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Abstract

Ensuring the stability of rice prices is crucial for promoting sustainable
agricultural development. In Indonesia, BULOG, the state-owned enterprise tasked
with managing food supplies, is responsible for maintaining this stability.

This research explores the factors and strategies that influence rice prices

for consumers and forecast their movement in future. The study analyzes a
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comprehensive dataset spanning from January 2018 to December 2022 and\
employs double logarithmic regression and Autoregressive Integrated Moving
Average (ARIMA) techniques, yielding intriguing insights. The findings highlight
that the government purchase price, central government rice reserve, and rice
imports play pivotal roles in stabilizing rice prices, while the variable of mar-
ket operations, although influencing rice price fluctuations, is less effective in
achieving the desired price stability. The short-term consumer rice price fore-
casts are expected to significantly contribute to various government strategies
for price stabilization. The best-performing ARIMA (1,0,2) forecasting model
with an impressively low 0.41 percent MAPE value closely matches actual data,
meeting the criteria for highly accurate forecasting. By unraveling the nuances

of these factors, this research provides valuable insights for policymakers and

stakeholders, enabling them to devise more robust strategies to ensure a stable

\rice market in Indonesia. /

Key words: Rice Price Stabilization, Double Logarithmic Regression, Forecasting,

Autoregressive Integrated Moving Average (ARIMA)
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I. INTRODUCTION

Food security has always been recognized as a strategic imperative, ensuring the
fulfillment of people’s rights to an adequate quantity, quality, safety, and nutrition
to actualize a healthy, intelligent, active, and productive human resource. As the
primary dietary staple food for the Asian population, rice has assumed a critical
role in the country's economy, transcending mere economic dimensions to en-
compass social and political implications. For disadvantaged communities in Asia,
rice constitutes a significant portion of their expenditure. Due to the volatility of
rice prices, less privileged communities are unable to manage their consumption
level at higher costs (Dawe & Peter Timmer, 2012).

Indonesian agriculture has intermittently achieved self-sufficiency in rice
production. According to the United Nations Food and Agriculture Organization,
Indonesia attained an impressive 90 percent self-sufficiency ratio in rice pro-
duction and demand from 2019 to 2021, reflecting the recommendable resiliency of
its agri-food system. While nearly every region in Indonesia cultivates rice, not all
regions yield surpluses due to insufficient production to meet local consumption
needs. Despite the progress in achieving a robust rice supply, rice prices in
Indonesia have exhibited inconsistency. The average price of medium-grade rice
in Indonesia between 2018 and 2022 has surpassed the highest retail price set by
the Indonesian government in 2017 (National Food Agency of Indonesia, 2023).
The elevated cost and unpredictable fluctuations in rice prices pose a significant
threat to people's ability to access food,particularly for the substantial number of
Indonesians who fall into the categories of poverty and near poverty.

Indonesia stands out as one of the Southeast Asian countries with the highest
rice consumption rates. In 2021, it was estimated by the International Rice
Research Institute that Indonesians continued to consume over 100 kg of rice per
person annually. This amount is considerably higher than those of other ASEAN
members, especially when compared to Malaysia and Thailand, which are just 99
kg and 81 kg, respectively (Patunru & Ilman, 2019). However, due to the high
price of rice, most Indonesians, especially those from impoverished backgrounds,
face significant challenges (McCulloch, 2008). As of September 2022, approximately
23.36 million people, equivalent to 9.57 percent of the Indonesian population,

were identified as poor (BPS-Statistic Indonesia, 2023).
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In terms of the overall national rice policy, the rice price policy assumes a crucial
role. Understanding the dynamics of policy changes made by different administrations
and their impact on the availability of this staple food represents a treasure trove
of information in comprehending overall food policy and national food security.
Ensuring stable and affordable food prices for consumers necessitates a focus on
food pricing policy. However, the implementation of an effective food price strategy
becomes increasingly challenging in the era of market globalization and limited
government investment in development. Rice price stabilization in Indonesia has
been entrusted to BULOG since the 1970s through the management of rice stock.D
Undoubtedly, this strategy underscores the necessity of a substantial government
budget. Given the significant financial resources allocated to stabilize the supply
and price of food, analyzing the factors and strategies of these measures in attaining

desired goals becomes imperative.

II. LITERATURE REVIEW

The maintenance of domestic rice prices has emerged as a vital component of
Asia's developmental aspirations. Ensuring stability in staple food prices within
economically disadvantaged nations serves as a safeguard against the perilous cycle of
poverty forboth farmers and consumers. Moreover, it fosters an environment conducive
to investment at the agricultural level, which, in turn, stimulates broader economic
growth. By curbing the volatility in prices of other commodities and fostering social
and political stability, this approach proves instrumental in encouraging invest-
ments throughout the economy. Given rice's predominant role in the dietary patterns
of the majority of Asians, coupled with the erratic fluctuations in the global rice
market, all Asian nations have been compelled to fortify their domestic rice prices
against international market fluctuations (Dawe & Peter Timmer, 2012).

The price instability of rice commodity causes a rapid shock response in the
economy, namely changes in price that goes up and down which leads to inflation.
Moreover, shifts in the economic sector are typically triggered by seasonal variations

and natural calamities like floods, which can impede the distribution of goods

1) BULOG is an Indonesian state-owned enterprise (SoE) that plays an important role in maintaining
food security including rice stock operations and domestic food price stabilization in Indonesia.
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when such disasters occur. Rice tends to be a risk during the rainy season due to
many pests and fungus attacks, so yields are reduced and prices are rising.
However, this does not make the demand for rice decrease because the demand
will still exist to fulfill food needs (Aulia, 2022).

Indeed, the Asian nations that have achieved remarkable success in ensuring the
nourishment and well-being of their populations have formulated their approaches
around two key pillars within their domestic food systems, wherein they possess a
certain level of policy authority: the rate of income expansion within the agricultural
sector and the consistency of food prices (Dawe & Peter Timmer, 2012). The policy of
price stabilization encompasses a wide range of instruments that incorporate meas-
ures such as storage facilities, subsidies, income supports, establishing minimum prices,
and the utilization of rice distribution initiatives similar to Indonesia's Rice for the
Poor Program (Raskin), trade regulations such as tariffs, and quantity limitations
have been put into practice. Among these diverse strategies, buffer stocks and
trade policies have surfaced as the dominant approaches (Hoang & Meyers, 2015).

The holistic approach of implementing stock management through a public policy
framework encompasses several interrelated components, including (1) the adoption
of a floor price policy, (2) the implementation of a ceiling price policy, (3) the es-
tablishment of a domestic procurement policy, (4) the execution of a market oper-
ation policy, (5) the implementation of a government rice reserve policy, (6) the
enactment of a routine distribution policy for revolving stock, and (7) the formulation
of a stock disposal policy (Ruspayandi et al., 2022). Initially, the floor price policy
was in place in Indonesia until 2002, at which time it was supplanted by a
Government Purchase Price (GPP) policy. This shift in policy approach marks a
distinct philosophical departure from the previous base price policy.The government's
purchase price policy assumes a more administrative role, serving as a guideline
for BULOG in the procurement of grain or rice (Arifin, 2020).

Then, in 2017, the government established the highest retail price as part of the
pricing policy for rice commodities. The program attempts to stabilize rice prices,
minimize uncertainty for farmers, and ensure consumers have enough rice at a
reasonable price (Isharyanto, 2018). The highest retail price is the price cap on
whether the government needs to intervene in the market or not. When the price
of rice surpasses a certain percentage of the highest retail price, it signals for the

government to come down to the market to intervene through market operations.
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Market operations are essentially policy instruments designed for controlling
price increases. Market operations that increase the volume of rice on the market
are projected to gradually lower rice prices. Initially, the amount of market operat-
ing rice was never intended, as market forces dictated. This is distinct from the
current government's market operation program "Supply Availability and Price
Stabilization (SAPS)," which was launched in 2018 with a daily distribution aim. Is
carried out without regard for market price changes, in contrast to prior market
operations, which were carried out only if the price surpassed or was higher than
the price that was set (Khudori, 2019).

In the countries that adopt such measures, the governments typically delegate
exclusive authority to a State Trading Enterprise to monopolistically acquire rice or
paddy for the purpose of establishing buffer stocks. This process commonly involves
two distinct operations: domestic procurement and trade. Domestic procurement
pertains to the seasonal purchase of rice or paddy by State-Owned Enterprises
(SOEs) from farmers during the peak harvest period. Subsequently, the stocked
rice is released during periods of low production. Moreover, the SOEs assess and
regulate thevolume of imports and exports based on the availability of domestic
supply and the relative relationship between global and domestic prices. Consequently,
it results in the imposition of quantitative restrictions on net trade, rather than
allowing it to fluctuate in response to world prices (Hoang & Meyers, 2015).

The underlying theoretical framework supporting the implementation of rice
price stabilization policy in Indonesia draws upon a price equilibrium approach
coupled with an intervention model incorporating floor price and ceiling price
policies. The effectiveness of this policy approach in Indonesia has been substantiated
through empirical evidence (Ruspayandi et al., 2022). However, Aryani (2021)
highlights that despite the influence exerted by market operations and Rice
Imports (RI) on rice prices, their efficacy in achieving price stability remains
limited due to constraints related to inadequate time allocation and insufficient

quantity in policy implementation.

ITII. MATERIALS AND RESEARCH METHODS

The research methodology employed in this study encompasses a double

logarithmic regression model analysis, Autoregressive Integrated Moving Average
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(ARIMA) analysis, and descriptive statistical analysis to comprehensively investigate
the factors influencing rice prices at the consumer level, and measure forecast
Consumer Rice Price (CRP) accuracy. The study utilizes monthly time series data
spanning a period of five years, from January 2018 to December 2022. It is
important to note that the data considered in this research commences in 2018,
assuming the implementation of the highest retail prices policy and the dis-

continuation of rice distribution through the Raskin or Rastra programs.>2)

1. Variables

The selection of research variables is based on previous studies involving different
time periods, varying circumstances, and recent policy developments. This approach
is expected to provide a different perspective and more contextually relevant policy
recommendations for the future, considering the diversity of potential impacts
within an ever-evolving environment. The retention of variables from previous
research is guided by empirical evidence demonstrating their relevance and sus-
tainability within the context of government policies.

The previous study conducted by Aryani et al. (2017) analyzed the influence of three
variables Rice HPP, Market Operation (MO), and Rice Import on CRP. Market operation
is defined as a combination of Pure MO/ “Operasi Pasar Murni” (OPM) and Special
MO / “Operasi Pasar Khusus” (OPK). The current research is conducted using a
different condition and definition of market operation, as the OPM program was dis-
continued in 2017 and subsequently replaced with a new program called Food Supply
Availability and Price Stabilization. Therefore, it is essential to evaluate the effec-

tiveness of this new program, as the previous program was deemed less effective.3)

2) The inception of the Raskin program took place in 1998, designed as an urgent measure to address
food security concerns. It entails the provision of rice at subsidized rates, with a primary focus on
impoverished and economically vulnerable households. In terms of government expenditure, Raskin
stands as the most substantial and enduring social assistance program specifically directed toward
impoverished households in Indonesia.

3) OPM constitutes a component of the overall price subsidy strategy that comes into play when rice
prices surge due to excessive market demand. OPM is executed by reducing prices by 10 to 15 percent
below market rates. On the other hand, OPK represents the application of a focused price subsidy
approach. Initially introduced, OPK'sprimary objective was to direct food assistance to economically
vulnerable individuals, especially in the aftermath of the 1998 crisis. Starting from 2002, the program
aimed at assisting the impoverished was renamed as Raskin (providing rice to impoverished families),
as documented by Firdaus et al. (2008).
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Consideringthat Indonesia's policy to stabilize rice prices is carried out by manag-
ing stocks and regulating international trade policies, it becomes essential to introduce
a fresh variable referred to as the "Central Government Rice Reserve (CGRR)" referred
to as the government rice reserve part of the government policies for stabilizing
supply and price of food. Detailed information on the research variables, including

their definitions, sources, and notation, is provided in {Table 1).

2. Double Logarithmic Model

The double logarithmic model analysis is a robust statistical technique employed
to examine the relationships between a dependent variable and multiple independent
variables. In this study, regression analysis was utilized to assess the impact of the

independent variables (X;, X», X3, ..., X)) on the dependent variable (Y). Through

(Table 1) Variables of double logarithmic regression and ARIMA analysis

Variable Un't. Definition Source Code
analysis
Consumer The prevailing cost paid by end
fice price Rp/kg | consumers in the market for me— | National Food Agency | CRP
P dium qualityof rice.
G The specific amount disbursed by | Cabinet Secretariat of
overnment )
P . the government to procure un- | The Republic of Indo-
urchase Price Re/kG pled rice or to designate ri nesia and The Indone~ | C7
(GPP) ulled rice or to designate rice as | nesia a e Indone

part of the government's reserves. | sian Ministry of Trade

The various preventive measures
undertaken by the government to
Market operations |kg/mon| maintain stability in rice prices | BULOG MO
through Food Availability and Supply
Stabilization Program (FSAPS).

The operational inventory of rice

gi\r;grar:ment Rice under the authority of the gov-
Reserve kg/mon| ernment (BULOG), serving the | BULOG CGRR
(CGRR) larger goal of achieving national

food security.

The quantity of medium-quality
rice acquired by the government
Rice import kg/mon| to supplement domestic rice re- | BULOG RI
serves during periods of insufficient
domestic production.

Note: ARIMA, Autoregressive Integrated Moving Average; CRP, Consumer Rice Prices; MO,
Market Operations; RI, Rice Import.
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this analytical approach, the direction and magnitude of influence exerted by the
independent factors on the dependent variable were determined. The equation
model encapsulating the identified variables can be expressed as follows (Ghozali,

2018). The general equation based on the variable identification:

InCRP = ¢ + B1InGPP + BInMO + B3InCGRR + B4InRI + e

Description:

InCRP : The natural logarithmic of the Consumer Rice Price (Rp/kg)

a . Intercept

Bi . Regression coefficient to (i) (i= 1, 2, 3, 4) that measures the elasticity
of the relationship between a dependent variable and an independent
variable. The percentage change in X (independent variable) and its
impact on the percentage change in Y (dependent variable). A positive
Bcoefficient indicates a positive relationship between X and Y, while
a negative 8 coefficient indicates a negative relationship.

InGPP : The natural logarithmic of Government Purchase Price (Rp/kg)

InMO  : The natural logarithmic of Market Operations (kg/mon)

InCGRR : The natural logarithmic of Central Government Rice Reserve (kg/mon)

InRI : The natural logarithmic of Rice Import (kg/mon)

e . Standard error.

This research presents a comprehensive analysis of double logarithmic regression,
facilitated by advanced technology such as IBM SPSS 27.0 software (Chicago, IL, USA).
The study encompasses various classical assumption tests, including the Normality
Test, Autocorrelation Test, Multicollinearity Test, and Homoscedasticity Test.

The evaluation of the estimation model incorporates essential statistical tests
such as the F-test and t-test to determine the influence of independent variables
(X) on the dependent variable (Y). Furthermore, the examination of individual in-
dependent variables' effects on the dependent variable is conducted through the
t-test, while the combined impact of multiple independent variables is assessed
using the F-test. To evaluate the model's overall quality, the coefficient of determi-
nation (R® test) was employed alongside the F-test and t-test, providing crucial in-

sights for hypothesis testing and model assessment.
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3. Autoregressive Integrated Moving Average (ARIMA)

ARIMA is indeed one of the most popular models in time series forecasting. This
model consists of three fundamental components: AR (AutoRegressive), I (Integrated),
and MA (Moving Average). By integrating autoregressive, differencing (integration),
and MA components, ARIMA enables researchers to identify patterns, trends, and
fluctuations within data and make forecasts for future values.

Model ARIMA consists of three processes: autoregressive, integrated, and MA,
denoted as ARIMA (p, d, q). The order 'p' represents the autoregressive process in
the model, 'd' indicates the integrated process that must be applied to the data
first, and 'q' represents the MA process. If 'd' is 0 and 'q' is 0, the model is denoted
as AR (p) for autoregressive-only. Similarly, if 'd' is 0 and 'p' is 0, the model is denoted
as MA (q) for MA only. When all three processes are present in the model, it is
called an ARIMA,denoted as ARIMA (p, d, g). An ARIMA model can be an AR (p)
model or an MA (q) model or a combination of that is ARMA (p, g).

The AR model (p) is presented in the following equation (1):

2=z Gzt G G (D
The MA model (q) is presented in the following equation (2):

2= @ — Q11 — Gty — ... — Gyl )
The ARMA model (p, qg) is presented in the following equation (3):

2= izt Gz Gpp G — P11 — Qa2 — .. — Qg (B)

4. Mean Absolute Percentage Error (MAPE)

The determination of the best-fitting model in this research relies on the Mean
Absolute Percentage Error (MAPE) parameter. Error, or residuals, represent the differ-
ence between actual observed values and their corresponding predicted values.

The MAPE is determined by calculating the absolute error for each time period,
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dividing it by the actual observed value for that time period, and then taking the
average of these absolute percentage errors. The resulting figure is then multiplied
by 100 to express it as a percentage. This method is particularly useful when the
magnitude of the predictor variables plays a crucial role in evaluating the accuracy

of predictions. The formula for MAPE is as follows:

Yt Yt
Zl L

MAPE = 100
t =1
Description:
n : number of time series data points
Yt . actual value at period ¢
Y't : forecast value for period &

Analysis of the model using the MAPE method can be evaluated within the MAPE
value range as {Table 2).

This research is dedicated to the policy measures employed in Indonesia to
maintain stability in the prices of rice, specifically focusing on key instruments
such as the GPP, MO, CGRR, and Rice Imports. These measures are essential in
ensuring stability in rice prices at the consumer level. However, these policies face
diverse challenges, some of which are beyond the government's control. By im-
plementing appropriate and effective rice price stabilization policies, the desired
goal of consumer price stability can be achieved. Furthermore, these policies have

far-reaching impacts, including inflation suppression, maintaining stability in pri-

(Table 2) Interpretation of typical MAPE values

MAPE (%) Interpretation
<10 Highly accurate forecasting
10-20 Good forecasting
20-50 Reasonable forecasting
>50 Inaccurate forecasting

Source: Lewis (1982).
Note: MAPE, Mean Absolute Percentage Error.
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ces for both producers and consumers, managing government food reserve stocks,

and providing consumers with access to high-quality rice at reasonable prices.

5. Hypotheses

Hypotheses serve as temporary proposed solutions or assumptions for research
issues that require empirical verification (Sugiyono, 2013). In this study, the hypotheses
are formulated based on existing theoretical foundations and previous research,
addressing the following aspects:

1. The GPP has a negative effect on CRP.

2. MO have a negative effect on CRP.

3. CGRR has a negative effect on CRP.

4. Rice imports have a negative effect on CRP.

This study presents a rigorous and formal analysis, grounded in established
methodologies, to explore the hypothesized relationships and determine the fac-
tors and strategies of rice price stabilization policies, and the importance of
CGRR. This study contributes to a deeper understanding of the complex dynamics
associated with rice price stabilization policies and their implications for consum-
er price stability. The findings offer valuable insights to policymakers and stake-
holders, guiding them in the implementation of effective policies and enhancing

overall food security in Indonesia.

IV. RESULT AND DISCUSSION

1. The Role of Government Policies in Stabilizing Rice Prices

in Indonesia

The analysis of the Indonesian government's strategies implemented by BULOG
to stabilize rice prices at the consumer level from 2018 to 2022 has been conducted
using double logarithmic regression. The double logarithmic regression model allows
us to examine the relationship between the independent variables and the dependent

variable, where changes in percentage in the independent variables lead to corre-
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sponding changes in percentage in the dependent variable.

To assess the accuracy of the sample regression function in estimating the actual
value, the goodness of fit measures is employed. These measures include the co-
efficient of determination, the F-statistic, and the t-statistic. The results of the
double logarithmic regression analysis using the SPSS 27.0 program are presented
in (Table 3), which showcases the values of the coefficient of determination, the
F-statistic, and the t-statistic, providing statistical insights into the magnitude and
significance of the relationships observed.

Based on the analysis results using the double logarithmic regression method,
the estimated values for @ 81, 82, 83, and B4 can be formulated into the regression

equation (4) as follows:

InCRP = 10.55 - 0.13InGPP + 0.01InMO - 0.02InCGRR - 0.0004InRI + e 4)

The analysis conducted in this study focuses on the relationship between the de-
pendent variable, CRP, and several independent variables, namely GPP, market
operations, CGRR, and RI. As presented in {Table 3), the R-value is 0.811, suggest-
ing a strong positive linear relationship between the variables in the regression
model. The Adjusted R Square value is 0.632, indicating that 63.2 percent of changes
in the CRP can be explained by these variables. The remaining 36.8 percent are

influenced by other variables that are not included in this study. These findings

(Table 3) Statistical description of double logarithmic regression

Variable Exzi(;cr;ted Coefficient | t-value | t-table |p-value
Constant 10.55 45.145 0.000
Government Purchase Price (GPP) - -0.13 -5.235 0.000
Market Operations (MO) - 0.01 5.323 0.672 | 0.000
Central Government Rice Reserve (CGRR) - -0.02 -5.830 0.000
Rice Imports (Rl) - -0.0004 -2.804 0.007
R 0.811 F-value 26.385 | Prob. F | 0.000
R square 0.657 F-table 2.773 a 0.05
Adjusted R square 0.632

Source: Double Logarithmic Regression Analysis.
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suggest that the government's implementation of a rice price stabilization policy
through BULOG has contributed to regulating fluctuations in CRP by 63.2 percent.

The results of the F-test, shown in {Table 3) as an output of the analysis of variance
(ANOVA), reveal that an F-value of 26.385 is higher than an F-table of 2.733.
Additionally, the probability value of 0.000 is lower than the significance level of
0.050. These results indicate that the independent variables (GPP, market operations,
CGRR, and RI) collectively and significantly influence the dependent variable (CRP)
at a 95% confidence level. To assess the individual effects of the independent varia-

bles, the t-test was employed, and the statistical results are displayed in {Table 3).

1) Government Purchase Price (GPP)

The t-value for GPP is -5.235, which is greater than the t-table value of 0.672,
with a p-value of 0.000, which is smaller than the significance level of 0.05.
Therefore, the null hypothesis (Hy) is rejected, and the alternative hypothesis (H.)
is accepted. This means that at a 95% confidence level, GPP has a significant effect
on CRP. The coefficient for GPP is -0.13, indicating that a one percent increase
in GPP will lead to a decrease in CRP by 0.13 percent. This finding highlights the
effectiveness of GPP as a tool for price stabilization and affordability for
consumers. When the government increases the purchase price it offers to rice
producers, it acts as an incentive for increased production, helping to ensure a
stable supply of rice in the market. As a result, this proactive approach can lead
to lower CRP, benefiting consumers and contributing to food security in Indonesia.
In the context of rice price stabilization policies, GPP emerges as a key policy lever

for the government to manage and regulate CRP effectively.

2) Market Operations (MO)

The t-value for MO is —-5.830, which is greater than the t-table value of 0.672,
with a p-value of 0.000, which is smaller than the significance level of 0.05.
Therefore, the null hypothesis (Hy) is rejected, and the alternative hypothesis (H.)
is accepted. This means that at a 95% confidence level, MO has a significant effect
on CRP. The coefficient for MO is 0.01, indicating that a one percent increase in
MO will lead to an increase in CRP by 0.01 percent. This result may appear counter-
intuitive, as market operations are typically employed to stabilize prices rather

than increase them. The unexpected direction of influence suggests that the effective-
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ness of MO in controlling CRP may be subject to further examination. While MO
is a recognized tool for price stabilization, the findings imply that a closer evaluation
of its implementation and policies is necessary to align it with the goal of reducing
or maintaining CRP.

The scheme of market operations serves as a government tool to create a bal-
ance among the interests of producers, consumers, and overall economic stability.
The objective of these market operations is to influence the supply and demand
in the market, ensuring that the price of rice commodities can be controlled or
maintained at a level considered reasonable or stable. Market operations are exe-
cuted by closely monitoring the developments in rice prices in comparison to the

prices predetermined by the government as the highest retail price.

3) Central Government Rice Reserve (CGRR)

The t-value for CGRR is greater than the t-table value of 0.672, with a p-value
of 0.000, which is smaller than the significance level of 0.05. Therefore, the null
hypothesis (Ho) is rejected, and the alternative hypothesis (H.) is accepted. This
means that at a 95% confidence level, CGRR has a significant effect on CRP. The
coefficient for CGRR is =0.02, indicating that a one percent increase in CGRR will
lead to a decrease in CRP by 0.02 percent. This implies that an increase in the
CGRR serves as an effective policy tool in stabilizing and reducing CRP. In practical
terms, when CGRR is bolstered, it can be used to release rice into the market,
thereby mitigating any price surges and ensuring a stable supply of affordable rice

to consumers.

4) Rice Import (RI)

The t-value for RI is —2.804, which is greater than the t-table value of 0.672,
with a p-value of 0.000, which is smaller than the significance level of 0.05.
Therefore, the null hypothesis (Ho) is rejected, and the alternative hypothesis (H.)
is accepted. This means that at a 95% confidence level, RI has a significant effect
on CRP. The coefficient for RI is -0.0004, indicating that a one percent increase
in RI will lead to a decrease in CRP by 0.0004 percent.

This finding suggests that RI can be a valuable strategy for managing and stabi-

lizing rice prices. When the government permits or facilitates RI during periods of
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domestic scarcity or rising prices, it can contribute to averting price spikes and
ensuring an adequate supplyof rice for consumers. In the context of price stabili-
zation policies, RI emerge as a key variable that authorities can employ to address

fluctuations in CRP effectively.

2. Consumer Rice Price Prediction: A Forecasting Analysis

CRPwere forecasted utilizing data obtained from the National Food Agency of
Indonesia spanning from January 2018 to December 2022. Using this dataset, re-
searchers generated predictions for CRP for the period from January 2023 to
December 2023. The methodology employed for model determination and price
forecasting relied upon the time series approach known as the Box-Jenkins method
or ARIMA, implemented with the assistance of IBM SPSS 27. The ARIMA model is
employed for the analysis of time series data exhibiting short-term trends, with
the objective of generating future predictions. The ARIMA model will produce

forecasts for CRPbased on the best-fitting model with the smallest MAPE values.

1) The results of the model estimation

(Table 4) and (Table 5) present the results of the parameter values obtained
from each ARIMA model estimation for CRP data. The determination of the
best-performing model is based on the highest R-squared value and the lowest
values for Root Mean Square Error (RMSE), Mean Absolute Error (MAE), Bayesian

Information Criterion (BIC), and MAPE. According to the criteria outlined in

(Table 4) Estimating a model and testing parameter significance

Model Constant ARy AR2 MA, MA; MAs | L-jung Box | p-value
ARIMA (0,0,2)| 10,925.17 -1.370 | -0.837 0.295 <0.05
ARIMA (0,0,3)| 10,930.33 -1.394 | -1.166 | -0.652 0.887 <0.05
ARIMA (1,0,1)| 11,016.21 | 0.901 -0.478 0.843 <0.05
ARIMA (1,0,2)| 10,985.95 | 0.830 -0.642 | -0.381 0.922 <0.05
ARIMA (2,0,0)| 10,938.22 | 1.502 | -0.663 0.951 <0.05

Source: Autoregressive Integrated Moving Average (ARIMA).
Note: AR, Autoregressive; MA, Moving Average.
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(Table 5) The best-performing model

Model R-squared RMSE MAE BIC MAPE
ARIMA (0,0,2) 0.695 81.792 56.046 9.013 0.5M
ARIMA (0,0,3) 0.731 77.474 51.359 8.972 0.467
ARIMA (1,0,1) 0.763 72.041 47.825 8.759 0.436
ARIMA (1,0,2) 0.773 71.162 44.983 8.803 0.409
ARIMA (2,0,0) 0.762 72.237 45.369 8.769 0.413

Source: Autoregressive Integrated Moving Average (ARIMA).
Note: RMSE, Root Mean Square Error; MAE, Mean Absolute Error; BIC, Bayesian Information
Criterion; MAPE, Mean Absolute Percentage Error.

(Table 5), the ARIMA (1,0,2) model exhibits the highest R-squared value and the
lowest RMSE, MAE, and MAPE among the five ARIMA models considered. Hence,

it can be concluded that the best-performing model to be employed is the ARIMA
(1,0,2) model.

2) The results of the significance test and diagnostic check

The purpose of significance testing is to determine whether the parameters
obtained from the ARIMA model are statistically significant. A model is considered
significant if the significance level (p-value) of each parameter is less than alpha
(), with a value of @ equal to 0.05. The model is also deemed significant if the
significance level (p-value) indicates the presence of white noise in the residuals,
which means that the hypothesis is satisfied. White noise in residuals occurs when
the significance level (p-value) in the Ljung-Box test is greater than alpha (@), with
the value of @ equal to 0.05.

Based on (Table 4, for the ARIMA (1,0,2) model, the significance level (p-value) of
each parameter is less than e (0.05), and the significance level (p-value) in the Ljung-
Box test is greater than @(0.05). This indicates that the residuals of the ARIMA (1,0,2)
model exhibit white noise and are well-distributed. The ARIMA (1,0,2) model has
satisfied the significance testing hypothesis and has passed diagnostic checks. Therefore,
the ARIMA (1,0,2) model is considered appropriate for making forecasts.

Following the testing steps conducted, only one ARIMA model is considered as
the best model for forecasting CRP, which is the ARIMA (1,0,2) model. The ARIMA
(1,0,2) model underwent an accuracy assessment using the MAPE. The MAPE value

is used to determine the accuracy of the forecast on the test data. {Table 5) presents
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the MAPE value for the ARIMA (1,0,2) model, which is 0.41%. This indicates that
a forecast with a MAPE value of less than 10% is considered highly accurate forecasting,
less than 20% is considered good forecasting, between 20%-50% is considered reason-

ably accurate forecasting, and a MAPE value exceeding 50% is considered inaccurate.

3) The results of forecasting

The Upper Control Limit (UCL) and Lower Control Limit (LCL) are boundary val-
ues utilized in ARIMA forecasting analysis to monitor forecast accuracy. UCL rep-
resents the upper limit indicating the highest level at which forecast results are
deemed acceptable, while LCL represents the lower limit indicating the lowest lev-
el at which forecast results are considered acceptable. When forecast results fall
within the range between UCL and LCL, it signifies that the forecast is within stat-
istically acceptable bounds. However, if forecast results exceed the UCL, it may
indicate over-forecasting or excessively high forecasts, whereas exceeding the LCL
may suggest under-forecasting or forecasts that are too low. Therefore, UCL and
LCL are used to monitor and identify inaccuracies in forecasting, aiding in taking

necessary corrective actions to enhance forecast accuracy ({(Table 6)).

(Table 6) Forecast of consumer rice price January to December 2023 (Rp/kg)

2023 Forecast UCL LCL

JAN 11,482.67 11,607.78 11,357.56
FEB 11,483.74 11,706.35 11,261.13
MAR 11,399.15 11,698.75 11,099.56
APR 11,328.94 11,671.66 10,986.22
MAY 11,270.66 11,640.18 10,901.14
JUN 11,222.68 11,609.18 10,835.38
JUL 11,182.12 11,580.56 10,783.68
AUG 11,148.79 11,554.99 10,742.59
SEP 11,121.12 11,532.58 10,709.65
OCT 11,098.15 11,513.20 10,683.10
NOV 11,079.08 11,496.58 10,661.58
DEC 11,063.26 11,482.44 10,644.07

Source: Autoregressive Integrated Moving Average (ARIMA).
Note: UCL, Upper Control Limit; LCL, Lower Control Limit.
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4) Graphical representation of consumer rice prices in actual, predicted
[regression], and forecasted [Autoregressive Integrated Moving Averag
(ARIMA)] data

(Figure 1> and <{Figure 2) provide a comprehensive overview of actual CRP,
predictions made by a regression model, and forecasts generated by an ARIMA
model from 2018 to 2023. Over the period of 2018 to 2023, rice prices experienced
significant fluctuations, as evidenced by the actual rice price chart. In early 2018,
rice prices were at a certain level, and for the first few years, they continued to
rise. However, around mid-2022, there was a significant price spike, followed by
a sharp increase in mid-2023.

To gain a deeper understanding of these rice price trends, we applied double-
logarithmic regression analysis. The results of the regression analysis indicate that
rice prices are closely linked to various factors and government interventions in
terms of rice price stabilization. Price predictions based on our regression model
show a stable trend, with anexpectation of moderate price increases during the
years 2018 to 2022. As for 2023, we conducted a forecast using an ARIMA model.

The ARIMA forecast results suggest that rice prices are expected to remain within

(Figure 1) A comparison of actual consumer rice prices and predicted by a regression
model from 2018 to 2020
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(Figure 2) A comparison of actual consumer rice prices, predicted by a regression model
and forecasted by an ARIMA model from 2021 to 2023
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a relatively stable range, with limited fluctuations throughout the year.

By using both of these analytical methods, we aim to provide a more holistic
understanding of rice price movements and offer a deeper insight into what may
occur in the coming year. Reflecting on the past, present, and future conditions
will undoubtedly be a consideration in determining the appropriate steps or strategies
in price stabilization policies. This may involve maintaining existing government
efforts such as the GPP policy, MO, Government Rice Reserves, and Rice Imports,
or adopting new strategies that are of concern to the government.

Examining the three comparative graphs in (Figure 2, the 2023 forecast graph
appears to be in stark contrast to the actual data for 2023. This disparity is due
to the ARIMA model's forecast, which solely considers or utilizes time series data for
rice prices without considering other policy factors implemented by the government.
The difference between the forecasted rice prices and actual prices in 2023 can
be explained by changes initiated in mid-March 2023. As per the graph in the yellow-
shaded area, the Indonesian government made significant adjustments to the GPP
and Highest Retail Price.

The GPP, previously set at Rp8,300 per kg in Bulog's warehouses, was revised to
Rp9,950 per kg, and the Highest Retail Price, for the medium-grade rice widely
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consumed by the Indonesian population and the focus of this study, increased
from Rp9,450 per kg to Rpl10,900 per kg. These changes undoubtedly had an
impact on the evolving market prices. As seen in the actual rice prices in 2023,
there was a continuous and drastic spike. The ARIMA model's forecasting results
for the short two-month period exhibited the same pattern as the actual data for
2023, with consecutive increases. From this, it can be concluded that the ARIMA
model produced can accurately predict prices in the short term, with the caveat
that periodic updates are necessary to account for changes or responses to
government policies.4>

The effective implementation of the GPPpolicy starting from March 2023, followed
by a significant and rather drastic change in prices, reflects the success of this
policy in stabilizing prices. Price stability is often defined as prices that are
reasonable and fair in comparison to excessively low prices. The adjustment of
the GPPpolicy in tandem with modifications to the highest retail price policy for
rice will induce changes and shifts in the stability of rice prices at a particular
juncture. This scenario underscores the dynamic nature of price stabilization
efforts and highlights the government's responsiveness to evolving market con-
ditions, thus contributing to ensuring that rice prices remain both reasonable and

stable.

V. CONCLUSION AND POLICY IMPLICATIONS

1. Conlusion

In light of the results from the double logarithmic regression analysis concerning
government interventions aimed at stabilizing rice prices in Indonesia, it was observed
that all of the following factors exerted significant influence. The GPP and CGRR
emerged as the most effective instruments, while the RI instrument had a relatively
minor impact, and the market operations instrument was statistically less effective,

requiring further evaluation.

4) The Regulation of the National Food Agency of the Republic of Indonesia Number 6 of 2023 re-
garding Government Purchase Prices and Rice Refraction was established on March 24, 2023. The
Regulation of the National Food Agency of the Republic of Indonesia Number 7 of 2023 regarding
the Highest Retail Price of Rice was established on March 31, 2023.

SHNEEH | 23



Based on the MAPE criteria, the ARIMA (1,0,2) model has been identified as the
best model for forecasting CRP in the future. The ARIMA forecasting model, when
integrated with policy analysis, offers a holistic understanding of rice price
dynamics, guiding policymakers in shaping effective price stabilization strategies
to respond to evolving market conditions. The ARIMA model's 2023 forecast, when
compared to actual data, underscored its capability to predict short-term price
trends, particularly in response to government policy adjustments.

The combination of double logarithmic regression analysis, considering various
factors influencing rice prices, along with the ARIMAmodel used for forecasting
future rice prices based on historical data, represents an effective approach for
depicting therice price conditions, evaluating the effectiveness of government
interventions in mitigating rice price fluctuations, and outlining the strategies

necessary to maintain rice price stability in the future.

2. Policy Implications

To enhance the effectiveness of price stabilization, the government should
consider improving the precision of market operations programs, focusing on
aspects such as quantity, quality, and timeliness. Recognizing the difficulties faced
by economically disadvantaged communities in managing their consumption at
higher rice prices and acknowledging the limited impact of market operations
programs, we recommend that the government extends direct support to the
underprivileged population through food assistance programs, with a specific
emphasis on rice distribution.

The forecasting of rice prices is a crucial instrument for the government to
anticipate rice price conditions in the coming years. The ARIMA model serves as
an effective short-term forecasting tool. Therefore, periodic forecasting is neces-
sary to ensure precision in policymaking and stabilization efforts. Considering the
effectiveness of government strategies, such as GPP, CGRR, and RI in stabilizing
prices, it is imperative to maintain and further develop these policies in accordance

with Indonesia's rice market conditions.

24 | FHHLE



ACKNOWLEDGEMENT

I would like to express my deepest appreciation and gratitude to the following in-
dividuals and institutions whose contributions and support have been pivotal in the
successful completion of this research work: Professor Hwang Hwa Seok and
Professor Dong Hyun Shin for their exceptional guidance, expert mentorship, and
unwavering encouragement. Their insightful feedback, valuable suggestions, and

constructive criticism have immensely enriched the quality and depth of this study.

REFERENCES

Arifin, B. (2020). Ekonomi beras kontemporer. Jakarta: Gramedia Pustaka Utama.

Aryani, D. (2021). Rice price control instruments in Indonesia: Effective time
required. Pangan, 302), 75-86.

Aryani, D., Natawidjaja, R. S., Noor, T. 1., & Mulyana, A. (2017). The effectiveness
of rice price stabilization policy in Indonesia. International Journal of Science and
Research (IJSR), &10), 1060-1063.

Aulia, A. (2022). Impact of inflation on main food commodities prices in Central Java
(2019-2021). Journal of Humanities, Social Sciences, and Business (JHSSB)X1),
75-89.

BPS-Statistic Indonesia. (2023). Berita resmi statistik: Profil kemiskinan di indonesia
september 2022. Badan Pusat Statistik (BPS). Retrieved from https://www.bps.g-
o.id/pressrelease/2023/01/16/2015/persentase-penduduk-miskin-september-2022

Dawe, D., & Peter Timmer, C. (2012). Why stable food prices are a good thing:
Lessons from stabilizing rice prices in Asia. Global Food Security, 1(2012),
127-133.

Muhammad, F., Lukman, M. B., & Purdiyanti, P. (2008). Swasembada beras dari
masa ke masa’ Telaah efektivitas kebijakan dan perumusan strategi nasional.
Bogor: IPB Press.

Geérard, F., Alpha, A., Beaujeu, R., Levard, L., Maitre d'Hotel, E., Rouille d'Orfeuil, H.,
Bricas, N., Daviron, B., Galtier, F., & Boussard, J. M. (2011). Managing food price
volatility for food security and development. GRET. Retrieved from https://gret.

org/en/publication/managing-food-price-volatility-for-food-security-and-development/

AN | 25



Ghozali, 1. (2018). Aplikasi analisis multivariete dengan program IBM SPSS 25 (Oth
ed.). Semarang: Badan Penerbit Universitas Diponegoro.

Government of Indonesia. (2017). Minister of trade regulation number 57/M-DAG/
PER/8/2017 concerning the determination of the highest retail price for rice. Jakarta:
State Secretariat.

Government of Indonesia. (2020). Minister of trade regulation number 24 of 2020
concerning the determination of government purchase price for paddy or rice.
Jakarta: State Secretariat.

Hoang, H. K., & Meyers, W. H. (2015). Price stabilization and impacts of trade
liberalization in the southeast Asian rice market. Food Policy, 57, 26-39.

[lham, N., Siregar, H., & Priyarsono, D. S. (2006). Efektivitas kebijakan harga pangan
terhadap ketahanan pangan. Jurnal Agro Ekonomi, 242), 157-177.

I[sharyanto, 1. (2018). Determination of the highest retail price of food commodities
as a constitutional right in welfare state perspective. Jurnal Konstitusi, 153),
525-542.

Khudori. (2019). BULOG dan politik perberasan. Jakarta: Yayasan Pustaka Obor
Indonesia.

Lewis, C. D. (1982). Industrial and business forecasting methods. London: Butterworths
Publishing.

McCulloch, N. (2008). Rice prices and poverty in Indonesia. Bulletin of Indonesian
Economic Studies, 441), 45-64.

Ministry of Trade of the Republic of Indonesia. (2015). Kajian efektivitas kebijakan
impor produk pangan dalam rangka stabilisasi harga. Jakarta: Puska Daglu,
BP2KP.

National Food Agencyof Indonesia. (2023). Panel harga pangan: Perkembangan harga
pangan eceran 2018-2022. Retrieved from https://panelharga.badanpangan.go.id/
harga-eceran

Nugrahapsari, Rizka A., & Hutagol Manuntun Parulian. (2021). The critical review of
unhulled rice and rice price policy in Indonesia. In Forum Penelitian Agro
Ekonomi (vol. 39, no. 1, pp. 11-26). West Java, Indonesia.

Patunru, A. A., & Ilman, A. S. (2019). Political economy of rice policy in Indonesia:
A perspective on the ASEAN economic opportunity. Jakarta: Center for Indonesian
Policy Studies.

Resnia, R., & Wirastuti, A. (2009). Kebijakan stabilisasi harga beras. Buletin Ilmiah
Litbang Perdagangan,31), 1-23.

26 | N



Ruspayandi, T., Bantacut, T., Arifin, B., & Fahmi, 1. (2022). Market-approach-based
policy to achieve rice price stability in Indonesia—Can it be a complement?
Economies, 112), 296.

Sanim, B. (1998). Efektivitas Pemberian dan pengembalian kredit usahatani pola
khusus. Jurnal Agro Ekonomi, 1A1), 51-65.

Simatupang, P. (2001). Kelayakan pertanian sebagai sektor andalan pembangunan
ekonomi indonesia. (Report No. 23: 95-108). Jakarta,: Pusat Pengembangan dan
Penelitian Sosial Ekonomi Pertanian.

Sugiyono, D. (2013). Metode penelitian pendidikan pendekatan kuantitatit kualitatif
dan R&D. Bandung: Alfabeta.

Suryana, A., Rachman, B., & Hartono, D. M. (2014). Dynamics of rice price policy in

support of national food security. Pengembangan Inovasi Pertanian, A4), 155-168.

1)

in)

i)
o A b
e

d: 2023. 8.10.
1 2023. 9.22.
d: 2023.10.25.

4
r
Ad [

¢

o

AR

=
ok

SHNEEH | 27





