

Luas dan P

2011 2012 2013 2014 2015 2016 2017 2018

IF'ahun

Figure 13. Relationship between nutmeg productive area and the amount
of production in Solok Municipality, 2011 — 2018

Profile test analysis is to be performed as follows:
a. Parallels test
Hypothesis to test is:
Ho1:Cpy = Cpip
Hyy:Cpy # Cpip
with test statistic:
T2 = (%, — X,)'C’ [(1 + i) c:sc']_1 C(X, - %)
n; np
=1,76
and (X; — X,) is obtained by substracting the ideal to actual amount of

nutmeg production in Solok Municipality. The comparison value is

calculated as follows:
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2 (i +n—-2)(p—1)
n1+n2_p

where F,g(0,05) = 3,5.

It is found that T2 < c¢? therefore Hy, is accepted, meaning that the

Fp_1n,sm,—p(@) = 42,88

profiles of ideal and actual amount of nutmeg production in Solok
Municipality are similar.
Coincidence test
Hypothesis to test is:
Hop: 1'py = 1'p,
Hip: 'y # 1,
Test statistic used is Hoteling’s calculated as follows:

_ 1 1 -t
T2 =1'(X, - X,) [(n— + n—) 151’] 1'(X, — X,) = 56,86
2

1

and the comparison value calculated of:

a
t1211+n2+2 (E) = Fl,n1+n2—2 (a) = F1,4(0;05) = 4,6

It is found that T? > t? therefore H,, is rejected, meaning that the amount
of ideal and actual nutmeg production in Solok Municipality are not
exactly equal. However, the both data do not coincide, the agricultural

improvement on nutmeg plantation in this region is almost optimum.

Level test

Hypothesis to test is:
Hy3:Cpu =0
Hiz:Cu#0

The Hoteling’s test statistic is calculated as follows:
T? = (ny +np)X'C'[CSC']7ICX = 110,24

The comparison value is calculated as follows

o2 = (i +n, —1)(p—1)

F,_ _ = 38,38

and the value of F; 4(0,05) = 3,29.
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It is found that T? > c? therefore H,; is rejected, meaning that there is
difference between the amount of ideal and actual nutmeg production in

Solok Municipality in some periods.

Sawahlunto Municipality
The following Figure 14 displays the relationship between the data on the ideal

and actual amount of nutmeg production in Sawahlunto Municipality:

Profil Pala Kota Sawahlunto
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Figure 14. Relationship between nutmeg productive area and the amount
of production in Sawahlunto Municipality, 2011 — 2018

Profile test analysis is to be performed as follows:
a. Parallels test
Hypothesis to test is:
Hop: Cpy = Ctp
Hyy:Cpy # Cptp

with test statistic:
_ 1 1 o
TZ = (Xl _Xz),C, [<_+_) CSC’] C(Xl _Xz)
np Ny
= 28,84
and (X; — X,) is obtained by substracting the ideal to actual amount of

nutmeg production in Sawahlunto Municipality. The comparison value is

calculated as follows:

o2 = (g +n,-2)(p—1)

F,_ _ = 42,88
n,+n,—p p—1ni+n, p(a)
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where F,g(0,05) = 3,5.

It is found that T? < c¢? therefore H,; is accepted, meaning that the
profiles of ideal and actual amount of nutmeg production in Sawahlunto

Municipality are similar.

Coincidence test
Hypothesis to test is:
Hop: 1'py = 1'p,
Hyp: 'y # 1,
Test statistic used is Hoteling’s calculated as follows:
1

n,

_ 1 -t
T2 =1'(X, - X,) [( + n—) 151'] 1'(X, — X,) = 78,15
2

and the comparison value calculated of:

a
t1211+n2+2 (E) = Fl,n1+n2—2 (a) = F1,4(0;05) = 4,6

It is found that T? > t? therefore H,, is rejected, meaning that the amount
of ideal and actual nutmeg production in Sawahlunto Municipality are not
exactly equal. However, the both data do not coincide, the agricultural

improvement on nutmeg plantation in this region is almost optimum.

Level test

Hypothesis to test is:
Hy3: Cu =10
Hiz:Cu+0

The Hoteling’s test statistic is calculated as follows:
T? = (ny +ny)X'C'[CSC')7ICX = 87,17

The comparison value is calculated as follows

2= (i +n, —D(p—-1)

ng+n; —p+1 Fyp1nytn,—p+1(@) = 38,38
1 2

and the value of F; 4(0,05) = 3,29.



50

It is found that T? > c? therefore H,; is rejected, meaning that there is
difference between the amount of ideal and actual nutmeg production in

Sawahlunto Municipality in some periods.

. Pariaman Municipality

The following Figure 14 displays the relationship between the data on the ideal

and actual amount of nutmeg production in Pariaman Municipality:

Profil Pala Kota Pariaman

Luas dan Produksi Pala
Kota Pariaman

2011 2012 2013 2014 2015 2016 2017 2018

Tahun

Figure 15. Relationship between nutmeg productive area and the amount
of production in Pariaman Municipality, 2011 — 2018

Profile test analysis is to be performed as follows:
a. Parallels test
Hypothesis to test is:
Hop: Cpy = Cp
Hyy:Cpy # Cip
with test statistic:

o 1 1 o
TZ = (Xl _Xz),C, [<_ +n_) CSC’] C(Xl - Xz)
2

ny
= 28,84
and (X; — X,) is obtained by substracting the ideal to actual amount of
nutmeg production in Pariaman Municipality. The comparison value is
calculated as follows:
2= (ny +n, —2)(p—1)
na+n,—p

where F,g(0,05) = 3,5.

Fp

tnyin,—p(@) = 101,07
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It is found that T? < ¢? therefore H,; is accepted, meaning that the
profiles of ideal and actual amount of nutmeg production in Pariaman

Municipality are similar.

Coincidence test
Hypothesis to test is:
Hop: 1'py = 1'p,
Hyp: 'y # V',
Test statistic used is Hoteling’s calculated as follows:

_ -/t 1 R
TZ = 1,(X1 - Xz) [<_ + _) 151’] 1’(X1 - Xz) = 12,94
ng Ny

and the comparison value calculated of:

a
th +nye2 (E) = Finy4n,—2(@) = F14(0,05) = 4,6

It is found that T? > t? therefore Hy, is rejected, meaning that the amount
of ideal and actual nutmeg production in Pariaman Municipality are not
exactly equal. However, the both data do not coincide, the agricultural

improvement on nutmeg plantation in this region is almost optimum.

Level test

Hypothesis to test is:
Hpz:Cu =20
Hi;:Cu+0

The Hoteling’s test statistic is calculated as follows:
T? = (ny +ny)X'C'[CSC'71CX = 10,93

The comparison value is calculated as follows

2= (ny+n, —D(p—-1)

ng+n; —p+1 Fyp1nytn,—p+1(@) = 38,38
1 2

and the value of F; 4(0,05) = 3,29.

It is found that T? < ¢? therefore Hy; is accepted, meaning that there is
difference between the amount of ideal and actual nutmeg production in

Pariaman Municipality in some periods.
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B. Discussion

The actual data on nutmeg production in Sumatera Barat from 2011 to 2018
has been used to estimate production for the oncoming 5 years i.e from 2019 to 2023

by using Brown-type Triple Exponential Smoothing Method. The estimated model is
obtained by choosing a theoretical parameter value a of % = % = 0,125. By using ‘try

and error’ method it is found that such parameter value gives the smallest MSE. It
means that the error rate of the predicting the amount of nutmeg production Sumatera
Barat is 12.5%. Furthermore, to forecast the production values for the next 5 years, the

following model equation is used:
Feym = 1250,65 + 5,225m + 0,068m?

Based on the equation above, it is found that the production is predicted to
increase since the equation coefficients (smoothing factors) and intercept are positive.
The forecasting on nutmeg production in Sumatera Barat from 2019 to 2023 results in
increasing values. The amount of nutmeg production is estimated to range from
1255.95 tons to 1278.49 tons. This shows that the production of nutmeg in Sumatera

Barat for the oncoming years is potentially larger than previous years.

The variables used in testing the similarity of profiles between the ideal and
actual amount of nutmeg production in Sumatera Barat are the nutmeg producing
districts including: Kepulauan Mentawai, Pesisir Selatan, Solok, Tanah Datar, Padang
Pariaman, Agam, and Pasaman Barat, as well as cities: Padang, Solok, Sawahlunto,
and Pariaman. Both population (ideal and actual production) profiles are tested for

their parallelism, coincidence and parity (levelness).

The first profile analysis performed is to test if the average of the ideal and
actual nutmeg production amount in each district/city is equal or not by using parallels
test. List of regions having a different average between the ideal and actual production
amount in Sumatera Barat Province is displayed in Figure 6. In the figure it can be
seen that there are 5 districts/ cities where the average amount of ideal and actual
production differs significantly. The areas are Kepulauan Mentawai, Pesisir Selatan,
Padang Pariaman, Agam, and Padang. In these areas, the actual production of nutmeg

is far beyond the ideal production. Contrast to this, the average of the ideal and actual
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nutmeg production does not significantly differ or tends to be similar in the remaining

nutmeg producing regions in Sumatera Barat.

The second analysis is to perform a profile test on each district/city except for
the five ‘unparallel’ regions. In districts of Solok, Tanah Datar, Pasaman Barat, Solok
and Sawahlunto Municipalities, the parallels test results in accepting the null
hypothesis, meaning that the data on the ideal and actual amount of nutmeg production
are similar in observed years. Next, the coincidence test results in rejecting the Hy,
hypothesis, which means that the ideal and actual production of nutmeg are not exactly
equal. The level test also results in rejecting the null hypothesis Hy3, meaning that in
these latest years there is some inequal data on the ideal and actual amount of nutmeg
production even though the area has the potential to develop nutmeg. Thus, it can be
concluded that the development of nutmeg in Kab. Solok, Tanah Datar, Pasaman
Barat, Solok and Sawahlunto Municipalities is close to optimal even though there is

unexpected condition like those tested using coincidence test.
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CHAPTER V
SUMMARY
A. Conclusion

Based on the results of analysis and discussion delivered in the previous

chapter, several conclusions can be drawn as follows:

1. The model obtained by implementing Brown-type triple exponential

smoothing technique for forecasting nutmeg production in Sumatera Barat can

be written:

Fiym = 1250,65 + 5,225m + 0,068m?
where:
m : periods to forecast

Fi,m : forecast for nutmeg production

a; : adjusted average value for period t
b, : double smoothing trend
Ct : triple smoothing trend

2. The forecast for the amount of nutmeg production (tonnes) in Sumatera Barat

from 2019 to 2023 using Brown-type Triple Exponential Smoothing Method:

Amount of

Year Period m production
(tonnes)
2019 9 1 1255.95
2020 10 2 1261.38
2021 11 3 1266.94
2022 12 4 1272.65
2023 13 5 1278.49

The forecast results for 2019 to 2023 indicate a decrease of nutmeg produced
compared to that of 2018. The average production amount for nutmeg in
Sumatera Barat is predicted of 1267,08 tonnes.

3. By land optimization level, eleven nutmeg producing areas in Sumatera Barat
can be categorized into three groups: (1) Below optimal areas, include
Kepulauan Mentawai, Pesisir Selatan, Padang Pariaman, and Agam regencies,

and Padang municipality, (2) Almost optimal areas include Solok, Tanah Datar
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and Pasaman Barat regencies, and Solok and Sawahlunto municipalities, and
(3) Completely optimal area includes Pariaman municipality
Recommendation

Based on the research carried out, the following recommendations are

proposed for related stakeholders:

1.

Based on the forecast results, the amount of nutmeg production is predicted to
decrease in the future and this possibly causes lower contribution to regional
income. It is necessary to promote the opening and expansion of expertise jobs
in related spheres so that the nutmeg production and regional income can be
escalated in Sumatera Barat.

Regions specializing in producing nutmeg is expected to invest more seriously
to develop their potentials in order to reach optimal level of nutmeg production.
Further research on this topic may consider to implement profile analysis with

tests for more than two populations.
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Appendix 1. Simulating trial and error technique to choose a value that gives
smallest MSE of nutmeg production for oncoming S5 years in
Sumatera Barat

a MSE o MSE o MSE
0,125 3931918 0,135 394022,7 [ 0,145 394868.7
0,126 393274.1 0,136 394106,7 [ 0.146 394954.1
0,127 393356,6 0,137 394190.8 | 0.147 395039,5
0,128 393439.3 0,138 394275.,0 {0,148 395125,2
0,129 3935222 0,139 3943594 [ 0,149 395210,9
0,13 393605,2 0,14 3944439 0,15 395296.,8
0,131 393688.4 0,141 394528.6 [ 0,151 3953828
0,132 393771,7 0,142 3946134 (0,152 3954689
0,133 393855.2 0,143 3946984 [ 0,153 395555,2
0,134 3939389 0,144 394783,5 [0.154 395641.6




Appendix 2. MSE of forecasted value with a = 0.125

m > fe =110/8

A B | €
1 Tahun ProduksiPala(Yt) S't
2 2011 1172,00 1172,00
3 2012 1224,00 1178,5
4 2013 1332,00 1197,69
5 2014 1388,00 1221,48
6 2015 1450,19 1250,07
7 2016 1068,86 1227,42
8 2017 998,70 1198,83
g9 2018 1378,30 1221,26
10
11| atfa 0,125

12

D
s"t
1172,00
1172,81
1175,92
1181,62
1190,17
1194,83
1195,33
1198,57

E

s™t
1172,00
1172,10
1172,58
1173,71
1175,77
1178,15
1180,30
1182,58

F
at
0
1189,16
1237,88
1293,29
1355,45
1275,91
1190,79
1250,65
Jumlah
MSE

G

bt
0
2,28516
8,56104
15,1498
22,0168
9,36306
-2,913
5,22496

H | J
ct Ramalan (Ft)  (Yt-Ft}*2
0 0 1373584
0,10156 0 1498176
0,37598 11915 19740,25

0,6521 1246,625 19986,89063
0,92832 1308,76563 20000,85384
0,32467  1377,9277 95522,84029

-0,23536 1285,43661 B82217,88148

0,13679 1187,76045 36305,32134
3145534,04

| 393191,?5!

59



Appendix 3. Forecast for nutmeg production
years with a« = 0.125

110

13
14
15

A
Tahun
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023

16 Alfa

j

B
Produksi Pala (Yt)
1172,00
1224,00
1332,00
1388,00
1450,19
1068,86
998,70
1378,30

0,125

C

s't
1172,00
1178,5
1197,69
1221,48
1250,07
1227,42
1198,83
1221,26

=F94{GI*1)+{(0,5*H9)*(1~2))

D
s"t
1172,00
1172,81
1175,92
1181,62
1190,17
1194,83
1195,33
1198,57

E
st
1172,00
1172,10
1172,58
1173,71
1175,77
1178,15
1180,30
1182,58

60

in Sumatera Barat for oncoming

at

0
1189,16
1237,88
1293,29
1355,45
1275,91
1190,79
1250,65

G

bt
0
2,28516
8,56104
15,1498
22,0168
9,36306
-2,913
5,22496

H
ct
0
0,10156
0,37598
0,6521
0,92832
0,32467
-0,23536
0,13679

Ramalan (Ft)

0

0

1191,5
1246,625 °
1308,76563 .
1377,9277 ¢
1285,43661 !
1187,76045 :

| 1255,94674[

1261,37688
1266,94381
1272,64752
1278,48802



Appendix 4. First smoothing factor calculation using Microsoft Excel

c3 » I =(5B511*B3)+{(1-58511)"C2)
A B C D

1 Tahun Produksi Pala S't

2 2011 1172,00 1172,00

3 2012 1224,00 1178,5

4 2013 1332,00 1197,69

5 2014 1388,00 1221,48

6 2015 1450,19 1250,07

7 2016 1068,86 1227,42

8 2017 998,70 1198,83

9 2018 1378,30 1221,26
10

11 Alfa 0,125

12
13

14



Appendix 5. Second smoothing factor calculation using Microsoft Excel

D3

A

1 Tahun
2 2011
3 2012
4 2013
5 2014
6 2015
7 2016
8 2017
9 2018
10

11 Alfa

12

13

14

I =($B$117C3)+((1-$8511)*D2)
B C D
Produksi Pala S't S"t
1172,00 1172,00 1172,00
1224,00 1178,5| 1172,81
1332,00 1197,69 1175,92
1388,00 1221,48 1181,62
1450,19 1250,07 1190,17
1068,86 1227,42 1194,83
998,70 1198,83 1195,33
1378,30 1221,26 1198,57
0,125

62



Appendix 6. Third smoothing factor calculation using Microsoft Excel

A

1 Tahun
2 2011
3 2012
4 2013
5 2014
6 2015
7 2016
8 2017
9 2018
10

11 Alfa

12

13

14

fo | ={$B$11*D3)+{(1-SB511)*E2)
B C D
Produksi Pala S't S"t
1172,00 1172,00 1172,00
1224,00 1178,5 1172,81
1332,00 1197,69 1175,92
1388,00 1221,48 1181,62
1450,19 1250,07 1190,17
1068,86 1227,42 1194,83
998,70 1198,83 1195,33
1378,30 1221,26 1198,57
0,125

E
Slllt
1172,00

1172,10

1172,58
1173,71
1175,77
1178,15
1180,30
1182,58
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Appendix 7. Calculation on adjusted average value (a;) using Microsoft Excel

11
12
13

14

—i

A
Tahun
2011
2012
2013
2014
2015
2016
2017
2018

Alfa

f =(3*C3)-(3"D3)+E3

B
Produksi Pala
1172,00
1224,00
1332,00
1388,00
1450,19
1068,86
998,70
1378,30

0,125

C

S't
1172,00

1178,5
1197,69
1221,48
1250,07
1227,42
1198,83
1221,26

D
"t
1172,00
1172,81
1175,92
1181,62
1190,17
1194,83
1195,33
1198,57

E
Mt
1172,00
1172,10
1172,58
1173,71
1175,77
1178,15
1180,30
1182,58

F
at

[ 118916

1237,88
1293,29
1355,45
1275,91
1190,79
1250,65

64



65

Appendix 8. Calculation on double smoothing trend (b;) using Microsoft Excel

G3

A

1 Tahun
2 2011
3| 2012
4 2013
5 2014
6 2015
7 2016
8 2017
9 2018
10

11 Alfa

12

13
14

L =(SBS11/(27((1-58511)*2))) *({(6-(5*58511))"C3)-((10-(8*SBS11)) "D3Ij+{(4-{3*SBSL1)) *E3))
B & D E F G
Produksi Pala S't s"t St at bt

1172,00 1172,00 1172,00 1172,00
1224,00 1178,5 1172,81 1172,10 1189,16 128516!
1332,00 1197,69 1175,92 1172,58 1237,88 8,56104
1388,00 1221,48 1181,62 1173,71 1293,29 15,1498
1450,19 1250,07 1190,17 1175,77 135545 22,0168
1068,86 1227,42 1194,83 1178,15 127591 9,36306
998,70 1198,83 1195,33 1180,30 1190,79 -2,913
1378,30 1221,26 1198,57 1182,58 1250,65 5,22496
0,125



Appendix 9. Calculation on triple smoothing trend (c;) using Microsoft Excel

. F

H3 - fo | ={($B51172)/((1-58511)42)) *(C3-(2*D3)+E3)

A 8 C D E F G H
1 Tahun  Produksi Pala s't st "t at bt ct
2 2011 1172,00  1172,00 1172,00 1172,00
3| 2012 1224,00 11785 1172,81 1172,10 1189,16 2,28516[ 0,10156]
4 2013 1332,00  1197,69 117592 1172,58 1237,88 856104 0,37598
5 2014 138800  1221,48 1181,62 117371 129329 15,1498 0,6521
6 2015 1450,19  1250,07 1190,17 117577 135545 22,0168 0,92832
7 2016 1068,86  1227,42 1194,83 1178,15 127591 9,36306 0,32467
8 2017 998,70 1198,83 119533 1180,30 1190,79 -2,913 -0,2354
9 2018 137830  1221,26 1198,57 1182,58 1250,65 522496 0,13679
10
11 Alfa 0,125
12
13
14
15



Appendix 10. Ideal and actual nutmeg production

Tahun Daerah
Kabupaten Kota

Produksi | Kep. - | Pesisi na d. asa ah-
e Ide?ldla:la:n et:\::n SPeI:tsi:; R I)aata? Par:,aman . ’ Bal:':ta " e e sla:n: Pl
1 2011 821 367 49 58 261 705 4 104 2 7 11
2 2012 825 512 49 58 328 705 6 106 4 8 13
3 2013 825 581 52 56 328 705 6 106 5 8 13
4 2014 706 574 49 57 335 721 5 143 7 28 13
5 2015 718 627 57 77,5 335 769 5 151 6,5 31 13
6 2016 658 606 34 56 295 388 10 80 5 26 2
7 2017 648 550 35,85 49 281 332 10 72 5 19 7
8 2018 648 649 56,9 76,3 273 639 20 71,5 5 20 8

Jumlah (Z) 5849 4466 382,75 487,8 2436 4964 66 833,5 39,5 147 80

Rata-Rata 731,125 558,25 | 47,84375 | 60,975 304,5 620,5 8,25 104,1875 | 4,9375 18,375 10

Tahun Daerah

Kabupaten Kota

No| produksi | temai | Setatan | SO | Datar | Pariaman| AE™ | Garay | Padang | Solok | ST | Pariaman
1 2011 369 172 23 28 141 338 2 49 1 3 6
2 2012 423 252 11 28 129 340 1 29 2 3 6
3 2013 423 287 26 29 174 347 4 30 3 3 6
4 2014 439 271 24 35 179 369 4 47 5 9 6
5 2015 447 305 28 48 179 368,5 3,75 50 4,54 10 6,4
6 2016 378 182 18 48,4 75,03 292,13 Z,5 40,6 3 8,67 15,53
7 2017 370 150,2 9,7 44,6 72,2 289,4 3,7 36,9 3 8,7 10,4
8 2018 447 315 28 45,7 104 370 8 42,8 3 10,8 4
Jumlah (Z) 3296 1934,2 | 167,7 | 306,7 | 1053,23 | 2714,03 | 33,95 3253 | 2454 | 56,17 60,33
Rata-Rata 412 241,775 | 20,9625 | 38,3375 | 131,6538 | 339,2538 | 4,24375 | 40,6625 | 3,0675 | 7,02125 | 7,54125
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Appendix 11. Matrices of the amount of ideal and actual nutmeg production

369
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423
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378
370
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825
825
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718

658
648

1648

172
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287

271
305
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150,2
315

367
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.
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26

24
28

18
9.7
28

49
49
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49
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34
35,85

56,9

28

28
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35
48

48,4
44,6
45,7

58
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56
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77,5
56
49

76,3

141

129
174

179
179

72,2
104

261
328
328
335
335

295
281

273

705
705
705

721
769

388
332

639

338

340
347

369
368,5
75,03 292,13
289,4

370

BN =
ooommc\o\-h

2

1

4

4

3.75

7,5
3.7

8

104

106
106

143
151

80
72

71,5

49

29
30

47
50

40,6
36,9
42,8

2
4
5
7
6,5
5
5

5

1
2
3
5

4,54
3
3
3

7

8
8

28
51
26
19
20

8,67 15,53

8,7
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13
13
13
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Appendix 12. Covariance matrices

Covariance matrix for ideal nutmeg production

1.0e+04 *

0.6525
-0.4435
0.0244
-0.0152
0.0658
0.8347
-0.0276
0.0842
-0.0062
-0.0589
0.0220

Covariance matrix for actual nutmeg production

1.0e+03 *

1.1700
2.1505
0.1438
0.0184
0.9178
0.9638
0.0111
0.0184
0.0261
0.0354
-0.0807

-0.4435
0.7827
0.0104
0.0420
0.1032

-0.1914
0.0247

-0.0005
0.0108
0.0564

-0.0078

2.1505
4.1701
0.3202
0.0101
1.7739
1.8282
0.0292
0.0139
0.0407
0.0469
-0.1562

0.0244
0.0104
0.0075
0.0068
0.0074
0.1267
0.0002
0.0130
0.0002
-0.0006
0.0025

0.143¢8
0.3202
0.0532
0.0063
0.196%
0.1775
0.0065
0.0317
0.0033
0.0058
-0.0127

-0.0152
0.0420
0.0068
0.0106
0.0023
0.0862
0.0020
0.0086
0.0004
0.0038
0.0008

0.0184
0.0101
0.0063
0.0857
-0.1873
-0.0634
0.0160
0.0278
0.0056
0.0283
0.0161

0.06s58
0.1032
0.0074
0.0023
0.0927
0.2328
-0.0078
0.0674
0.0031
0.0078
0.0070

0.9178
1.7739
0.1969
-0.1873
1.9824
.12
-0.0448
0.0811
0.0217
-0.0372
-0.1039

0.8347
-0.1914
0.1267
0.0862
0.2328
2.7315
-0.0320
0.3635
0.0012
-0.0256
0.0575

0.9638
i.8282
0.1775
-0.0634
1.1271
1.0648
-0.0049
0.0880
0.0152
0.0102
-0.1026

-0.0276
0.0247
0.0002
0.0020

-0.0078

-0.0320
0.0028

-0.0110
0.0001
0.0008

-0.0011

0.0111
0.0292
0.0065
0.0160
-0.0448
-0.0049
0.0058
0.0036
0.0009
0.0057
0.0030

0.0842
-0.0005
0.0130
0.0086
0.0674
0.3635
-0.0110
0.0913
0.0021
0.0096
0.0089

0.0184
0.0139
0.0317
0.0278
0.0811
0.0880
0.0036
0.0665
0.0031
0.0140
-0.0025

-0.0062
0.0108
0.0002
0.0004
0.0031
0.0012
0.0001
0.0021
0.0002
0.0012
0.0001

0.0261
0.0407
0.0033
0.0056
0.0217
0.0152
0.0009
0.0031
0.0016
0.0029
-0.0000

-0.0589
0.0564
-0.0006
0.0038
0.0078
-0.0256
0.0008
0.0096
0.0012
0.0094
-0.0010

0.0354
0.0469
0.0059
0.0283
-0.0372
0.0102
0.0057
0.0140
0.0029
0.0116
0.0024

0.0220
-0.0078
0.0025
0.0008
0.0070
0.0575
-0.0011
0.0089
0.0001
-0.0010
0.0016

-0.0807
-0.1562
-0.0127
0.0161
-0.1039
-0.1026
0.0030
-0.0025
-0.0000
0.0024
0.0136
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Appendix 13. F-distribution table

TABLES FDISTRIBUTION PERCENTAGE POINTS (a = .05)

05
';l . ',(M) F
L]

e 1 2 3 4 5 6 y 4 8 9 10 12 15 20 25 X 40 (]
1 [1615 1995 2157 2246 2302 230 2368 239 2405 241.9 2809 2460 2480 2493 2501 251.1 2522
2 1851 1900 1916 1925 1930 1933 1935 1937 1938 1940 1941 1943 1945 1946 1946 1947 1948
3 1013 955 928 912 901 894 889 885 K81 879 874 K70 866 863 862 B &S
4 771 694 659 639 626 616 609 604 600 59 591 58 S8 57 575 572 569
-] 661 579 S41 519 SO5 495 488 482 477 474 468 462 456 452 450 446 443
6 599 514 476 453 439 428 421 415 410 406 400 3 387 383 381 A7 3IM
7 559 474 435 412 397 38 379 373 368 364 357 3s 344 340 338 334 32
8 532 446 407 384 369 358 3150 344 339 335 328 322 315 311 308 304 301
9 512 426 386 363 348 337 329 323 318 314 307 301 294 289 286 283 279
10 496 410 171 348 333 32 314 307 302 298 291 285 277 273 2L70 266 &2
11 48 398 359 336 320 309 301 295 290 285 279 272 265 260 257 253 249
12 475 389 349 326 311 300 291 285 28 275 269 262 254 250 247 243 238
13 467 381 341 318 303 292 283 277 271 267 260 253 246 241 238 234 230
14 460 374 334 311 296 285 276 270 265 260 253 246 239 2 231 227 222
15 454 368 329 306 29 279 2 264 2 254 2 240 233 228 225 220 216
16 449 363 324 301 285 274 266 259 254 249 242 235 228 223 219 215 21
17 445 359 320 296 281 270 261 2155 249 245 238 231 223 218 215 210 208
18 441 355 316 293 277 266 258 151 246 241 234 227 219 214 211 206 202
19 438 352 313 290 274 263 254 248 2@ 238 231 223 216 211 207 203 198
20 435 349 310 287 271 260 251 245 239 235 228 220 212 207 204 199 195
2 432 347 307 284 2 257 249 242 237 232 225 218 210 205 201 1.9 192
2 430 344 305 282 266 255 2 240 234 23 223 215 207 202 198 1w 189
3 428 342 303 280 264 253 244 237 232 227 220 2 205 200 1% 191 136
24 426 340 301 2 28 231 236 23 225 218 211 203 197 194 1.8 134
25 424 339 299 276 260 249 240 234 228 224 216 209 201 1% 192 1.5 182
26 423 337 298 274 29 247 23 232 227 222 215 27 199 19 190 L8 180
z7 421 335 296 X 257 246 237 231 225 220 213 206 L97 L2 188 L34 1.7
28 420 33 295 271 L 245 236 229 2 219 212 204 196 191 1587 L= .77
29 418 333 293 270 255 243 235 223 22 218 210 203 194 1. 185 13 175
30 417 332 292 269 253 242 233 227 221 216 209 2 193 18 184 179 174
40 408 323 284 261 245 23 22 218 212 208 200 192 18 178 174 16 1
&0 400 315 276 253 237 225 217 210 204 199 192 184 L75 1.6 1165 1.9 153
120 392 307 268 245 229 218 209 202 19 191 183 175 166 160 155 1.5 143
oo 384 300 261 237 221 210 201 194 18 183 175 167 L57 151 146 1.3 132
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