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Abstract 
The interests in seasonal climate prediction have attracted attention of scientific and economic 

communities in recent years. Some of important oceanic parameters such as sea surface temperature, 

sea surface salinity, sea bottom temperature, sea level pressure, the zonal and Meridional winds are 

known to reflect the dynamism involved in the global Biome. Out of all these parameters Sea Surface 

Temperature (SST) is the most fundamental parameter in understanding marine ecosystem, ocean 

conditions and climate dynamics. It is beneficial in the study of seasonal to interannual climate 

variability. SST prediction is a task of predicting future values of a given sequence using historical 

SST data. Initial methods of SST prediction model are driven by physics based phenomena of heat 

transfer across the atmosphere and the ocean over large spatial domain. Recent developments in the 

field of machine learning and computational intelligence have proved promising results in wide range 

of applications including climate predications. These models exhibit excellent performance for 

modeling specific parameters particularly used in fishing, sporting events, small marine ecosystems, 

aquatic flora and fauna population monitoring and observation. This research investigates and 

contributes in prediction of sea surface temperature by exploring existing and developing novel 

artificial intelligent methods based on concepts of machine learning and deep learning. Additionally, 

dependency amongst the Oceanic parameters is investigated and conclusions are derived.  

In this thesis, we have investigated different models of neural networks for performance prediction of 

SST data and also presented machine learning based algorithms for SST prediction. In our experiments, 

we have used both monthly and daily SST datasets. For monthly datasets, exploration started with the 

Auto Regressive Integrated Moving Average (ARIMA) model by Box Jenkins methodology [73, 74]. 

Using the auto correlation function and the partial auto correlation function plots of the time series, 

ARIMA models are tested and optimized. Our research then investigates Nonlinear Auto Regressive 

(NAR) Neural Network model where a set of time delay elements are recognized to be the significant 

contributors in predicting the future values of SST time series data. This is experimented for single 

step prediction for daily data, multiple step prediction for weekly and monthly SST values. The 

correlation coefficient reveals values in the range (0.87 to 1.00) and RMSE obtained is 0.08137 which 

are better compared to some of recent literature.  
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In a site specific approach from La Jolla, Western Californian Coast, readings recorded by contact 

based thermometers and using buoys, an archived dataset [78] comprising of SST, SSS and SBT is 

used for analysis to check the dependency of SSS and SBT on SST, one at a time using single step 

analysis and detecting the anomalous readings. Using a daily dataset from PMEL [77], we have 

attempted to recognize SST anomaly (Anomaly) by a modification of the NAR network using 

exogenous inputs and evaluating their influences over SST for weekly prediction. This research also 

investigated Long Short Term Model (LSTM) deep neural network for single step and multistep 

prediction of SST values and compared its performance with other approaches.  

An important contribution in this thesis is development of a hybrid model, specifically to predict the 

daily SST dataset with multistep prediction. This approach models linear and nonlinear components 

(residuals) of SST dataset using different time series prediction techniques and finally hybridize them 

to overcome limitations of individual techniques and utilize their capabilities. This approach uses 

ARIMA for linear modeling, while NAR as well as LSTM for nonlinear modeling. The proposed 

hybrid approach is evaluated on various SST datasets and the approach is found better compared to 

individual machine/deep learning techniques. We have recorded NMSE in the range of (0 to 1.7711) 

and NRMSE (0.03 to 1.98) which is significantly low for daily SST value predictions. 

In all, the thesis contributed in development of novel method and investigation of various machine 

learning and deep learning based approaches along with traditional ARIMA based models for 

prediction of the important parameter SST and also analyzed related anomalies. 

This PhD Thesis would help in fostering the use of machine learning techniques in the domain of 

predicting the numerical values of Sea Surface Temperature and other related ocean parameters. 
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