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Abstract—The fluctuating price of rubber is often detrimental to farmers because farmers generally cannot manage the timing of the 

sale to get a profitable selling price. High price fluctuations provide opportunities for traders to manipulate price information on 

farmers and cause farmers not to enjoy the higher true price. This research aims to see how risky the price is received by rubber farmers 

and its effect on farm income in West Aceh District. This study uses the ARCH-GARCH method and VaR calculations for price risk 

analysis and Simple Linear Analysis to analyze the effect of price on farm income. The results showed that the price risk received by 

rubber farmers was high, namely 41.699% during the one-year sales period. The regression results show that the price significantly 

affects the income of rubber farming in West Aceh Regency with a probability of 0.000. The value of R2 is 0.935, which means that 

rubber prices influence 93% of rubber farming income, and variables outside the model influence 7%. The selling price of rubber 

influences the income of rubber farming. If the price of rubber is low, the farmers cannot afford to pay for rubber maintenance, thus 

disrupting rubber productivity. Decreased productivity will reduce farm income in the West Aceh Regency, which means that the price 

of rubber influences 93% of rubber farming income, and 7% is influenced by variables outside the model. 
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I. INTRODUCTION

Most of Indonesia's rubber production is exported to 
various countries in the world [1]. A small portion is marketed 
in the local market. Indonesian natural rubber reaches five 
continents, Asia, Australia, Europe [2], Africa, and America, 
with the main market share of the Asian continent. In 2018, 
the top five importing countries for Indonesian natural rubber 
were the USA (United States of America), Japan, China, India, 
and Korea [3]. The export value of the USA reached 605.97 
tons, which is 21.54% of Indonesia's total natural rubber 
exports. Next to Japan at 17.2%. Then India 10.77% and 
China 8.96%. Meanwhile, Korea with an export weight of 
189.54 tons or 6.74%. Since 2013, the price of rubber has 
continued to decline.  

Many factors keep the price of rubber from rising [4]. One 
of the reasons is the increased supply of rubber. Rubber 
supply increased due to the emergence of several new 
producers, such as Myanmar, Laos, and Cambodia. Apart 
from that, the conditions of the trade war between China and 
the United States also contributed to the decline in world 
rubber prices [5]. In addition, the global economic downturn 

has also reduced demand for vehicles, both motorbikes and 
cars. Meanwhile, 70% of natural rubber is consumed by the 
world tire industry. World rubber prices, Indonesia (national) 
and Aceh for 2011 to 2019 can be seen in Figure 1 below: 

Fig. 1  World, Indonesia, and Aceh Rubber Prices, 2011 – 2019 

The fluctuation of the price of rubber often disadvantages 
farmers rather than traders. This is because farmers generally 
cannot manage their sales time to get a more profitable selling 
price. In other words, high price fluctuations also provide 
opportunities for traders to manipulate price information on 
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farmers [6]. This causes the price transmission from the 
consumer market to farmers tends to be asymmetrical. This 
means that if there is an increase in prices at the consumer 
level, the price increase is not passed on to farmers quickly 
and perfectly, and vice versa if there is a price decline [7]. 
Farmers cannot enjoy the true price. This affects farmers' 
income. 

Aceh Barat is a district in Aceh Province with the largest 
land area with an area of 25,329 hectares and a total 
production of 15,071 tons/year. Rubber production in West 
Aceh District continues to decline. Based on data for the last 
five years, rubber production has continued to decline. 
Decreased rubber production is due to a lack of maintenance. 
Farmers cannot take care of their plants regularly because the 
price of rubber continues to decline. So far, there is no model 
for managing rubber plantations in Aceh in an 
environmentally friendly and sustainable way to utilize the 
needs of the tire industry, such as in Sumatra, such as Jambi 
and Kalimantan [8]. The decline in rubber prices had an 
impact on crop cultivation which was no longer intensive. 
Natural conditions are also a determining factor in rubber 
production. Natural factors such as weather and climate are 
very important factors affecting rubber production. In running 
a plantation business, some obstacles pose a risk to the 
business. One of them is price risk. 

The model used to predict the risk of rubber prices is 
carried out using the ARCH-GARCH model. ARCH-
GARCH model (Autoregressive Conditional 
Heteroskedasticity - Generalized Autoregressive Conditional 
Heteroskedasticity) is an econometric model introduced [9] 
and [10]. VaR (Value at Risk) is a method of calculating price 
risk to determine the maximum risk of loss in normal market 
conditions. VaR (Value at Risk) is a risk measurement method 
that can estimate the maximum possible loss at a certain 
confidence level. The VaR calculation value is always 
accompanied by a probability value indicating how likely it is 
that an adverse event will occur, less than the VaR value [11]. 

Research on price risk for rubber farmers is important to do 
to see the real conditions of rubber farmers in West Aceh 
District so that farmers can make the right decisions in 
running a business in the rubber plantation sector especially 
Indonesia [12]. Farmers will also be able to minimize the 
price risk that will occur to increase their income. In addition, 
it can provide useful input and suggestions in the future. This 
research aims to analyze the risk of rubber prices and their 
impact on farm income in West Aceh District for 12 years 
(2008-2019). 

II. MATERIAL AND METHODS

A. Samples

This research was conducted in West Aceh District. The
research location is determined intentionally (purposive) 
considering West Aceh Regency is one of the natural rubber-
producing areas in Aceh Province [13]. This research was 
conducted from January to March 2020. 

B. Method of collecting data

The data used in this research is secondary data in the form
of data time series (time series) years [14]. Research time span 
2008-2019. The data are rubber land area data, rubber 

production data, rubber commodity price data, rubber farming 
income data obtained from the Aceh Central Statistics 
Agency, Aceh Agriculture and Plantation Service, and West 
Aceh Plantation Service. 

C. Method of Analysis

The analytical method used in this research is quantitative
analysis. Quantitative data analysis was conducted using the 
ARCH. The ARCH model was then refined by Tim Bolerslev 
by including not only past error terms but also past error terms 
variants [15] and GARCH model provides a parsimonious 
parameterization for the conditional variance [16]. VaR [17] 
calculations to determine the price risk for rubber 
commodities using the application E-Views 7  [18]. 
Meanwhile, a Simple Regression Analysis was conducted to 
determine the effect of rubber prices on rubber farming 
income by using the SPPS application Statistics 25 [19]. 

III. RESULT AND DISCUSSION

A. Rubber Price Development

To be aware of the selling price data of rubber in the West
Aceh Regency, we can use E-Views 7. The graph of rubber 
price data can be seen in Figure 2. 

Fig. 2  Rubber prices fluctuation in Aceh Barat Regency 2009-2019 

The graph above shows fluctuations in the selling price of 
rubber at the farmer level in West Aceh District. From 2009 
the price continued to decline until 2013. The lowest selling 
price at the farm level occurred in 2016, amounting to IDR 
3000 / kg. The drop in the selling price of rubber in West Aceh 
Regency was due to the drop in international rubber prices. 
So, this causes the selling price at the farm level to drop 
dramatically [20]. After declining in 2016, the price of rubber 
began to climb again in the following years until 2019. The 
average rubber price growth rate in West Aceh District was -
0.26%. This means that the price of rubber each year tends to 
decrease by 0.26%.  

The fact is that today the price of rubber in the international 
market fluctuates every year. These conditions indicate the 
magnitude of the risks faced by rubber farmers [21]. 

TABLE I 
SUMMARY STATISTICS OF THE RUBBER PRICE EQUATION MODEL IN ACEH 

DISTRICT WEST 

Summary Statistics Rubber 

Skewness 0.512599 
Kurtosis 3.390173 

The elongation coefficient (Skewness), a measure of the 
slope, is greater than 0 indicating the rubber price equation 
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model has a sloping distribution to the right, meaning that the 
data tends to accumulate at a low level of fluctuation. Kurtosis 
values greater than three are an early symptom of 
heteroscedasticity. 

B. Rubber Price Risk Forecasting 

1) ARCH-GARCH Model for Rubber Price Risk:  

The ARCH-GARCH model can be done by analyzing 
regression with the OLS technique (Ordinary Least Square) 
[22]. This is done to see whether the residual has been free 
from autocorrelation or not. Apart from autocorrelation, the 
often-used assumptions are confounding variables or 
residuals that are fixed from time to time. If the residuals are 
not fixed, then the equation model still contains elements of 
heteroscedasticity. 

The autocorrelation of the rubber price equation can be 
done by testing the residual square autocorrelation value [23]. 
The residual quadratic autocorrelation function is to detect the 
presence of the ARCH effect. If there is autocorrelation in the 
residual square, it is identified that there is an ARCH element 
error. Autocorrelation testing on the rubber equation model 
shows that the value probability of the first 11 lags was 
significant. This identifies the ARCH error effect on the 
rubber price equation model. Then, to find out whether the 
residuals in the rubber price equation model contain 
heteroscedasticity, it can be proven by doing a test White 
Heteroskedasticity. Test White Heteroskedasticity based on 
the null hypothesis, namely the absence of ARCH error. Test 
results White Heteroskedasticity. 

TABLE II 
SUMMARY OF WHITE HETEROSKEDASTICITY 

Summary Rubber 

Obs*R-Squared 8.759141 
Probability 0.0305 

 
Based on the table, the statistical probability value Obs * 

R-Squared for the rubber price equation model can be said to 
be high with a value of 0.0305. The probability of the rubber 
price equation is smaller than α, which is usually used, namely 
5%. With this, it can be concluded that the residual of the 
rubber price equation model contains heteroscedasticity. 

OLS Technique (Ordinary Least Square) [24], For the 
rubber price equation model, it turns out that there is still an 
ARCH effect and contains heteroscedasticity. Therefore, it is 
suggested to overcome the problem using the ARCH-
GARCH analysis model. To get the best ARCH-GARCH 
model, the first step is to simulate several variance models 
with the obtained average model specifications. Then do the 
estimation of model parameters using the quasi-maximum 
likelihood method (maximum likelihood). Try out the best 
model estimation for rubber commodity, GARCH (1,1) is 
chosen, the standard model [25], namely to predict the price 
risk. The estimation of this parameter can be seen in Table 3 
below. 

TABLE III 
THE BEST ARCH-GARCH MODEL FOR THE RUBBER PRICE EQUATION 

MODEL IN WEST ACEH DISTRICT 

Variable 
Rubber 

GARCH (1,1) 

Equation of Mean 

 Coefficient Probability 

C 1109.986 0.5646 
Pt-1 0.911500 0.0000 
Q 0.027728 0.5261 

 
The estimation model in the table above shows that the 

constant (C) and the previous price coefficient (Pt-1) are 
positive. This shows that the price of rubber in the previous 
year affected the price of rubber in the current year. For 
production (Q) is also marked positive, which means that 
production does not affect prices. Based on the results of this 
equation, it can be seen that the coefficient value of Q is 
0.027728, which indicates that rubber production has no 
effect and depends on the price of rubber.  

In the table above, it can also be seen that the amount of 
risk in rubber prices is influenced by volatility and previous 
price variants. The relatively high price of rubber this year 
will indicate a high risk for the coming year. The adequacy of 
the model can be determined by conducting an error check 
against the blackout error. This method can be done by 
observing the value of the Jarque-Bera test statistic in 
checking the normality assumption. 

TABLE IV 
STANDARDIZED ERROR NORMALITY TEST 

Score Rubber 

Jarque-Bera 0.652172 
Probability 0.000000 

 
In the provisional prediction model, the risk of rubber price 

from the Jarque-Bera test results in a probability of 0.000000, 
which means rejecting the null hypothesis of standardized 
errors or not spreading normally. The parameter estimates 
will remain consistent if the mean and variance equations are 
specified correctly even though they do not spread normally. 
This is because data processing has included the 
Heteroscedasticity Consistent Covariance Boolerslev-
Wooldridge method so that the error assumption is 
maintained and spreads normally [26]. Thus, the standard 
error of parameter estimates remains consistent. 

2) Rubber Price Risk Level with VaR (Value at Risk) 

Calculation:  

The amount of risk in rubber prices is calculated using the 
VaR calculation (Value at Risk). Using the GARCH (1,1) 
approach obtained in this study, the estimation of the risk of 
rubber prices has the results shown in Table 5. 

TABLE V 
ESTIMATION RESULT OF RUBBER PRICE VARIANCE. 

Variable Parameter Probability 

Constant 5410504 0.8799 
Previous year's volatility (ε2

t-1) 0.130000 0.8575 
The previous year's variant (ht-1) 0.500000 0.7934 
 
Based on the results of the estimation of the rubber price 

variant equation, the volatility parameters and the variance of 
the rubber price in the previous year showed positive and 
significant results at the 5% real level. These results show that 
the variance and volatility of rubber prices in the previous 
year are factors that affect the risk of rubber prices in the 
following year. This means that the increase in rubber prices 
in the previous year will impact increasing-price risk in the 
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coming year. One of the factors that become the consideration 
of farmers in farming is the product's price. An indicator that 
is very important to pay attention to is the previous price, 
which becomes a benchmark in decision-making. If the 
previous price was relatively high and provided benefits for 
farmers, the farmers would increase their business scale. 

Increasing the business scale by farmers can be done in 
various ways, either by renting land, increasing the area of the 
land or by increasing the population, or increasing the 
frequency of harvest. However, not all farmers can do this. 
This is due to certain limitations such as limited land, capital, 
skills, and others. After estimating the variance equation on 
the price of rubber, then the calculation of the price risk 
received by rubber farmers is carried out. The amount of price 
risk to be measured is in one year of sales.  

The amount of price risk is measured by calculating VaR 
(Value at Risk). The following is the VaR calculation with the 
capital issued by the farmer per land area of IDR 78,075,000. 
The amount of costs incurred by farmers used in this study is 
not an absolute cash cost for each rubber farmer in West Aceh 
District. The following equation can calculate the amount of 
risk borne by rubber farmers:  

VaR  = ( σ t + 1 x √ b) x Z α x W 
= (0.9x √ 365) x 1,645 x IDR 78,075,000 

 = IDR 22,083,466 

Thus, VaR in the form of a percentage (%) can be 
expressed as follows: 
 VaR =

��� 		,��,���

��� ��,���,���
�100% 

= 28.3% 
 

The price risk received by farmers in West Aceh District is 
Rp 28.3% over the one-year sales period. The price risk 
obtained is 28.3% of the total investment costs incurred by 
rubber farmers. The risk value of 28.3% if converted into 
rupiah is IDR 22,083,446. According to the Journal of 
Business and Management, the price risk is high if the risk 
value is greater than 1%. The price risk is low if the risk is 
lower than one [27], [28]. The amount of risk obtained from 
this study was 28.3%, where the figure is greater than 1%, 
which means that the price received by farmers in West Aceh 
Regency is high. 

C. Simple Regression Analysis 

Analysis of the effect of price on rubber farming income 
was carried out using simple regression analysis. This simple 
regression analysis uses one variable each. The dependent 
variable is income (Y) and the independent variable is the 
price (X). Based on these two variables, a simple regression 
analysis was carried out using the application SPSS Statistics 
25 and obtained the following results: 

TABLE VI 
T-TEST RESULT 

Model B Std. Error Beta T Sig. 

Constant 475593.483 1252835.814 - 0.380 0.712 
Price 895.622 75.944 0.99

6 
11.793 0.000 

 
Based on the simple regression equation, it can be seen that 

the constant value is 475593.48. This constant value means 

that if the price of rubber (X) is fixed, then the income of 
rubber farming is IDR 475,593.48 -. While the value of the 
income coefficient (X) is 895.62, so if the price of rubber (X) 
increases by 1 rupiah, it will tend to increase the income of 
rubber farming (Y) by IDR 895.62. Table 6 above also shows 
that rubber farming income (Y) is the dependent variable, and 
rubber price (X) is the independent variable.  The significance 
value of X is equal to 0.000; that is, this value is smaller than 
5% (p > 0.05). Thus, it can be concluded that the independent 
variable price of rubber (X) has a significant effect on the 
dependent variable of rubber farming income (Y). The t table 
value is 2,22814. Because the t value is greater than the t table 
value (11.793 > 2,22814), therefore the independent variable 
price of rubber (X) has a significant effect on the dependent 
variable of rubber farming income (Y). 

TABLE VII 
RESULT COEFFICIENT 

Model R R Square 
Adjusted 

R Square 

Std. Error of 

Estimate 

1 0.966 0.933 0.926 2129226.459 
 
Based on the following table, the value for the coefficient 

of determination is 0.933. This value means that the 
dependent variable rubber farming income (Y) is influenced 
by the independent variable rubber price (X) by 93%. 
Meanwhile, 7% is influenced by variables outside the model. 
This indicates that the price of rubber and the income of 
rubber farming have a reciprocal relationship, where the 
income of rubber farming is the product of the price of rubber 
and the production of rubber minus the cost of producing 
rubber. 

The amount of risk generated in the VaR calculation is 
28.3%, which means that the risk is high. The resulting price 
risk affects the decline of farm income in the West Aceh 
Regency. This is under previous research conducted by 
Rasmikayati et al. [29] that price risk significantly affects 
farm income. Thus, the risk of high rubber prices in West 
Aceh District has a significant effect on the income of rubber 
farming in the West Aceh District. In this case, a price support 
policy model for plantation resource resilience is needed, as 
is done in China, which makes price support policies even 
though they are used for food security [30]. 

IV. CONCLUSION 

The magnitude of the price risk received by rubber farmers 
is high in Aceh Barat District. The price risk received by 
farmers in West Aceh District is 28.3%. The magnitude of the 
risk of rubber prices received by rubber farmers indicates the 
number of losses received by rubber farmers during the one-
year sales period. If converted into rupiah, the price risk of 
28.3% is IDR 22,083,455,7 - per 365 days (one year) of the 
sales period. This is related to the selling time of the harvest, 
so rubber farmers must sell their rubber harvest as soon as 
possible to reduce depreciation. The high price risk affects the 
income of rubber farming in West Aceh Regency. The price 
of rubber has a significant effect on the income of rubber 
farming in the West Aceh Regency.  

In this study, the t value is greater than the t table value 
(11.793 > 2.22814) at α 5%, thus the independent variable 
price of rubber (X) has a significant effect on the dependent 
variable of rubber farming income (Y). The price of rubber 
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(X) and farm income (Y) have a reciprocal relationship, where
the income of rubber farming is the product of the price of
rubber and the production of rubber minus the cost of
producing rubber. This indicates that the amount of income
from rubber farming depends on the price of rubber in West
Aceh Regency.

NOMENCLATURE 

previous price coefficient Pt-1 

previous year's volatility ε2
t-1 

previous year's variant ht-1 
C constant 
Q production 
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