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Prediction of monthly rainfall for 63 mandals in Anantapuuramu district using SPSS 
ABSTRACT

Monthly rainfall forecasting was done using Seasonal autoregressive moving average (SARIMA) model by testing 267 combinations using SPSS 26 software. Based on the best SARIMA models, the maximum probable annual rainfall values were observed in Brahmasamudram (Cluster 1), Gandlapenta (Cluster 2), Kadiri (Cluster 3), Kambadur (Cluster 4) and D.Hirehal (Cluster 5) mandals of Anantapur district respectively. Applicability of the SARIMA model can be used with fair accuracy for the real time forecasting of monthly rainfall. The results of the SARIMA model will be very useful for planning agriculture and plantations in Anantapur district which is highly dependent of rainfall.
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1. INTRODUCTION
Anantapur district is one of the four districts of Rayalaseema region and the largest in area among the 13 districts of Andhra Pradesh. The district is economically backward and chronically drought affected. Anantapur district lies between 13°40' N to 15°15' N latitude and 76°50' E to 78°30' E longitude with cultivable command area, irrigation potential created and irrigation potential utilized areas of extending in 167173, 214787 and 12455 ha respectively. 

ARIMA methods are widely used in rainfall prediction, calculating reservoir changes, modelling river flows, checking production and economic trends, and creating evapotranspiration trends, according to existing studies (Ann et al. (2019), Dwivedi et al. (2019), Eni and Adeyeye (2015) , Khashei and Bijari, 2011; Smith et al., 2002, Weesakul and Lowanichchai (2005), Moloy et al. (2018)). For these researchers, the method's appealing aspects were ease of process forecasting, use of a single variable from a time series to forecast and the ability to handle various data in complex scenarios. 
2. MATERIAL AND METHODS

Anantapur district lies between 13º40’ to 15º15’N latitude and 76º50’ to 78º30’E longitude. The geographical area of the district is 19,130 km2. Anantapur has a  semi-arid climate, with hot and dry conditions for most of the year. Summer start in late February and peak in May with average high temperatures around 37°C range. Anantapur gets pre-monsoon showers starting as early as March, mainly through South-west monsoon. Monsoon arrives in September and lasts until early November with about 275 mm of rainfall. A dry and mild winter starts in late November and lasts until early February; with little humidity and average temperatures in the range of 28-29°C. Total mean annual rainfall is about 547 mm (Fig. 1).
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Fig. 1.  Location map of the Anantapur district

2.1 Prediction of monthly rainfall
For the prediction of monthly rainfall data, the custom models which is widely used is the Auto Regressive Integrated Moving Average (ARIMA) model. The ARIMA model provides its versatile nature for modeling the data consisting of seasonal variations which is widely known as the Seasonal ARIMA (SARIMA) model.

In order to analyze and forecast the data the sequence of the basic terms & operations of ARIMA modeling are mentioned below.
Time series data
A time series is a set of observations obtained by measuring a single variable regularly over a period of time. In a series of inventory data, for example, the observations might represent daily inventory levels for several months. A series showing the market share of a product might consist of weekly market share taken over a few years. A series of rainfall figures might consist of one observation per month for many years. What each of these examples has in common is that some variable was observed at regular, known intervals over a certain length of time. Thus, the form of the data for a typical time series is a single sequence or list of observations representing measurements taken at regular intervals.

Decomposition of time series

There are two methods such as decomposition by additive hypothesis and decomposition by multiplicative hypothesis are used. 

The decomposition by additive hypothesis method is commonly used for decomposition of a time series into its components and it has been expressed in a time series as follows:

 Yt = Tt+ St+ Ct+ Rt        
Where, 
Yt, Tt, St, Ct and Rt are represent the time series, trend, seasonal, cyclic and random fluctuations at time t, respectively.

Moving average smoother

A smoother is a tool for describing the trend in dependent variable as a function of one or more regressions. Smoothers are useful because the amount of horizontal scatter in data will often make it difficult to see the trend in a data set when there is a trend. The most common technique is moving average smoothing which replaces each element of the series by either the simple or weighted average of n surrounding elements, where n is the width of the smoothing. Moving average smoother is a method in which only the dependent variable is used to describing trend. 
Autoregressive integrated moving average model
An Autoregressive Integrated Moving Average (ARIMA) model is a generalization of an autoregressive moving average (ARMA) model. The ARIMA model is applied in some cases where data show evidence of non-stationarity. The model is generally referred to as an ARIMA (p, d, q) model, where p, d, and q are integers greater than or equal to zero and refer to the order of the autoregressive, difference, and moving average parts of the model, respectively. 

ARIMA orders: For the various ARIMA components of the model, all values must be non-negative integers. For autoregressive and moving average components, the value represents the maximum order. 

Autoregression (p): The number of autoregressive orders in the model. Autoregressive orders specify which previous values from the series are used to predict current values. For example, an autoregressive order of 2 specifies that the value of the series two time periods in the past be used to predict the current value.  

Difference (d): Specifies the order of differencing applied to the series before estimating models. Differencing is necessary when trends are present (series with trends are typically non-stationary and ARIMA modeling assumes stationarity) and is used to remove their effect. The order of differencing corresponds to the degree of series trend--first-order differencing accounts for linear trends, second-order differencing accounts for quadratic trends, and so on. 
Moving Average (q). The number of moving average orders in the model. Moving average orders specify how deviations from the series mean for previous values are used to predict current values. For example, moving-average orders of 1 and 2 specify that deviations from the mean value of the series from each of the last two time periods be considered when predicting current values of the series.

Multiplicative seasonal ARIMA models 
The general ARIMA model is called Seasonal ARIMA (SARIMA) model when the time series shows any seasonal effect. The general multiplicative SARIMA model is denoted by SARIMA (p, d, q) (P, D, Q) s.
Seasonal autoregressive, moving average, and differencing components play the same roles as their non-seasonal counterparts. For seasonal orders, however, current series values are affected by previous series values separated by one or more seasonal periods. For example, for monthly data (seasonal period of 12), a seasonal order of 1 means that the current series value is affected by the series value 12 periods prior to the current one. A seasonal order of 1, for monthly data, is then the same as specifying a non-seasonal order of 12.
Idea of parsimony
According to the rule of parsimony, in the process of SARIMA modelling the sum of the components of ARIMA should be less than or equal to 6. 
p+d+q+P+D+Q ≤ 6                   
And also, the Seasonal orders P, D and Q should not exceed greater than one. i.e., P≤1, D≤1 and Q≤1.

Goodness of fit measures
The Goodness of fit measures for each estimated model are 
a) Stationary R-square 

b) Mean absolute percentage error 

c) Bayesian Information Criteria (BIC)

R-squared
R Squared is used to determine the strength of correlation between the predictors and the target. The R-squared ranges between 0 and 1. Greater the R-Square better will be the prediction (Table 1).
	
	


Where,

 x and y are two variables for which we want to determine for any linear or non-linear correlation
Table 1. Interpretation of R-Square

	S. No.
	R2
	Interpretation

	1
	<0.3
	Low effect size

	2
	0.3-0.5
	Moderate effect

	3
	0.5-0.7
	Strong effect size

	4
	>0.7
	Very strong effect size


Mean absolute error (MAE)
MAE is conceptually simpler and also easier to interpret than RMSE; it is simply the average absolute vertical or horizontal distance between each point in a scatter plot and the Y=X line. In other words, MAE is the average absolute difference between X and Y.  It usually expresses the accuracy as a ratio defined by the formula:
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Where,

Σ = summation symbol (which means “add them all up”)

n = the number of errors

|Xi – X| = the absolute errors

Bayesian information criterion
Bayesian information criterion (BIC) is a criterion for model selection among a finite set of models. The BIC is formally defined as
[image: image5.png]BIC = In(n) k — 2In (L)



    
Where
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The IBM SPSS statistics 26 were used for modelling and predicting the monthly rainfall of 63 mandals in Anantapur district.
3. RESULTS AND DISCUSSION


Monthly rainfall forecasting was done using Seasonal autoregressive moving average (SARIMA) model by testing 267 combinations using SPSS 26 software. SARIMA models for prediction of monthly rainfall using SPSS software (Table 2) . The best predicted model has been selected based on the maximum coefficient of determination (R2), minimum Bayesian Information Criterion (BIC) and minimum Mean Absolute Error (MAE). It is important to estimate accurately rainfall for effective use of water resources and optimal planning of water structures and availability. For this purpose, the various models and techniques are developed to estimate rainfall in various researches. The accurate and exact estimation of rainfall prediction and estimation of rainfall is not possible though many available techniques are available.  In cluster 1, SARIMA(0,1,0)(1,1,0)₁₂ model applied to the Uravakonda time series demonstrates a robust and dependable fit to the data. The R2 value of 0.945 signifies that the model accounts for the majority of the variability, whereas the comparatively low error of 7.656 implies a high level of prediction accuracy. In cluster 2, SARIMA(0,0,0)(1,0,1)₁₂ model applied to the Narpala time series demonstrates a strong overall fit, achieving a R2 value of 0.933. In cluster 3, SARIMA(1,0,1)(0,0,0)12 model applied to the Yellanur time series demonstrates a strong overall fit, achieving a R2 value of 0.944. In cluster 4, SARIMA(0,1,0)(1,1,1)12 model applied to the Kundurpi time series demonstrates a strong overall fit, achieving a R2 value of 0.839. In cluster 5, SARIMA(0,1,0)(1,1,0)12 model applied to the D.Hirehal  time series demonstrates a strong overall fit, achieving a R2 value of 0.791.

Table 2. SARIMA models for prediction of monthly rainfall using SPSS software 

	Cluster Class
	Name of the Mandal
	SARIMA Model
	R2
	MAE
	Normalized BIC

	Cluster 1
	Uravakonda
	SARIMA(0,1,0)(1,1,0)12
	0.945
	21.925
	7.656

	
	Brahmasamudram
	SARIMA(0,0,1)(1,0,0)12
	0.841
	23.895
	7.623

	
	Vajrakarur
	SARIMA(0,1,0)(1,1,1)12
	0.794
	18.095
	7.323

	
	Tadimarri
	SARIMA(0,1,0)(0,1,0)12
	0.789
	18.454
	7.355

	
	Raptadu
	SARIMA(0,0,1)(0,1,0)12
	0.784
	22.111
	7.689

	
	Chilamathur
	SARIMA(0,0,1)(0,0,0)12
	0.773
	21.554
	7.282

	
	Kanaganapalle
	SARIMA(1,0,1)(0,0,1)12
	0.758
	20.542
	7.230

	
	Beluguppa
	SARIMA(1,0,0)(0,1,0)12
	0.742
	19.657
	7.406

	
	Peddapappur
	SARIMA(1,0,0)(0,0,0)12
	0.738
	21.342
	7.224

	
	Amarapuram
	SARIMA(2,1,0)(0,1,0)12
	0.733
	23.778
	7.750

	
	Bathalapalle
	SARIMA(1,0,1)(1,0,0)12
	0.731
	22.241
	7.303

	
	Ramagiri
	SARIMA(1,0,0)(1,0,0)12
	0.718
	24.205
	7.469

	
	Guntakal
	SARIMA(1,0,1)(1,0,0)12
	0.701
	24.690
	7.544

	
	Kalyandurg
	SARIMA(0,1,1)(1,0,0)12
	0.670
	28.108
	7.670

	
	Madakasira
	SARIMA(1,0,0)(1,0,0)12
	0.641
	28.485
	7.628

	
	Gudibanda
	SARIMA(0,1,0)(0,1,1)12
	0.604
	25.977
	7.805

	Cluster 2
	Narpala
	SARIMA(0,0,0)(1,0,1)12
	0.933
	12.214
	6.671

	
	Nallamada
	SARIMA(0,0,0)(1,0,0)12
	0.841
	18.653
	7.203

	
	Gorantla
	SARIMA(0,0,0)(0,0,1)12
	0.834
	20.999
	7.419

	
	Singanamala
	SARIMA(0,1,1)(0,0,0)12
	0.817
	18.295
	7.024

	
	Obuladevaracheruvu
	SARIMA(0,0,0)(1,0,0)12
	0.805
	20.100
	7.153

	
	Rolla
	SARIMA(1,1,1)(1,0,1)12
	0.798
	21.998
	7.535

	
	Bukkarayasamudram
	SARIMA(1,0,1)(0,0,0)12
	0.788
	21.302
	7.293

	
	Puttaparthi
	SARIMA(1,0,1)(0,0,1)12
	0.784
	23.806
	7.627

	
	Gandlapenta
	SARIMA(0,0,0)(0,0,1)12
	0.780
	23.281
	7.418

	
	Putlur
	SARIMA(0,0,0)(0,0,1)12
	0.776
	21.637
	7.354

	
	Dharmavaram
	SARIMA(2,2,0)(0,0,1)12
	0.749
	26.659
	7.978

	
	Vidapanakal
	SARIMA(1,0,1)(1,0,0)12
	0.741
	22.266
	7.406

	
	Roddam
	SARIMA(1,0,1)(1,1,0)12
	0.739
	21.898
	7.463

	
	Lepakshi
	SARIMA(1,1,1)(1,0,0)12
	0.730
	27.690
	7.800

	
	Parigi
	SARIMA(0,1,0)(1,1,0)12
	0.710
	28.360
	8.048

	
	Nallacheruvu
	SARIMA(1,0,1)(1,0,1)12
	0.707
	25.248
	7.541

	
	Gooty
	SARIMA(1,0,0)(0,0,0)12
	0.690
	26.080
	7.535

	
	Anantapur Mandal
	SARIMA(1,0,1)(1,0,0)12
	0.679
	27.357
	7.703

	
	Tanakal
	SARIMA(1,0,0)(1,0,0)12
	0.652
	28.747
	7.627

	
	Garladinne
	SARIMA(0,0,0)(1,0,0)12
	0.641
	22.658
	7.260

	
	Amadagur
	SARIMA(1,0,1)(0,0,0)12
	0.631
	28.050
	7.674

	
	Agali
	SARIMA(0,0,1)(1,0,0)12
	0.630
	28.179
	7.677

	
	Nambulipulikunta
	SARIMA(1,0,0)(1,0,1)12
	0.619
	28.481
	7.728


Table 3. Continue.,

	Cluster Class
	Name of the Mandal
	SARIMA Model
	R2
	MAE
	Normalized BIC

	Cluster 3
	Yellanur
	SARIMA(1,0,1)(0,0,0)12
	0.944
	10.122
	6.543

	
	Yadiki
	SARIMA(0,1,0)(1,1,0)12
	0.914
	14.013
	7.108

	
	Somandepalle
	SARIMA(1,1,1)(1,0,0)12
	0.816
	22.314
	7.455

	
	Kothacheruvu
	SARIMA(1,0,1)(1,0,1)12
	0.806
	23.293
	7.659

	
	Kadiri
	SARIMA(0,0,0)(0,0,1)12
	0.803
	24.650
	7.663

	
	Talupula
	SARIMA(0,0,1)(0,1,0)12
	0.793
	22.181
	7.599

	
	Penu Konda
	SARIMA(1,0,1)(1,0,1)12
	0.757
	28.054
	7.826

	
	Mudigubba
	SARIMA(0,1,1)(1,0,0)12
	0.701
	29.744
	7.892

	
	Tadpatri
	SARIMA(0,0,0)(0,0,1)12
	0.675
	28.259
	7.672

	
	Bukkapatnam
	SARIMA(0,0,0)(0,0,0)12
	0.671
	26.938
	7.579

	
	Hindupur
	SARIMA(1,0,1)(0,1,0)12
	0.656
	29.430
	8.026

	Cluster 4
	Kundurpi
	SARIMA(0,1,0)(1,1,1)12
	0.839
	17.927
	7.341

	
	Gummagatta
	SARIMA(0,1,0)(1,1,0)12
	0.802
	17.879
	7.380

	
	Pamidi
	SARIMA(1,0,1)(0,0,1)12
	0.801
	17.967
	7.033

	
	Settur
	SARIMA(0,0,1)(0,0,0)12
	0.724
	24.918
	7.435

	
	Kanekal
	SARIMA(1,0,0)(0,0,0)12
	0.704
	23.459
	7.406

	
	Peddavadugur
	SARIMA(1,1,1)(0,0,0)12
	0.687
	27.379
	7.627

	
	Rayadurg
	SARIMA(0,0,0)(1,0,0)12
	0.684
	24.253
	7.460

	
	Kambadur
	SARIMA(0,1,1)(1,0,0)12
	0.653
	22.759
	7.175

	Cluster  5
	D.Hirehal
	SARIMA(0,1,0)(1,1,0)12
	0.791
	18.762
	7.389

	
	Chenne Kothapalle
	SARIMA(1,0,0)(0,0,0)12
	0.791
	14.434
	6.490

	
	Kudair
	SARIMA(0,0,0)(1,0,0)12
	0.744
	17.877
	6.887

	
	Bommanahal
	SARIMA(1,1,0)(0,1,0)12
	0.712
	22.971
	7.641

	
	Atmakur
	SARIMA(0,1,0)(0,1,0)12
	0.617
	23.374
	7.703


The probable minimum, maximum and mean annual rainfall in cluster 1 were observed to be 427 mm (Tadimarri mandal), 639.9 mm (Brahmasamudram mandal)
and 516.2 mm respectively. The maximum probable monthly rainfall occurs in Raptadu mandal was 157.1 mm for the month of September in Brahmasamudram mandal (Table 3 and Fig. 2). The probable minimum, maximum and mean annual rainfall in cluster 2 were observed to be 366.6 mm (Rolla mandal), 630.8 mm (Gandlapenta mandal) and 545.6 mm respectively. The maximum probable monthly rainfall occurs in Raptadu mandal was 142.2 mm for the month of September in Lepakshi mandal (Table 4 and Fig. 3). The probable minimum, maximum and mean annual rainfall in cluster 3 were observed to be 471.2 mm (Somandepalle mandal), 711.3 mm (Kadiri mandal) and 575.9 mm respectively. The maximum probable monthly rainfall occurs in Raptadu mandal was 135.4 mm for the month of October in Hindupur mandal (Table 5 and Fig. 4).
The probable minimum, maximum and mean annual rainfall in cluster 4 were observed to be 467.3 mm (Peddavadugur mandal), 534.2 mm (Kambadur mandal) and 575.9 mm respectively. The maximum probable monthly rainfall occurs in Kambadur mandal was 135.4 mm for the month of September in Kambadur mandal (Table 6 and Fig. 5). The probable minimum, maximum and mean annual rainfall in cluster 5 was observed to be 354.2 mm (Chenne Kothapalle mandal), 482.7 mm (D. Hirehal mandal) and 418 mm respectively. The maximum probable monthly rainfall occurs in Raptadu mandal was 98.6 mm for the month of October in Atmakur mandal ((Table 7 and Fig. 6).   
 


Table 3. Prediction of monthly rainfall for 16 mandals (cluster 1) in Anantapur district using best SARIMA model in SPSS software
	S. No.
	Name of the Mandal
	Jan-2021
	Feb-2021
	Mar-2021
	Apr-2021
	May-2021
	Jun-2021
	Jul-2021
	Aug-2021
	Sep-2021
	Oct-2021
	Nov-2021
	Dec-2021
	Annual

rainfall, mm

	1
	Uravakonda
	2.9
	0.0
	4.0
	11.6
	24.8
	54.4
	64.1
	54.2
	108.2
	99.8
	89.7
	31.8
	545.4

	2
	Brahmasamudram
	0.0
	3.6
	4.6
	17.8
	38.1
	53.1
	81.8
	101.6
	157.1
	132.5
	44.2
	5.5
	639.9

	3
	Vajrakarur
	7.3
	7.0
	11.7
	19.2
	45.6
	60.6
	61.4
	69.9
	119.8
	89.7
	41.1
	13.6
	546.8

	4
	Tadimarri
	0.0
	0.0
	4.3
	11.7
	25.6
	45.7
	58.3
	73.9
	98.3
	71.8
	30.5
	6.9
	427.0

	5
	Raptadu
	3.9
	0.3
	1.7
	8.7
	36.9
	53.1
	68.0
	63.7
	105.9
	103.5
	101.3
	27.8
	574.8

	6
	Chilamathur
	0.0
	0.9
	7.6
	13.4
	36.8
	46.9
	54.8
	64.0
	110.7
	96.2
	32.2
	6.9
	470.4

	7
	Kanaganapalle
	0.0
	0.0
	4.4
	14.9
	39.2
	41.0
	45.0
	62.4
	121.9
	94.3
	36.0
	8.6
	467.6

	8
	Beluguppa
	4.2
	0.9
	0.3
	7.4
	18.6
	48.2
	53.7
	43.6
	78.8
	100.7
	91.2
	29.1
	476.6

	9
	Peddapappur
	3.8
	6.9
	8.7
	5.4
	19.1
	22.4
	38.9
	53.6
	70.8
	85.5
	83.3
	29.9
	428.5

	10
	Amarapuram
	0.0
	1.3
	4.0
	22.9
	49.1
	59.4
	50.3
	82.0
	110.6
	101.1
	33.4
	6.3
	520.4

	11
	Bathalapalle
	8.6
	12.5
	16.9
	22.8
	28.6
	39.0
	46.5
	46.9
	58.0
	71.1
	68.4
	22.4
	441.7

	12
	Ramagiri
	0.0
	0.0
	1.5
	15.0
	43.1
	45.7
	49.9
	65.5
	125.9
	107.0
	47.4
	9.5
	510.4

	13
	Guntakal
	8.8
	14.5
	19.8
	25.3
	35.4
	48.2
	64.2
	63.1
	78.0
	84.9
	87.3
	56.6
	586.1

	14
	Kalyandurg
	0.0
	0.0
	5.7
	19.1
	47.7
	56.8
	61.5
	82.5
	118.6
	114.5
	47.3
	7.9
	561.4

	15
	Madakasira
	0.0
	2.7
	4.6
	25.3
	56.3
	47.3
	46.4
	77.6
	122.3
	117.6
	42.7
	8.1
	550.8

	16
	Gudibanda
	2.3
	0.9
	1.1
	10.7
	26.6
	40.1
	55.4
	54.4
	89.4
	108.8
	93.6
	28.9
	512.2

	Minimum
	427.0

	Maximum
	639.9

	Mean
	516.2

	Standard Deviation
	61.1
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Figure 2. Prediction of annual rainfall for 16 mandals (Cluster 1) in Anantapur district using best SARIMA models

Table 4. Prediction of monthly rainfall for 23 mandals (cluster 2) in Anantapur district using best SARIMA model in SPSS software
	S. No.
	Name of the Mandal
	Jan-2021
	Feb-2021
	Mar-2021
	Apr-2021
	May-2021
	Jun-2021
	Jul-2021
	Aug-2021
	Sep-2021
	Oct-2021
	Nov-2021
	Dec-2021
	Annual

rainfall, mm

	1
	Narpala
	11.6
	9.9
	10.9
	17.2
	33.0
	47.7
	72.0
	78.7
	125.7
	88.1
	45.4
	19.8
	560.0

	2
	Nallamada
	17.6
	6.0
	13.9
	21.9
	29.8
	37.7
	45.6
	53.5
	61.4
	69.4
	77.3
	85.2
	519.3

	3
	Gorantla
	0.0
	2.6
	11.5
	20.4
	29.3
	38.2
	47.1
	56.0
	64.9
	73.8
	82.7
	91.6
	518.1

	4
	Singanamala
	0.0
	0.0
	1.6
	8.7
	23.2
	47.1
	69.2
	81.9
	104.0
	79.7
	24.6
	1.9
	441.9

	5
	Obuladevaracheruvu
	0.0
	0.9
	5.4
	19.2
	45.1
	58.5
	63.4
	75.5
	114.2
	113.4
	47.0
	10.7
	553.3

	6
	Rolla
	0.0
	0.0
	8.9
	24.6
	27.8
	45.1
	38.3
	56.7
	52.2
	73.1
	35.7
	4.2
	366.6

	7
	Bukkarayasamudram
	0.0
	2.6
	11.9
	21.2
	30.4
	39.7
	49.0
	58.2
	67.5
	76.8
	86.1
	95.3
	538.7

	8
	Puttaparthi
	0.0
	4.7
	11.8
	32.5
	61.2
	69.2
	74.6
	95.0
	125.5
	95.8
	23.4
	0.0
	593.7

	9
	Gandlapenta
	0.0
	4.6
	15.2
	25.7
	36.3
	46.8
	57.3
	67.9
	78.4
	89.0
	99.5
	110.1
	630.8

	10
	Putlur
	0.0
	5.0
	12.4
	19.8
	27.2
	34.5
	41.9
	49.3
	56.7
	64.1
	71.5
	78.9
	461.3

	11
	Dharmavaram
	0.0
	0.1
	1.9
	16.1
	43.5
	48.8
	66.2
	77.6
	130.9
	113.6
	44.7
	7.4
	550.7

	12
	Vidapanakal
	0.0
	2.5
	11.8
	21.2
	30.6
	39.9
	49.3
	58.7
	68.1
	77.4
	86.8
	96.2
	542.5

	13
	Roddam
	0.2
	9.4
	7.4
	17.9
	43.7
	32.9
	44.4
	69.0
	100.3
	79.5
	36.0
	9.7
	450.3

	14
	Lepakshi
	0.0
	5.1
	5.6
	20.9
	43.1
	51.9
	71.2
	87.0
	142.2
	121.0
	46.5
	10.0
	604.4

	15
	Parigi
	6.1
	0.0
	11.8
	7.3
	24.2
	48.1
	50.6
	61.9
	102.8
	122.4
	110.0
	33.8
	578.9

	16
	Nallacheruvu
	5.9
	6.1
	12.2
	23.2
	49.7
	55.5
	62.6
	80.6
	101.5
	109.3
	76.4
	31.7
	614.6

	17
	Gooty
	0.8
	2.3
	4.2
	20.0
	38.4
	66.6
	74.2
	87.3
	131.9
	103.0
	40.3
	23.7
	592.6

	18
	Anantapur 
	9.5
	15.6
	20.4
	26.5
	38.0
	47.7
	58.5
	59.0
	77.9
	86.2
	82.8
	61.7
	583.7

	19
	Tanakal
	4.9
	10.2
	11.2
	21.3
	54.6
	52.4
	64.1
	88.1
	124.5
	110.4
	63.0
	21.6
	626.3

	20
	Garladinne
	4.0
	4.8
	9.0
	17.3
	36.4
	49.5
	59.4
	71.7
	110.3
	78.1
	30.9
	8.1
	479.4

	21
	Amadagur
	1.9
	6.0
	7.6
	22.8
	51.6
	54.6
	59.2
	77.6
	119.0
	112.5
	59.5
	17.6
	590.0

	22
	Agali
	10.7
	15.5
	22.1
	27.5
	37.2
	46.8
	54.0
	57.8
	70.9
	78.2
	83.7
	77.8
	582.2

	23
	Nambulipulikunta
	5.0
	5.9
	13.0
	21.8
	35.7
	57.6
	59.6
	71.5
	81.4
	88.1
	88.0
	41.3
	569.0

	Minimum
	366.6

	Maximum
	630.8

	Mean
	545.6

	Standard Deviation
	66.8
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Figure 3. Prediction of annual rainfall for 23 mandals (Cluster 2) in Anantapur district using best SARIMA models
Table 5. Prediction of monthly rainfall for 11 mandals (Cluster 3) in Anantapur district using best SARIMA model in SPSS software
	S. No.
	Name of the Mandal
	Jan-2021
	Feb-2021
	Mar-2021
	Apr-2021
	May-2021
	Jun-2021
	Jul-2021
	Aug-2021
	Sep-2021
	Oct-2021
	Nov-2021
	Dec-2021
	Annual

rainfall, mm

	1
	Yellanur
	22.1
	4.4
	5.2
	10.4
	29.7
	24.3
	52.8
	76.4
	87.6
	82.6
	39.7
	63.3
	498.4

	2
	Yadiki
	3.7
	0.0
	0.0
	7.6
	23.6
	57.8
	51.0
	52.2
	75.3
	80.3
	88.6
	28.1
	468.0

	3
	Somandepalle
	1.9
	1.2
	0.6
	7.7
	23.9
	40.8
	60.2
	57.1
	84.4
	102.2
	78.0
	23.5
	481.4

	4
	Kothacheruvu
	5.0
	18.5
	24.3
	30.0
	35.8
	41.6
	47.4
	53.1
	58.9
	64.7
	70.5
	76.2
	526.0

	5
	Kadiri
	11.7
	22.8
	28.6
	33.1
	37.2
	41.3
	45.4
	49.5
	53.6
	57.7
	61.7
	65.8
	508.3

	6
	Talupula
	0.0
	0.0
	0.0
	12.5
	41.0
	42.0
	51.0
	67.8
	106.3
	99.2
	44.6
	3.0
	467.3

	7
	Penu Konda
	0.0
	0.0
	7.5
	28.4
	57.5
	53.8
	44.9
	73.7
	117.4
	94.6
	41.5
	10.3
	529.6

	8
	Mudigubba
	0.3
	0.4
	7.9
	28.9
	58.0
	54.3
	45.4
	74.2
	117.8
	94.9
	41.7
	10.4
	534.2

	9
	Tadpatri
	22.1
	4.4
	5.2
	10.4
	29.7
	24.3
	52.8
	76.4
	87.6
	82.6
	39.7
	63.3
	498.4

	10
	Bukkapatnam
	3.7
	0.0
	0.0
	7.6
	23.6
	57.8
	51.0
	52.2
	75.3
	80.3
	88.6
	28.1
	468.0

	11
	Hindupur
	1.9
	1.2
	0.6
	7.7
	23.9
	40.8
	60.2
	57.1
	84.4
	102.2
	78.0
	23.5
	481.4

	Minimum
	467.3

	Maximum
	534.2

	Mean
	501.7

	Standard Deviation
	27.3
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Figure 4.  Prediction of annual rainfall for 11 mandals (Cluster 3) in Anantapur district using best SARIMA models
Table 6. Prediction of monthly rainfall for 8 mandals (Cluster 4) in Anantapur district using best SARIMA model in SPSS software
	S. No.
	Name of the Mandal
	Jan-2021
	Feb-2021
	Mar-2021
	Apr-2021
	May-2021
	Jun-2021
	Jul-2021
	Aug-2021
	Sep-2021
	Oct-2021
	Nov-2021
	Dec-2021
	Annual

rainfall, mm

	1
	Kundurpi
	30.4
	35.6
	42.4
	54.2
	87.7
	93.1
	78.1
	126.8
	102.0
	131.1
	49.6
	34.9
	865.8

	2
	Gummagatta
	0.0
	2.5
	11.8
	21.2
	30.6
	39.9
	49.3
	58.7
	68.1
	77.4
	86.8
	96.2
	542.4

	3
	Pamidi
	6.6
	17.4
	22.3
	30.4
	36.1
	50.9
	70.0
	43.4
	91.7
	58.1
	59.9
	53.1
	539.7

	4
	Settur
	0.0
	17.2
	27.3
	37.4
	47.5
	57.6
	67.7
	77.9
	88.0
	98.1
	108.2
	118.3
	745.0

	5
	Kanekal
	17.4
	4.6
	11.8
	19.0
	26.3
	33.5
	40.7
	47.9
	55.1
	62.4
	69.6
	76.8
	465.0

	6
	Peddavadugur
	22.7
	27.4
	28.8
	45.9
	75.9
	80.2
	83.3
	101.5
	152.9
	132.3
	68.8
	33.5
	853.1

	7
	Rayadurg
	0.0
	5.3
	15.6
	25.9
	36.2
	46.5
	56.8
	67.1
	77.4
	87.7
	98.0
	108.3
	624.9

	8
	Kambadur
	36.9
	37.0
	45.2
	56.1
	77.6
	79.2
	80.7
	99.5
	145.0
	132.2
	70.5
	43.2
	903.1

	Minimum
	465.0

	Maximum
	903.1

	Mean
	692.4

	Standard Deviation
	171.2
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Figure 5. Prediction of annual rainfall for 8 mandals (Cluster 4) in Anantapur district using best SARIMA models

Table 7. Prediction of monthly rainfall for 5 mandals (Cluster 5) in Anantapur district using best SARIMA model by SPSS software
	S. No.
	Name of the Mandal
	Jan-2021
	Feb-2021
	Mar-2021
	Apr-2021
	May-2021
	Jun-2021
	Jul-2021
	Aug-2021
	Sep-2021
	Oct-2021
	Nov-2021
	Dec-2021
	Annual

rainfall, mm

	1
	D.Hirehal
	3.5
	1.3
	1.3
	9.1
	27.3
	53.1
	64.2
	39.1
	77.8
	86.3
	90.8
	28.9
	482.7

	2
	Chenne Kothapalle
	3.0
	9.8
	14.4
	18.8
	23.2
	27.6
	32.0
	36.3
	40.7
	45.1
	49.5
	53.8
	354.2

	3
	Kudair
	6.3
	2.3
	10.1
	17.8
	25.5
	33.2
	40.9
	48.6
	56.4
	64.1
	71.8
	79.5
	456.5

	4
	Bommanahal
	5.7
	0.1
	11.4
	39.3
	47.5
	32.8
	2.0
	92.1
	39.1
	48.2
	39.2
	0.0
	357.4

	5
	Atmakur
	2.0
	0.1
	1.5
	5.7
	26.0
	40.8
	51.9
	40.4
	69.5
	98.6
	82.0
	20.8
	439.2

	Minimum
	354.2

	Maximum
	482.7

	Mean
	418.0

	Standard Deviation
	58.9
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Figure 6. Prediction of annual rainfall for 5 mandals (Cluster 5) in Anantapur district using best SARIMA models
The accuracy of the forecast through the best SARIMA model has been evaluated by the absolute error between the actual and predicted values. The Root Mean Squared Error (RMSE) and the Mean Absolute Percentage Error (MAPE) are the two most common metrics which measure the absolute error for the rainfall forecast. 

The RMSE and MAPE of the rainfall forecast for best SARIMA models of 5 Clusters via., Uravakonda, Narpala, Yellanur, Kundurpi, and D.Hirechal was measured through the absolute error between the actual and predicted rainfall for the year 2020. The RMSE and MAPE values for best SARIMA models of 5 Clusters via., Uravakonda, Narpala, Yellanur, Kundurpi, and D. Hirechal were 0.12 %, 13.6 %, 21.3 %, 9.4%, 21.6% and 0.11 % and 0 %, 0.3 %, 0.4 %, 0.4% and 0 % respectively (Appendix- 1).
D. Hirechal mandal has the lowest RMSE and MAPE values for the best SARIMA model. The SARIMA (0,1,0) (1,1,0)12 model with R2=0.79 has the greatest accuracy in forecasting monthly rainfall. The results are consistent with those obtained using SARIMA models to forecast monthly rainfall (Dwivedi et al. (2019), Ann et al.   (2019), Hossain et al. (2018), Moloy et al. (2018)).

The SARIMA model's applicability for real-time monthly rainfall forecasting in cluster 1 (Uravakonda) and cluster 5 (D. Hirehal) is of order SARIMA (0, 1, 0) (1, 1, 0)12, cluster 2 (Narpala) is of order SARIMA (0, 0, 0) (1, 0, 1)12, cluster 3 (Yellanur) is of order SARIMA (1, 0, 1) (0, 0, 0)12 and cluster 4 (Kundurpi) is of order SARIMA (0, 1, 0) (1, 1, 1)12.

The rainfall forecasting data will aid in the estimation of hydraulic events such as runoff, after which water harvesting techniques can be employed to organize agricultural activities in specific mandals. Excess rain that is forecasted can be stored in reservoirs and used at a later time. Farmers in the area can benefit from the modelling techniques described in this contribution by increasing the amount of land that can be planted with supplemental irrigation. The SARIMA model's forecasting results will be particularly valuable for planning agriculture and plantations in Anantapur district that rely on rainfall.
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