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Drought situation in Anantapuuramu district using Meteorological Drought Monitoring software

ABSTRACT

Cluster analysis was carried out for 63 mandals of the Anantapur district based on mean annual rainfall of 30 years using SPSS software. From the five clusters, yearly SPI (Standardized precipitation Index) values for 63 mandals were estimated using Meteorological Drought Monitoring software.  Out of 63 mandals in Anantapur district, the SPI-12 analysis revealed that 21 mandals, namely Madakasira, Kalyandurg, Ramagiri, Narpala, Singanamala, Parigi, Roddam, Garladinne,Bukkapatnam, Yellanur, Kadiri, Somandepalle, Pamidi, Rayadurg, Gummagatta, Peddavadugur, Kambadur, Atmakur, Chenne Kothapalle, Bommanahal and Kudair were almost affected by moderate dry to extreme dry events so these mandals require immediate course of action. Through this study it was highlighted the adoptability and used modern tools of technology and software can successfully be utilized for assessment of irrigation potential of given area and monitoring and planning of irrigation water available for optimum utilization of available water to increase water use efficiency and optimum crop production. Yearly SPI values are useful for planning stream flows, reservoir levels, and even groundwater levels over longer time frames. 
Key Words: SPI, drought and cluster.
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. 

Drought indices are very important tools to monitor and to assess drought, because they simplify complex inter-relationships between many climate parameters. Extensive literature is available on the quantification of drought by using various indices, models and water balance simulations. Rainfall data is a key variable to develop a variety of indices and to study meteorological drought. Among the meteorological indices, the Palmer Drought Severity Index (PDSI) and Standardized Precipitation Index (SPI) are more commonly used. The SPI has certain advantages over others such as use of rainfall data alone and also its variable time scale, which allows it to describe drought conditions important for a range of meteorological, hydrological and agricultural applications. 
The impact of rainfall deficiency on water resources varies markedly on a temporal scale for different water storage components of the hydrologic system. While soil moisture responds to rainfall anomalies on a relatively short scale, groundwater, and stream flow and reservoir storage reflect longer-term precipitation anomalies. McKee (1993) developed the Standardized Precipitation Index (SPI) to quantify the precipitation deficit for multiple time scales, reflecting the impact of precipitation deficiency on the availability of various water supplies. They calculated the SPI for 3, 6, 12, 24 and 48-month scales to reflect the temporal behavior of the impact. The analysis of temporal SPI from rainfall data is useful to determine the spatial distribution and characteristics of drought in Anantapur district, Andhra Pradesh, India. 
Patana et al. (2016) investigated the severity tiers of meteorological drought in the Sakae Krang River basin. A standardized rainfall index (SPI) was wont to indicate the drought severity tiers in the Sakae Krang River basin between 1970 and 2015. The drought analysis results indicated that from 1970 to 2014, there was no clear trend in meteorological drought. 
Patana et al. (2016) looked into the different levels of drought severity in the Sakae Krang River basin. Between 1970 and 2015, the Sakae Krang River basin's drought severity levels were determined using a standardised precipitation index (SPI). The results of the drought analysis revealed that there was no discernible trend in meteorological drought from 1970 to 2014. The meteorological drought severity level analysis in the Sakae Krang River basin in 2015 graded the lower part of Mae Nam Sakae Krang 1 as moderate drought and the lower part of Mae Nam Sakae Krang 2, Khlong Pho and Huai Thap Salao as mild drought, with SPI values of -1.01, -0.97, -0.57, and -0.32, respectively.

Xiaolong et al. (2016) reported that Southwest China was abundant of rainfall and water resources, however, severe and intensely droughts hit it a lot of times in recent years, caused vast loss of human lives and monetary damages. The usefulness of the standardised stream index in Southwest China, with the Nanpanjiang geographical area higher than the Xiaolongtan hydrological station, was investigated, with the results revealing that the standardised stream index performed well in predicting the onset, severity, and duration of the 2010 extraordinary drought.

Ravi et al. (2015) estimated that the SPI has several characteristics that are an upgrading over other indices, with its simplicity and flexibility. The SPI methodology was used for perceptive and describing drought supported forty years rainfall knowledge of Surat district. Drought index was calculated using a twelve-month time scale and compared to the station's real drought. Positive SPI values imply a normal state to a wet state, while negative values suggest a normal state to a dry state. The SPI technique revealed a 50% difference in normal to wet and normal to dry conditions, respectively.

Jalpa and Falguni (2012) revealed that drought assessment was extremely essential in characteristic climate and facility trends and therefore to observe the likelihood of prevalence and therefore the anticipated severity of drought. Drought originates from a deficiency of rainfall over a given amount of time: short time scales (months) characterize meteorologic drought, whereas longer time scales (years) hydrological drought. A helpful index for drought watching primarily based solely on monthly rainfall knowledge was SPI. It has been proposed to monitor dryness and wetness on multiple time scales. The present situation examines the SPI drought index in application for the Vallabh Vidyanagar station and it has been estimated accordingly by historical rainfall data (1969-2006) for meteorological station. From the result, the worst drought years of 1974, 1986 and 1987 in the Vallabh Vidyanagar station indicate severe dryness and hence, the irrigation requirement can be evaluated on the rainfall deficits and its severity for the given years. 

Christos et al. (2011) studied that the use of SPI may lead to a more appropriate know of drought duration, magnitude and spatial quantity in semi-arid areas like Greece. The current method analyses drought indices such as SPI for the entire country of Greece, and it has been evaluated using historical rainfall data. Various time series of data from 46 rainfall sites were used, spanning the years 1947 to 2004 and covering time scales of 1, 3, 6, 12, and 24 months. The index was calculated with the help of a useful software programme. The findings highlight the value of using the SPI in a drought alert and forecasting effort as part of a drought contingency planning strategy.

Elsa et al. (2008) used log-linear modelling for three-dimensional contingency tables to predict drought severity classes in the short run using data from 14 rainfall stations in the Alentejo and Algarve regions of southern Portugal. Drought class transitions were obtained from Standardized Rainfall Index (SPI) time series computed on a 12-month time frame, and log linear models were fitted to them. In fitting all 14 data series, quasi-association log linear models showed to be the most effective. The forecasts were validated during the 2004–2006 drought, particularly during the onset and establishment of the drought, as well as when it dissipated. Despite the fact that the drought class transition contingency tables have a strong diagonal tendency, the findings of three-dimensional log linear modelling when comparing projected and actual drought classification with 1 and 2 months lead for those 14 sites show good results.

Hong et al. (2007) studied the standardized precipitation index is currently widely utilized in both academic and operational settings around the world. The SPI in arid conditions is lower constrained at short time scales, alluding to non-normally distributed in this study. In these instances, the SPI is always larger than a particular threshold and fails to identify the onset of a drought. Based on the findings of this study, the SPI user is advised to exercise caution when using short-time-scale SPIs in arid climatic regimes and to interpret SPI readings appropriately. In dry climates, the user should concentrate on the drought's duration rather than its intensity.
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).
The district falls partly in Krishna basin and partly in Pennar basin. The district is surrounded by Bellary, Kurnool districts on the North, Kadapa and Kolar districts of Karnataka on South East and North respectively. The district is principally a hot climate and temperatures vary from 17-40 °C. The important rivers flowing in the district are viz., Pennar, Jayamangali, Chitravathi, Vedavathi (also called Hagari), Papagni and Maddileru, Anantapur district is situated in Rayalaseema region of Andhra Pradesh state with a population of 40,83,315. One of the famous spiritual centers in the district is Puttaparthi and it is 80 km away from Anantapur. 
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Figure 1.  Location map of the Anantapur district

Cluster Analysis 
Cluster analysis is a multivariate technique used to determine group membership for cases or variables. In cluster analysis, the number of groups and the members of the groups are unknown. A cluster analysis of cases is like a discriminated analysis. SPSS provides hierarchical cluster analysis and k-means cluster analysis. The hierarchical cluster analysis is for either cases or variables. The k-means cluster analysis is for cases only when we have a large number of cases. By using a distance measure the hierarchical algorithm combines closest pair of cases or variables to form a cluster.  This technique continues to join pairs of cases or cluster until the final step where all are joined to form one cluster. When some variables have large values or different scales of measurement, they should be standardized before using them in cluster analysis. Mean annual rainfall for 63 mandals in Anantapur district is used for cluster analysis. 
Cluster analysis is the task of grouping a set of objects in such way that objects in the same group are more similar to each other than to those in other groups. Cluster analysis was carried out for 63 mandals of the Anantapur district based on mean rainfall using IBM SPSS 26 software (Table 1).
Table 1. Cluster classification of 63 mandals of the Anantapur district

	Class
	Number of cases
	Name of Mandals

	Cluster 1
	16
	Amarapuram, Bathalapalle, Beluguppa, Brahmasamudram, Chilamathur, Gudibanda, Guntakal, Kalyandurg, Kanaganapalle, Madakasira, Peddapappur, Ramagiri,Raptadu, Tadimarri, Uravakonda, Vajrakarur

	Cluster 2
	23
	Agali, Amadagur, Anantapur, Bukkarayasamudram, Dharmavaram, Gandlapenta, Garladinne, Gooty, Gorantla, Lepakshi, Nallacheruvu, Nallamada, Nambulipulikunta, Narpala, Obuladevaracheruvu, Parigi, Putlur, Puttaparthi, Roddam, Rolla, Singanamala, Tanakal,Vidapanakal

	Cluster 3
	11
	Bukkapatnam, Hindupur, Kadiri, Kothacheruvu, Mudigubba, Penukonda, Somandepalle, Tadpatri, Talupula, Yadiki, Yellanur

	Cluster 4
	8
	Gummagatta, Kambadur, Kanekal, Kundurpi, Pamidi, Peddavadugur, Rayadurg, Settur

	Cluster 5
	5
	Atmakur, Bommanahal, Chenne Kothapalle, D.Hirehal, Kudair


Drought Analysis
Drought usually refers to lack of rainfall over an extended period of time leading to moisture stress of the land. Although, drought may happen virtually in all climatic zones, yet, its characteristics differ considerably from one area to another. Rainfall, groundwater availability, reservoir levels and crop conditions determine the nature and extent of drought in a specified geographical area. Large parts of the country which are located in peninsular and western India- primarily arid, semi-arid and sub-humid regions perennially stumble under chronic drought. 

For drought monitoring, various drought indices have been developed to describe the intensity of a drought, including SPI (Standardized Rainfall Index), PNI (Percent of Normal Index), DI (Deciles Index), EDI (Effective Drought Index), CZI (China-Z index), MCZI (Modified CZI), RAI (Rainfall Anomaly Index) and ZSI (Z-Score Index). The SPI is the most popular drought index and is a widely recognized index for characterizing meteorological droughts. 

The SPI is based on the probability of rainfall for any time scale. The probability of observed rainfall is then transformed into an index. It is also used by a variety of research institutions, universities, and National Meteorological and Hydrological Services across the world as part of drought monitoring and early warning efforts. McKee defined SPI suitable for different timescales (1, 3, 6, 12, 24 and 48 months) and the output values ranged from -2.0 to 2.0.

The SPI was designed to quantify the rainfall deficit for multiple timescales. These timescales reflect the impact of drought on the availability of the different water resources. Soil moisture conditions respond to rainfall anomalies on a relatively short scale. Groundwater, stream flow and reservoir storage reflect the longer-term rainfall anomalies. 

McKee et al. (1993) used the classification system of the SPI values to define drought intensities resulting from the SPI (Table 2). A drought event occurs any time the SPI is continuously negative and reaches an intensity of -1.0 or less. Each drought event, therefore, has a duration defined by its beginning and end, and an intensity for each month that the event continues. The positive sum of the SPI for all the months within a drought event can be termed the drought’s “magnitude”.

Table 2. Categorization of conditions through magnitude of SPI

	S. No.
	SPI value
	Condition of drought

	1
	>2.0
	Extremely Wet

	2
	1.5 to 1.99
	Very wet

	3
	1.0 to 1.49
	Moderately wet

	4
	-0.99 to 0.99
	Near normal

	5
	-1.49 to -1.0
	Moderately dry

	6
	-1.99 to -1.5
	Very dry

	7
	<-2.0
	Extremely dry


3.1.5.1 Procedure for computation of SPI 

The procedure followed for computation of SPI (Guttman, 1999) is as follows:


First, a probability density function that describes the long-term time series of rainfall observations is determined. The base time of rainfall observation series can be any, depending on the time scale of interest. In the present study, running series of total rainfall corresponding to 12-months were used and as result the corresponding SPIs were calculated SPI-12. 


Once the probability density function is determined, the cumulative probability of an observed rainfall amount is computed. The inverse normal (Gaussian) function, with mean zero and variance one, is then applied to the cumulative probability distribution function, which results in SPI. 


SPI at different time scales, e.g., 3-month SPI of a particular month represents deviation in rainfall totals for current plus previous two months. Positive values indicate greater than mean rainfall and negative values indicate less than mean rainfall. 

The gamma distribution is defined by its probability density function is
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Where α>0 is a shape factor, β>0 is a scale factor, and x>0 is the amount of rainfall.

Γ (α) is the gamma function which is defined as
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Fitting the distribution to the data requires that α and β be estimated. Edwards and McKee et al.   (1993) suggested a method for estimating these parameters using the maximum likelihood approximations of Thom (1958) as follows:
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Since the gamma function is undefined for x = 0 and a rainfall distribution may contain zeros, the cumulative probability becomes: 

H(x) = q + (1- q) G(x)                 -------------------------------- (6)
Where q is the probability of zero rainfall. If m is the number of zeros in a rainfall time series, q can be estimated by m/n. For larger time scales (like 1, 3-, 6-, 9-, 12-months) the probability of monthly null rainfall is zero. So the errors in calculating the parameters α and β due to the monthly null rainfall does not affect the distribution at larger time scales.


The cumulative probability, H(x), is then transformed to the standard normal random variable Z with mean zero and standard deviation of one, which is the value of the SPI.
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The obtained SPI values are segregated in terms of severity as moderate, severe and extremely dry/wet. The wet condition deviate towards the positive values of the mean while the dry condition deviate towards the negative.  The software application “Meteorological Drought Monitor (MDM)” has been used for the estimation of SPI values through Microsoft Excel.

RESULTS AND DISCUSSION 
Cluster analysis is the task of grouping a set of objects in such way that objects in the same group are more similar to each other than to those in other groups. Cluster analysis were carried out for 63 mandals of the Anantapur district based on mean annual rainfall of 30 years using SPSS software.  From Table 3, the mean annual rainfall of Cluster 1, Cluster 2, Cluster 3, Cluster 4 and Cluster 5 for the period 1986 to 2015, ranges from 407.9 to 445.0, 462.3 to 516.2, 525.8 to 600.0, 347.5 to 401.3 and 281.0 to 326.4 mm respectively. The mean annual rainfall of Cluster 1, Cluster 2, Cluster 3, Cluster 4 and Cluster 5 were 429.7, 489.5, 556.9, 375.6 and 300.3 respectively. The mean annual rainfall for five clusters ranges from 300 to 600. The highest mean annual rainfall was observed in Cluster 3 and Lowest mean annual rainfall was observed in Cluster 5. The number of mandals under Cluster 1, Cluster 2, Cluster 3, Cluster 4 and Cluster 5 were 16, 23, 11, 8 and 5 respectively (Fig.2).
Table 3.
Mean annual rainfall of 30 years (1986 to 2015) for 63 mandals of Anantapur district

	S.

No.
	Cluster

class
	Mandal name
	Mean annual

rainfall (mm)
	S.

No.
	Cluster

class
	Mandal name
	Mean annual

rainfall (mm)

	1
	Cluster 1
	Uravakonda
	427.4
	33
	Cluster 2

 

 

 

 

 

 
	Gooty
	490.7

	2
	
	Brahmasamudram
	424.5
	34
	
	Anantapur Mandal
	478.6

	3
	
	Vajrakarur
	425.9
	35
	
	Tanakal
	494.9

	4
	
	Tadimarri
	407.9
	36
	
	Garladinne
	479.4

	5
	
	Raptadu
	444.7
	37
	
	Amadagur
	504.8

	6
	
	Chilamathur
	434.6
	38
	
	Agali
	472.3

	7
	
	Kanaganapalle
	414.5
	39
	
	Nambulipulikunta
	499.6

	8
	
	Beluguppa
	408.7
	40
	Cluster 3

 

 

 

 

 

 

 

 

 

 
	Yellanur
	560.9

	9
	
	Peddapappur
	414.6
	41
	
	Yadiki
	574.2

	10
	
	Amarapuram
	444.9
	42
	
	Somandepalle
	533.2

	11
	
	Bathalapalle
	445.0
	43
	
	Kothacheruvu
	532.4

	12
	
	Ramagiri
	443.8
	44
	
	Kadiri
	544.4

	13
	
	Guntakal
	439.1
	45
	
	Talupula
	525.8

	14
	
	Kalyandurg
	443.7
	46
	
	Penu Konda
	556.2

	15
	
	Madakasira
	439.6
	47
	
	Mudigubba
	572.9

	16
	
	Gudibanda
	415.8
	48
	
	Tadpatri
	590.5

	17
	Cluster 2
	Narpala
	496.3
	49
	
	Bukkapatnam
	600.0

	18
	
	Nallamada
	477.8
	50
	
	Hindupur
	535.1

	19
	
	Gorantla
	516.2
	51
	Cluster 4

 

 

 

 

 

 

 
	Kundurpi
	401.3

	20
	
	Singanamala
	462.3
	52
	
	Gummagatta
	364.0

	21
	
	Obuladevaracheruvu
	510.9
	53
	
	Pamidi
	387.9

	22
	
	Rolla
	499.9
	54
	
	Settur
	400.2

	23
	
	Bukkarayasamudram
	471.3
	55
	
	Kanekal
	353.7

	24
	
	Puttaparthi
	515.9
	56
	
	Peddavadugur
	347.5

	25
	
	Gandlapenta
	468.1
	57
	
	Rayadurg
	395.4

	26
	
	Putlur
	485.8
	58
	
	Kambadur
	355.3

	27
	
	Dharmavaram
	475.5
	59
	Cluster 5

 

 

 

 

 
	D Hirchal
	326.4

	28
	
	Vidapanakal
	478.7
	60
	
	Chenne Kothapalle
	285.4

	29
	
	Roddam
	499.4
	61
	
	Kudair
	287.6

	30
	
	Lepakshi
	510.1
	62
	
	Bommanahal
	321.2

	31
	
	Parigi
	489.7
	63

 
	
	Atmakur

 
	281.0

 

	32
	
	Nallacheruvu
	479.5
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Figure 2. 
Distribution of mean annual rainfall received in five clusters in the                                 Anantapur district during 1986 to 2015
4.1.2 Drought Analysis
From the five clusters, Yearly SPI values for 63 mandals were estimated using Meteorological Drought Monitoring software. 
The maximum value (4.03) was observed in Uravakonda for the year 1997, the minimum SPI-12 value (-3.11) was observed in Brahmasamudram for the year 2014 (Cluster 1) (Table 4).  The highest drought percentage for Yearly SPI was observed in Madakasira mandal with 23.3% followed by Vajrakarur, Raptadu and Kalyandurg (20%), whereas highest number of moderate dry years, number of very dry years were observed to be Madakasira (6) and Kalyandurg (6) and Ramagiri (3) respectively (Table 5 and Fig. 3). From the SPI-12 analysis in Cluster 1, it was concluded that Madakasira, Kalyandurg and Ramagiri were almost affected by moderate dry to extreme dry events, so these stations require an immediate course of action. 
Table 4. SPI-12 values for Cluster 1 for the period from 1986 to 2015

	Mandal/

Year
	Amarapuram
	Bathalapalle
	Beluguppa
	Brahmasamudram
	Chilamathur
	Gudibanda
	Guntakal
	Kalyandurg
	Kanaganapalle
	Madakasira
	Peddapappur
	Ramagiri
	Raptadu
	Tadimarri
	Uravakonda
	Vajrakarur

	1986
	-3.09
	-2.32
	-1.01
	-0.44
	-0.25
	-0.39
	-2.29
	0.73
	-0.03
	-0.86
	-1.38
	-0.9
	-1.33
	-0.19
	-0.83
	-1.36

	1987
	-0.19
	0.17
	-1.03
	-0.54
	-0.45
	0.45
	-0.08
	-0.66
	-1.02
	-0.04
	-0.67
	-1.23
	-1.61
	-1.16
	-0.31
	-1.43

	1988
	0.05
	-1.11
	-0.26
	1.12
	0.36
	-0.38
	0.68
	-0.23
	0.55
	0.31
	1.51
	-0.32
	1.1
	1.5
	0.23
	-2.25

	1989
	0.49
	1.64
	-0.4
	1.12
	-0.14
	0.46
	0.8
	-1.01
	0.69
	-1.14
	1.14
	0.43
	0.74
	1.47
	-0.04
	0.93

	1990
	-0.44
	-1.11
	-0.23
	-0.8
	0.12
	-0.68
	-0.27
	-0.67
	-0.24
	-1.03
	-0.37
	-0.14
	0.36
	-0.5
	-0.48
	-1.38

	1991
	0.03
	0.05
	-0.52
	0.23
	0.7
	1.03
	-1.74
	-0.27
	-0.21
	1.26
	0.24
	0.33
	-0.55
	-0.28
	0.17
	0.42

	1992
	-0.19
	0.63
	-1.22
	-1.08
	-0.16
	-0.03
	-0.73
	0.55
	0.38
	1.39
	-0.51
	-0.45
	-0.08
	-0.45
	-0.01
	0.29

	1993
	1.18
	0.74
	-0.07
	0.18
	0.68
	1.19
	-0.88
	-0.35
	0.26
	0.16
	1.01
	-0.05
	0.99
	-0.23
	-0.52
	0.45

	1994
	0.1
	-1.26
	-0.97
	-0.86
	-0.41
	-0.2
	-1.31
	-1.49
	-1.4
	-0.83
	-0.55
	-1.31
	-1.41
	-1.46
	-1.39
	-1.17

	1995
	0.25
	-0.42
	0.39
	0.67
	-0.41
	-0.92
	-1.11
	-0.77
	0.42
	-0.66
	0.31
	0.49
	0.46
	0.44
	0.06
	0.28

	1996
	1.11
	1.16
	0.74
	2
	0.11
	0.9
	0.62
	1.61
	1.95
	0.95
	2.17
	1.19
	0.81
	1.18
	0.9
	1.08

	1997
	-0.85
	-0.51
	-0.38
	0.43
	-1.83
	-1.43
	-0.72
	-1.28
	-0.95
	-0.83
	-0.92
	-0.59
	-0.65
	-0.9
	4.03
	0.17

	1998
	0.29
	-0.03
	0.02
	0.79
	-1.83
	-0.46
	1.31
	1.08
	1.11
	0.95
	1
	1.21
	1.49
	1.05
	-0.06
	0.18

	1999
	-0.15
	-0.11
	0.02
	-0.9
	0.35
	-0.62
	-0.06
	0.07
	0.04
	0.46
	-0.04
	0.78
	-0.15
	-0.45
	-0.08
	0.28

	2000
	1.19
	0.38
	1.02
	0.16
	-0.11
	1.2
	-0.08
	0.37
	-0.31
	1
	0.43
	-0.24
	0.41
	-0.29
	0.04
	0.26

	2001
	0.25
	0.61
	0.78
	1.4
	0.55
	-0.46
	0.86
	0.26
	0.81
	1.52
	1.07
	0.48
	0.77
	-0.04
	0.21
	0.18

	2002
	-1.65
	-0.71
	-0.01
	-0.37
	-0.41
	-1.79
	-0.79
	-1.43
	-0.6
	-1.08
	-0.64
	-1.97
	-1.03
	-2.12
	-0.52
	-0.77

	2003
	-1.41
	-1.64
	-2.3
	-1.18
	-0.14
	-2.61
	-0.23
	-1.48
	-2.64
	-1.83
	0.66
	-1.81
	-2.11
	-1.58
	-1.22
	-0.98

	2004
	-0.38
	-0.88
	-0.08
	-0.76
	0.37
	-0.24
	-0.08
	-0.42
	-0.06
	-1.1
	-0.48
	0.15
	0.68
	-0.35
	-0.27
	-1.28

	2005
	1.41
	1.32
	1.51
	0.52
	1.28
	1.21
	1.84
	1.85
	0.35
	0.38
	-0.14
	0.64
	0.66
	1.13
	0.83
	2.02

	2006
	-0.47
	-0.94
	-0.29
	-0.61
	-0.07
	-0.58
	-0.16
	0.09
	-0.65
	-0.34
	-1.14
	-0.69
	-0.85
	-0.41
	0.2
	-0.87

	2007
	0.6
	0.47
	1.62
	1.35
	0.77
	-0.19
	1.05
	1.71
	0.8
	0.02
	0.9
	1.35
	1.9
	1.57
	0.59
	0.94

	2008
	1.38
	1.2
	1.16
	0.84
	1.02
	1.41
	1.06
	1.04
	2.28
	1.76
	0.25
	2.36
	0.94
	0.46
	1.1
	1.47

	2009
	-0.24
	1.62
	2.52
	-0.19
	0.35
	0.96
	0.92
	0.79
	-0.05
	-0.5
	-0.18
	-0.21
	-0.15
	-0.11
	1.28
	1.37

	2010
	1.58
	1.56
	1.12
	0.8
	1.33
	1.77
	1.21
	1.91
	0.65
	1.01
	1.38
	0.57
	0.66
	1.78
	-0.36
	0.6

	2011
	-1.34
	0.24
	-0.93
	-0.78
	0.68
	-0.55
	-0.99
	-0.4
	-0.92
	-1.37
	0.01
	-1.62
	0.72
	0.8
	-0.68
	-0.55

	2012
	-0.19
	0.51
	-0.19
	-0.09
	-0.46
	0.86
	1.49
	-0.91
	-0.97
	-0.08
	-0.62
	1.19
	-0.6
	0.28
	-0.23
	0.65

	2013
	0.62
	-0.82
	-1.39
	0.28
	0.56
	0.28
	0.7
	-0.07
	-0.16
	0.49
	-2.26
	0.44
	-0.65
	-0.17
	-1.08
	-0.37

	2014
	-0.59
	-0.54
	-0.22
	-3.11
	-0.5
	-0.89
	-0.27
	-1.11
	-1.29
	-1.33
	-1.87
	-0.72
	-1.66
	-1.49
	-0.62
	0

	2015
	0.73
	0.13
	0.57
	-0.11
	0.79
	0.71
	-0.75
	0.45
	1.2
	1.36
	-0.31
	0.65
	0.17
	0.52
	-1.23
	0.9


Table 5. Coverage of drought (%) for 30 years in Cluster 1 of Anantapur district

	Mandal name
	Number of moderately dry years

(Percentage)
	Number of very dry years

(Percentage)
	Number of extremely

dry years

(Percentage)
	Coverage

drought (%)

	Uravakonda
	4 (13.3)
	0
	0
	13.3

	Brahmasamudram
	2 (6.7)
	0
	1 (3.3)
	10.0

	Vajrakarur
	5 (16.7)
	0
	1 (3.3)
	20.0

	Tadimarri
	3 (10.0)
	1 (3.3)
	1 (3.3)
	16.6

	Raptadu
	3 (10.0)
	2 (6.7)
	1 (3.3)
	20.0

	Madakasira
	6 (20.0)
	1 (3.3)
	0
	23.3

	Kalyandurg
	6 (20.0)
	0
	0
	20.0

	Beluguppa
	4 (13.3)
	0
	1 (3.3)
	16.6

	Bathalapalle
	3 (10.0)
	1 (3.3)
	1 (3.3)
	16.6

	Kanaganapalle
	3 (10.0)
	0
	1 (3.3)
	13.3

	Ramagiri
	2 (6.7)
	3 (10.0)
	0
	16.7

	Peddapappur
	2 (6.7)
	1 (3.3)
	1 (3.3)
	13.3

	Amarapuram
	2 (6.7)
	1 (3.3)
	1 (3.3)
	13.3

	Guntakal
	2 (6.7)
	1 (3.3)
	1 (3.3)
	13.3

	Gudibanda
	1 (3.3)
	1 (3.3)
	1 (3.3)
	10.0

	Chilamathur
	0
	2 (6.7)
	0
	6.7
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Figure 3. Highest drought (%) for 30 years in Cluster 1 of Anantapur district
In cluster 2, the maximum SPI-12 value (2.51) was observed in O.D.Cheruvu for the year 1996, the minimum SPI-12  value (-3.11) was observed  in Nallamada for the year 1996 (Table 6).  From Table 7 and Fig. 4., the highest drought percentage for yearly SPI was observed in Singanamala and Parigi mandals with 23.3%. followed by Anantapur mandal (17.7%) whereas highest number of moderate dry years, number of very dry years were observed to be Narpala (5), Singanamala (5) and Parigi (5), Roddam (3) and Garladinne (3) respectively. Out of 23 mandals in cluster 2, severe drought was observed in Singanamala and Parigi mandals. Out of 23 mandals in cluster 2, severe drought was observed in Singanamala and Parigi mandals due to received deficit rainfall. From the SPI-12 analysis in cluster 2, it was concluded that Narpala, Singanamala and Parigi, Roddam and Garladinne were almost affected by moderate dry to extreme dry events, so these mandals require an immediate course of action.
The maximum SPI-12 value (2.82) was observed in Tadpatri for the year 1996, the minimum SPI-12 value (-2.66) was observed in Kothacheruvu for the year 1987 (Cluster 3) (Table 8). The highest drought percentage for Yearly SPI was observed in Bukkapatnam mandal with 23.3% followed by Somandepalle and Kadiri (20%) whereas highest number of moderate dry years, number of very dry years were observed to be Bukkapatnam (6), Yellanur (3), Kadiri (3) and Somandepalle (3) respectively (Table 9 and Fig. 5). Out of 11 mandals in cluster 3, severe drought was observed in Bukkapatnam mandal due to received deficit rainfall. From the SPI-12 analysis in a cluster 3, it was concluded that Bukkapatnam, Yellanur, Kadiri, and Somandepalle were almost affected by moderate dry to extreme dry events, so these mandals require an immediate course of action

Table 6. SPI-12 values for Cluster 2 for the period from 1986 to 2015

	Mandal/

year
	Agali
	Amadagur
	Anantapur
	B.k.  Samudram
	Dharmavaram
	Gandlapenta
	Garladinne
	Gooty
	Gorantla
	Lepakshi
	Nallacheruvu
	Nallamada
	Nambulipulikunta

	1986
	-3.16
	-3.16
	-1.01
	-1.39
	-0.46
	-0.61
	0.08
	-0.97
	-1.44
	-1.34
	-0.68
	-0.17
	-2.85

	1987
	-0.42
	-0.42
	0.25
	-0.22
	-0.92
	-1.08
	-0.61
	-2.27
	-2.34
	-3.09
	-2.62
	-1.49
	-0.67

	1988
	-0.25
	-0.25
	0.93
	0.32
	0.61
	0.56
	0.11
	1.01
	0.18
	0.61
	0.52
	1.1
	-0.1

	1989
	0.96
	0.96
	0.42
	0.52
	-0.35
	0.11
	0.5
	0.64
	0.31
	0.05
	0.15
	-0.33
	0.11

	1990
	-0.08
	-0.08
	-0.05
	-0.4
	-0.13
	-0.22
	0.25
	-0.74
	0.02
	0.02
	0.39
	-0.16
	-0.88

	1991
	1.4
	1.4
	-0.29
	-0.51
	-1.05
	1.34
	-0.49
	-0.21
	0.08
	0.88
	0.2
	0.29
	1.18

	1992
	-0.6
	-0.6
	-0.98
	0.06
	-0.81
	-0.47
	-1.5
	-0.17
	-0.73
	-0.6
	-0.27
	-0.61
	-0.37

	1993
	0.47
	0.47
	-0.31
	0.27
	0.7
	-0.08
	-1.49
	-0.41
	0.6
	0.25
	-0.07
	0.4
	0.54

	1994
	-0.51
	-0.51
	-1.87
	-0.61
	-1
	-1.73
	-1.5
	-0.31
	-0.63
	0.17
	-0.68
	0.13
	-0.27

	1995
	-0.01
	-0.01
	1.14
	0.16
	0.45
	0.07
	-1.5
	-0.99
	-0.53
	-0.33
	0.21
	0.84
	-0.86

	1996
	1.27
	1.27
	2.33
	1.04
	1.64
	1.56
	1.34
	1.75
	1.66
	1.35
	0.87
	-4.05
	1.44

	1997
	-0.79
	-0.79
	0.31
	-1.83
	-0.54
	-0.4
	0.12
	-0.31
	-0.26
	-0.46
	0.71
	-1.02
	0.15

	1998
	0.55
	0.55
	0.79
	-1.83
	2.02
	0.48
	1.14
	1.31
	1.22
	0.46
	0.59
	-0.15
	0.53

	1999
	-0.13
	-0.13
	0.21
	0.39
	0.05
	-1.42
	0.33
	-0.69
	-0.44
	0.24
	-1.99
	-0.52
	-0.8

	2000
	-0.26
	-0.26
	0.39
	-0.04
	0.03
	-0.28
	0.46
	0.67
	-0.38
	0.13
	-0.44
	0.25
	-0.01

	2001
	0.11
	0.11
	0.74
	0.58
	1.41
	1.26
	0.9
	-0.13
	0.61
	0.61
	1.12
	0.6
	0.83

	2002
	-0.87
	-0.87
	-1.54
	-0.33
	-0.24
	-2.04
	-0.32
	-0.65
	-1.36
	-1.81
	-1.24
	-0.37
	0.18

	2003
	-0.61
	-0.61
	-2.3
	-0.07
	-0.46
	0
	-0.48
	-0.96
	-0.79
	-0.53
	-0.11
	-0.04
	-0.31

	2004
	-0.13
	-0.13
	0.12
	0.41
	0.45
	-0.2
	0.36
	-0.71
	0.15
	0.22
	0.46
	-0.05
	-0.89

	2005
	2.1
	2.1
	0.28
	1.26
	0.72
	2.11
	0.7
	1.37
	0.88
	1.51
	1.81
	1.22
	2

	2006
	-0.83
	-0.83
	-0.72
	-0.01
	0.04
	0.09
	0.33
	-0.65
	-0.04
	-1.28
	-1.31
	-0.21
	-0.47

	2007
	0.44
	0.44
	1.41
	0.78
	1.03
	0.95
	1.06
	2.12
	1.18
	0.85
	0.83
	1.36
	0.18

	2008
	0.99
	0.99
	0.6
	1.01
	1.17
	0.73
	1.11
	1.08
	0.76
	1.31
	0.77
	1.35
	0.54

	2009
	-0.15
	-0.15
	-0.3
	0.39
	-0.66
	-0.8
	0.42
	-0.6
	0.71
	0.45
	-0.75
	0.62
	-0.19

	2010
	1.13
	1.13
	0.93
	1.31
	1.3
	0.96
	0.77
	1.1
	1.7
	1.17
	1.57
	0.8
	0.93

	2011
	0.08
	0.08
	0.55
	0.7
	-1.24
	-0.41
	0.35
	-1.32
	-0.37
	0.05
	0.77
	0.13
	0.99

	2012
	-0.83
	-0.83
	0.25
	-0.37
	-0.4
	-0.01
	0.01
	-0.05
	-0.57
	-0.57
	-0.46
	0.22
	-1.37

	2013
	-0.39
	-0.39
	-1
	0.58
	-1.28
	-0.08
	0.14
	1.24
	0.28
	0.47
	0.05
	-0.16
	0.43

	2014
	-1.07
	-1.07
	-1.45
	-0.41
	-2.6
	-1.7
	-0.31
	-0.34
	-2.01
	-1.34
	-1.32
	-0.25
	-1.56

	2015
	1.64
	1.64
	0.21
	0.8
	0.52
	1.34
	0.42
	0.16
	1.58
	0.68
	0.99
	0.8
	1.58


Table 6. Continue.,
	Mandal/

Year
	Narpala
	O.D.

Cheruvu
	Parigi
	Putlur
	Puttaparthi
	Roddam
	Rolla
	Singanamala
	Tanakal
	Vidapanakal

	1986
	-0.13
	-0.92
	-1.26
	-0.83
	-2.44
	-1.76
	-1.28
	-1.3
	-0.71
	-1.93

	1987
	-0.48
	-1.7
	-0.58
	-1.99
	-2.21
	-1.01
	-0.98
	-1.26
	-0.6
	-2.01

	1988
	1.29
	0.28
	0.86
	1.51
	1.5
	0.92
	0.45
	1.58
	0.5
	-1.79

	1989
	0.91
	0.18
	1
	0.35
	0.08
	0.24
	0.74
	0.65
	0.13
	0.88

	1990
	0.29
	-0.5
	-0.12
	-0.39
	-0.41
	-0.35
	0.03
	-0.38
	0.16
	-0.71

	1991
	0.49
	1.48
	1.12
	0.38
	-0.67
	-0.1
	2.15
	0.09
	1.08
	0.19

	1992
	-1.27
	-0.11
	-0.65
	-0.91
	-0.31
	-0.54
	-0.24
	0.28
	-1.12
	-0.56

	1993
	-1.28
	-0.45
	0.92
	-0.15
	0.4
	0.04
	0.16
	1.49
	-0.5
	0.04

	1994
	-1.28
	-0.39
	-0.3
	-0.67
	-0.62
	-1.83
	-0.71
	-0.07
	-1.25
	-1.15

	1995
	-1.28
	0.88
	-0.47
	0.03
	1.09
	-1.75
	-0.77
	0.88
	0.16
	0.66

	1996
	-1.28
	2.51
	0.3
	1.4
	1.53
	-0.61
	-0.12
	1.38
	2.28
	1.25

	1997
	0.21
	-0.27
	-1.21
	-0.22
	-0.82
	-0.02
	0.63
	0.12
	1.3
	0.98

	1998
	0.75
	-0.12
	1.59
	1.27
	1.14
	0.73
	0.98
	1.23
	0.68
	0.96

	1999
	0.2
	-1.5
	0.55
	-0.99
	0.47
	0.35
	-0.42
	-0.37
	-1.31
	-0.04

	2000
	0.26
	-0.42
	0.66
	0.47
	0.7
	1.45
	1.72
	1.08
	-0.57
	0.74

	2001
	0.83
	0.44
	0.66
	1.38
	1.01
	1.48
	0.27
	0.49
	0.42
	0.22

	2002
	0.11
	-0.9
	-1.48
	-0.88
	-1.17
	-0.2
	-1.06
	-1
	-0.2
	-0.39

	2003
	-0.25
	-0.73
	-1.05
	-0.41
	-0.37
	-0.41
	-1.41
	-1.53
	-0.45
	-1.09

	2004
	0.58
	-0.37
	-0.11
	-0.29
	-0.09
	-0.04
	0.26
	-0.3
	0.42
	-0.61

	2005
	0.66
	1.39
	1.17
	1.16
	1
	0.6
	1.12
	-0.35
	1.48
	1.19

	2006
	0.28
	-0.76
	-1.28
	-1.83
	-0.24
	-0.93
	-0.98
	-0.27
	-1.42
	-0.13

	2007
	1.49
	0.89
	0.6
	1.02
	1.49
	0.7
	-0.73
	1.93
	0.78
	0.4

	2008
	0.2
	1.14
	2.08
	-0.56
	0.01
	1.92
	1.72
	-0.18
	0.84
	1.45

	2009
	-0.09
	-0.55
	-0.11
	-0.05
	-0.41
	0.65
	-1.53
	-0.72
	-0.15
	1.92

	2010
	0.68
	1.15
	1.03
	1.64
	0.94
	1.06
	0.44
	1.15
	0.93
	1.19

	2011
	0.25
	0.01
	-0.95
	-0.29
	0.05
	-0.74
	-0.67
	-1.33
	-0.33
	0.21

	2012
	0.38
	-0.56
	-1.59
	0.32
	0.54
	0.4
	-0.16
	-0.43
	-0.36
	-0.25

	2013
	0.28
	-0.78
	0.05
	-0.26
	-0.72
	0.61
	-0.13
	-1.41
	0.07
	-0.6

	2014
	-0.17
	-1.23
	-1.65
	-1.62
	-1.32
	-0.39
	-1.21
	-1.55
	-2.77
	-0.26

	2015
	0.68
	1.84
	0.21
	1.4
	-0.11
	0.45
	1.7
	0.06
	0.53
	-0.75


Table 7. Coverage of drought (%) for 30 years in Cluster 2 of Anantapur district

	Mandal name
	No. of moderately dry years (Percentage)
	No. of very dry years (Percentage)
	No. of extremely dry years (Percentage)
	Coverage drought (%)

	Narpala
	5 (16.7)
	0
	0
	16.7

	Nallamada
	2 (6.7)
	0
	1 (3.3)
	10.0

	Gorantla
	2 (6.7)
	0
	2 (6.7)
	13.4

	Singanamala
	5 (16.7)
	2 (6.7)
	0
	23.4

	Obuladevaracheruvu
	1 (3.3)
	2 (6.7)
	0
	10.0

	Rolla
	4 (13.3)
	1 (3.3)
	0
	16.6

	Bukkarayasamudram
	2 (6.7)
	0
	1 (3.3)
	10.0

	Puttaparthi
	2 (6.7)
	0
	2 (6.7)
	13.4

	Gandlapenta
	2 (6.7)
	2 (6.7)
	1 (3.3)
	16.7

	Putlur
	0
	3 (10.0)
	0
	10.0

	Dharmavaram
	4 (13.3)
	0
	1 (3.3)
	16.6

	Vidapanakal
	2 (6.7)
	2 (6.7)
	1 (3.3)
	16.7

	Roddam
	1 (3.3)
	3 (10.0)
	0
	13.3

	Lepakshi
	3 (10.0)
	1 (3.3)
	1 (3.3)
	16.6

	Parigi
	5 (16.7)
	2 (6.7)
	0
	23.4

	Nallacheruvu
	3 (10.0)
	1 (3.3)
	1 (3.3)
	16.6

	Gooty
	1 (3.3)
	0
	1 (3.3)
	6.6

	Anantapur 
	3 (10.0)
	2 (6.7)
	1 (3.3)
	20.0

	Tanakal
	4 (13.3)
	0
	1 (3.3)
	16.6

	Garladinne
	1 (3.3)
	3 (10.0)
	0
	13.3

	Amadagur
	1 (3.3)
	0
	1 (3.3)
	6.6

	Agali
	1 (3.3)
	0
	1 (3.3)
	6.6

	Nambulipulikunta
	1 (3.3)
	1 (3.3)
	1 (3.3)
	9.9
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Figure 4. Highest drought (%) for 30 years in Cluster 2 of Anantapur district

Table 8. SPI-12 values for Cluster 3 for the period from 1986 to 2015

	Mandal/

Year
	Bukkapatnam
	Hindupur
	Kadiri
	Kothacheruvu
	Mudigubba
	Penukonda
	Somandepalle
	Tadpatri
	Talupula
	Yadiki
	Yellanur

	1986
	0.16
	-0.4
	0
	-1.85
	-2.13
	-0.78
	-0.38
	-1.19
	-1.24
	-0.53
	-0.55

	1987
	0.01
	-0.31
	-0.62
	-2.66
	-0.91
	-2.17
	-1.62
	-1.63
	-1.67
	-0.16
	-0.06

	1988
	0.01
	2.11
	1.2
	0.76
	0.18
	0.79
	0.77
	1.46
	-0.87
	1.14
	0.49

	1989
	1.3
	-0.24
	0.71
	1.07
	0.86
	0.19
	0.18
	1.07
	1.11
	0.42
	0.53

	1990
	-0.36
	-0.15
	-0.28
	-0.3
	0.3
	-0.83
	-0.47
	-0.74
	0.38
	0.07
	0.26

	1991
	-1.02
	1.46
	-0.1
	0.55
	0
	0.68
	0.47
	-0.18
	0.77
	-0.01
	0.39

	1992
	-1.48
	-0.13
	-1.24
	-0.36
	-0.63
	-0.34
	-1.06
	-1.25
	-1.38
	-1.28
	-1.35

	1993
	0.81
	0.34
	-0.74
	-0.36
	-0.09
	0.88
	-1.72
	0.6
	-0.2
	-1.28
	-1.5

	1994
	-1
	-0.81
	-1.1
	-1.14
	-0.87
	-1.26
	-1.83
	-0.04
	0.14
	-1.28
	-1.5

	1995
	1.22
	-0.52
	0.33
	0.11
	1.16
	-0.64
	-1.01
	0.87
	0.48
	-1.28
	-1.5

	1996
	1.54
	1.15
	1.98
	1.63
	2.55
	0.5
	1.23
	2.82
	2.05
	1.19
	0.59

	1997
	-0.14
	-0.37
	-0.17
	-0.23
	-0.58
	-0.13
	-0.09
	0.67
	0.74
	0.44
	-0.22

	1998
	1.74
	1.39
	-1
	1.12
	1.1
	0.48
	0.82
	0.89
	0.62
	1.21
	0.81

	1999
	-0.88
	0
	-1.58
	-0.85
	-0.01
	0.78
	0.54
	-0.23
	-0.55
	0.25
	0.3

	2000
	-0.3
	0.04
	0.37
	0.89
	0.36
	0.6
	1.92
	1.13
	0.24
	0.53
	0.63

	2001
	1.19
	0.73
	0.72
	1.19
	0.31
	0.6
	0.47
	0.17
	0.91
	0.55
	0.99

	2002
	-1.02
	-1.42
	-1.51
	-0.67
	-0.15
	-2.16
	-0.98
	-0.82
	-0.76
	0.13
	-0.26

	2003
	-1.73
	-0.89
	-0.51
	-0.4
	-0.9
	-0.94
	-0.1
	0.12
	-0.34
	0.11
	-0.34

	2004
	-0.25
	0.03
	-0.42
	-0.23
	0.32
	-0.65
	-0.37
	-0.54
	0.38
	0.32
	0.31

	2005
	1.02
	1.59
	1.3
	0.96
	1.42
	0.58
	0.84
	0.2
	1.44
	0.58
	0.78

	2006
	-0.97
	-0.93
	-0.49
	-0.57
	-1.19
	-0.34
	-0.28
	-1.19
	-1.02
	0.1
	-0.07

	2007
	1.08
	0.36
	1.71
	1.07
	1.08
	1.54
	0.99
	1.35
	0.09
	1.29
	1.67

	2008
	1.17
	1.5
	1.71
	0.72
	0.84
	1.99
	1.49
	-0.8
	0.8
	0.14
	-0.07

	2009
	-0.17
	-0.41
	-0.39
	0.24
	-0.22
	0.78
	0.25
	-0.79
	-0.25
	0.08
	-0.29

	2010
	0.98
	0.79
	1.2
	1.21
	0.74
	1.23
	1.34
	0.36
	1.25
	1.02
	0.32

	2011
	0.18
	-0.25
	0.04
	-0.13
	-1.04
	0.15
	-0.12
	-0.46
	-0.3
	0.12
	0.79

	2012
	-0.44
	-1.89
	0.31
	-0.09
	-0.51
	0.01
	-0.1
	0.32
	-0.71
	-0.05
	0.51

	2013
	-1.49
	-0.67
	0.49
	0.13
	-0.4
	0.48
	-0.1
	-0.66
	-2.05
	-0.22
	0.15

	2014
	-1.4
	-2.16
	-1.91
	-1.94
	-2.1
	-1.72
	-1.08
	-1.57
	-1.34
	-0.27
	-0.78

	2015
	0.23
	0.07
	-0.04
	0.22
	0.5
	-0.26
	0.67
	0.01
	1.28
	0.02
	1.34


Table 9. Coverage of drought (%) for 30 years in Cluster 3 of Anantapur district

	Mandal name
	No. of moderately dry years (Percentage)
	No. of very dry years

(Percentage)
	No. of extremely dry years

(Percentage)
	Coverage

drought (%)

	Yellanur
	1(3.3)
	3 (10.0)
	0
	13.3

	Yadiki
	4 (13.3)
	0
	0
	13.3

	Somandepalle
	3 (10.0)
	3 (10.0)
	0
	20.0

	Kothacheruvu
	1 (3.3)
	2 (6.7)
	1 (3.3)
	13.3

	Kadiri
	3 (10.0)
	3 (10.0)
	0
	20.0

	Talupula
	4 (13.3)
	1 (3.3)
	1 (3.3)
	19.9

	Penu Konda
	1 (3.3)
	1 (3.3)
	2 (6.7)
	13.3

	Mudigubba
	2 (6.7)
	0
	2 (6.7)
	13.4

	Tadpatri
	3 (10.0)
	2 (6.7)
	0
	16.7

	Bukkapatnam
	6 (20.0)
	1 (3.3)
	0
	23.3

	Hindupur
	1 (3.3)
	1 (3.3)
	1 (3.3)
	9.9
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Figure 5. Highest drought (%) for 30 years in Cluster 3 of Anantapur district
In Cluster 4, the maximum SPI-12 value (2.08) was observed in Kanekal for the year 2008, the minimum SPI-12 value (-3.97) was observed in Kundurpi for the year 1986 (Table 10).  The highest drought percentage for Yearly SPI was observed in Gummagatta (20%) followed by Rayadurg mandal with 19.9%, whereas highest number of moderate dry years, number of very dry years were observed in Pamidi (4) and Rayadurg (4), Gummagatta (3), Peddavadugur (3) and Kambadur (3) respectively (Table 11 and Fig. 6). Out of 8 mandals in Cluster 4, severe drought was observed in Gummagatta mandal due to received deficit rainfall. From the SPI-12 analysis in cluster 4, it was concluded that in Pamidi and Rayadurg, Gummagatta, Peddavadugur and Kambadur were almost affected by moderate dry to extreme dry events, so these mandals require immediate course of action. The results are in line with the results of Uma et al. (2018) who revealed that Anantapur district in Andhra Pradesh was highly vulnerable to both climate change.


Table 10 SPI-12 values for Cluster 4 for the period from 1986 to 2015

	Mandal/

Year
	Gummagatta
	Kambadur
	Kanekal
	Kundurpi
	Pamidi
	Peddavadugur
	Rayadurg
	Settur

	1986
	-1.58
	-0.32
	-3.23
	-3.97
	-0.44
	-0.86
	-1.02
	0.08

	1987
	0.68
	-0.85
	-0.07
	0.05
	-1.19
	-0.62
	-1.35
	-2.64

	1988
	-0.28
	0.08
	0.31
	0.59
	0.96
	0.86
	0.41
	-0.9

	1989
	0.77
	-0.25
	0.21
	0.48
	0.08
	0.4
	0.54
	0.44

	1990
	-0.2
	-2.14
	-0.17
	-0.53
	-0.57
	0.39
	-0.73
	-0.57

	1991
	1.41
	0.7
	-0.32
	0.55
	0.26
	0
	0.16
	-1.05

	1992
	0.73
	0.91
	0.49
	0.8
	-0.98
	-1.78
	0.67
	-0.29

	1993
	1.16
	-0.33
	-0.01
	1.02
	0.66
	-1.83
	0.47
	-0.32

	1994
	-0.57
	0.25
	-1.35
	0.08
	-1.02
	-0.99
	-1.93
	-0.51

	1995
	0.07
	-0.4
	-0.4
	0.51
	-1.73
	0.08
	0.09
	0.47

	1996
	0.13
	1.59
	0.6
	0.82
	2.04
	1.06
	1
	1.86

	1997
	-1.55
	-0.54
	-0.69
	-1.58
	-0.94
	-0.64
	-0.6
	-0.28

	1998
	0.73
	1.45
	0.13
	-0.3
	0.86
	-1.82
	-0.05
	0.96

	1999
	0.71
	1.01
	-0.52
	-0.62
	-0.81
	0
	0.75
	-0.4

	2000
	1.3
	-0.11
	0.89
	0.7
	0.45
	1.42
	-0.14
	0.55

	2001
	-0.07
	0.56
	1.01
	0.5
	1.13
	1.19
	0.43
	0.23

	2002
	-2
	-1.62
	-0.7
	-0.26
	-0.51
	0.39
	-0.5
	-1.19

	2003
	-1.36
	-1.6
	-1.46
	-1.38
	-1.43
	0.17
	-2.56
	-1.7

	2004
	0.26
	-1.99
	0.12
	-0.26
	-0.49
	0.45
	-0.24
	-0.48

	2005
	0.89
	0.35
	1.55
	0.51
	1.58
	0.96
	1.88
	1.48

	2006
	-0.76
	0.38
	-0.06
	-0.36
	-0.74
	0.13
	-0.29
	-0.28

	2007
	0
	-0.48
	0.78
	0.63
	1.3
	1.17
	0.89
	0.46

	2008
	0.96
	1.13
	2.08
	1.08
	1.86
	0.76
	1.09
	1.54

	2009
	0.7
	-0.18
	1.2
	-0.29
	0.34
	0
	1.03
	0.24

	2010
	1.72
	1.18
	1.3
	0.99
	0.61
	0.33
	1.73
	1.96

	2011
	-1.15
	-0.79
	-0.41
	-0.8
	-0.37
	-0.08
	-1.03
	-0.84

	2012
	-0.96
	0.02
	0.18
	0.49
	0.29
	0.23
	0.29
	-0.16

	2013
	-1.66
	0.32
	-0.8
	0.72
	-0.28
	0.3
	-1.34
	0.02

	2014
	-0.44
	-0.16
	-0.51
	-0.36
	-1.43
	0.42
	0.18
	0.47

	2015
	0.38
	1.87
	-0.05
	0.64
	0.45
	-0.13
	0.22
	0.87


Table 11. Coverage of drought (%) for 30 years in Cluster 4 of Anantapur district

	Mandal
	No. of moderately dry years (Percentage)
	No. of very dry years (Percentage)
	No. of extremely dry years (Percentage)
	Coverage drought (%)

	Kundurpi
	1 (3.3)
	1 (3.3)
	1 (3.3)
	9.9

	Gummagatta
	2 (6.7)
	3 (10.0)
	1 (3.3)
	20.0

	Pamidi
	4 (13.3)
	1(3.3)
	0
	16.6

	Settur
	2 (6.7)
	1 (3.3)
	1 (3.3)
	13.3

	Kanekal
	2 (6.7)
	0
	1 (3.3)
	10.0

	Peddavadugur
	0
	3 (10.0)
	0
	10.0

	Rayadurg
	4 (13.3)
	1 (3.3)
	1 (3.3)
	19.9

	Kambadur
	0
	3 (10.0)
	1 (3.3)
	13.3
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Figure 6. Highest drought (%) for 30 years in Cluster 4 of Anantapur district

The maximum SPI-12 value (1.91) and the minimum SPI-12 value (-3.78) were observed to be D.Hirehal for the year 2009 and D.Hirehal for the year 1998 respectively (Cluster 5) (Table 12). The highest drought percentage for yearly SPI values were observed to be Bommanahal and Chenne Kothapalle mandals with 20% followed by Atmakur mandal (16.6 %), whereas highest number of moderate dry years, number of very dry years and number of extremely dry years were observed in Atmakur (4), Chenne Kothapalle (3) and Bommanahal (3) and Kudair (2) respectively (Table 13 and Fig. 7). Out of 5 mandals in cluster 5, severe drought was observed in Gummagatta mandal due to received deficit rainfall. From the SPI-12 analysis in cluster 5, it was concluded that in Atmakur, Chenne Kothapalle and Bommanahal and Kudair were almost affected by moderate dry to extreme dry events, so these mandals require an immediate course of action.  The results are supported to those of Uma et al.   (2018) and O'brien et al.   (2004), who showed that Anantapur district was extremely sensitive to both climate change and drought.

Out of 63 mandals in Anantapur district, SPI-12 study revealed that 21 mandals, namely 21 mandals viz., Madakasira, Kalyandurg, Ramagiri, Narpala, Singanamala, Parigi, Roddam, Garladinne, Bukkapatnam, Yellanur, Kadiri, Somandepalle, Pamidi, Rayadurg, Gummagatta, Peddavadugur, Kambadur, Atmakur, Chenne Kothapalle, Bommanahal and Kudair were nearly affected by moderate to extreme dry events, necessitating quick intervention. At longer time periods, yearly SPI values are important for planning stream flows, reservoir levels and even groundwater levels.
According to the Ministry of Agriculture, Government of India's drought report from 2002, about 68 percent of India's cropped area is vulnerable to drought, with 33 percent receiving less than 750 mm of annual rainfall. According to the study, 21 mandals in the Anantapur district are classified as "chronically drought-prone."

The pre-monsoon season standardized precipitation index (SPI-12) was calculated using a long-term monthly rainfall record to examine the regional distribution of meteorological drought return periods. Rainfall was thought to be less plentiful in areas with shorter periods of meteorological drought, and vice versa. 
Standardized precipitation index (SPI-12) during the pre-monsoon season was estimated from the long-term monthly rainfall record to assess the spatial distribution of the return periods of meteorological droughts. Rainfall was considered less available in the area with lower return period of meteorological drought and vice versa. 
Table 12. SPI-12 values for Cluster 5 for the period from 1986 to 2015

	Mandal/

Year
	Atmakur
	Bommanahal
	Chenne kothapalle
	D. Hirehal
	Kudair

	1986
	-2.69
	0.34
	0.19
	0.31
	-2.11

	1987
	-0.34
	-0.49
	0.98
	-1
	-0.04

	1988
	-0.02
	0.19
	0.68
	0.05
	0.19

	1989
	-1
	0.58
	0.16
	0.41
	0.25

	1990
	0.48
	-0.81
	-0.98
	-0.33
	0.97

	1991
	-0.96
	-1.24
	-0.59
	0.04
	-0.37

	1992
	-1.09
	-0.16
	-1.52
	0.27
	-1.23

	1993
	0.63
	1.4
	0.76
	-0.46
	0.11

	1994
	-0.9
	-0.15
	-1.5
	-1.2
	-1.38

	1995
	0.13
	0.16
	0.47
	0.05
	-0.52

	1996
	1.25
	1.67
	1.07
	0.09
	0.59

	1997
	-1.12
	-0.18
	-0.58
	-1.47
	-0.44

	1998
	1.05
	1.61
	1.09
	-3.78
	0.92

	1999
	-0.51
	0.92
	0.03
	0.61
	-0.9

	2000
	0.43
	0.18
	0.87
	0.91
	0.47

	2001
	1.39
	0.34
	0.41
	0.01
	0.89

	2002
	-0.19
	-0.99
	-1.26
	0.23
	-0.94

	2003
	-0.81
	-1.73
	-2.08
	-0.93
	-2.87

	2004
	0.64
	-0.73
	-1.03
	-0.21
	1.06

	2005
	1.67
	1.65
	0.72
	0.69
	1.09

	2006
	-1.08
	-1.1
	-1.83
	-0.61
	-0.04

	2007
	1.52
	0.44
	0.31
	0.79
	1.53

	2008
	1.09
	1.07
	1.46
	1.01
	1.49

	2009
	0.61
	0.34
	0.1
	1.91
	0.47

	2010
	0.79
	0.85
	0.98
	0.98
	0.33

	2011
	-0.19
	-1.89
	-0.68
	0.35
	0.73

	2012
	-0.12
	-1.06
	0.85
	0.84
	0.04

	2013
	-0.95
	-1.76
	0.61
	0.68
	-0.72

	2014
	-0.61
	0.06
	-0.96
	0.08
	0.33

	2015
	0.96
	0.47
	1.32
	0.03
	0.2


 Table 13. Coverage of drought (%) for 30 years in Cluster 5 of Anantapur district

	Mandal name
	No. of moderately dry years (Percentage)
	No. of very dry years (Percentage)
	No. of extremely dry years (Percentage)
	Coverage    drought (%)

	D.Hirehal
	3 (10.0)
	0
	1 (3.3)
	13.3

	Chenne Kothapalle
	2 (6.7)
	3 (10.0)
	1 (3.3)
	20.0

	Kudair
	2 (6.7)
	0
	2 (6.7)
	13.4

	Bommanahal
	3 (10.0)
	3 (10.0)
	0
	20.0

	Atmakur
	4 (13.3)
	0
	1 (3.3)
	16.6
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Figure 7. Highest drought (%) for 30 years in Cluster 5 of Anantapur district
SUMMARY AND CONCLUSIONS

In the present study entitled “Assessment of irrigation potential and optimization of available water resources for sustainable agriculture in Anantapur district”, the use of sophisticated modern tools of technology was used. Cluster analysis were carried out for 63 mandals of the Anantapur district based on mean annual rainfall of 30 years using SPSS software. From the five clusters, yearly SPI (Standardized precipitation Index) values for 63 mandals were estimated using Meteorological Drought Monitoring software. Monthly rainfall forecasting was done using Seasonal autoregressive moving average (SARIMA) model by testing 267 combinations using SPSS 26 software. QGIS software was used for mapping of surface water bodies.
Assessment of the irrigation potential based on soil and water resources can only be done by simultaneously assessing the irrigation water requirements, which in turn depend on the cropping pattern and climate. It is important to estimate accurately rainfall for effective use of water resources and optimal planning of water structures and availability. The model CROPWAT 8.0 was run to calculate the effective rainfall which is an important parameter for calculating crop irrigation requirement. LINGO 11 software was used for optimization of available water resources with crop water demands. Software like WHP Design and SWYMOD are available for farm pond design but their use is limited as they run only on visual basic software. This makes it essential to develop software which can be run on its own. 
Out of 63 mandals in Anantapur district, the SPI-12 analysis revealed that 21 mandals, namely Madakasira, Kalyandurg, Ramagiri, Narpala, Singanamala, Parigi, Roddam, Garladinne,Bukkapatnam, Yellanur, Kadiri, Somandepalle, Pamidi, Rayadurg, Gummagatta, Peddavadugur, Kambadur, Atmakur, Chenne Kothapalle, Bommanahal and Kudair were almost affected by moderate dry to extreme dry events so these mandals require immediate course of action. Through this study it was highlighted the adoptability and used modern tools of technology and software can successfully be utilized for assessment of irrigation potential of given area and monitoring and planning of irrigation water available for optimum utilization of available water to increase water use efficiency and optimum crop production.
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