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Abstrak 

Takungan merupakan salah satu pendekatan berstruktur utama bagi tebatan banjir.  

Semasa banjir, pelepasan awal air takungan merupakan salah satu daripada tindakan 

yang diambil oleh operator takungan bagi menampung hujan lebat yang akan 

diterima.  Pelepasan air lewat mungkin akan memberi kesan negatif kepada struktur 

takungan dan menyebabkan banjir di kawasan hilir.  Walau bagaimanapun, hujan 

semasa tidak akan mempengaruhi perubahan paras air takungan secara langsung.  

Kelewatan ini terjadi kerana aliran yang membawa air mungkin akan mengambil 

sedikit masa untuk sampai ke takungan. Kajian ini bermatlamat untuk 

membangunkan model peramalan bagi perubahan pada peringkat paras air takungan.  

Model ini mengambil kira perubahan paras dan peringkat air takungan sebagai input 

dan perubahan pada peringkat air takungan pada masa hadapan sebagai output. 

Dalam kajian ini, data pengoperasian takungan Timah Tasoh telah diperolehi dari 

Jabatan Pengairan dan Saliran Perlis (DID).  Paras air takungan telah dikategorikan 

kepada peringkat tertentu berdasarkan panduan dari DID.  Algoritma Sliding Window 

yang telah diubah suai telah digunakan untuk membahagikan data kepada corak 

temporal. Berdasarkan corak berkenaan, tiga model telah dibangunkan: model paras 

air takungan, model perubahan paras air takungan dan peringkat paras air takungan 

dan model gabungan perubahan paras air takungan dan peringkat paras air takungan.  

Kesemua model disimulasikan menggunakan rangkaian neural dan prestasinya 

dibandingkan menggunakan min kuasa dua ralat (MSE) dan peratusan ketepatan. 

Dapatan kajian menunjukkan model perubahan paras air takungan dan peringkat 

paras air takungan menghasilkan MSE terendah dan peratusan ketepatan paling tinggi 

berbanding dua model lain.  Dapatan kajian juga menunjukkan bahawa kelewatan 

dua hari sebelumnya telah memberi kesan terhadap perubahan dalam peringkat paras 

air takungan. Model ini boleh diaplikasikan bagi menyokong keputusan pelepasan 

awal air takungan.  Oleh itu, mengurangkan kesan banjir di kawasan hilir. 
 

Kata Kunci: Model ramalan, Perkomputeran pintar, Rangkaian neural, Operasi takungan, 

Paras air takungan.  
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Abstract 

Reservoir is one of major structural approaches for flood mitigation. During floods, 

early reservoir water release is one of the actions taken by the reservoir operator to 

accommodate incoming heavy rainfall. Late water release might give negative effect 

to the reservoir structure and cause flood at downstream area. However, current 

rainfall may not directly influence the change of reservoir water level. The delay may 

occur as the streamflow that carries the water might take some time to reach the 

reservoir. This study is aimed to develop a forecasting model for the change in stage 

of reservoir water level.  The model considers the changes of reservoir water level 

and its stage as the input and the future change in stage of reservoir water level as the 

output. In this study, the Timah Tasoh reservoir operational data was obtained from 

the Perlis Department of Irrigation and Drainage (DID). The reservoir water level 

was categorised into stages based on DID manual.  A modified sliding window 

algorithm has been deployed to segment the data into temporal patterns.  Based on 

the patterns, three models were developed: the reservoir water level model, the 

change of reservoir water level and stage of reservoir water level model, and the 

combination of the change of reservoir water level and stage of reservoir water level 

model.  All models were simulated using neural network and their performances were 

compared using on mean square error (MSE) and percentage of correctness. The 

result shows that the change of reservoir water level and stage of reservoir water 

model produces the lowest MSE and the highest percentage of correctness when 

compared to the other two models.  The findings also show that a delay of two 

previous days has affected the change in stage of reservoir water level. The model 

can be applied to support early reservoir water release decision making. Thus, reduce 

the impact of flood at the downstream area. 
 

Keywords: Forecasting model, Computational intelligence, Neural network, 

Reservoir operation, Reservoir water level. 
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CHAPTER ONE 

INTRODUCTION 

 Background of Study 

Reservoir is one of the ciritical components in water resources management.  

Reservoir can be defined as a natural or artificial lake or large tank used to store and 

control water for various purposes such as supplies and irrigation. It can also serve as 

a shield during flood and drought situations (Gotoh, Maeno, Takezawa, & Ohnishi, 

2011; Romanescu, Stoleriu, & Romanescu, 2011; Wan Ishak, Ku-Mahamud, & 

Norwawi, 2011b). Typically, reservoir can be clasified into single and multipurpose 

reservoirs. A single purpose reservoir is constructed to serve only one purpose, such 

as a hydroeletric reservoir that is to generate electricity. A multipurpose reservoir is 

aimed to serve more than one purpose, such as flood mitigation, water supply, and 

recreation. Thus, the water storage has to be divided to fullfil the purposes.    

 

Reservoir systems can be separated into four parts: upstream, reservoir, spillway gate 

and downstream (Figure 1.1). Upstream is the water source or inflow of the reservoir. 

The upstream data is recorded through gauging and telemetric stations. The water 

inflow is compounded at the reservoir before it is released to the downstream water 

channel. Reservoir is a system that is controlled by human decisions. The decisions 

are based on their past experience and knowledge and the current hydrological 

conditions such as precipitation, upstream river water level, etc. The spillway gate is 

used as the outlet for the reservoir water. Some reservoirs are equipped with an 



The contents of 

the thesis is for 

internal user 

only 



 

102 

 

REFERENCES 

Abdul Mokhtar, S., Wan Ishak, W. H., & Md Norwawi, N. (2014). Modelling of Reservoir 

Water Release Decision Using Neural Network and Temporal Pattern of Reservoir 

Water Level. International Conference on Intelligent Systems, Modelling and 

Simulation, 127–130. http://doi.org/10.1109/ISMS.2014.27 

Adnan, R., Ruslan, F. A., Samad, A. M., & Md Zain, Z. (2012). Flood water level modelling 

and prediction using artificial neural network: Case study of Sungai Batu Pahat in Johor. 

2012 IEEE Control and System Graduate Research Colloquium, (Icsgrc), 22–25. 

http://doi.org/10.1109/ICSGRC.2012.6287127 

Affandi, A. K., Watanabe, K., & Tirtomihardjo, H. (2007). Application of an artificial neural 

network to estimate groundwater level fluctuation. Journal of Spatial Hydrology, 7(2), 

23–46. 

Akrami, S. A., El-Shafie, A., & Jaafar, O. (2013). Improving Rainfall Forecasting Efficiency 

Using Modified Adaptive Neuro-Fuzzy Inference System (MANFIS). Water Resources 

Management, 27, 3507–3523. http://doi.org/10.1007/s11269-013-0361-9 

Alberg, D., & Laslo, Z. (2014). Segmenting Big Data Time Series Stream Data, 2126–2134. 

http://doi.org/10.4018/978-1-4666-5202-6.ch191 

Alemu, E. T., Palmer, R. N., Polebitski, A., & Meaker, B. (2011). Decision Support System 

for Optimizing Reservoir Operations Using Ensemble Streamflow Predictions. Journal 

of Water Resources Planning and Management, 137(February), 72–82. 

http://doi.org/10.1061/(ASCE)WR.1943-5452.0000088 

Altunkaynak, A. (2007). Forecasting surface water level fluctuations of lake van by artificial 

neural networks. Water Resources Management, 21, 399–408. 

http://doi.org/10.1007/s11269-006-9022-6 

Altunkaynak, A., & Şen, Z. (2007). Fuzzy logic model of lake water level fluctuations in Lake 

Van, Turkey. Theoretical and Applied Climatology, 90(3-4), 227–233. 

http://doi.org/10.1007/s00704-006-0267-z 

Alvisi, S., & Franchini, M. (2011). Fuzzy neural networks for water level and discharge 

forecasting with uncertainty. Environmental Modelling & Software, 26(4), 523–537. 

http://doi.org/10.1016/j.envsoft.2010.10.016 

Antar, M. a., Elassiouti, I., & Allam, M. N. (2006). Rainfall-runoff modelling using artificial 

neural networks technique: A Blue Nile catchment case study. Hydrological Processes, 

20(October 2003), 1201–1216. http://doi.org/10.1002/hyp.5932 

Arbain, S. H., & Wibowo, A. (2012a). Neural Networks Based Nonlinear Time Series 

Regression for Water Level Forecasting of Dungun River. Journal of Computer Science, 

8(9), 1506–1513. 



 

103 

 

Arbain, S. H., & Wibowo, A. (2012b). Time series methods for water level forecasting of 

Dungun river in Terengganu Malaysia. International Journal of Engineering Science 

and Technology, 4(04), 1803–1811. 

Asklany, S. a., Elhelow, K., Youssef, I. K., & Abd El-wahab, M. (2011). Rainfall events 

prediction using rule-based fuzzy inference system. Atmospheric Research, 101(1-2), 

228–236. http://doi.org/10.1016/j.atmosres.2011.02.015 

Atiya, a F., El-Shoura, S. M., Shaheen, S. I., & El-Sherif, M. S. (1999). A comparison between 

neural-network forecasting techniques--case study: river flow forecasting. IEEE 

Transactions on Neural Networks / a Publication of the IEEE Neural Networks Council, 

10(2), 402–409. http://doi.org/10.1109/72.750569 

Azeez, D., Ali, M. A. M., Gan, K. B., & Saiboon, I. (2013). Comparison of adaptive neuro-

fuzzy inference system and artificial neutral networks model to categorize patients in the 

emergency department. SpringerPlus, 2(1), 416. http://doi.org/10.1186/2193-1801-2-

416 

Becker, S., Gemmer, M., & Jiang, T. (2006). Spatiotemporal analysis of precipitation trends 

in the Yangtze River catchment. Stochastic Environmental Research and Risk 

Assessment, 20, 435–444. http://doi.org/10.1007/s00477-006-0036-7 

Bessaih, N., Rosmina, B., & Saad, M. (2004). Water Level Estimation for Sarawak River. In 

1st International Conference on Managing Rivers in the 21st Century: Issues & 

Challenges (pp. 182–187). 

Bustami, R. A., Bessaih, N., & Muhammad, M. S. (2006). Artificial Neural Network for Daily 

Water Level Estimation. Engineering E-Transaction, 1(1), 7–12. 

Carney, J. G., & Cunningham, P. (1998). The Epoch Interpretation of Learning. Retrieved 

from 

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.48.5940&rep=rep1&type=p

df 

Chang, F.-J., & Chang, Y.-T. (2006). Adaptive neuro-fuzzy inference system for prediction 

of water level in reservoir. Advances in Water Resources, 29(1), 1–10. 

http://doi.org/10.1016/j.advwatres.2005.04.015 

Chang, F.-J., Chen, L., & Chang, L.-C. (2005). Optimizing the reservoir operating rule curves 

by genetic algorithms. Hydrological Processes, 19(April 2003), 2277–2289. 

http://doi.org/10.1002/hyp.5674 

Chang, L. C., & Chang, F. J. (2001). Intelligent control for modelling or real-time reservoir 

operation. Hydrological Processes, 15(9), 1621–1634. http://doi.org/10.1002/hyp.226 

Chang, L.-C., Chang, F.-J., Wang, K.-W., & Dai, S.-Y. (2010). Constrained genetic algorithms 

for optimizing multi-use reservoir operation. Journal of Hydrology, 390(1-2), 66–74. 

http://doi.org/10.1016/j.jhydrol.2010.06.031 



 

104 

 

Chen, X., Zong, Y., Zhang, E., Xu, J., & Li, S. (2001). Human impacts on the Changjiang 

(Yangtze) River basin, China, with special reference to the impacts on the dry season 

water discharges into the sea. Geomorphology, 41(2), 111–123. 

http://doi.org/10.1016/S0169-555X(01)00109-X 

Cover, T., & Hart, P. (1967). Nearest neighbor pattern classification. IEEE Transactions on 

Information Theory, 13(1). http://doi.org/10.1109/TIT.1967.1053964 

Croux, C., Gentiane, H., & Joossens, K. (2008). Logistic Discrimination using robust 

estimators: an influence function approach. Canadian Journal of Statistics, 36(1), 157–

174. http://doi.org/10.1002/cjs.5550360114 

Draper, A. J., & Lund, J. R. (2004). Optimal Hedging and Carryover Storage Value. Journal 

of Water Resources Planning and Management, 130(February), 83–87. 

http://doi.org/10.1061/(ASCE)0733-9496(2004)130:1(83) 

Duckstein, L., Bogardi, J. J., & Huang, W.-C. (1989). Decision rule for switching the operation 

mode of a multipurpose reservoir Lucien Duckstein. In Proceedings ICWRS/IAHS 

Symposium System Analysis for Water Resources Management: Closing the Gap 

between Theory and Practice (pp. 151–162). IAHS Public. 

Eberhart, R. C., & Shi, Y. (2007). Computatinal Intelligence Eberhart. US: Morgan 

Kaufmann. 

Edossa, D. C., & Babel, M. S. (2011). Application of ANN-Based Streamflow Forecasting 

Model for Agricultural Water Management in the Awash River Basin, Ethiopia. Water 

Resources Management, 1759–1773. http://doi.org/10.1007/s11269-010-9773-y 

Firat, M., & Güngör, M. (2007). River flow estimation using adaptive neuro fuzzy inference 

system. Mathematics and Computers in Simulation, 75(3-4), 87–96. 

http://doi.org/10.1016/j.matcom.2006.09.003 

Fischer, H., & Schultz, G. A. (1991). Expert system for real time operation of a multi-purpose 

multi-unit reservoir system. In 20 th General Assembly of the International Union of 

Geodesy and Geophysics (pp. 151–157). Vienna, Austria. 

Gasim, M. B., Adam, J. H., Toriman, M. E., Abd Rahim, S., & Juahir, H. (2007). Coastal 

Flood Phenomenon in Terengganu, Malaysia: Special Reference to Dungun. Research 

Journal of Environmental Sciences. http://doi.org/10.3923/rjes.2007.102.109 

Gemmer, M. (2004). Decision support for flood risk management at the Yangtze river by 

GIS/RS-based flood damage estimation. Shaker. 

Ghadampour, Z., & Rakhshandehroo, G. (2010). Using Artificial Neural Network to Forecast 

Groundwater Depth in Union County Well. World Academy of Science, Eingineering 

and Technology, 36, 954–957. 

Gotoh, H., Maeno, Y., Takezawa, M., & Ohnishi, M. (2011). Flood control and small-scale 

reservoirs. River Basin Management VI. 



 

105 

 

Hartman, H., Becker, S., King, L., & Jiang, T. (2008). Forecasting water levels at the Yangtze 

River with neural networks. Erdkunde, 62(3), 231–243. 

http://doi.org/10.3112/erdkunde.2008.03.04 

Hassin, M. H. B. M., Norwawi, N. B. M., & Aziz, A. B. A. (2006). Temporal case-based 

reasoning for reservoir spillway gate operation recommendation. 2006 International 

Conference on Computing and Informatics, ICOCI ’06, 1–4. 

http://doi.org/10.1109/ICOCI.2006.5276517 

Hejazi, M. I., Cai, X., & Ruddell, B. L. (2008). How Reservoirs Were Operated — Exploring 

the Role of Hydrologic Information. World Environmental and Water Resources 

Congress 2008, 316(2004), 1–9. http://doi.org/10.1061/40976(316)593 

Hinton, G. E., Srivastava, N., Krizhevsky, A., Sutskever, I., & Salakhutdinov, R. R. (2012). 

Improving neural networks by preventing co-adaptation of feature detectors. arXiv: 

1207.0580. http://doi.org/arXiv:1207.0580 

Hipni, A., El-shafie, A., Najah, A., Karim, O. A., Hussain, A., & Mukhlisin, M. (2013). Daily 

Forecasting of Dam Water Levels: Comparing a Support Vector Machine (SVM) Model 

With Adaptive Neuro Fuzzy Inference System (ANFIS). Water Resources Management, 

27(10), 3803–3823. http://doi.org/10.1007/s11269-013-0382-4 

Huguet, C., Fietz, S., Moraleda, N., Litt, T., Heumann, G., Stockhecke, M., Anselmetti, F. S., 

& Sturm, M. (2012). A seasonal cycle of terrestrial inputs in Lake Van, Turkey. 

Environmental Science and Pollution Research, 19, 3628–3635. 

http://doi.org/10.1007/s11356-012-0948-3 

Hung, N. Q., Babel, M. S., Weesakul, S., & Tripathi, N. K. (2009). An artificial neural network 

model for rainfall forecasting in Bangkok, Thailand. Hydrology and Earth System 

Sciences, 13, 1413–1425. http://doi.org/10.5194/hess-13-1413-2009 

Jaafar, O., Hj Toriman, M. E., Hj Idris, M., Sharifah Mastura, S. A., Hj Juahir, H., Abdul Aziz, 

N. A., Kamarudin, A. K., & Jamil, N. R. (2010). Study of water level-discharge 

relationship using Artificial Neural Network (ANN) in Sungai Gumum, Tasik Chini 

Pahang Malaysia. Research Journal of Applied Sciences, 5(1), 20–26. 

http://doi.org/10.3923/rjasci.2010.20.26 

Jacquin, A. P., & Shamseldin, A. Y. (2009). Review of the application of fuzzy inference 

systems in river flow forecasting. Journal of Hydroinformatics, 11(3–4), 202. 

http://doi.org/10.2166/hydro.2009.038 

Jain, Y., & Bhandare, S. (2011). Min max normalization based data perturbation method for 

privacy protection. International Journal of Computer and Communication Technology, 

2(Viii), 45–50. Retrieved from http://interscience.in/IJCCT_Vol2Iss8/paper8.pdf 

Jang, J. S. R. (1993). ANFIS: adaptive-network-based fuzzy inference system. IEEE 

Transactions on Systems, Man and Cybernetics, 23(3), 665–685. 

http://doi.org/10.1109/21.256541 



 

106 

 

Jonkman, S. N., & Kelman, I. (2005). An analysis of the causes and circumstances of flood 

disaster deaths. Disasters, 29(1), 75–97. http://doi.org/10.1111/j.0361-

3666.2005.00275.x 

Kamarudzaman, A. N., Feng, V. K., Aziz, R. A., Faizal, M., & Jalil, A. (2011). Study of Point 

and Non Point Sources Pollution – A Case Study of Timah Tasoh Lake in Perlis , 

Malaysia. International Conference on Environment and Computer Science, 19, 84–88. 

Kapoor, P., & Bedi, S. S. (2013). Weather Forecasting Using Sliding Window Algorithm. 

ISRN Signal Processing, 2013, 1–5. http://doi.org/10.1155/2013/156540 

Kar, A. K., Winn, L. L., Lohani, A. K., & Goel, N. K. (2012). Soft Computing–Based 

Workable Flood Forecasting Model for Ayeyarwady River Basin of Myanmar. Journal 

of Hydrologic Engineering, 17(July), 746–759. http://doi.org/10.1061/(ASCE)HE.1943-

5584 

Keogh, E., Chu, S., Hart, D., & Pazzani, M. (2001). An online algorithm for segmenting time 

series. Proceedings 2001 IEEE International Conference on Data Mining, 289–296. 

http://doi.org/10.1109/ICDM.2001.989531 

Keogh, E., Chu, S., Hart, D., & Pazzani, M. (2003). Segmenting Time Series: A Survey and 

Novel Approach. Data Mining in Time Series Databases, 1–21. 

http://doi.org/10.1.1.12.9924 

Keskin, M. E., Taylan, D., & Terzi, Ö. (2006). Adaptive neural-based fuzzy inference system 

(ANFIS) approach for modelling hydrological time series. Hydrological Sciences 

Journal, 51(4), 588–598. http://doi.org/10.1623/hysj.51.4.588 

Khashei, M., & Bijari, M. (2011). A novel hybridization of artificial neural networks and 

ARIMA models for time series forecasting. Applied Soft Computing Journal, 11(2), 

2664–2675. http://doi.org/10.1016/j.asoc.2010.10.015 

Khashei, M., Bijari, M., & Hejazi, S. R. (2012). Combining seasonal ARIMA models with 

computational intelligence techniques for time series forecasting. Soft Computing, 16(6), 

1091–1105. http://doi.org/10.1007/s00500-012-0805-9 

Khashei, M., Bijari, M., & Raissi Ardali, G. A. (2009). Improvement of Auto-Regressive 

Integrated Moving Average models using Fuzzy logic and Artificial Neural Networks 

(ANNs). Neurocomputing, 72(4-6), 956–967. 

http://doi.org/10.1016/j.neucom.2008.04.017 

Kim, K. S., Choi, H. H., Moon, C. S., & Mun, C. W. (2011). Comparison of k-nearest 

neighbor, quadratic discriminant and linear discriminant analysis in classification of 

electromyogram signals based on the wrist-motion directions. Current Applied Physics, 

11(3), 740–745. http://doi.org/10.1016/j.cap.2010.11.051 

Kim, T., Heo, J.-H., Bae, D.-H., & Kim, J.-H. (2008). Single-reservoir operating rules for a 

year using multiobjective genetic algorithm. Journal of Hydroinformatics, 10, 163. 

http://doi.org/10.2166/hydro.2008.019 



 

107 

 

Kisi, O. (2011). Wavelet Regression Model as an Alternative to Neural Networks for River 

Stage Forecasting. Water Resources Management, 25(2), 579–600. 

http://doi.org/10.1007/s11269-010-9715-8 

Krishna, B., Rao, Y. R. S., & Nayak, P. C. (2011). Time Series Modeling of River Flow Using 

Wavelet Neural Networks. Journal of Water Resource and Protection, 03(01), 50–59. 

http://doi.org/10.4236/jwarp.2011.31006 

Ku-Mahamud, K. R., & Yun, J. K. (2009). Forest Fire Pattern Extraction and Rule Generation 

using Sliding Window Technique. Journal of Computer and Informaion Science, 2, 113–

121. Retrieved from http://ccsenet.org/journal/index.php/cis/article/viewFile/666/3054 

Ku-Mahamud, K. R., Zakaria, N., Katuk, N., & Shbier, M. (2009). Flood Pattern Detection 

Using Sliding Window Technique. 2009 Third Asia International Conference on 

Modelling & Simulation. http://doi.org/10.1109/AMS.2009.15 

Kurd, Z., Kelly, T., & Austin, J. (2007). Developing artificial neural networks for safety 

critical systems. Neural Computing and Applications, 16(1), 11–19. 

http://doi.org/10.1007/s00521-006-0039-9 

Labadie, J. W. (2004). Optimal Operation of Multireservoir Systems: State-of-the-Art 

Review. Journal of Water Resources Planning and Management, 130(April), 93–111. 

http://doi.org/10.1061/(ASCE)0733-9496(2004)130:2(93) 

Last, M., Klein, Y., & Kandel, A. (2001). Knowledge discovery in time series databases. IEEE 

Transactions on Systems, Man, and Cybernetics, Part B: Cybernetics, 31(1), 160–169. 

http://doi.org/10.1109/3477.907576 

Laxman, S., & Sastry, P. (2006). A survey of temporal data mining. Sadhana, 31(April), 173–

198. http://doi.org/10.1007/BF02719780 

Litta, A. J., Idicula, S. M., & Mohanty, U. C. (2013). Artificial Neural Network Model in 

Prediction of Meteorological Parameters during Premonsoon Thunderstorms. 

International Journal of Atmospheric Sciences, 2013, 14. 

http://doi.org/10.1155/2013.525383 

Liu, P., & Jin, F. (2012). A multi-attribute group decision-making method based on weighted 

geometric aggregation operators of interval-valued trapezoidal fuzzy numbers. Applied 

Mathematical Modelling, 36(6), 2498–2509. http://doi.org/10.1016/j.apm.2011.09.006 

Lohani, A., Goel, N. K., & Bhatia, K. K. S. (2014). Improving real time flood forecasting 

using fuzzy inference system. Journal of Hydrology, 509, 25–41. 

http://doi.org/10.1016/j.jhydrol.2013.11.021 

Lohani, A. K., Goel, N. K., & Bhatia, K. K. S. (2011). Comparative study of neural network, 

fuzzy logic and linear transfer function techniques in daily rainfall-runoff modelling 

under different input domains. Hydrological Processes, 25(2), 175–193. 

http://doi.org/10.1002/hyp.7831 



 

108 

 

Malik, J. (2011). Harris Operator Corner Detection using Sliding Window Method, 22(1), 28–

37. 

McCulloch, W. S., & Pitts, W. H. (1943). A Logical Calculus of Ideas Immanent in Nervous 

Activity, 5, 115–133. 

Mehta, R., & Jain, S. K. (2009). Optimal operation of a multi-purpose reservoir using neuro-

fuzzy technique. Water Resources Management, 23, 509–529. 

http://doi.org/10.1007/s11269-008-9286-0 

Moeini, R., Afshar, a., & Afshar, M. H. (2011). Fuzzy rule-based model for hydropower 

reservoirs operation. International Journal of Electrical Power and Energy Systems, 

33(2), 171–178. http://doi.org/10.1016/j.ijepes.2010.08.012 

Mohamad, S., & Toriman, M. E. (2006). Implikasi Struktur Kunci Air Ke Atas Aktiviti 

Pelancongan Dan Penduduk Di Sekitar Sungai Chini Dan Tasik Chini, Pahang. E-

BANGI, 1(1), 13. Retrieved from http://pkukmweb.ukm.my/e-

bangi/papers/2006/ekhwan.pdf 

Mohanty, S., Jha, M. K., Kumar, A., & Sudheer, K. P. (2010). Artificial neural network 

modeling for groundwater level forecasting in a river island of eastern India. Water 

Resources Management, 24, 1845–1865. http://doi.org/10.1007/s11269-009-9527-x 

Mokhatab, R. F., Manzari, S. M., & Bostanian, S. (2011). Financial health prediction models 

using artificial neural networks, genetic algorithm and multivariate discriminant 

analysis: Iranian evidence. Expert Systems with Applications, 38(8), 10210–10217. 

http://doi.org/10.1016/j.eswa.2011.02.082 

Monfared, M., Rastegar, H., & Kojabadi, H. M. (2009). A new strategy for wind speed 

forecasting using artificial intelligent methods. Renewable Energy, 34(3), 845–848. 

http://doi.org/10.1016/j.renene.2008.04.017 

Moosmayer, D. C., Chong, A. Y. L., Liu, M. J., & Schuppar, B. (2013). A neural network 

approach to predicting price negotiation outcomes in business-to-business contexts. 

Expert Systems with Applications, 40(8), 3028–3035. 

http://doi.org/10.1016/j.eswa.2012.12.018 

Mostafa, M. M. (2010). Forecasting stock exchange movements using neural networks: 

Empirical evidence from Kuwait. Expert Systems with Applications, 37(9), 6302–6309. 

http://doi.org/10.1016/j.eswa.2010.02.091 

Mozaffari, L., Mozaffari, A., & Azad, N. L. (2015). Vehicle speed prediction via a sliding-

window time series analysis and an evolutionary least learning machine: A case study 

on San Francisco urban roads. International Journal of Engineering Science and 

Technology, 18(2), 150–162. http://doi.org/10.1016/j.jestch.2014.11.002 

Nazari, A. (2012). Application of ANFIS for Analytical Modeling of Tensile Strength of 

Functionally Graded Steels. Neural Computing and Applications, 23(3-4), 787–799. 

http://doi.org/10.1007/s00521-012-0995-1 



 

109 

 

Neelakantan, T. R., & Pundarikanthan, N. V. (1999). Hedging rule optimisation for water 

supply reservoirs system. Water Resources Management, 13, 409–426. 

http://doi.org/10.1023/A:1008157316584 

Neelakantan, T. R., & Pundarikanthan, N. V. (2000). Neural Network-Based Simulation-

Optimization Model For Reservoir Operation. Journal of Water Resources Planning and 

Management, (April), 57–64. 

Ngoc, T. A., Hiramatsu, K., & Harada, M. (2014). Optimizing the rule curves of multi-use 

reservoir operation using a genetic algorithm with a penalty strategy. Paddy and Water 

Environment, 12, 125–137. http://doi.org/10.1007/s10333-013-0366-2 

Norwawi, N.M. Computational Recognition-Primed Decision Model based on 

Temporal DataMining Approach for Reservoir Flood Control.PhD Thesis. 

Universiti Utara Malaysia, 2004. 

Nwobi-Okoye, C. C., & Igboanugo, A. C. (2013). Predicting Water Levels at Kainji Dam 

using Artificial Neural Networks. Nigeria Journal of Technology, 32(1), 129–136. 

Ondimu, S., & Murase, H. (2007). Reservoir Level Forecasting using Neural Networks: Lake 

Naivasha. Biosystems Engineering, 96(1), 135–138. 

http://doi.org/10.1016/j.biosystemseng.2006.09.003 

Othman, F., & Naseri, M. (2011). Reservoir inflow forecasting using artificial neural network, 

6(3), 434–440. http://doi.org/10.5897/IJPS10.649 

Paoli, C., Voyant, C., Muselli, M., & Nivet, M.-L. (2010). Forecasting of preprocessed daily 

solar radiation time series using neural networks. Solar Energy (Vol. 84). 

http://doi.org/10.1016/j.solener.2010.08.011 

Piasecki, A., Jurasz, J., & Skowron, R. (2015). Application of artificial neural networks 

(ANN) in Lake Drwęckie water level modelling. Limnological Review, 15(1). 

http://doi.org/10.2478/limre-2015-0003 

Pinthong, P., Gupta, A. Das, Babel, M. S., & Weesakul, S. (2009). Improved reservoir 

operation using hybrid genetic algorithm and neurofuzzy computing. Water Resources 

Management, 23, 697–720. http://doi.org/10.1007/s11269-008-9295-z 

Rale, A. P., Gharpure, D. C., & Ravindran, V. R. (2009). Comparison of different ANN 

techniques for automatic defect detection in X-Ray images. Emerging Trends in 

Electronic and Photonic Devices &amp;amp; Systems, 2009. ELECTRO ’09. 

International Conference on, 193–197. 

http://doi.org/10.1109/ELECTRO.2009.5441138 

Rani, D., & Moreira, M. M. (2010). Simulation-optimization modeling: A survey and potential 

application in reservoir systems operation. Water Resources Management, 24(6), 1107–

1138. http://doi.org/10.1007/s11269-009-9488-0 



 

110 

 

Rani, S., & Parekh, F. (2014). Application of Artificial Neural Network ( ANN ) for Reservoir 

Water Level Forecasting. International Journal of Science and Research, 3(7), 1077–

1082. 

Rittima, A. (2009). Hedging policy for reservoir system operation: A case study of mun bon 

and lam chae reservoirs. Kasetsart Journal - Natural Science, 43, 833–842. 

Romanescu, G., Stoleriu, C., & Romanescu, A. M. (2011). Water reservoirs and the risk of 

accidental flood occurrence. Case study: Stanca-Costesti reservoir and the historical 

floods of the Prut river in the period July-August 2008, Romania. Hydrological 

Processes, 25(January), 2056–2070. http://doi.org/10.1002/hyp.7957 

Rosmina, B., Rosli, N. A., Adam, J. H., & Li, K. P. (2012). Development of Temporal Rainfall 

Pattern for Southern Region of Sarawak, 3, 17–23. 

Royston, P., & Altman, D. G. (2010). Visualizing and assessing discrimination in the logistic 

regression model. Statistics in Medicine, 29(24), 2508–2520. 

http://doi.org/10.1002/sim.3994 

Sarle, W. S. (1995). Stopped Training and Other Remedies for Overfitting. Proceedings of the 

27th Symposium on the Interface of Computing Science and Statistics. Retrieved from 

citeseer.ist.psu.edu/sarle95stopped.html 

Shahnawaz, M., Ranjan, A., & Danish, M. (2011). Temporal Data Mining: an overview. 

International Journal of Engineering and Advanced Technology (IJEAT), 1(1), 20–24. 

Retrieved from http://www.ijeat.org/attachments/File/V1Issue1/A0099101111.pdf 

Sharifi, F., Haddad, O. B., Naderi, M., & Alimohammadi, S. (2005). Continuous Decision 

Making in Optimal Reservoir Operation Using DP-ANN. In Proceedings of the 6th 

WSEAS International Conference on Evolutionary Computing (Vol. 2005, pp. 362–368). 

Shiau, J.-T. (2009). Optimization of Reservoir Hedging Rules Using Multiobjective Genetic 

Algorithm. Journal of Water Resources Planning and Management, 135(October), 355–

363. http://doi.org/10.1061/(ASCE)0733-9496(2009)135:5(355) 

Singh, K. K., & Kumar, S. (2007). Extension of Stream Flow Series Using Artificial Neural 

Networks. ISH Journal of Hydraulic Engineering. 

http://doi.org/10.1080/09715010.2007.10514883 

Sulaiman, M., El-Shafie, A., Karim, O., & Basri, H. (2011). Improved Water Level 

Forecasting Performance by Using Optimal Steepness Coefficients in an Artificial 

Neural Network. Water Resources Management, 25(10), 2525–2541. 

http://doi.org/10.1007/s11269-011-9824-z 

Tavakkoli, M., Jamali, a, & Ebrahimi, a. (2010). New Method To Evaluate Financial 

Performance of Companies By Fuzzy Logic: Case Study, Drug Industry of Iran. Asia 

Pacific Journal of Finance & Banking Research, 4(4), 15–24. Retrieved from 

http://search.ebscohost.com/login.aspx?direct=true&db=bth&AN=48323176&site=eho

st-live 



 

111 

 

Thirumalaiah, K., & Deo, M. C. (1998). Real-Time Flood Forecasting Using Neural 

Networks. Computer-Aided Civil and Infrastructure Engineering, 13, 101–111. 

http://doi.org/10.1111/0885-9507.00090 

Thirumalaiah, K., & Deo, M. C. (2000). Hydrological Forecasting Using Neural Network. 

Journal of Hydrologic Engineering, 5, 180–189. 

Tenaga Nasional Berhad (2013).  Water Release from Sultan Abu Bakar Dam was 

Inevitable.  Tenaga Nasional Press Release (S.A. 2013/10/99 (HQ)) 

Tokar, A. S., & Markus, M. (2000). Precipitation-Runoff Modelling Using Artificial Neural 

Networks and Conceptual Models. Journal of Hydrologic Engineering, 5(April), 156–

161. 

Toro, C. H. F., Gómez Meire, S., Gálvez, J. F., & Fdez-Riverola, F. (2013). A hybrid artificial 

intelligence model for river flow forecasting. Applied Soft Computing Journal, 13(8), 

3449–3458. http://doi.org/10.1016/j.asoc.2013.04.014 

Tospornsampan, J., Kita, I., Ishii, M., & Kitamura, Y. (2005). Optimization of a multiple 

reservoir system operation using a combination of genetic algorithm and discrete 

differential dynamic programming: A case study in Mae Klong system, Thailand. Paddy 

and Water Environment, 3, 29–38. http://doi.org/10.1007/s10333-005-0070-y 

Tu, M.-Y., Hsu, N.-S., Tsai, F. T.-C., & Yeh, W. W.-G. (2008). Optimization of Hedging 

Rules for Reservoir Operations. Journal of Water Resources Planning and Management, 

134(February), 3–13. http://doi.org/10.1061/(ASCE)0733-9496(2008)134:1(3) 

Tu, M.-Y., Hsu, N.-S., & Yeh, W. W.-G. (2003). Optimization of Reservoir Management and 

Operation with Hedging Rules. Journal of Water Resources Planning and Management, 

129(2), 86–97. http://doi.org/10.1061/(ASCE)0733-9496(2003)129:2(86) 

Vafaeipour, M., Rahbari, O., Rosen, M. a., Fazelpour, F., & Ansarirad, P. (2014). Application 

of sliding window technique for prediction of wind velocity time series. International 

Journal of Energy and Environmental Engineering, 5(2), 105. 

http://doi.org/10.1007/s40095-014-0105-5 

Valizadeh, N., & El-Shafie, A. (2013). Forecasting the Level of Reservoirs Using Multiple 

Input Fuzzification in ANFIS. Water Resources Management, 27(9), 3319–3331. 

http://doi.org/10.1007/s11269-013-0349-5 

Valizadeh, N., El-Shafie, A., Mukhlisin, M., & El-Shafie, A. H. (2011). Daily water level 

forecasting using adaptive neuro-fuzzy interface system with different scenarios: Klang 

Gate, Malaysia. International Journal of the Physical Sciences, 6(32), 7379–7389. 

http://doi.org/10.5897/IJPS11.1314 

Vudhivanich, V., & Rittima, A. (2003). Development of Probability Based Rule Curves for a 

Reservoir. Kasetsart Journal - Natural Science, 242, 234–242. 



 

112 

 

Wan Ishak, W. H., Ku-Mahamud, K. R., & Norwawi, N. (2011a). Mining Temporal Reservoir 

Data Using Sliding Window Technique. CiiT International Journal of Data Mining and 

Knowledge Engineering, 3(8), 473–478. 

Wan Ishak, W. H., Ku-Mahamud, K. R., & Norwawi, N. (2011b). Neural Network Application 

in Reservoir Water Level Forecasting and Release Decision. International Journal of 

New Computer Architectures and Their Applications (IJNCAA), 1, 265–274. 

Wan Ishak, W. H., Ku-Mahamud, K. R., & Norwawi, N. (2011c). Reservoir water release 

decision modelling. In 3rd International Conference on Computing and Informatics 

(ICOCI) (pp. 8–9). Bandung, Indonesia. 

Wang, C. F., Chen, C. J., Tung, C. P., & Hsu, S. Y. (2004). Application to Reservoir Operation 

Rule-Curves. Critical Transitions in Water and Environment Resources Management, 

1–10. 

Wang, H., & Liu, J. (2013). Reservoir Operation Incorporating Hedging Rules and 

Operational Inflow Forecasts. Water Resources Management, 27, 1427–1438. 

http://doi.org/10.1007/s11269-012-0246-3 

Wang, W. C., Chau, K. W., Cheng, C. T., & Qiu, L. (2009). A comparison of performance of 

several artificial intelligence methods for forecasting monthly discharge time series. 

Journal of Hydrology, 374(3), 294–306. http://doi.org/10.1016/j.jhydrol.2009.06.019 

Wang, Y., Jiang, T., Bothe, O., & Fraedrich, K. (2007). Changes of pan evaporation and 

reference evapotranspiration in the Yangtze River basin. Theoretical and Applied 

Climatology, 90, 13–23. http://doi.org/10.1007/s00704-006-0276-y 

Wurbs, R. A. (1993). Reservoir-System Simulation and Optimization Models. Journal of 

Water Resources Planning and Management, 119(4), 455–472. 

Xiaoyu, H., Yisheng, W., & Siyu, H. (2013). Short-term traffic flow forecasting based on two-

tier K-nearest neighbor algorithm. Procedia - Social and Behavioral Sciences, 96(Cictp), 

2529–2536. http://doi.org/10.1016/j.sbspro.2013.08.283 

Yamin, M. Y., Wan Ishak, W. H., & Othman, S. N. (2006). PROCEDURE IN DEVELOPING 

NEURAL NETWORK MODEL Fadhilah Mat Yamin. In International Conference on 

Technology management (ICTM 2006) (pp. 1–10). Kolej Universiti Teknologi Tun 

Hussein Onn. 

Yarar, A., Onucyıldız, M., & Copty, N. K. (2009). Modelling level change in lakes using 

neuro-fuzzy and artificial neural networks. Journal of Hydrology, 365(3-4), 329–334. 

http://doi.org/10.1016/j.jhydrol.2008.12.006 

Yeh, W. W.-G. (1985). Reservoir Management and Operations Models: A State-of-the-Art 

Review. Water Resources Research, 21(12), 1797–1818. 

http://doi.org/10.1029/WR021i012p01797 



 

113 

 

Young, C., Liu, W., & Hsieh, W. (2015). Predicting the Water Level Fluctuation in an Alpine 

Lake Using Physically Based , Artificial Neural Network , and Time Series Forecasting 

Models, 2015. 

Yu, Y., Zhu, Y., Li, S., & Wan, D. (2014). Time Series Outlier Detection Based on Sliding 

Window Prediction. Mathematical Problems in Engineering, 2014, 1–14. 

http://doi.org/10.1155/2014/879736 

Zhang, C., Wang, Y., Zhang, L., & Zhou, H. (2012). A fuzzy inference method based on 

association rule analysis with application to river flood forecasting. Water Science & 

Technology. http://doi.org/10.2166/wst.2012.420 

Zounemat-Kermani, M., & Teshnehlab, M. (2008). Using adaptive neuro-fuzzy inference 

system for hydrological time series prediction. Applied Soft Computing Journal, 8, 928–

936. http://doi.org/10.1016/j.asoc.2007.07.011 

 

 

 

 

 

 

 

 

 

 

 

 

 


	COPYRIGHT
	TITLE PAGE
	CERTIFICATION
	Permission to Use
	Abstrak
	Abstract
	Acknowledgement
	Table of Contents
	List of Tables
	List of Figures
	List of Appendices
	List of Abbreviations
	CHAPTER ONE: INTRODUCTION
	1.1 Background of Study
	1.2 Problem Statement
	1.3 Research Questions
	1.4 Aim and Research Objectives
	1.5 Scope of Study
	1.6 Significance of Study
	1.7 Organization of the Thesis

	CHAPTER TWO: LITERATURE REVIEW
	2.1 Reservoir Operation and Management
	2.2 Reservoir Water Release Decision
	2.3 Reservoir Water Level Forecasting Model
	2.4 Classification of Forecasting Techniques
	2.5 Computational Intelligence Techniques
	2.6 Artificial Neural Network (ANN)
	2.7 Temporal Data Mining in Reservoir
	2.8 Summary

	CHAPTER THREE: RESEARCH METHODOLOGY
	3.1 Research Framework
	3.2 Summary

	CHAPTER FOUR: PROPOSED FORECASTING MODEL
	4.1 Data Preparation
	4.2 Modified Sliding Window Algorithm
	4.3 Building ANN Forecasting Model
	4.4 Experimental Design
	4.5 Summary

	CHAPTER FIVE: RESULTS AND DISCUSSION
	5.1 Performance Results
	5.2 Discussion
	5.3 Summary

	CHAPTER SIX: CONCLUSION
	6.1 Research Summary
	6.2 Research Contribution
	6.3 Limitation
	6.4Future Work

	REFERENCES



