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The application of the soft computing techniques has attracted considerable research interest in hydrology and water
resources over past decade. The major objective of this study is to develop a reliable groundwater level fluctuation
(GLF) analysis system by means of GLF prediction in order to investigate whether or not the GLF prediction using
soft computing techniques can be used for groundwater monitoring and management system. In this study, three types
of soft computing techniques namely ANN, GA and ANFIS are used.

First, a robust artificial neural network (ANN) and linear combination enhanced by genetic algorithms (LC-GA)
technique for analyzing GLF in a plain area of the Saitama Prefecture, Japan. A standard back-propagation algorithm
is used in ANN model. The input sets were selected by employing an analytical technique, the cross-correlation of
monthly GLF. In general, the LC-GA model gives better prediction in testing period than the ANN model even though
it has out range from training data. It was found that by inserting one time lag gives better prediction results for ANN
and LC-GA models.

Another work is reconstructing GLF to investigate the structure of the GLF pattern at an arbitrary point. The
calculation model is based on genetic algorithms (GA) and an artificial neural network (ANN) approach. The weights
of linear combinations were optimized with genetic algorithms (LC-GA), and the back-propagation (BP) and the
radial basis function (RBF) algorithms are used in ANN. The study used a monthly GLF data measured over eight
years at seven locations of 20 observation wells in Saitama prefecture in which five observation wells were as an
input and the other 15 observation wells were examined. The aquifer system in the area of study may not be clearly
defined. The screen position is not only in the aquifer unit but also in aquiclude and groundwater is pumped up mostly
from the multilayer aquifer. It was found that LC-GA can clarify the GLF structure if the relation between input and
output desired has a high correlation. Moreover, the ANN model performed better in reconstructing and estimating
GLF base on distant and depth of well. The results obtained suggest that the GLF reconstructing can be used for GLF
monitoring.



Third, The five back propagation (BP) neural networks algorithms namely Gradient descent with momentum (GDM),
Gradient descent with adaptive learning rate and momentum (GDX), The Fletcher-Reeves Conjugate gradient (CGF),
Quasi-Newton (BGF) and Levenberg-Marquardt (LM), and a radial basis function (RBF) architecture are examined
and compared for estimating the GLF. Five-daily measurements of GLF on an observation well of Jakarta — Indonesia
are used for analyzing the model. An input model using six time lags to estimate actual GLF and 10 hidden nodes
gave an optimum result. In general, the work showed that an ANN could be used to estimate GLF even with relatively
few data samples. The Levenberg-Marquardt (LM) algorithm was not only the best algorithm in the BP class but also
delivered better results than RBF.

Fourth, the application system (ANFIS) and two algorithms of ANN models, namely Levenberg-Marquardt (LM)
and radial basis function (RBF) are used to forecast daily GLF of Saitama City, Japan. The first step was to investigate
the effect of the number time lags as inputs for one-day-ahead prediction using the ANFIS algorithm. It was found that
three input nodes containing three time-lag of well studied gave good prediction results. The second experiment was
to predict the GLF one to seven steps ahead using the three input nodes. In this experiment, the three soft computing
techniques were applied. The results indicate that the performances were decreasing by increasing the time step
ahead, and in general there was no significant difference between the three techniques used. The best accuracy was
for one-day-ahead prediction. The results obtained in this study suggest that GLF monitoring can be conducted by a
forecasting model with considering time-lag as inputs.

In conclusion, the soft computing techniques give very encouraging result and have potential for further studies.
On the basis of the obtained results of GLF prediction, the groundwater management system will be proposed for
controlling pumping operation of Jakarta to maintain groundwater sustainability, groundwater level fluctuation, and to

prevent salt water intrusion and severe land subsidence.
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