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Abstract

The objective of this research is to identify the best autoregressive
integrated moving average (ARIMA) model for forecasting rice
production in Indonesia, Rice crops are the most important agricultural
commodity in Indonesia, because rice is the staple food of
Indonesians. Therefore, the ability to forecast rice production is
crucial. We used autoregressive integrated moving average (ARIMA)
model to predict rice production in Indonesia. The data analyzed is the
data of rice production in Indonesia from 1993 to 2012. The data of
2013 to 2015 got used to validate the forecasting results. The results
show that the ARIMA model (2, 2, 0) is the best model for forecasting

rice production in Indonesia.

1. Introduction

The main purpose of forecasting model research in statistics 1s a solution
of a forecasting problem. The autoregressive integrated moving average
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(ARIMA) model is a forecasting model thauomplelely ignores independent
variables in making forecasting. ARIMA is often also called the Box-Jenkins
time series method. ARIMA is very good for short-term forecas‘ag, while
for long-term forecasting, the accuracy of foreasting 1s not good. Usually, it
will tend to flat or constant for a long period. ARIMA uses past and present
values of the dependent variable to produce accurate short-term forecasting.
ARIMA 1is suitable if the observations of the time series are statistically

related to each other (Bharaai etal. [2]).

Stationarity means that there is no growth and deme in data. A data can
be said to be stationary if the data pattern is at equilibrium around the
constant mean value and the variance around the mean is constant for a
certain time (Prajneshu et al. [9]).

An eligible stationary time series is explained by (Z,) = E(Z,_;); (%;)
=Var(Z,_;), and Cow(Z;, Z3) = Cov(Z,_. Z,_¢). So if a data does not
meet these requirements, then the time series 1s not stationary and to make
the stationer needed differencing process (Paul and Das [8]).

The process of differentiation can be performed several times. Here is the
ARIMA model that has experienced the differencing process on the one-time
differentiation that is ARIMA (p, d., g) with value d = 1.

The time series model in the paddy production data can be determined by
looking at the result of plot PACF (partial autocorrelation function) and ACF

(autocorrelation function) from data which has stationer (Bolton [3]).

Gamal [6]: donesian National Logistics Agency or BULOG 1is an
Indonesian government institution in charge of maintaining the stability of

price and the availability of basic food in Indonesia especially rice.
Application of forecasting models is also used for the availability of food
stock especially basic food such as rice. Stock of rice is very important in
maintaining the stability of the food in those countries where the majority of
the population consumes rice, such as Indonesia. Majority of Indonesian

people consumes rice and makes it as the main basic foodstuffs.
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2. Literature Review

There are several mathematical models that can be used to predict the
availability of rice stocks in Indonesia, among others:
ARIMA model

ARIMA model is one of time series forecastiu techniques which is only

based on variable data behavior observed. The ARIMA model completely
sanores the independent variables because it uses the present values and past
values of the dependent variable to produce accurate short-term forecasting.
Literally, ARIMA model is a combination of AR model (autoregressive) and
MA model (moving average).

There are several stages in doing the forecasting using ARIMA model
that is:
1. Model identification

The model identification is done to examine the autocorrelation and the
stationary meaning of the data, so that the need for transformation or

differencing process is done. Steps in identifying the model are:

(1) Map the data on the time and study of the data character to determine
whether or not the transformation variance and / or distinguishing

process is performed.

(2) Calculate and review the ACEF and PACF original sample data (data
before transformation and / or discrimination) to obtain information

on the order of the differentiation process.

(3) Calculate and study ACF and PACF transformed and / or
differentiated data (if any transformation and / or differentiation are
used), to estimate autoregressive (AR) and moving average (MA) to
be retrieved. General guidance to examine whether the order of the
stationary time series models is good enough based on the ACF and
its PACF, as follows:
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Model ACF PACF

The difference in value

Exponentially patterned or like a weakened | between lag-1 and the value
sine wave after the lag-p is quite large

(cut off after lag-p)

AR(p)

The difference in value between lag-1 and the § .
Exponentially patterned or

MA(q)  |value after the lag-g is quite large (cut off after e aweskened sinewmave

lag-¢)

Pattern decreased rapidly after

ARMA(p. q) Pattern decreased rapidly after lag-(g-p) lag-(p-q)
ag-\p-gq

Prajneshu ﬁd. 9]
2. Model parameter estimation

Having obtained one or more temporary models, the next step is to look
for estimates for the parameters in the model. Estimates can be done in
several ways as follows:

(1) Method of moment.

(2) Maximum likelihood method.

(3) Ordinary least square method (OLS).
3. iagnosﬁc checking

Diagnostic che:c]a'lg 1s passed to check whether the estimated model
matches the existing data. Diagnostic checking is based on residual analysis.
The basic assumption of the ARIMA model is that residuals are normal
independent distributed random variables with zero mean constant variance.

As for the A%MA (p. 1, g) function is stated as:
12
Wy = @Wr_l a ﬁzw,_z P eoe A Gpwl_p S a; — e']a,_l = 9201_2 = b
-04a;_4.
15
For w, =z, — z,_,., then

2 =(14D))z + (D2 + D)) 212 + (D3 + D) zy 3+ +(Dp +D 1)z

+a =014 - 0305 — =040,
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IMA(], 1)
wp = a —0)q;_),
Zp =z +a —01a,
ARI(1, 1)
wy = Dw_ + a;,
z=(1+3)z_ + Dz, +q.
If we make a double distinction then the value 4 = 2, if three times the value
d =3, etc.
Uy =Vz; =z, —z;_ 1 ford =1,
W, =V2z,=U, -U,_, for d = 2.

Before forming an ARIMA model in a time series it must be done 4
processes are executed, i.e., model identification, model estimation, model
checking and the last if the model has been formed then we will be able to

use the model to predict the future.
3. Research Method

The data used are data aken from Central Statistics Agency Office of
South Sulawesi Province on Rice ﬁoduclion Development in Indonesia from
1993 to 2015 (Million Ton). The data analyzed is the data of rice production
in Indonesia from 1993 until 2012. The data of 2013 to 2015 is used as a

comparison with forecasting results.
Stages of data analysis

Data analysis using ARIMA (autoregressive mtegrated moving average)
method. Here are the stages of data analysis:

(1) Creating time series data plots to see 1f there is a trend element in the
data.
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(2) Perform stationary test of data consisting of two tests, nmamely
stationary test of variance and stationary test against mean.

(3) Using Box-Cox transformation if the data has not been stationary to
variance.

(4) Doing differencing to the data if not stationary to the mean.

(5) Conduct possible model selection based on ACF and PACF plots of
stationer data.

(6) Testing significance and parameter estimation.
(7) Test residual white noise data.
(8) Testing the residual normality of the data.

(9) If there are two or more models that pass the test at points 4.5 and 6,
then compare the mean square error (MSE) of the models. And if there
1s only one model then proceed to point (8).

(10) Forecasting data.

4. Results and Discussion

Stationary data test

Time series modeling is done by plotting data to see the stationarity of

data. The plot results as follows:

Trend Analysis Plot for DATA
Linear Trend Model
Yt = 43876374 + 1043975t

700000004 vmnble
—8— Actual
== Fils
65000000+ Acturacy Measures
MAPE 4.09042E 400
MAD 2.26933E 06
60000000+ HED EAE7SZE12
=
8 55000000 -
-
S0000000- =
-
45000000 =

Figure 1. Plot time series data.
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Based on Figure 1, it can be concluded that the data has not been
stationary in the average because there is an average change over time. In
addition to using the time series plot, stationary of data can also be viewed
using the ACF plot. Based on Figure 2, it appears that the autocorrelation
value tends to fall slowly or down linearly, in other words the 6lue of
autocorrelation in a lag is not much different from the previous lag. So it can
be concluded using image 2 that the data has not been stationary in the
average (Aswi and Sukama [1]).

Autocorrelation Function for DATA
(with 5% slgnificance limits for the autocoerrelations)

o L o ;
61
2

| 1

Autocorrelation

=

Figure 2. Plot ACF data.

If so, the data cannot be directly used to get the best ARIMA model, but
first the data is stationary. But before stationing the data against the mean,
the data needs to be stationary to the variance with Box-Cox transformation,
after the stationer to the variance, then performs the differencing method to
stationary against the average. Differencing is done a maximum of three

times (Aswi and Sukarna [1]).
3

Here 1s the data plot to see whether the data is stationary to variance or
not.
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Box-Cox Plot of DATA
Lower CL Upper €L
1200000 Larmbda
{using 95.0% confidence)
Estimate -0.80
1800000+ Lower CL 481
Upper CL 237
] Rounded Vaue  -1.00
=
5
160000014 [Ent
1500000+
14000001 - T T
-5.0 =25 0.0 2.5 5.0
Lambda

Figure 3. Plot Box-Cox data.

Data 1s said to be stationary in variance if rounded value (Lambda) = 1 in
Box-Cox graph. Based on Figure 3, the data has not been stationary to the
variance because the Lambda = -1. Therefore, the data will be transformed

by:

)

Table 1. Lambda value and transformation form

Lambda value Transformation
10
-1.0 1{Z,
03 WE
0.0 LnZ,
03 A

Based on Table 1, then the data will be transformed by 1 divided by data.

Furthermore, the transformed data will be tested the stationarity by reviewing

the lambda values 1n the Box-Cox graph.
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Box-Cox Plot of Transformasi Data
Lower CL UJ,erCL
Lambda
6.2000E-10 {using 95.0% confidence)
Est & 0B
6.0000E-10 -~
Lower €L -2.57
Upper €L 481
5.8000E-10 Rounded Value 100
E 5.600DE-10+
]
5.4000E-10 Limit
5.2000E-10 \
5.0000E-10 ~ -
T T T T
-5.00 2.5 0.0 2.5 5.0
Lambda

Figure 4. Plot Box-Cox results of data transformation.

Based on Figure 4, the rounded value (L.ambda) is equal to 1. This shows

that the transformed data has been stationary to its variance.

Next 1s done differencing to the data so that the data stationer against the
average. Box-Jenkins method can be used if stationary data. One technique to

stationary the average data is to do differencing, i.e., by subtracting }; by

Y,_ (differencing first),
D, =AY, =Y, -Y,_,.

Data from the first differencing results next plotted ACF.

Autocorrelation Function for DIF 1 Partial Autocorrelation Fumction for DIF 1
fox the {with 5% signeficance hmis for the partial sutocormelations)
1.0+ Lo
o0 a0
0.6 e 06
g
§ ™ § 04
3 02 E o
_ 1 | TR 1 I 1
I o I
24 < -0l
. E]
< 04 £ s
06 £ s
0.8 08

Figure 5. Plot ACF results first ~ Figure 6. PACF plot first differencing
differencing results. result.
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Based on Figures 5 and 6, it is seen that the first differencing data has
been stationary to the average. However, we still cannot continue the next
stage of data analysis that sets the model temporarily because there is no lag
out so it cannot be predicted order. Similarly, on its PACF plot. Therefore, it
will be done differencing again for data differencing first. Data differencing
results hereinafter we call as data result of differencing second.

Autocorrelation Function for DIF 2
(with 5% significance limits for the autecorrelations)

1.04
0.8+
0.6 e — =
044
0.2

0.0 I I

el ' I r- I
-0.44
0.8 e . _

Autocorrelation

-1.04

Figure 7. ACF plot of second differencing results.

Partial Autocorrelation Function for DIF 2
{with 5% significance limits for the partial autocorrelations)
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I
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Figure 8. PACF plot of second differencing results.

Based on Figures 6 and 7, it appears that there is already a lag coming
out. So we can continue the next stage of analysis.

Identify ARIMA

The time series model in the paddy production data can be determined by
looking at the plot results of PACF (partial autocorrelation function) and
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ACF (autocorrelation function) from the stationer data after the second
differencing.
Based on plot and ACF value

Figure 7 shows the ACF plot is sinusoidal and there is no cut off. In

addition can be seen in the value | T | on the ACF of the data after the first

differencing.
Hypotheses
Hy : p =0 (no cut-off occurs),
Hy : p #0 (cut-off occurs).
Testing criteria

Reject Hy if value |7'| > 2,
Accept Hy if value | 7| < 2.
Based on ACF data and value |7'| in Appendix 6, it is known that

autocorrelation for all lags has |7 | < 2 so Hy, is accepted which means no

cut-off oceurs.
Based on plot and PACF value

In Figure 8, the PACF plot is sinusoidal and significant in the 1st and
2nd time lag. In addition can be seen in the value |7 | on the PACF of the

data after the third differencing.
Hypotheses
Hy : p =0 (no cut-off occurs),
Hy : p #0 (cut-off oceurs).
Testing criteria
Reject Hy, if value |7'| > 2,

Accept Hy if value | T | < 2.
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Based on PACF data and its |T | value in Appendix 7, it is known that

autocorrelation lag 2 (-0.558229) differs significantly with zero where the
value | 7'| = 2.05 > 2. This indicates a cut-off on lag 2. The possible model

1s AR (2).

Based on the above, the identification model of ARIMA model tentative
1s ARIMA model (2, 2, 0) or AR (2, 2).

There are two assumptiomhat must be met in determining the adequacy
of the model, 1.e., residual white noise and normal distribution. Residual
white noise testing can be done by using Ljung-Box test with o = 5%

Parameter estimation

After setting the model temporarily, the next step is to estimate the
parameters of each model temporarily. The following parameter estimates

from ARIMA Model (2, 2, 0) or AR (2, 2).

Table 2. Estimation and test of significance of rice production in Indonesia

Model Parameter P-value Decision

@1 = -0.5763 0.005 Significant

ARIMA(2. 2. 0) 02 = -0.8510 0.000 Significant
w=2475 0.530 Not significant

Source: Data processed 2017

From the estimation Table 2 and significance test, there is only 1

significant model with negligible cost because it is not significant.

Table 3. Residual white noise test

Model Lag P-value Decision

ARIMA(2, 2, 0) 12 0.907 White noise

Source: Data processed 2017

Only one model tested white noise is ARIMA (2, 2, 0) or AR (2, 2), then
we test the residual (the normal test using Kolmogorov-Smirnov test).
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Table 4. Residual normality test
Model P-value Decision
AR(2, 2)/ARIMA(2, 2, 0) =0.150 Residual normal distribution

Source: Data processed 2017

Probability Plot of Resi Arima (2.2.0)

Mormal
Maan. A4S
Sty 16E
L] n

/ L X5 an

L] Bvalue 0150
L]

Percent
R ITERE:

w 5

bl
i T T T T T T T T T
-4000  -3000 -2000 -1000 (1] 1000 2000 3000 4000
Resi Arima (2.2.0)

Figure 9. Residual test plot.

From Table 2, estimation and significance test, residual white noise test
table, and residual normal table and plot of residual normality test, it is clear
that there is one model 1s the best model that is AR model (2, 2) or ARIMA
2,2,0).

Table 5. Hasil forecasting

Year Forecasting
2013 71280907
2014 71032657
2015 72937721
2016 75861325
2017 76752116

Source: Data processed 2017

From the above forecasting results can be compared with the original
data that is data Year 2013, 3014 and 2015.
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Table 6. Forecasting results 2013-2015 (million tonnes)

Year Actual data Forecasting
2013 71279709 71280907
2014 70846465 71032657

The data on the results of the app does not differ significantly from the
original data. As seen in Table 6 that the data in 2013 that 1s 71279709 and
the results forecast m 2013 that 1s 71280907 not much different, as well as
for the year 2014 is 70846465 and the forecast 71032657, and the year 2015
15 75397841 and the results of the t‘orecﬁ 72937721. So it can be concluded
that the model ARIMA (2, 2, 0) or AR (2, 2) is the best model for predicting
rice production data in Indonesia. The results of this data analysis yielded
rice production data in Indonesia in 2016 amounted to 75861325 tons and 1n

2017 amounted to 76752116 tons.

5. Conclusion and Suggestions

Based on the analysis and the results of the discussion, it can be

concluded that

(a) The ARIMA model (2, 2, 0) is the best model for forecasting rice
production in Indonesia. Forecasting is done to forecast 2013, 2014,
2015, 2016 and 2017.

(b) From the forecasting results, it can be seen that rice production has
increased and not much different results from actual data in 2013 to
2015. For that, 1t 1s expected that the rice production can be
maintained and even improved in the future.
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