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Abstract 

Regarding the use of time series model for prediction and forecasting of the 

hydrologic parameters precipitation, water discharge levels, rainfall runoff etc, 

multiple researchers have been conducted. In time series analysis, the major task 

of the data handling is to estimate the standard parameters of the data using 

some robust innovative techniques. At present, the study proposed to obtain the 

parameters using maximum likelihood method of estimation and make a robust 

regression line for future predictions and forecasting for the downscaling data 

sets. Finally, applied RMSE approach and chi-square test for best fitting of the 

model.  

Keywords: ARIMA models, Robust regression models, maximum likelihood 

method etc,. 

 

1.  INTRODUCTION   

Remote sensing studies include data collected with instruments on the ground and on a 

variety of airborne and space borne platforms. Sensor technology used for remote 

sensing for hydrological applications cover broad range of the images of electro- 

magnetic fields. Remote sensing techniques indirectly measure the variables of 

hydrological parameters, so the electromagnetic variables measured by remote sensing 

techniques.  

For time series analysis, the mathematical statistical methods like Auto Regressive and 

Auto Regressive Integrated Moving Average models are widely used techniques in 

water resource engineering problems. In some of the cases Artificial Neural Network 

models are also suitable for future predictions in hydrological problems. Relevance 
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Vector Machine (RVM) is kernel based approach for classification and regression is 

widely used technique within the few years. 

In GPR, the output is a normal distribution. There are lots of application of GPR in the 

literature(Ruiz and Binefa,2012;Nearing et.al.,2014, Chen et.al.,2014) .Huang et.al 
(2008) , examined the use of RVM to stock prices in the share market business 

problems. Gaussian Process Regression (GPR) is a probabilistic and non-parametric 

model. Edoardo Bertone et.al (2017), developed a hybrid regressive and probabilistic 

model is able to forecast the storage volume of Little Nerang dam. The model applies 

for nonlinear threshold auto regressive models using Monte-Carlo approach for 

seasonal stream forecasts. SK.Khadar Babu et.al(2011), studied about the auto-

regressive models for prediction of rain-fall flow time series and simulate the data for 

all its observed values. Lunchakorn Prathumratana et.al (2008), studied about the 

different parameters of the water using the procedure of the correlation coefficient.  

In the present research work , Andhra Pradesh is considered as study area for the 

prediction of discharge . In Andhra Pradesh the major rivers are Krishna, Godavari, 

Palar and Penna used to sustain for agriculture, Industrial power generation and 

domestic purposes. Simultaneously, more number of floods are recoded on Krishna and 

Godavari rivers in Andhra Pradesh.Hence, historical data from Mantralayam gauging 

station on Krishna-Thunga Bhadra river is used to analyse the future predictions. 

The Maximum Likelihood Robust Regression Model (MLRRM) have been used in the 

present study for prediction and forecasting of downscaling data sets.The best model is 

acknowledged by using the Root Mean Square Error (RMSE) and the correlation 

coefficient. 

 

2. METHODS AND MATERIALS  

Gholam Abbas et.al(2015), developed a model for forecasting and prediction of 

seasonal precipitation time series data analysis. The model is used to predict the future 

values using Box-Jenkins approach. The present study proposed to apply maximum 

likelihood procedure  (ML)for parameter estimation for robustness and  make a robust 

regression model for future predictions. 

 

Maximum Likelihood Method of Estimation : 

In statistical analysis, the major task is to estimate the parameters , that are identified in 

the study area. Actually, based on the data sets, we can first choose the distribution for 

best fit of the data, then this is achieved by using the distribution function, in which the 

parameters are replaced by their standard pre-defined estimates.  

At Present study , for parameters choosing a Gaussian distribution and apply the 

maximum likelihood estimations was adopted for parameter estimation. We can apply 

the method of moments, the least squares method etc,. for parameter estimation. 

It involves that it gives the maximum probability priority occurrence of the observations 
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in a problem. Let the probability density function (Continuous case) f(x) and its 

parameters α1,  α2, α3,…, αk are the parameters of the distribution. 

Then the Likelihood function with k parameters as 

                    L(α1, α2,…, αk) = ∏ 𝑓(𝑥𝑖, α1, α2, . . , αk)
𝑛
𝑖=1                                                 (1) 

The parameters of α1, α2,…, αk that maximises the partial differentiation of the 

likelihood function with respect to the parameters and equating to zero as in Eq.2. The 

resulting to get set of equations solved simultaneously, then we the estimates of the 

parameters α1, α2,…, αk. 

                                
ƏL(α1,α2,…,αk)

Ə𝛼𝑖
   =   0,      i  = 1.2…,k                                                     (2) 

In many cases for easier calculations we can apply natural logarithms of the likelihood 

function by using 

                                
Ə𝑙𝑛L(α1,α2,…,αk)

Ə𝛼𝑖
   =   0,    i  = 1.2…,k                                                  (3) 

Using the above procedure , we can estimate the parameters by adopting the suitable 

probability distribution. The present article, an attempt was to assume Gaussian 

probability distribution perfectly fitted for the discharge levels of our proposed data 

sets. 

Maximum Likelihood Robust Regression Approach  : 

The relationship between two variables gives in form of regression and the word 

regression means stepping backward to the average. It denotes the linear regression. 

But, the present study generates naturally in a single dimensioned variable flow time 

series. 

Let the observed values X1,X2,…., Xt, ,  is used to fit the following regression model 

                           (Xt - µ)  = β1(Xt-1 -µ) +Ɛt                                                                                                          (4) 

Where The population parameters calculated by using ML method of estimation is as 

follows: 

The parameter Mean µ   and the standard deviation σ  are the ML estimates of the data 

sets. 

The Ɛt follows the normal distribution with mean zero and Variance one. And it is the 

standard normal error variate. 

After fitting the Robust Regression , is named as Maximum Likelihood Robust 

Regression Model for prediction of the time series data analysis. For validation of the 

model , we can obtain the correlation coefficient and Root Mean Square Error(RMSE) 

Approach . 
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The correlation coefficient r =  
∑ (𝑋𝑖−𝐴𝑉𝐺)(𝑋𝑡+1−𝐴𝑉𝐺)
𝑛−1
𝑡=1

∑ (𝑋𝑖−𝑎𝑣𝑔)
2𝑛−1

𝑡=1
                                               (5) 

              RMSE =      SQRT( 
∑ (𝑂𝑖−𝐸𝑖)

2𝑛
𝑖=1

𝑛
  )                                                                  (6) 

Correlation coefficients and RMSE values are the performance measures are attempted. 

 

3.  RESULTS AND DISCUSSIONS 

ML estimates of the parameters are  mean µ = 24.42554,  the standard deviation σ = 

7.451964. 

Skewness measure β1= 0.130413. 

The proposed Model  Xt = µ + β1Xt-1 – β1µ 

                                   Xt = 24.42554 +0.130413Xt-1 – ( 0.130413)(24.4255) 

 X0 = 10.514  then X1 = 22.8295, X2 = 24.214717, X3 = 24.39835, X4 = 24.42230 , 

X5 = 24.425425 and so on. 

 

 

 

The correlation coefficient ,r = 0.6743, which means that there is a positive relationship 

between the variables of Y and estimate Y, we can agree the method is suitable for 

future predictions . 
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Coefficient of determination is also the data contains 60% accuracy of the models ,here 

the data depends on the discharge levels are rare some times, this is a reason to get 60% 

acceptance. 

Finally, which is also feasible for prediction and forecasting of the downscaling data 

sets by conforming through the chi-square test for goodness of the model at 95% 

confidence. 

Root mean square error approach concludes that it is good for forecasting and 

predictions.   

  

4.  CONCLUSIONS 

For the study of time series, Pearson correlation coefficient and the coefficient of 

determination are the validity measure adopted in this paper. There is a positive 

relationship between the variables of observed and predicted one. The MLRRM is 

perfectly suitable for prediction and forecasting of the downscaling data in future. Chi-

square testing procedure results the proposed model is applicable for downscaling data 

predictions.     
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