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The temporal and spatial flow in rivers represents the total response of a watershed and
is affected by every hydrological event occurs in the watershed. The important point in
planning and management of water projects is to achieve accurate estimation of river
stage and flow. Among the two major approaches for modeling and forecasting
hydrologic events, the empirical or black-box models have received more attention than
the physical based models by hydrologists. Among the empirical models the
Autoregressive Integrated Moving Average (ARIMA) models which have been
conventionally used for hydrologic modeling and the Adaptive Neuro-Fuzzy Inference
System (ANFIS) as a data driven model were used in this study to investigate their
effectiveness in forecasting the river flows. The Klang River is one of the important
urban rivers in Malaysia and is the subject of this research. A total of 3012 daily average
water level measurements (2002 — 2010) of the river were used in this study. The
number of inputs for both models is selected based on the Autocorrelation function
(ACF) and the Partial Autocorrelation Function (PACF). The best ARIMA model is

selected based on the minimum corrected Akaike Information Criterion (AICC) statistic
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obtained among the several possible ARIMA models. An ARIMA(3,1,3) model was
found to be the appropriate ARIMA model for the modelling of the selected case study.
A Subtractive Clustering Method was used in the fuzzy inference system to determine
the optimal number of Membership Functions (MF) and rules. Using the cross validation
method the best training subset is selected to train the ANFIS model based on that
dataset. The estimation of parameters of the model is accomplished using the hybrid
learning algorithm consisting of standard neural network backpropagation algorithm and

least squares method.

Among the several structures of ANFIS model examined, the model with four
membership functions for the model inputs and output, Guassian membership function
for the fuzzification, four rules for the fuzzy inference engine, and trained using hybrid
algorithm was selected as the best constructed ANFIS model. The performance of the
models, ANFIS and ARIMA models, was compared based on established statistical
performance measures. Results show the superiority of the ANFIS model over the
ARIMA model with interestingly better overall index of 1.514 against 1.108. However,
the database of ARIMA model when became updated with each prediction step showed
that results were dramatically better than the simple ARIMA model with 0.48
improvement in overall index. The updated ARIMA model showed very close results to
those of the ANFIS model with overall index of 1.588 and 1.514, respectively. Overall,
the updated ARIMA model in terms of overall index measure outperforms the ANFIS
model for prediction of average water level, but not in the prediction of an exact time a
day. Both models based on the obtained results (below one percent mean absolute
percentage error) are appropriate models for the modelling and forecasting of Klang
River water level. These models can be applied to the other case studies with model

calibration in terms of the available dataset.
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Aliran di dalam sungai dari segi masa dan reruang membayangkan jumlah sambutan
sebuah kawasan tadahan dan ia dipengaruhi setiap peristiwa hidrologi yang berlaku
di dalam tadahan itu. Perkara terpenting di dalam perancangan dan pengurusan
projek air adalah untuk mencapai penganggaran tetap paras air dan aliran. Di antara
dua pendekatan utama bagi pemodelan dan peramalan peristiwa hidrologi, model
empirik atau kotak-hitam telah mendapa lebih tumpuan daripada juru-hidrologi
dibandingkan model berassakan fizik. Di antara model empirik Autoregressi
Terkamir Purata Bergerak (ARIMA) yang biasa digunakan sebagai model hidrologi
dan Sistem Taabir Kelam Saraf Suai (ANFIS) sebagai model berpandu data telah
digunakan dalam kajian ini demi menyiasat keberkesanan untuk meramalkan aliran
sungai. Sungai Klang ialah sebuah sungai perbandaran di Malaysia dan dipilih untuk
kajian ini. Sebanyak 3012 ukuran harian paras air (2002 — 2010) sungai itu diguna

dalam kajian.



Nombor masukan dipilih berdasarkan Fungsi Autosekaitan (ACF) dan Fungsi
Autosekaitan Separa (PACF) bagi kedua dua model. Model ARIMA terbaik dipilih
berdasarkan statistik Kriterium Matlumat Akaike (AICC) minimum yang didapati di
antara beberapa model ARIMA. Model ARIMA(3,1,3) didapati paling sesuai untuk
memodelkan kes kajian terpilih itu. Kaedah Gugusan Penolakan telad digunakan di
dalam sistem taabir kelam untuk menentukan nombor optima Fungsi Keahlian (MF)
dan peraturan. Dengan menggunakan kaedah pengesahan silang subset latihan
terbaik dipilih untuk melatih model ANFIS berdasarkan set data tersebut. Parameter
penganggaran model dicapai mengunakan algoritma belajar hibrid yang
mengandungi algoritma piawaian rangkaian saraf perambatan-balik dan kaedah

kuasa dua terkecil.

Diantara beberapa struktur model ANFIS yang diuji, model dengan empat fungsi
keahlian bagi masukan dan keluaran model, fungsi keahlian Gaussian untuk
kekelaman, empat peraturan untuk injin taabir kelam dan terlatih dengan
menggunakan algoritma hibrid dipilih sebagai model terbaik dibina. Prestasi model
ANFIS dan ARIMA dibandingkan berdasarkan ukuran prestasi statistik tertubuh.
Keputusan menunjukkan keunggulan model ANFIS dibandingkan model ARIMA.
Akan tetapi, bila database model ARIMA dikemaskini bagi setiap langkah ramalan,
keputusan menunjukkan bahawa ianya lebih baik dibandingkan dengan model
ARIMA dahulu. Model ARIMA terkemaskini menunjukkan keputusan rapat dengan
model ANFIS dan terbukti tertunjuk dengan beberapa ukuran statistik model
ARIMA adalah lebih baik. Pada keseluruhan, model ARIMA terkemaskini didapati

berukuran index keseluruhan lebih berprestasi. Berasaskan kepada keputusan
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tercapai, kedua dua model (ARIMA dan ANFIS) adalah sesuai untuk memodelkan

dan meramalkan paras air di dalam sungai Klang.
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