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Abstract: The implementation of agricultural development is basically aimed at 

increasing the welfare of the people, especially farmers, providing a source of 

foreign exchange through exports, supplying food and industrial raw materials, 

alleviating poverty, providing employment and improving people's income. Cocoa 

is a leading commodity which is a source of income for farmers in North Sumatra. 

Price fluctuations sometimes make farmers suffer losses, so it is necessary to make 

a cocoa price prediction to anticipate future losses. This study aims to determine 

the prediction results of cocoa prices in North Sumatra in 2023 and the accuracy of 

the method used. The results of the study obtained the prediction of cocoa prices in 

North Sumatra Province in 2023 using the Singular Spectrum Analysis (SSA) 

method from January to December, respectively, Rp. 34876 in January, February 

prediction of Rp. 33967, March prediction of Rp. 33446, in April RP 33725, 

prediction in May of Rp. 33986, prediction in June of Rp 33916, in July Rp. 34196, 

predictionin August of Rp. 34841, prediction in September of Rp. 35228, in 

October of Rp. 3479, in November Rp 344517, the December prediction is Rp 

34770 with a prediction accuracy level based on the standard MAPE value of 

0.96%. The MAPE value obtained indicates that the SSA approach with Windows 

length 18 and 14 groups is very accurate for prediction cocoa price in North 

Sumatra Province because it is less than 10% and close to 0%. 
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INTRODUCTION 

The agricultural sector has a strategic role in economic development. The agricultural sector is one of the 

mainstays of the economy of North Sumatra Province which plays an important role as a contributor to the 

formation of Gross Regional Product (GRDP), providing a source of foreign exchange through exports, 

obtaining food and industrial raw materials, alleviating poverty, absorbing labor and increasing community 

income. In addition, the agricultural sector helps in driving local economic growth and regional development. 

The main objective of agricultural development is to improve the welfare of the people, especially farmers. 

Therefore, farmers' welfare is a top priority in development goals at every level of agricultural development 

efforts. The government seeks to increase agricultural production, ensure food supply security, and increase 

farmers' income and welfare through various agricultural development policies and programs. (Rusono, Sunari, 

Candradijaya, Martino, & Tejaningsih, 2013) 

The agricultural sector has an important role in Indonesia's economic activities, as evidenced by its 

contribution to the gross domestic product (GDP) which is quite large, which is around 13.28 percent in 2021, 

second only to the industrial sector at 19.25 percent. One of the subsectors that has a lot of potential is the 

agriculture sector. The contribution of the plantation sector in GDP is 3.94 percent in 2021 and 29.67 percent of 

the agriculture, forestry and fisheries sector and ranks first in this sector. Cocoa is one of the plantation 

commodities that plays an important role in Indonesia's economic activities. Cocoa is also one of Indonesia's 

most important export commodities as a foreign exchange earner besides oil and gas. Indonesia is the 6th largest 

cocoa producer in the world. (BPS, 2021). 

North Sumatra Province produces commodities such as rubber, cocoa, tea, oil palm, coffee, cloves, 

coconut, cinnamon, sugarcane, and tobacco. However, of the several commodities listed as plantation crops, 

palm oil, rubber cocoa and coffee are the most important commodities in North Sumatra Province. The 

determination of the four commodities as superior is based on the ability to compete with the same commodities 

from other regions and even from abroad, both on their sustainable marketing and their ability to offer benefits to 

their managers. (Hasnudi & Iskandar, 2005) 

https://doi.org/10.33395/sinkron.v8i3.12559
mailto:sintia0703191069@uinsu.ac.id


 

Sinkron : Jurnal dan Penelitian Teknik Informatika 
Volume 7, Issue 3, July 2023 

DOI : https://doi.org/10.33395/sinkron.v8i3.12559 

e-ISSN : 2541-2019 
 p-ISSN : 2541-044X 

 

 

*name of corresponding author 

 
This work is licensed under a Creative Commons Attribution-

NonCommercial 4.0 International License. 1588 

 

The fruit of the cacao plant can also be consumed, but the part that is utilized is the seed. Theobromine, a 

mild stimulant, is an alkaloid found in cocoa beans. The main component of chocolate is the cocoa bean which is 

roasted and ground into chocolate powder before being used to make various foods and beverages. Only a small 

portion of the cocoa produced in Indonesia is used for internal purposes, most of it is exported.  The exported 

products are mostly (78.5%) in the form of primary products, i.e. in the form of dry beans and a small portion 

(21.5%) in the form of processed products. The marketing of Indonesian cocoa beans has reached international 

markets and most of Indonesia's cocoa beans are exported abroad, although some industries have processed 

cocoa beans into semi-finished products. The development of cocoa bean exports from Indonesia shows relative 

growth from year to year, so it is an opportunity for Indonesia to earn foreign exchange through this commodity. 

What determines the price level in the international market is the quality of cocoa beans. Improving the quality 

of cocoa beans must start from the cultivation process to post-harvest handling, especially in the cocoa 

fermentation process, because without the fermentation process cocoa beans will produce a low chocolate flavor 

that is more dominantly bitter and astringent, so it is not liked by consumers.(Misnani, 2008) Based on data from 

the Department of Plantation and Livestock of North Sumatra Province, the selling price of fermented cocoa is 

more expensive than non-fermented cocoa. 

Cocoa is one of Indonesia's most popular agricultural products and is traded on the global market. Cocoa 

prices are set based on prevailing prices on commodity exchanges in New York and London. However, cocoa 

prices at the farm level may vary due to prices set by traders, as farmers do not have direct access to factories or 

industries. Local governments also do not have the capacity to set cocoa prices. The price formation mechanism 

of cocoa beans is adjusted by the market mechanism, considering that cocoa is a global product. (Karim, 

Fatmawaty, Anas, & Wulandari, 2020) 

Cocoa cultivation is always at risk of destruction due to pest and disease attacks, as well as seasonal 

conditions that do not favor production. Fluctuations in bean prices sometimes also cause huge losses for cocoa 

farmers. The slow but steady increase in inputs can never be matched by an increase in the selling price of the 

output. Cocoa prices often fluctuate, based on data obtained from the Plantation and Livestock Service Office of 

North Sumatra Province. The lowest price was 26172 in the second quarter of 2017, while the highest price was 

reached in the second quarter of 2016. Over the past two years, cocoa prices have continued to experience 

significant increases and decreases. 

To avoid the negative impacts of cocoa price fluctuations, it is important to forecast cocoa prices, especially 

in North Sumatra Province. So that it can be used as decision support related to cocoa price issues and the results 

of the analysis can be used in setting the right policy. Forecasting is an art and science used to project events that 

will occur in the future. This process is done by using past data and compiling it in a mathematical model to 

estimate events that will occur in the future.(Prasetya& Lukiastuti, 2009).There are several forecasting methods 

in statistics that are suitable for forecasting time series data. Exponential smoothing models are recommended as 

a simple and economical technique with reasonably good prediction results in many applications. The seasonal 

element is influenced by the global market which will be high in certain months which will affect the price. 

Based on this, prediction can be done using the Singular Spectrum Analysis (SSA) method. SSA is a more 

flexible forecasting method compared to other forecasting methods because it uses a nonparametric approach 

which means that assumption tests such as independence and normality of residuals are not required and are 

suitable for stationary and non-stationary data. (Irwan, Adnan Sauddin, & Anita Kaimuddin, 2022) 

Some previous research was conducted by GilangBimasaktiAndhika et al (2020).about using the SSA 

method to forecast the Farmer Exchange Rate in Bali Province with a good level of accuracy with a MAPE value 

of 0.49%. KukuhWahyuHidayat et al (2020) on modeling the number of hot spots in East Kalimantan province 

using the singular spectrum analysis method. Then further research was conducted by DesyTresnowatiHardi 

(2019), to forecast GRDP with data containing elements of seasonal patterned trends also showing a low error 

value based on the standard MAPE value of 1.59% each.  
 

LITERATURE REVIEW 

Previous research that discusses the Singular Spectrum analysis (SSA) method in 2022 with the title 

"Forecasting rainfall in gorontalo using the Singular Spectrum Analysis method" Research journal article 

conducted by EkaPurnama.In this study, forecasting was carried out by combining the Linear Recurrent Formula 

(LRF) method with the Singular Spectrum Analysis (SSA) method. As a result of using SSA with windows 

lenght of L = 36, the rainfall forecast in Gorontalo resulted in a MAPE forecast on out-of-sample data of 0.029 

or 2.9% according to the results. As a result, the rainfall forecast of Gorontalo Province using Singular Spectrum 

Analysis (SSA) method for 2022-2023 is quite accurate. 

 Another research that also uses the Singular Spectrum analysis method is in 2022 with the title "Pinrang 

Regency Rice Production Projection with Singular Spectrum Analysis Method". Research conducted by Irwan, 

Adnan Sauddin and Anita Kaimuddin. The test results on the projection of rice production in Pinrang Regency 

with the singular spectrum analysis method obtained the level of forecasting accuracy based on the standard 
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MAPE value obtained of 4.97%. The MAPE value obtained is less than 10% and close to 0%, meaning that the 

SSA method with windows length 9 and 7 groups is very accurately used to forecast rice production in Pinrang 

Regency. 

Based on the two previous studies, it can be seen that the Singular Spectrum Analysis method is very good in 

forecasting or prediction, so researchers are interested in using the singular spectrum analysis method to predict 

cocoa prices. 

 

METHOD 

This research uses quantitative research type and the research method used is secondary data analysis 

method. The data analysis conducted in this study is an analysis using the Singular Spectrum Analysis (SSA) 

method to predict cocoa prices in North Sumatra province. This research uses the help of softwareRstudiowith 

package rssa. The research procedures that will be carried out in this study are as follows: 

1. Perform descriptive statistics on the data. 

2. Data analysis using Singular Spectrum Analysis (SSA). 

3. Perform decomposition with Embedding and Singular Value Decomposition (SVD). 

4. Reconstruction with grouping and Diagonal Averaging. 

5. Calculating the result of modeling 

6. Calculating forecaster accuracy 

 

Figure 1.Research flowchart diagram 
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The research data used is secondary data based on existing data in North Sumatra Province, all data used is 

average price data fermented dry cocoa beans in kilograms in 2015-2022. The data needed comes from the 

department of livestock and plantations of North Sumatra province, the data used consists of 1 variable which is 

divided into two parts, namely in sample and out sample data. In Sample data starts from January 2015 to 

December 2021 which is used to create a trajectory matrix X. while Out Sample data starts from January 2022 to 

December 2022 which is used to validate the accuracy of forecasting. 

 

RESULT 

Before analyzing the data, descriptive statistics of the research variables used are displayed first. These 

descriptive statistics are useful for displaying an overview of the data used, there are a total of 96 data consisting 

of 1 variable. The following are descriptive statistics of the data carried out with the help of Microsoft Excel 

software. 

 
Table 1.Descriptive statistics of data 

Month 

Description 

Minimum Maximum Mean Standard 

deviation 

January 28940 36400 32494 1002,084 

February 30250 35500 33009,38 2317,593 

March 30375 33770 33668,75 2495,451 

May 27830 37400 33781,88 3306,55 

June 25333 36600 32405,13 3769,244 

July 25125 37000 32581,25 4121,1724 

August 26400 36100 31971,88 4092,926 

September 28125 37500 32910,63 3522,926 

October 25212 37800 33004,63 3905,461 

November 27400 38125 33647,88 3664,5 

December 29000 37875 33389,5 29943,592 

     
 

In North Sumatra Province, cocoa prices ranged from IDR 25,125 in July to IDR 38,125 in November. 

The average value ranged from IDR 31,971.88 in August to IDR 33,714.13 in April, the month with the highest 

average value. There are no outliers or extreme values in the tabulation, as evidenced by the standard deviation 

of the data being smaller than the mean. 

After displaying Table 1, it continues to display data patterns using rstudio software which is displayed in 

the following image 

 
Figure 2 Time series plot of cocoa price data in North Sumatra Province 

 

Figure 2 shows that the pattern of Cocoa Price data in North Sumatra has repeated increases and decreases 

so that data fluctuations are identified as containing seasonal elements. 

The initial stage of cocoa price prediction using the SSA method is done using decomposition and 

reconstruction. When decomposing data there are two steps, namely embedding and Singular Value 

Decomposition. 

At the embedding stage, the in-sample data is converted into one-dimensional data with a total of 84 data 

from January 2015 to December 2022 with the following arrangement: 
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[
 
 
 
 
 
 
 
 

𝐽𝑎𝑛𝑢𝑎𝑟𝑖 2015
𝐹𝑒𝑏𝑟𝑢𝑎𝑟𝑖 2015
𝑀𝑎𝑟𝑒𝑡 2015
𝐴𝑝𝑟𝑖𝑙 2015
𝑀𝑒𝑖 2015
𝐽𝑢𝑛𝑖 2015
𝐽𝑢𝑙𝑖 2015

⋮
𝐷𝑒𝑠𝑒𝑚𝑏𝑒𝑟 2021]

 
 
 
 
 
 
 
 

=

[
 
 
 
 
 
 
 
 
𝑥1

𝑥2

𝑥3

𝑥4

𝑥5

𝑥6

𝑥7

⋮
𝑥84]

 
 
 
 
 
 
 
 

=

[
 
 
 
 
 
 
 
 
29237
30250
30375
29900
29125
30000
29200

⋮
35875]

 
 
 
 
 
 
 
 

 

 

Furthermore, the data is converted into multidimensional data which is referred to as the trajectory matrix X 

with dimensions. 𝐿 × 𝐾. Determination of the L value is based on the minimum MAPE value where the L value 

analyzed is in the range is 2 < 𝐿 < 42.The L value used after the trial and error process is shown in Table 2 

below: 

 

Table 2 MAPE results based on window length (L) value 

 
L MAPE 

10 

14 

17 

18 

19 

20 

22 

30 

38 

39 

41 

0.009718013 

0.009771591 

0.009659174 

0.009603477 

0.009694527 

0.009718662 

0.009746927 

0.01009546 

0.00121105 

0.01218637 

0.01256813 

 

In Table 4.6, the L value that produces the minimum MAPE value is in Table 2. 𝐿 = 18 . From the value of 

L, the value of 𝐾 = 67 based on the equation 𝐾 = 𝑁 − 𝐿 + 1 where the value of 𝑁 = 84and = 18 . After 

obtaining the value of 𝐿 = 18, the value of 𝐾 = 67  , then the trajectory matrix X can be formed. The formation 

process is the value 𝑥1 to 𝑥18 becomes the first column component, the value of 𝑥2 until 𝑥19 becomes the second 

column component, the value of 𝑥3 until 𝑥20 becomes the third column component and so on until 𝑥49 until 𝑥67 

becomes the 14th column component in the trajectory matrix X which is written as follows: 

 

𝑋 =

[
 
 
 
 
29237 30250
30250 30375

30375 … 30000
29900 … 29750

30375 29900
⋮          ⋮

36600 36600

29125 … 30600
⋮        ⋱       ⋮

36100 ⋯ 35875]
 
 
 
 

 

 

After embedding, the next step is to find the value of Singular Value Decomposition (SDV) or singular 

value decomposition which aims to obtain the separation of components in the decomposition of time series 

data. SVD starts by determining the eigenvalue (𝝀1 , 𝝀2 , ... , 𝝀𝐿 ) of the symmetric matrix 𝑺 = 𝑿𝑿𝑻 where 𝝀1 ≥ 𝝀2 

≥ ⋯ ≥ 𝝀𝐿> 0, as well as the eigenvector (𝑢1 , 𝑢2 , ... , 𝑢𝐿 ) of the 𝑺 matrix. At this stage, calculations are carried 

out to find the eigentriplevalue based on the trajectory matrix 𝑋(18×67). The first step taken is to form a 

symmetrical matrix 𝑺 = 𝑿𝑿𝑇 as follows: 

𝑺 = 𝑿(𝟏𝟖×𝟔𝟕). 𝑿(𝟔𝟕×𝟏𝟖)
𝑇 

 

𝑆 =

[
 
 
 
 
70583353666 70499093055
70499093055 70613613997

70413310830 … 70617425925
70518986004 … 70602985275

70402997379 70525023805
⋮  ⋮

70617425925 706029985275

70638930055 … 70618855600
⋮  ⋱ ⋮

70758858104 ⋯ 73225953997]
 
 
 
 

 

 

 

After obtaining the symmetrical matrix, the eigentriple values consisting of: 

1) Singular Value (√𝜆𝑖) 

The calculation of the eigenvalue and eigenvector of the square matrix 𝑺 can be done with the equation  

                                                                            (𝑆 - 𝜆𝐼) = 0                                 (1) 
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then the eigenvalue 𝜆𝑖 will be obtained for 𝑖 = 1,2 ... , 𝐿 and 𝑼𝑖 = (𝑢1, 𝑢2, ... , 𝑢𝐿) is the eigenvector of the 

corresponding eigenvalue.From the symmetric matrix 𝑆18×18 From the symmetric matrix, the eigenvalue is 

calculated and then from the eigenvalue, the singular value is calculated, the results of which are shown in Table 

4.7 below: 

 

Table 3 Eigenvalues and Singular Values 

No. Eigenvalues Singular values 

1 1.289779e+12 1135684.348 

2 6.544205e+09 80896.262 

3 2.408966e+09 49081.223 

4  5.768783e+08 24018.292 

⋮ 
18 

⋮ 
2.739022e+07 

⋮ 
5233.567 

   

   

2) Eigenvector (𝑈𝑖) 

After obtaining the singular value, the eigenvector value is then calculated, the results of which are shown 

in the following table: 

 

Table 4 Eigenvectors 

 

No. U1 U2 ⋯ U18 

1 

2 

3 

        ⋮ 
18  

-0.2321849 

-0.2324414 

-0.2326742 

                      ⋮ 
-0.2367240 

-0.29331908 

-0.30794999 

-0.30826778 

⋮ 
0.27139824 

⋯ 

⋯ 

⋯ 

⋱ 

⋯ 

0.09747742 

-0.18878879 

0.20702479 

⋮ 
-0.09991382 

 

 

3) Principal Component (𝑉𝑖) 

After the eigenvalue and eigenvector are obtained, the principal component value is then calculated using the 

following equation 

𝑉𝑖 =
𝑋𝑇𝑈𝑖

√𝜆𝑖
 (2) 

𝑖𝑇𝑽 is the transpose of the matrix 𝑽𝒊 

 

𝑉𝑖
𝑇 = [

𝑣11 𝑣12

𝑣21 𝑢21

… 𝑣1𝐾

… 𝑢2𝐾

⋮ ⋯
𝑣𝐾1 𝑣𝐾2

⋱ ⋮
… 𝑣𝐾𝐾

] (3) 

After obtaining the singular value ( ), eigenvector ( ) and principal component (𝑽𝑖 ), the SVD of the 

trajectory matrix 𝑿 is: 

𝑿 = 𝑈𝑖√𝜆𝑖𝑉𝑖
𝑇 (4) 

 

The three components in matrix 𝑿𝑖 namely singular value ( ), eigenvector ( ) and principal component (𝑼𝑖 ) are 

called the 𝑖theigentriple of SVD. Therefore, the SVD for matrix 𝑿𝑖 can be written as follows: 

𝑖𝑿 = 𝑿1 + 𝑿2 + ⋯ + 𝑿𝑑  (5) 

whose results are presented as follows: 

 

Table 5 Principal component values 

No. V1 V2 ⋯ V18 

1 

2 

3 

⋮ 
67 

-0.1191465 

-0.1206872 

-0.1219146 

⋮ 
-0.1264599 

-0.126772323 

-0.142107018 

-0.153815784 

⋮ 
0.050284487 

⋯ 

⋯ 

⋯ 

⋱ 

⋯ 

-0.053670729 

0.044859010 

-0.075545540 

⋮ 
0.013202883 
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The last stage of SSA analysis is Reconstruction. At this stage, reconstruction of the SVD result data is carried 

out with 2 steps, namely grouping and diagonal averaging, the steps of which are as follows: 

a. Grouping 

At this stage, grouping of the 𝑿𝑖 matrix is carried out with the aim of separating the eigentriple 

components obtained at the SVD stage into several subgroups, namely trends, seasonality, and noise. The 

grouping process is done by grouping the index sets 𝑖 = {1,2, ... , 𝑑} into m disjoined subsets 𝐼1, 𝐼2, ... , 𝐼𝑚 with 
𝑚 = 𝑑. Then 𝑋𝑖 is adjusted to the group 𝐼 = {𝐼1, 𝐼2, ... ,}. Then, 𝑿𝑖 = 𝑿1 + 𝑿2 + ⋯ +𝑿𝑑 can be expanded into: 

 

𝑿𝐼 = 𝑿𝐼1 + 𝑿𝐼2 + ⋯ + 𝑿𝐼𝑚 (6) 

 

The step to select the set 𝐼 = {𝐼1, 𝐼2, ... ,} is called eigentriple grouping which is done by trial and error. 

The determination of group members is by the scatter diagram of 𝑿𝐼, where a group will be formed if the scatter 

diagram of 𝑿𝐼 has the same shape, meaning that the components have similar characteristics. At this stage, the 

eigentriple grouping of SVD results is based on the characteristics of each component. To determine the 

members of the group is done by looking at the plot of the eigenvector. The following is a plot of the eigenvector 

with a value of 𝑖 = 1,2, … , 18: 
 

 
Figure 2 Data Eigenvector Plot 

 

From Figure 2, it can be seen that the first component is a trend and the other components contain 

seasonal and noise patterns. Grouping using eigenvector patterns is subjective. There are several plots that have 

the same pattern and it is difficult to distinguish their characteristics. To see the similarity of characteristics 

between components more clearly, it can be seen from the W-correlation plot. The W-correlation plot is shown 

as follows 
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Figure 3 W-correlation plot 

From Figure 3, based on the strong and low correlation of each group, it can be seen that the 8 components can 

be divided into 6 groups. The blackness of the slice between components F1 and F14 shows a strong and low 

correlation. The blackness of the slices between components F2 and F3, F5 and F7, F9 and F11, and components 

F2 and F3 all show a high association in Figure 3. The lightness of the slices between components F1, F4, F6, 

F8, F10, F12, and F14 indicates that there is only a weak association between these components. The groups that 

can be formed based on the eigenvector plots and W-correlation plots shown above are as follows: 

 
Table 6 Grouping Results 

Component Group 

1 

2,3 

4 

6 

5,7 

8 

9 

10,11 

12 

13 

14,15 

16 

17 

18 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

 

From Table 5, 14 matrices of 18 different components are obtained. The 14 groups are matrices 

(𝑋𝐼1, 𝑋𝐼2, … , 𝑋𝐼14) each of which is 14 × 67 which is as follows: 

 

𝑋𝐼1 = [

31417.60 31823.87 32147.51 ⋯ 33346.06
31452.31 31859.03 32183.02 ⋯ 33382.90

⋮                 ⋮
32031.79 32446.00

⋮ ⋱ ⋮
32775.97 ⋯ 33997.95

] 

 

𝑋𝐼2 = [

−4040.351 −4042.541 −3692.069 ⋯ −631.1968
−4040.815 −4046.917 −3696.148 ⋯ −631.8942

⋮ ⋮
−4119.337 −4121.478

⋮ ⋱ ⋮
−3764.246 ⋯ −643.5363

] 

 

 

𝑋𝐼14 = [

65.21827 −54.51066 91.79956 ⋯ −16.04355
65.29032 −54.57089 91.90098 ⋯ −16.06128

⋮ ⋮
66.49324 −55.57631

⋮ ⋱ ⋮
93.59418 ⋯ −16.36719

] 

 

 

 

b. Diagonal Averaging 

The final step in SSA is to transform each matrix 𝑿𝐼 in equation into a new time series of length 𝑁. 

Suppose matrix 𝒀 is an arbitrary matrix of size𝐿 × 𝐾with elements 𝑦𝑖𝑗 for 1 ≤ 𝑗 ≤ 𝐿and 1 ≤ 𝑗 ≤ 𝐾, where 𝐿 ≤

𝐾 . 
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𝑌 = [

𝑦11 𝑦12

𝑦21 𝑦21

… 𝑦𝐾

…   𝑦𝐾+1

⋮ ⋮
𝑦𝐿 𝑦𝐿+1

  ⋱ 𝑦𝐾+2

𝑦𝐿+2 𝑦𝑁

] (7) 

 

The matrix 𝒀 is converted into the form of series 𝑔1 , 𝑔2 ... , 𝑔𝑁 through diagonal avergaingin the 

following way: 

 

𝑔𝑘 =
∑(𝑙,𝑘)∈𝐴𝑠𝑦𝑙𝑘

|𝐴𝑠|
 (8) 

Where |𝐴𝑠 | denotes the number of members of set . For 𝐴𝑠 = {(𝑙, 𝑘): 𝑙 + 𝑘 = 𝑠, 1 ≤ 𝑙 ≤ 𝐿, 1 ≤ 𝑘 ≤ 𝐾)} and 𝑖 + 𝑗 = 𝑠 
Based on equation (2.12) suppose that the matrix 𝒀 is chosen. For 𝑘 = 1 gives 𝑔1 = 𝑦11 , for 𝑘 = 2, then: 

𝑔2 =
𝑦1,2+𝑦2,1

2
, 𝑔3 =

𝑦1,3+𝑦2,2+𝑦3,1

2
and so on. 

From the previous step, 14 matrices representing the characteristics of each component are obtained. 

Each matrix will be converted into new time series data with a length of 14 according to each characteristic using 

the equation. The results of diagonal averaging of the 14 matrices are as follows: 

 

Table 7 Diagonal averaging results 
 

No. Group1 Group2 Group3 ⋯ Group14 

1 

2 

3 

⋮    
96 

31286.47 

31530.08 

31743.80 

⋮ 
35512.19 

-359.89216 

-1073.63658 

-1909.48986 

⋮ 
-429.68833 

-399.641046 

151.125142 

515.920295 

⋮ 
496.743684 

⋯ 

⋯ 

⋯ 

⋱ 

⋯ 

-31.091148 

45.283633 

-56.246008 

⋮ 
-24.319937 

 

Next, calculate the forecasting results from the time series data of the diagonal averaging results with the R-

forecasting method. SSA forecasting using LRF or known as R- forecasting, the time series used is the 

reconstructed series obtained from the results of diagonal averaging. Then M new data points will be determined 

to be forecasted. The forecasting model is as follows: 

𝑔𝑡 = {
�̃�𝑖                 𝑢𝑛𝑡𝑢𝑘 𝑖 = 0,… ,𝑁

∑𝑗=1
𝐿−1𝑎𝑗𝑔𝑖−1  𝑢𝑛𝑡𝑢𝑘 𝑖 = 𝑁 + 1,… ,𝑁 + 𝑀

                                           (9) 

R-forecasting is concerned with the estimation of Linear Recurrent Formula (LRF) i.e. 𝑎1 , ... , 𝑎𝑑 using the 

eigenvectors obtained from the SVD stage. Suppose 𝑈 = (𝑢1 , 𝑢2 , ... , 𝑢𝐿−1 , 𝑢 ) , 𝐿𝑇𝑈�̅�= (𝑢1 , 𝑢2 , ... , 𝑢 )𝐿−1
𝑇 , and 

𝜋𝑞 is the last component of the eigenvector 𝑈 or can be written 𝜋𝑞 = 𝑢𝐿 then the LRF coefficient can be calculated 

by : 

𝕽 = (𝑎𝐿−1 , 𝑎𝐿−2 ... , 𝑎 )1
𝑇 = 

1

1−𝑣2
∑ 𝜋𝑞𝑈

�̅�𝑟
𝑞=1  With 𝑣2 = ∑ 𝜋𝑞

2𝑟
𝑞=1  (10) 

After 14 groups of diagonal averaging results are obtained, the next step is to forecast the out sample data using 

the R-forecasting method. The following shows the results of the out sample data forecast: 

 

Table 8Forecasting results on out sample data 

Year Month Actual Data Forecast Data Difference 

 

2022 

 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

35125 

35000 

34900 

35250 

35750 

35300 

35125 

35900 

35660 

35750 

34958 

35000 

36227 

35026 

34873 

35023 

35365 

35401 

35636 

35045 

35704 

35957 

35544 

34996 

1102 

26 

27 

227 

385 

101 

511 

855 

44 

207 

586 

4 

 

From Table 8, it can be seen that the difference between the actual data and the forecast data is quite small. To 

see the comparison between the two, it can also be presented in the form of a plot, which is as follows: 
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Figure 4Plot of Actual Data and Forecast Data 

 

In Figure 4, it can be seen that the plot results of actual and forecast data have almost the same pattern, 

where the forecast data is close to the actual data. 

 

After doing SSA forecasting, then test the forecasting accuracy. To test the error rate of a forecast, it can be done 

using the Mean Absolute Error (MAPE) method with the formula : 

𝑀𝐴𝑃𝐸 = (
1

𝑛
∑𝑖=1

𝑁 |
𝑔𝑖−�̂�𝑖

𝑔𝑖
|) 𝑥100%  (11) 

 

Table 9Mape Value Criteria 

Mape Value Criteria 

𝒙 < 10% excellent forecasting 

𝟏𝟎% ≤ 𝒙 < 20% Good forecasting 

𝟐𝟎% ≤ 𝒙 < 50% Good enough forecasting 

𝒙 ≥ 𝟓𝟎% Bad forecasting 

 

The Mean Absolute Percentage Error (MAPE) approach is used in this study to assess the forecasting accuracy 

of the SSA method. The out-of-sample data is calculated using equation 11 to provide the MAPE value, which is 

shown in Table 9 below: 

Table 10 MAPE value on out sample data forecasting 

Year Quarter Actual Data Forecast Data Error 

 

2022 

 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

35125 

35000 

34900 

35250 

35750 

35300 

35125 

35900 

35660 

35750 

34958 

35000 

36227.15 

35026.26 

34873.00 

35022.70 

35364.78 

35401.04 

35635.51 

35044.52 

35704.16 

35957.42 

35543.53 

34996.48 

0.0313778430 

0.0007502709 

0.0007736038 

0.0064483220 

0.0107753559 

0.0028623853 

0.0145342002 

0.0238294964 

0.0012382808 

0.0058019067 

0.0167496085 

0.0001004467 

Total Error 0.11524172 

Mean Absolute Percentage Error (MAPE) 0.009603477 

    

Table 10shows that the error value between actual data and forecast data is quite small. Judging from the 

MAPE value obtained of 0.96%. As stated that predictions are said to be accurate if the MAPE value is less than 

10% and close to 0%. Therefore, with windows length 18, forecasting is carried out on cocoa prices in 2023. The 

forecasting results are as follows: 

Table 11Prediction results 

Month Prediction Result 

January 

February 

March 

April 

May 

34867 

33967 

33446 

33725 

33986 
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June 

July 

August 

September 

October 

November 

December 

33916 

34196 

34841 

35228 

34792 

34517 

34770 

 

From Table 10 it can be seen that the result of the prediction of the average price of fermented cocoa in 

2023 in January is Rp 34876, prediction in February is Rp33967, prediction in March is Rp 33446, in April is Rp 

33725, prediction in May is Rp 33986, predictions in June of Rp 33916, in July of Rp 34196, predictions in 

August of Rp 34841, predictions in September of Rp 35228, in October of Rp34792, predictions in November of 

Rp 34517, predictions in December of Rp 34770. 

 

DISCUSSIONS 

The data analyzed in this study is the average price data of fermented cocoa in North Sumatra Province 

from 2015 to 2022 using the Singular Spectrum Analysis (SSA) method. Based on the analysis results obtained, 

the forecast results in January 2022 tend to be higher than the actual data with a difference of 110 and an error of 

0.0313778430, while the forecast results in January 2023 tend to be lower than the actual data in January 2022. 

The prediction results in February 2022 tend to be higher than the actual data with a difference of 26 and an 

error of 0.0007502709, while the prediction results in February 2023 tend to be lower than the actual data in 

February 2022. 

The prediction results in March 2022 tend to be lower than the actual data with a difference of 27 and an 

error of 0.0007736038, while the prediction results in March 2023 tend to be lower than the actual data in March 

2022. 

The prediction results for April 2022 tend to be lower than the actual data with a difference of 227 and an 

error of 0.0064483220, while the prediction results for April 2023 tend to be lower than the actual data in April 

2022. 

The predicted results in May 2022 tend to be lower than the actual data with a difference of 385 and an 

error of 0.017753559, while the forecast results in May 2023 tend to be lower than the actual data in May 2022. 

The prediction results in June 2022 tend to be higher than the actual data with a difference of 27 and an 

error of 0.0028623853, while the prediction results in June 2023 tend to be lower than the actual data in June 

2022. 

The prediction results in July 2022 tend to be higher than the actual data with a difference of 511 and an 

error of 0.0145342002, while the prediction results in July 2023 tend to be lower than the actual data in July 

2022. 

The prediction results in August 2022 tend to be higher than the actual data with a difference of 855 and an 

error of 0.0238294964, while the prediction results in August 2023 tend to be lower than the actual data in 

August 2022. 

The predicted results in September 2022 tend to be lower than the actual data with a difference of 44 and an 

error of 0.0012382808, while the predicted results in September 2023 tend to be lower than the actual data in 

September 2022. 

The predicted results in October 2022 tend to be higher than the actual data with a difference of 207 and an 

error of 0.0058019067, while the predicted results in October 2023 tend to be lower than the actual data in 

October 2022. 

The predicted results in November 2022 tend to be higher than the actual data with a difference of 586 and 

an error of 0.0167496085, while the predicted results in November 2023 tend to be lower than the actual data in 

November 2022. 

The predicted results in December 2022 tend to be lower than the actual data and almost the same with a 

difference of 4 and an error of 0.0001004467, while the predicted results in December 2023 tend to be lower 

than the actual data in December 2022. 

There is a not too significant difference in the forecast results with the actual data in 2022 from January to 

December as seen from the standard Mean Absolute Percentage Error (MAPE) value of 0.96%. The MAPE 

value shows that the forecasting results are accurate enough to forecast the Average Price in the cocoa month 

period in 2023, where the forecast results obtained are slightly lower than in 2022. In January, the prediction was 

Rp 34876, in February the prediction was Rp 33967, in March the prediction was Rp 33446, in April the 

prediction was Rp 33725, in May the prediction was Rp 33986, in June the prediction was Rp 33916, in July the 

prediction was Rp 34196, in August the prediction was Rp 34841, in September the prediction was Rp 35228, in 
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October the prediction was Rp 34792, in November the prediction was Rp 34517, in December the prediction 

was Rp 34770. 

 

CONCLUSION 

Based on the results and discussion above, it is concluded that the results of the prediction of the average 

price of fermented cocoa in North Sumatra Province in 2023 using the Singular Spectrum Analysis (SSA) 

method are respectively from January at Rp 34876, prediction in February at Rp33967, prediction in March at 

Rp 33446, in April by Rp 33725, prediction in May by Rp33986, prediction in June by Rp 33916, in July by Rp 

34196, prediction in August by Rp 34841, prediction in September by Rp 35228, in October by Rp34792, 

prediction in November by Rp 34517, prediction in December by Rp 34770. As well as the level of accuracy of 

cocoa price forecasting with the SSA method based on the standard MAPE value obtained of 0.96% which 

means the resulting prediction is very good. 
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