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Abstract

Potato is one of food commodities which is expected to serve as a diversification option of carbohydrate source. One of the negative
factors to influence the productivity of potato in the last few years is uncertain climate condition. This problem can be overcome with the
development of season forecasting method that produces reliable season forecasting model and has a precise forecasting accuracy, espe-
cially in extreme climate conditions. The second year stage of study has reached 70% in completion which includes the implementation
of Year | research result, surveying potential locations for potato plants by digging information from farmers and agriculture experts in
West Java, the identification of potato crop, identification of factors that influence potato crop growth, identification of rainfall patterns
in West Java and exploration of rainfall data of each research rain post. From data exploration and data identification, GSTAR mod-
el((1,2,3,4,13,33)(1)-Sur is obtained.
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1. Introduction

In line with the government program to increase potato production as an alternative source of carbohydrate to support food security, it is
necessary to optimize the production of potato. However, potato productivity in Indonesia is still low at 16.51 t ha-1 (Central Board of
Statistics or BPS, 2010). This is because crop production, soil condition, and farmer’s socioeconomic condition depend on the climatic
conditions, one of which is the level of rainfall. Information on the level of rainfall in an area will be influential in determining the cor-
rect timing of potato planting, so it will have a significant effect on the increase of potato production.

One approach that can be performed to solve this problem is through tactical approach. Tactical approach is an anticipatory effort
through the development of a more reliable season forecasting method and technique, and through the application

of various models and types of data (Peragi and Perhimpi, 1994).

Currently Indonesian Agency for Meteorology, Climatology and Geophysics (Badan Meteorologi, Klimatologi, dan Geofisika or
BMKG) uses three methods to forecast climate, i.e. ARIMA, wavelet transformation, and Adaptive Neuro-Fuzzy Inference Systems or
ANFIS (Indragustari, 2005a; 2005b; Nuryadi, 2005).

Some of the problems that arise are the validation results of those three methods show different performance in each location. It means
each method has good performance only in a specific location. To overcome this, the method that will be studied and developed is two-
level hybrid model of ARIMAX-NN combination, the combination of Fuzzy-NN or ANFIS, and an ensemble hybrid model of both ap-
proaches. ARIMA is a univariate forecasting model that does not involve predictor variables. Transfer function or ARIMAX is a model-
ing of time series data involving predictor variables. NN and ANFIS method are modeling data with or without predictor variables. En-
semble method is a method that combines the results of several models or forecasting methods to produce a forecast.

1.1. Arima Model

Seasonal ARIMA model is part of a group of flexible time series model that can be used to model some seasonal types as in non-seasonal
time series. Seasonal ARIMA model is expressed as follows (Wei, 1990; Box et al., 1994):
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1.2. Generalized Space Time Autoregressive (GSTAR) Model

Generalized Space Time Autoregressive (GSTAR) is a generalization of Space Time Autoregresssive (STAR) model. GSTAR model is
built for heterogeneous locations, such as the position of oil wells in the layers of volcanic earth (Rucjana, 2002). In general GSTAR(1.1)
model can be expressed as follows (Ruchjana, 2002):

2(t) = p+| ®F + OYW |z(t—1) +£(t)
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Model equation for all locations follows the structure of linier model y = X + & . Therefore, it can be concluded that the estimation
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1.3. GSTAR(1,p)-Sur Model

GSTAR(1.1)-OLS studied by Ruchjana (2002) still has a weakness because the model assumes that there is no correlation between error
among locations and constant variance for each location, or it can be expressed by ~ . Besides, this model does not pay attention to sea-
sonal factors.

The pattern of rainfall data, either daily, 10-day, or monthly rainfall always has an element of seasonality. In such conditions,
GSTAR(1.1) is not appropriate. In this study, the model is built to fix the weakness of GSTAR(1.1) by accommodating seasonal patterns
contained in the rainfall data by entering time lag in the model. In general, time lag 1, time lag 2, up to time lag p or abbreviated as
GSTAR(1,p) at M location can be written as follows (Iriany, 2013)
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1.4. Selection Criteria for The Best Model

Selection criteria for the best model can be seen through Mean Absolute Percentage Error (MAPE) value, Root Mean Squared Error
(RMSE) value, and R2 Prediction.

1.4.1. Mean Absolute Percentage Error (MAPE)
MAPE is often used to evaluate cross-sectional estimates. MAPE which is also known as Mean Absolute Percentage Deviation (MAPD)

is a measure of the accuracy of a method for establishing the values of time series, especially in trend estimate. Here is the calculation of
MAPE (Ruchjana, 2002):
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1.4.2. Root Mean Squared Error (RMSE)

Estimation using the true value of observation is called Root Mean Squared Error (RMSE). The function of RMSE is to obtain an over-
view of the standard deviation that occurs when there are differences among the models. RMSE value is obtained from the following
formula:

RMSE=/MSE \/ Z(Zn+1 Z,()y

1.4.3. R? Prediction

R? is a quantity that is used to determine model feasibility. The larger the R? the better the model obtained because it can explain the
distribution of data.

SSE
R*=1-
SST
The purpose of this research is to make new breakthroughs in the field of science, especially in the field of climatology statistics and

computation, namely models that are suitable for climate forecasting from various central areas of potato production and software such as
climate forecasting system in the central areas of potato production.
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2. Research Design and Methods

2.1. Data Source

This research is carried out in stages (within three years) to obtain appropriate android-based forecasting software for the climate in a
region of Indonesia. At this stage, the research will be carried out under a group of computational statistics field, focusing on creating a
spatial climate forecasting system and developing android-based climate forecasting software for models developed in open source soft-
ware to be easily accessible on smart phones. The research sites are:

a. Potato-producing areas in East Java, Sumatra, Central Java and Sulawesi

b. Climatology Laboratory of Faculty of Agriculture, University of Brawijaya

c. Statistics Laboratory, University of Brawijaya

d. Information system Laboratory of Information and Technology and Computer Science Program or PTIIK, University of Brawijaya

2.2. Research Stages

Research stages are completed within 3 years as follows:
a. First year
The result of the study in the first year will be further refined in the second year, which includes forecasting models being studied, im-
proving software prototype to make it more user-friendly, and other outcomes.
b. Second year, Improving Climate Forecasting System
There are two main activities conducted in the second year of research, namely:
i. Implementation of system created in the first year
ii. The collection of facts and data from various central areas of potato production in East Java, Central Java, Yogyakarta and West
Java. After all facts and data are collected, data exploration and statistical modeling are carried out.
iii. Completion of Forecasting System based on the results of activities i) and ii
C. Third year
In the third year there are two activities, namely
i. Evaluating forecasting system performance generated in the second year.
ii. Making package or library R and submit it to the CRAN r-project.

3. Data and Findings

Implementation of research is conducted in Year | with several activities, namely installing mini weather station for climate forecasting,
manufacturing desktop-based rainfall forecasting software, and making a website for the publication of research result.

In year Il of the research, the data used in the study are monthly rainfall data at six rain post locations in West Java region, during the
period of 2005-2015 (11 years). The average highest rainfall in Cisondari rain post occurred in November and December, while in Chin-
cona, Cibuni and Lembang rain post it occured in December. In Cianjur rain post the average highest rainfall was in November, and in
Gunung Mas rain post it took place in January. The average highest rainfall for the six rainfall posts located in Gunung Mas in January
amounted to 20.28 mm and the lowest was in Lembang in August (only 0.89 mm). Based on the description of standard deviation value it
can be seen that the degree of variability in the data of average monthly rainfall in six rain posts tends to be high, with the highest degree
of variability generated by the average rainfall data in Gunung Mas as much as 9.29. After that, a time series plot is made and the result
can be seen in Figure 1.
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Fig 1: Time series Plot of rainfall data

From figure 1. it is known that the movement patterns of rainfall data in six rain posts tend to be similar. The correlation value is the
basis to determine the relevance of rainfall data in each location at the same time. The correlation value on rainfall data in all locations
for corresponding time generates quite high correlation value, which means the relevance is relatively high. Therefore, multivariate mod-
eling can be applied to this data. Meanwhile, to understand the pattern of rainfall data in each of these locations data pattern is tested
using Terasvirta test. The initial hypothesis of this test is linear data pattern, and the alternative hypothesis is non-linear data pattern. The
next step is to determine the stationarity of the data.

The examination result of the stationarity against the mean, namely p-value of Augmented Dickey Fuller test of rainfall data from six
rain posts, is less than the value of o = 0.05. This means that rainfall data at the six rain posts is stationary against the mean.
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Model identification is used to find the order of autoregresive GSTAR model. Autoregresive Order is obtained from the identification of
a real MPACEF lag, and then the best one is selected from several real lags by means of AIC. Lag with the smallest AIC value will be
used as the order of autoregresive GSTAR model. Based on the result of MPACF scheme it is shown that there is a real MPACF lag at
lag 1 to lag 6. From several real lags, one is then selected by looking at the smallest AIC value, where the result of AIC for a real lag is
shown in Table 1.

Table 1: AIC Value for The Selection of Model Order

Model AIC

GSTAR (1) 19.18639
GSTAR (2) 19.08502
GSTAR (3) 19.08238
GSTAR (4) 19.08008
GSTAR (5) 19.11327
GSTAR (6) 19.15656
GSTAR (7) 19.16115

Table 1 shows the value of AIC on GSTAR (4) has the smallest value so that the chosen model is GSTAR order 4. In addition to viewing
the MPACF plot, the determination of GSTAR order is also viewed from univariate time series plot, i.e. ACF and PACF plot to detect
seasonal pattern. Rainfall modeling at each rain post location is begun with the identification of ACF and PACF in each location.

ACF and PACF patterns show that the patterns increase and decrease every month, which means the data contain seasonal elements.
ACF and PACF patterns indicate that rainfall data of West Java region are seasonal at time lag 13 and 33 because in lag 13 and 33 the
pattern of ACF and PACF is out of limit. This condition is consistent with the fact that the pattern of rainfall, for example dry season in
this year will be recurrent in the next year, so it can be said that the pattern of rainfall is an annual pattern. According to Iriany et al.
(2013) GSTAR model with seasonal data can be developed by incorporating seasonal elements which are out of limit so that GSTAR
model formed for rainfall in West Java region is GSTAR (1,2,3,4,13,33)(1)-Sur.

Parameter estimator significance testing is conducted by two tests, simultaneously by using F test and partially by using t test. The esti-
mation parameter of GSTAR model((1,2,3,4,13,33)(1)-Sur in this study results in 96 parameters. Based on the test result, it is found
that there are several insignificant parameters at a = 5% (p-value > 0.05). The insignificant parameters should be withdrawn and then
reestimation is done. Konstenko (2008) states that the insignificant variables can still be used for forecasting. By considering the influ-
ence of weight of each location, the insignificant parameters are still incorporated into the model.

Based on the model, the result of prediction for each location (rain post) can be obtained in Figure 2.
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Fig 2: The prediction result of GSTAR((1,2,3,4,13,33)(1)-Sur at each location

Judging from the actual plot and the forecast in Figure 2, it is shown that the prediction result indicates a pattern that approaches the ac-
tual data. It can be seen that the plot of actual data and data of prediction result have the same pattern.

Validation of GSTAR((1,2,3,4,13,33)(1)-Sur shows that RMSE has a relatively small value. This shows that GSTAR((1,2,3,4,13,33)(1)-
Sur model formed can be used to predict rainfall in the future period. R2 prediction for all locations is still not big enough. The greater
the value of R2 prediction, the bigger the model that can explain rainfall distribution. The biggest R2 prediction is obtained for Cisondari
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location, that is 0.759. It means approximately 75.9% rainfall distribution in Cisondari can be explained by GSTAR((1,2,3,4,13,33)(1)-
Sur.

In Year Il the first stage has been running for 7 months. The result of the first stage has reached 70% which is still at the stage of imple-
mentation of Year | research result (2015) and the creation of rainfall forecasting model for West Java region. For the next stage, it is
necessary to create rainfall forecasting model for Central Java region, enhance the software for rainfall forecasting system, and improve
mini station that has been installed in Tengger region (first year implementation).

4. Discussion and Conclusion

70% of the research has been reached in Year Il stage 1, and GSTAR((1,2,3,4,13,33)(1)-Sur modeling result for rainfall in West Java
region is obtained. In addition, the implementation of Year | research result, i.e. the installation of mini stations in Tengger region has
been implemented. The next stage of research is the improvement of mini station and model refinement in West Java and Central Java
province.
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