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ABSTRACT 

 

CPO price fluctuations that occur also have an impact on the price of palm oil FFB at the National 

and Bengkulu Province. Because, palm oil is the raw material for making CPO. This study aims to 

determine the best ARIMA model for predicting the price of palm oil FFB at the National and 

Bengkulu Province, as well as to find out the results of forecasting palm oil prices at the National and 

Bengkulu Province in 2021. This study uses secondary data, namely monthly data from palm oil 

producer price data national and Bengkulu Province in 2011-2020. The model used for this research 

is ARIMA. The results of the study show that models are suitable for forecasting at the National and 

Bengkulu Province, namely ARIMA (2,1,8) and ARIMA (2,1,7). The results of forecasting the 

highest national oil palm FFB price occurred inin January 2021 of Rp. 118,075/100 kg and the lowest 

national palm oil FFB price occurred in December 2021 of Rp. 115,696/100 kg. while the results of 

forecasting the highest price of oil palm FFB in Bengkulu Province occurred in December 2021 

amounting to Rp.148,653/100 kg and the lowest price of oil palm FFB in Bengkulu Province occurred 

in January 2021 amounting to Rp.144,798/100 kg. 

 

Keywords: forecasting, oil palm, ARIMA models 

 

BACKGROUND 

  

Palm oil is plants obtained from plantations that are processed into CPO or other. CPO is a 

source of vegetable oil that is needed by the community because the results of oil palm plantations 

are used as a primary need for the community which results in the production of soap, cooking oil, 

and others. By making it a basic need, the community needs to increase palm oil production so that 

the community's needs for utilizing palm oil can be fulfilled. The wider the oil palm plantation owned 

by the oil palm farming community, the higher the income earned by the oil palm farming community. 

This condition has caused many people to shift their agriculture to oil palm plantations (see for 

example Charters et al., 2019 and Daulay et al., 2016). 

As a world CPO producing country, Indonesia is the largest CPO exporting country in the 

world. In 2020 the development of Indonesia's CPO export prices continues to increase from the 

previous year. Indonesia's CPO export price in 2020 reached US$ 17,363,921 million, an increase of 

18% compared to the previous year which reached US$ 14,716,275 million. Oil palm FFB production 

in Indonesia tends to increase. Indonesia's total FFB production fluctuated from 2011 to 2020. In 
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2020, the average FFB production reached 48.2 milliontons, an increase of 2.5% compared to the 

price of palm oil FFB in 2019, which was 47.1 million tons. The largest FFB production in Indonesia 

is in Bengkulu Province, reaching 1,063.40 thousand tons in 2020, an increase of 3.0% compared to 

the price of palm oil FFB in 2019, namely 1,032.10 thousand tons (BPS, 2021). 

Seeing the development of Indonesia's CPO exports, the fluctuations in CPO prices that have 

occurred have attracted attention. This fluctuation in the price of Indonesian CPO also has an impact 

on the price of palm oil FFB. Because, FFB is the raw material for making CPO. The development 

of the national palm oil FFB price fluctuates every year. Based on data from BPS, in the last 10 years, 

namely 2011-2020, there has tended to be an increase, but from 2018 to 2020, the price of FFB has 

tended to decrease. Likewise, the development of the price of oil palm FFB in Bengkulu Province 

tends to increase but has decreased from 2017 to 2020. 

Following the findings of Voituriez (2001), fluctuations in the price of palm oil FFB 

cansuspected also occurs due to several factors. The first factor is demand, based on the sound of the 

law of demand, namely when the price of a product is higher, the demand for a product is lower. 

Conversely, when the price of a product is lower, the demand for a product is higher. The second 

factor is supply, where the law of supply sounds, namely when the price of a product offered 

increases, producers will increase the number of products offered. Conversely, when the price of a 

product decreases, producers tend to reduce the number of products offered. 

Based on the phenomenon of price fluctuations above, it is very important to predict future 

prices. Forecasting is a statistical method that plays an important role in determining decisions to 

increase competitiveness in world markets. Forecasting aims to predict what will happen in the future 

based on historical data (Makridakis, 2002). The method used for forecasting is the ARIMA method. 

In 1976, George Box and Gwilym Jenkins introduced the ARIMA method. In fact, the names George 

Box and Gwilym Jenkins are often equated with the ARIMA process which is applied in time series 

analysis, forecasting and control (Wirayasa, 2020). 

Several studies have also found that the ARIMA model is the best model used in forecasting. 

This research was conducted by Sukiyono et al., (2018) on cocoa commodity, Novanda et al., (2018) 

on coffee commodity, Akolo (2019) on rice production, Sukiyono et al., (2019) on rubber commodity, 

Sukiyono et al., (2021) on FFB and CPO prices, Guleryuz (2021) regarding the Covid-19 outbreak, 

and Pitaloka (2019) regarding forecasting import values shows that the ARIMA model is quite 

accurate in forecasting data. Therefore, this study aims to determine the best ARIMA model and apply 

it for forecasting the price of oil palm FFB, both at the Indonesian level and at the Bengkulu Province 

level. The best model found in this studyexpected toused as a tool to predict the price of FFB in the 

next period so that business actors and stakeholders can prepare actions or policies related to the price 

of palm oil FFB. On the other hand, the best model selection technique can be applied to other 

commodity prices. 

 

RESEARCH METHODS 

 

The location of this research was determined purposively, namely the National and Bengkulu 

Province with consideration that the National and Bengkulu Province are one of the areas that have 

oil palm FFB plantations which are quite extensive and most of the farmers make their living in oil 
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palm plantations. Data that used in this research is monthly data price FFB Palm oil in level national 

and Bengkulu Province in 2011:1-2020:12 obtained from BPS Indonesia. 

 

Data Analysis Method 

Stationarity Testing 

Stationary testing is carried out to estimate the stationarity of time series data. Stationarity 

testing is very important to avoid spurious regression. In analyzing the stationarity estimation data 

can be analyzed with the Augmented Dickey-Fuller test(ADF) (Elvina et al, 2017). The equation for 

the stationary test can be seen as follows: 

∆𝑃t= a0 + t-1 + 1t-i+1 + t𝛾𝑃 ∑ 𝑎
𝑗
𝑖=1 Δ𝑃휀 

Information: 

Pt : Price data for period t 

j : Lag length 

휀 : Error 

 

Autoregressive (AR) Models 

The amount of time series data used in the AR model is better known as the p order. In the 

AR model this must meet the requirements by following the stationarity of the data, where the overall 

coefficients in the AR model must be less than 1. The equations in the AR model can be seen as 

follows (Firdaus, 2020): 

zt =𝜇 + Φ1BZt+Φ2B2Zt+Φ3B3Zt +…+ pBpZt + tΦ휀 

Information: 

Zt  : Price data for period t 

Zt-1, Zt-2 : Price data for the previous period 

1, 2𝜇ΦΦ : Constants and coefficients AR 

휀t  : Error value at time t 

 

Moving Average (MA) Models 

The amount of time series data used in the MA model is better known as the q order. In the 

MA model this must meet the requirements whereby the overall coefficients in the MA model must 

be less than 1. The equations in the MA model can be seen as follows (Firdaus, 2020): 

zt =𝜇 +휀t– 1t-1 – 2t-2 - … qt-qΘ휀Θ휀Θ휀 

Information: 

Zt  : Price data for period t 

휀t  : Residual forecasting period t 

휀t-1,t-2  휀 : Residual forecasting period previously 

𝜇, Θ1, 2Θ : MA constants and coefficients 

 

Autoregressive Integrated Moving Average (ARIMA) Model 

The amount of time series data used in the ARIMA model is better known as the order (p,d,q). 

The general form of the ARMA model process can be written as follows (Firdaus, 2020): 
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zt = 𝛿+1Zt-1+2Zt-2+…+t–1t-1–2t-2 -…-qt-qΦΦ휀Θ휀Θ휀 Θ휀 

Information: 

Zt  : Price data for period t 

Zt-1, Zt-2 : Period forecasting data previously 

휀t-1,t-2  휀 : Residual forecasting period previously 

휀t  : Residual forecasting period t 

𝛿, 1, 2, 1, 2 : Constants and coefficients 

-ΦΦΘΘ : Model coefficients 

 

Selection of the best model is carried out after the palm oil price data is analyzed using the 

ARIMA forecasting technique. In selecting the best model, the authors used the trial and error method 

by comparing the smallest MAE, RMSE, and MAPE values. According to Firdaus (2020) explains 

that there are various measures of forecasting model accuracy, namely, MAE (Mean Absolute Error), 

RMSE (Root Mean Squared Error), and MAPE (Mean Absolute Percentage Error). 

 

RESULT AND DISCUSSION  

 

Descriptive Statistics of Oil Palm FFB Prices 

In Table 1. It can be seen that the national average price of palm oil from 2011 to 2020 tends 

to experience a significant increase. The highest increase occurred in 2013 to 2014. In 2014, the 

highest price of palm oil was Rp. 146,445/100 kg with a standard deviation of 3,791.80. Meanwhile, 

the average price of palm oil in Bengkulu Province from 2011 to 2016 has increased. However, from 

2017 to 2020 the average price of palm oil in Bengkulu Province has decreased by Rp. 133,102/100 

kg with a standard deviation of 7,922.07. The highest price of palm oil occurred in 2016, which was 

Rp. 145,248/100 kg with a standard deviation of 9,931.65. 

 

Table 1. Descriptive Data for Oil Palm FFB Prices/100 kg in 2011-2020. 

Variable Year Average 
Standard 

Deviation 
Maximum Minimum 

 

 

 

 

National 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

2019 

2020 

110,522 

120,769 

125,041 

146,445 

135,629 

147,723 

123,315 

108,874 

101,383 

117,013 

1,487.03 

1,552.96 

2,831.71 

3,791.80 

10,679.40 

10,611.04 

3,481.01 

12,712.28 

6,397.65 

6,330.98 

113,286 

123,476 

129,341 

151,069 

147,919 

162,432 

127,522 

122,495 

116,387 

128,651 

108,591 

118,643 

120,394 

140,569 

120,123 

125,161 

117,820 

88,438 

91,969 

107,828 
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Bengkulu Province 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

2019 

2020 

71,752 

92,470 

107,636 

126,801 

134,260 

145,248 

133,102 

112,557 

107,661 

140,714 

11,473.80 

16,321.90 

5,312.69 

6,969.01 

15,614.44 

9,931.65 

7,922.07 

11,415.45 

11,128.88 

10,333,21 

88,934 

105,604 

113,532 

138,151 

153,692 

156,036 

143,226 

128,506 

131,742 

159,118 

53,301 

60,272 

97,572 

111,520 

109,098 

119,549 

118,108 

97,832 

93,164 

128,546 

Source: Processed Secondary Data, 2022 

 

Based on Table 1. National prices for palm oil fluctuate every month, ranging from Rp. 

88,000-162,000/100 kg. The highest National price of palm oil was Rp. 162,432/100 kg in December 

2016 and the lowest price in the National was Rp. 88,438/100 kg in December 2018. Meanwhile, the 

price of palm oil in Bengkulu Province fluctuated every month ranging from Rp. 153,000-

159,000/100 kg. The highest price for palm oil in Bengkulu Province occurred in December 2020, 

namely Rp. 159,118/100 kg. Meanwhile, the lowest price occurred in December 2011 with a price of 

Rp. 53,301/100 kg of palm oil. The increase and decrease that occurs is caused by the number of 

requests. In 4 July 2018, for example, reported that the European Union boycott was suspected to be 

the reason for the downward CPO price fluctuations which had an impact on the price of FFB at the 

farm level. Other reports also stated that the large number of CPO stocks was the reason for the 

decrease in FFB prices (Fauzan, 2022). 

 

Data Stationarity Check 

The phase of checking the stationarity of the data needs to be done so that the data used is 

stationary. According to Rahmawati et al. (2019) if the data being analyzed is not stationary, it can 

perform differencing data. The ADF test results are said to be stationary if the probability value is 

<alpha.The following are the results of stationarity testing of oil palm FFB price data. 

 

Table 2. ResultsAugmented Dickey-Fuller (ADF) Test. 

Variable Levels Conclusion First Difference Conclusion 

National 

Bengkulu Province 

0.3635 

0.2513 

Not Stationary 

Not Stationary 

0.0000 

0.0000 

Stationary 

Stationary 

Source: Processed Secondary Data, 2022 

 

The probability value at the level generated by the ADF test from the National variable is 

0.3635. This means that the probability value is greater than 0.05 so that the National data at the level 

cannot be said to be stationary and it is necessary to perform data differencing. Based on the results 

of the data at the first difference level it is stationary where the probability value is less than 0.05, 

namely 0.0000. This also occurs in the Bengkulu Province variable, where the probability value at 

the level level is greater than 0.05, namely 0.2513 so that the data on the Bengkulu Province variable 

is not stationary and needs to do differencing data. Based on the results after differencing the data at 
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the first difference level, the probability value obtained is 0.0000, so that the data on the Bengkulu 

Province variable at the first difference level can be said to be stationary. 

 

Best Model Selection 

Table 3 present results recapitulation of several ARIMA models with MAE, RMSE, and 

MAPE values of each model. 

 

Table 3. MAE, RMSE, and MAPE Value Forecasting Oil Palm FFB Prices. 

Forecasting Models 
Forecasting Accuracy 

Conclusion MAE RMSE MAPE 

National    
ARIMA (2,1,4) 12094.47 14512.01 10.23022  
ARIMA (2,1,5) 11957.65 14394.52 10.07840  
ARIMA (2,1,6) 11973.73 14408.54 10.10240  
ARIMA (2,1,7) 11875.05 14345.16 9.961990  
ARIMA (2,1,8) 11806.60 14320.41 9.859185 Best Models 

ARIMA (2,1,9) 13078.48 17362.44 10.45979  
ARIMA (2,1,10) 15361.81 192272.7 11.98582  
ARIMA (2,1,11) 15527.94 19361.64 12.19488  
ARIMA (2,1,12) 15549.70 19372.53 12.22191  
Bengkulu Province     
ARIMA (2,1,3) 15818.47 20174.64 15.22083  
ARIMA (2,1,4) 16028.81 20650.25 15.50180  
ARIMA (2,1,5) 19597.18 23179.05 17.23255  
ARIMA (2,1,6) 19677.53 23278.94 12.32164  
ARIMA (2,1,7) 15646.86 19868.86 15.03657 Best Models 

ARIMA (2,1,8) 19797.33 23336.98 17.39904  
ARIMA (2,1,9) 19524.71 23187.47 17.24655  
ARIMA (2,1,10) 23997.85 31446.59 21.53536  
ARIMA (2,1,11) 20876.79 27463.25 18.73716  

Source: Processed Secondary Data, 2022. 

 

Based on the calculation of the accuracy of the national palm oil price forecasting model, the 

ARIMA forecasting model (2,1,8) is the most suitable forecasting model in providing forecast results 

for the national palm oil price. The best model can be seen from the accuracy value of the forecasting 

model MAE, RMSE, and, the smallest MAPE. The resulting national palm oil price forecasting 

accuracy is an MAE value of 11806.60, an RMSE value of 14320.41, and a MAPE value of 

9.859185%. While calculating the accuracy of the Bengkulu Province palm oil price forecasting 

model, each indicator that has the smallest MAE, RMSE, and MAPE values is found in the ARIMA 

model (2,1,7). The accuracy value of the MAE forecasting model is 15646.86, the RMSE value is 

19868.86, and the MAPE value is 15.03657%. 
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Oil Palm FFB Price Forecasting 

The best model obtained based on the smallest forecasting accuracy value can carry out the 

next stage, namely forecasting. Forecasting the price of palm oil in the National market and Bengkulu 

Province is carried out to predict prices for the next one year, from January 2021 to December 2021. 

Prices used to predict prices are actual prices, namely in 2011 to 2020. In Table 4. You can see the 

results of forecasting the price of palm oil FFB at the National and Bengkulu Province levels based 

on the best model chosen to predict palm oil prices at the National and Bengkulu Province levels in 

2021. 

 

Table 4. Forecasting Results for National and Bengkulu Province Oil Palm FFB Prices in 2021. 

Month 
National Bengkulu Province 

Actual Forecasting actual Forecasting 

January 138130 118075 159118 144798 

February 138732 117857 159137 145149 

March 144047 117643 167458 145499 

April 147194 117425 167335 145849 

May 151219 117211 171418 146200 

June 151981 116993 162735 146550 

July 150756 116778 163603 146901 

August 158730 116561 172323 147251 

September 165945 116346 180925 147601 

October 174031 116128 190142 147952 

November 187070 115914 198436 148302 

December 193490 115696 198761 148653 

Source: Processed Secondary Data, 2022 

 

Based on the table, it can be seen that the results of the National and Bengkulu Province palm 

oil price forecasts can be said to be feasible. This is because the comparison of actual data with 

forecasting data has not much different. According to Putri et al. (2018) in proving the accuracy of a 

forecast, it can be seen from the MAPE value where the criteria for a MAPE value of 10% <20% 

MAPE can be said to have good forecasting accuracy. The forecast for the next 12 periods also shows 

that the national palm oil price is experiencing a trend that tends to continue to decline every month. 

The results of forecasting the National price of palm oil from January to December 2021 range from 

Rp. 115,000-118,000/100 kg. The highest National price of palm oil occurred in January 2021 of Rp. 

118,075/100 kg and the lowest National price of palm oil occurred in December 2021 of Rp. 

115,696/100 kg. 

Meanwhile, the price of palm oil in Bengkulu Province for 2021 shows that the price of palm 

oil FFB tends to increase every month. It is predicted that the price of palm oil in Bengkulu Province 

will begin to experience an increase in prices from January to the end of December 2021, ranging 

from Rp. 144,000-148,000/100 kg. Forecasting the highest price of Bengkulu Province palm oil will 

occur in December 2021, which is Rp. 148,653/100 kg. Meanwhile, the forecast for the lowest palm 

oil price for Bengkulu Province will occur in January 2021, namely Rp. 144,798/100 kg. One of the 

factors causing fluctuations in national and Bengkulu province palm oil prices is CPO prices. 
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According to Mulyani (2021) changes in the price of palm oil FFB that occur are influenced by the 

price of Crude Palm Oil (CPO). Severy price increase in CPO will follow by increase in the price of 

palm oil FFB. Conversely, if the price of CPO decreases, the price of FFB will decrease.The findings 

of this data indicate that price formation is at least not influenced by previous prices, but also by other 

factors. The findings of Flemming et al. (2007), for example, indicate that price is most sensitive to 

the quantity supplied to both export and domestic markets. Furthermore, Gonzalez-Rivera & Helfand 

(2001), said that the formation of prices for agricultural products is influenced by the size, pattern of 

integration, and the level of integration of the market. 

 

CONCLUSION AND SUGGESTION 

 

The smallest acquisition of MAE, RMSE, and MAPE results is the forecasting best model that 

can be used for national palm oil prices is ARIMA (2,1,8) for the price of palm oil in Bengkulu 

Province, ARIMA models (2,1,7) is the best ARIMA model base on lowest MAE, RMSE, and MAPE 

values. The results of the National CPO price forecasting for 2021 will decrease with the highest 

National CPO price forecast occurring in January 2021 of Rp. 118,075/100 kg and the lowest National 

CPO price occurring in December 2021 of Rp. 115,696/100 kg . Meanwhile, the results of forecasting 

the price of palm oil in Bengkulu Province for 2021 tend to experience a trend element which tends 

to increase every month. The price for saiwt coconut in Bengkulu Province occurs in December 2021, 

which is Rp. 148,653/100 kg. Meanwhile, the forecast for the lowest price of palm oil in Bengkulu 

Province will occur in January 2021, namely Rp. 144,798/100 kg. 
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