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Abstract 

Weather forecast information, where the rainfall is crucial factor, is 
extremely needed in agriculture sector so the farmer can predict the 
beginning of growing season in the planting calendar. The planting 
calendar is required by Department of Agriculture to maximize the 
agricultural production. In this research, it has been conducted using 
evolving neural network (ENN) algorithm on forecasting system. The 
forecasting system is used by Department of Agriculture of Bandung 
Regency (Indonesia) to recommend the beginning of growing season 
for the farmers. The data used in the research is gained from 
Department of Agriculture and Indonesian Agency for Meteorology 
Climatology and Geophysics (BMKG) including monthly rainfall 
forecasting data from 2003-2012 in Soreang (Bandung Regency). The 
research can be successfully conducted because of rainfall forecasting 
application system remains best accuracy of 70%. 
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1. Introduction 

Weather forecast information is highly needed in most aspects in life 
especially for agriculture sector. In this sector, the information is used to 
determine the beginning of growing season of the plant. The information is 
required to minimize the risk of planting, so the farmers do not lose their 
capital. Moreover, Department of Agriculture of Bandung Regency 
(Indonesia) may also make the planting target and production target for their 
area. The plant growth is influenced by the weather [11] involving the 
rainfall which has the important role in agriculture. Therefore, weather 
forecast information is firstly needed to make planting calendar based on the 
plant characteristics. Soft computing (SC) is one of the methods in artificial 
intelligence that can be used to doing weather forecasting. SC consists of 
three basic algorithms, namely fuzzy systems, artificial neural network 
(ANN), and evolutionary algorithms (EAs). ANN algorithm is very widely 
used for prediction problems. In [3], ANN models are used for river flow 
forecasting gives better accuracy than the auto-regression time series models. 
Meanwhile, feedforward neural network successfully doing forecasting of 
groundwater levels in Venice Lagoon, Italy [12]. Next, Adiwijaya et al. 
present a weather data forecasting by using ANN algorithm [1, 2]. It had 
raised analysis some parameters of ANN such as determining input numbers, 
hidden layer numbers and hidden neuron numbers. However, it has not 
provided an optimum result. One algorithm that can be used to overcome the 
problems of ANN is by doing optimization using evolutionary algorithms. 
This algorithm is often called the evolving neural network (ENN) algorithm. 

Genetic algorithm can optimize fuzzy algorithm studied on soft 
computing [4]. Hence, this research has done the optimization of neural 
network algorithm using genetic algorithm to obtain optimal ANN 
architecture and weight to be the model of rainfall forecasting for the next 12 
month, then the result will be used as the planting calendar for the plants 
involving rice, potato, and corn. The rainfall forecasting data has been gained 
from Indonesian agency for meteorology climatology and geophysics 
(BMKG) and Department of Agriculture of Bandung Regency from 2003 to 
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2012. The planting calendar is used as the information for Department of 
Agriculture of Bandung Regency to forecast proper growing season 
functioned to minimize crop failure. It is also made for 3 types of plant 
including rice, potato, and corn since they are the primary plant produced by 
Department of Agriculture of Bandung Regency. In addition, its potato has 
contributed a 20% national production. 

The difference between this research to the previous research [2, 4, 5, 9] 
is the type of data and algorithms used. In previous research, forecasting 
rainfall conducted based on the data of rainfall, temperature, humidity, 
duration of solar radiation and wind speed in the area of Kemayoran, Jakarta. 
In these studies, forecasting conducted to the using some variation of the 
algorithm on the SC as evolving fuzzy algorithm [4], neural network 
optimized using the line search technique [2], evolving neural network and 
architectural modifications [5, 9]. Meanwhile, in this research, rainfall 
forecasting conducted based on rainfall data earlier in Bandung Regency 
using ENN. Before the implementation of ANN, the preprocessing conducted 
to the using the moving average algorithm. In addition, the contents of which 
are optimized GA chromosome is different to the publication [5], because in 
this study the optimization of the number of input rainfall data. Furthermore, 
the results of rainfall forecasting is used to create a planting calendar for the 
next twelve months in correspond to the characteristics of the plants. 

2. Research Method 

2.1. Evolving neural network 

The primary issues on artificial neural network (ANN) are determining 
the architecture of node input, hidden layer numbers, hidden neuron 
numbers, and optimal weight. It can be solved, one of the ways, by hybrid 
process between ANN algorithm and evolutionary algorithm’s (EAs) which 
is best known by evolving neural network (ENN) [5-7, 8-10]. One of EAs 
commonly used is genetic algorithm (GA). There are various architectures on 
ANN algorithm [9], one of them is multilayer perceptron (MLP) where there 
is the interconnection of each neuron. 
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In evolving neural network (ENN), ANN will be optimized by GA in 
order to find out the connection and optimal weight represented by 
chromosome or individual in GA. This general scheme is started by 
chromosome representation then will be executed as the code of the 
architecture and weight for ANN. Those chromosomes are conducting 
evolution process using GA operators. Thus, in ENN, there will be only 
architectural optimization, weight optimization, or both of them. 

The best chromosome has been gained from the evaluation process in its 
generation using fitness score where the solution can be accepted or not 
(individual). Its score will be the parameter in reaching the optimal score of 
evolving neural network. Fitness score calculation uses feedforward 
propagation of ANN architecture gained from genetic algorithm. In this type 
of propagation the score will be calculated using mean absolute percentage 
error (MAPE) as follows [8]. Besides MAPE, the fitness value can also be 
calculated using the mean absolute error (MAE) or mean squared error 
(MSE) [10]. 

,1
MAPEFitness =  

where 

%,1001 ∗⎟
⎠
⎞

⎜
⎝
⎛ −

= ∑ dataactual
datapredictiondataactual

nMAPE  

and n is the number of data. 

2.2. Moving average algorithm 

One important part of the preprocessing phase is data smoothing. There 
are several algorithms that can be used for smoothing process, such as local 
regression smoothing and exponential smoothing [10]. In the proposed 
scheme, the data smoothing process is provided by using the moving 
average. Moving average algorithm is used to have data smoothing process 
using the equation as follows [8]: 

• Moving average 1 (MA 1): 

( ) ( ) ( ) .10
242 2112 ++−− +∗+∗+∗+

= ttttt
t

AAAAAS  
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• Moving average 2 (MA 2): 

( ) ( ) ( ) ,10
262 11 +− ∗+∗+∗

= ttt
t

AAAS  

where =t  the period; =tS  smoothing result; =tA  actual value. 

2.3. Plants and rainfall relationship 

Plant growth is closely related to weather. The factors of weather 
influencing the plant are temperature, water, sun radiation, and wind [5]. 
Every plant needs the different supply of water especially for those which 
require lots of water so it is assisted by the rain. For instance, rice involves 
high level of rainfall intensity amounts for its irrigation system. The table 
below shows the harvesting seasons of rice, potato and corn and their rainfall 
requirements. 

Table 1. Rainfall requirements of plants [5] 

 

2.4. Description of forecasting system 

The issue raised in this research is how to forecast the rainfall 
considering to the previous data of rainfall. Forecasting system built in this 
research is the system in which the rainfall can be forecasted further. Figure 1 
presents block diagram of forecasting system. 
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Figure 1. Block diagram of system. 

From Figure 1, the data of rainfall is firstly processed using moving 
average algorithm. Furthermore, it goes to learning process by ENN 
algorithm. Then Figure 2 serves the learning process of ENN. 

 

Figure 2. ENN learning process. 
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The best individual is the chromosome which contains ANN architecture 
and optimal weight. This chromosome design will be crucial since it will be 
the ENN solution. The following is chromosome design of GA to optimize 
ANN architecture and weight: 

 

Figure 3. GA chromosome design in ENN. 

Learning process results in the best chromosome that will be the model 
to forecast further monthly rainfall. 

2.5. The data used and moving average implementation 

The data used in this research is the monthly rainfall data from BMKG 
from 2003 to 2012 and Department of Agriculture of Bandung Regency from 
2003 to 2012. The following is the data samples of monthly rainfall used. 

Table 2. Data samples of BMKG’s monthly rainfall (in millimeter) 

 

Based on the system design on Figure 1, there will be the preprocessing 
of rainfall data using moving average. Table 3 shows the data samples of 
rainfall data used and the comparison of actual data pattern with the data of 
moving average. 

The data processed by moving average will step learning process by 
observation parameter which can be seen in Table 4. 
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Table 3. Sample of preprocessing data result 

 

Table 4. GA parameters 

 

3. Results and Analysis 

3.1. Planting calendar forecasting system 

To forecast the rainfall of the next 12 months, the model remains the best 
chromosome gained from the result of ENN learning process. Then, the 
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result will be used as the planting calendar. Initially, the forecasting system is 
designed based on rainfall data in the range of 2003-2012 in order to be 
compared with the data of BMKG is available only up to 2012. Furthermore, 
the system that has been built can be used for modeling forecasting in the 
following years. 

According to the discussion result with the member of Department of 
Agriculture, rainfall forecasting is extremely needed for the rainfed irrigation 
system. In this system, the beginning of growing season of rice is held from 
October to March while other plants are from April to September. Due to 
that, the planting patterns involve potato/corn, then rice. 

Based on the GA parameter experiments in Table 4, MAPE and accuracy 
has been obtained and they can be seen in Table 5 below. 

Table 5. Experiment results 

 

On the basis of Table 5, it can be inferred that learning process results 
involving the data from BMKG compared to the data from Department of 
Agriculture has the difference accuracy around 2,54% which remains a low 
gap. Therefore, the designing future forecasting model can be created by 
Department of Agriculture using its own rainfall data as the input for the 
system. Table 6 presents the best chromosome, gained when GA parameter 
lies in the size of 200 chromosome population that is equal to the data of 
BMKG and of Department of Agriculture. It remains also for the best model 
in mutation opportunities which gain 0.05. 
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Table 6. GA parameters from the best chromosome 

 

The best chromosome showed in Table 6 has 4 nodes as the input where 
the forecasting process for month + 1 ( )1M +  requires data from 4 months 

ago (M-3, M-2, M-1, and M). The learning process data of Department of 
Agriculture and BMKG serve the similar node numbers, hidden layer 
numbers, and neuron numbers. One of the outputs of the calendar for the 
beginning of growing season involving rice, potato, and corn made from 
rainfall forecasting is presented in Figure 4 as follows: 

 

Figure 4. Sample of planting calendar. 

Furthermore, complexity analysis of ENN algorithm in Table 7 can be used 
for the further system development. 

Table 7 shows the highest result of asymptotic complexity which lies in 
Agobservation module. There will be module calling process to rank the 
linear fitness, selection of parents, recombination or crossovers, and binary 
mutation for each chromosome. The process can be accelerated by dividing 
the subprocess into several computers to be parallel executed such as using 
embarrassingly parallel. 
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Table 7. Complexity analysis 

 

4. Conclusion 

Rainfall forecasting system using ENN can result more than 75% 
accuracy represented by the data from Department of Agriculture of 
Bandung Regency which shows the different accuracy about 2,54% 
compared to the data from BMKG. The forecasting is used for the calendar 
of the beginning of growing season involving rice, potato, and corn based on 
the rainfall requirements of each plant. 
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