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PREFACE

A most impprtant factor in understanding droughts, often
not included in definition, is that it is a supply and demand
phenomenon. Though a no. of definitions of drought pertaining to
various uses have been developed, however, a dafinition which
does not include reference to water requirement or demand can be
regarded as inadequate. To a hydrologist drought means below
average availability of flow in streams and below average
storages in reservoirs, lakes, tanks, ground water aquifers and
soil moisture in so0il column. The various hydrological variables
which can bs used to study hydrological aspects of drought include
rainfall, groundwater levels, surface water storages and soil
moisture.

The problem of drought in the country has been recurrent in
nature. In late 80’s the country has faced drought for three
years in succession. Reliable estimates indicate that the drought
of year 1987 is ranked second in the century, the first one being
in year 1918. 1t has besn estimated that about 1/3rd of the
geographical area of the country (107 M ha) spread over 99
districts, are drought prone. The Central Water Commission (CWC)
has carried out studies in these 99 districts for identifying
drought proneness.

The National Institute of Hydrolégy initiated drought studies
in the year 1986 with the major objectives to lay emphasis on
hydrological aspects of drought and to develop suitable drought
indices alongwith-evolving short and long term drought management:
strategies. In this venture the institute has already carried out
studies on various aspects of drought. In order to study the
gravity of problem studies have been taken up using the field data

to evaluate impacts of drought. In this pursuit the institute has



chosen six states namely, Andhfﬁ .f%adesh, Gujarat, Karnataka,
Madhya Pradesh, Maharashtra & RajastH;n. The present report covers
the study of six districts of Andhra Pradesh state. These
districts are Anantpur, Cuddapah, Chittoor, Prakasam Mahboobnagar
and Kurnool.

The scientific teams of the institute undertook visits to
the state of Andhra Pradesh and contacted the relevant state /
central govt. agencies for collecting the required data. The study
includes various kinds of analysis of rainfall, and ground water
level data for assessing drought impacts. Based on the analysis,
inferences, highlighting hydrological aspects of the recent
droughts, have been drawn r

The study has been carried out by Shri V.K.Lohani, Scientist
'C’, Shri Sudhir Kumar Goyal, Scientist ’B’, Shri Yatveer Singh,
R.A., Sri Mukesh Kumar Sharma, $S.R.A.,Shri Tanveer Ahméd, R.A.
under the guidance of Dr.G.C.Mishra, Scientist ’F'. Tha manuscript

has been typed by Shri 8 P Modi, L.D.C..

(SATISH CHANDRA)
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ABSTRACT

The cccurrence of drought in India is not a recent phenomenon.

In recent years the country faced three drought vyears in
succession namely 1985, 1986 and 1987. It has been reported
intensitywise the drought of year 1987 ranks second in the 20th
century,the first one beimg in Lhe year 1918. Statistics on area
coverage indicate that out of the country’s total geographical
area of 328 m.ha., 107 m.ha. or about one third of the area and 29
percent of the poupulation are affected by drought.

In view of severity of drought problem and less understanding
the hydrological aspects associated with the droughts, the
National Institute of Hydrolegy started studies in the year 1986
to better understand the drought impacts from hydrology point of
view. In this venture the institute started collection, from field
organisations, of the data concerning rainfall, streamflow and
ground water in selected areas, covering the period 1951 to 1988.
Six states of Andhra Pradesh, Gujarat, Karnataka, Maharashtra,
‘Madhya Pradesh and Rajasthan were selected for the study. This
report cover<s the analysis of rainfall, gioundwater, and reservolr
level data in respect of six selected districts of Anantpur,
Cu&dapah, Cﬁittoor, Frakasam, Kurnool and Mahboobnagar of State

Andhra Pradecsh {or the assessment of drought imoact.




1.0 INTRODUCTION

1.1 General

In spite of all the inconveniences that drought causes
all around the world, many drought phenomena are still
insufficiently understood in terms of the characterization and
impact assessment. There have been difficulties encountered in
finding a generally accepted drought definition. ihe definitions
currently in use are derived either on professional standpoints
(meteoroclogy, hydrology, geography etc.), or on the economic
activity affected (agriculture, power, production, water supply
etc.). A most impartant factor in understanding drought, often
not included in definitions, that it is a ‘“supply and demand”
phenomena. A definition of drought which does not include
reference to water requirement or demand can be regarded as
inadequate. In general terms, the chief characteristics of
drought is associated with a decrease of water availability in a

particular period and.over a particular area for specified use(s).

In India, the problem of droughts is recurrent.
Estimates indicate that about one-third of the geographical area
of the country (107 m.ha.) spread over 99 districts are affected
by drought. In recent times, the country faced three drought
years in succession namely, 1985, 1986 and 1987. It has been
reported that intensity wise the drought of 1987 ranks second in
the century, the first one being in year 15918. During the drought
of 1987 about 50% of .country’s area was affected by drought with
about 18% negative departure in monsoon rainfall all over India
and sbout 45% negative departure in monsoon rainfall over the

drought affected region (Upadhyay & Gupta, 198%9). Sampath (1989)



has reported that during 1987, 21 meteorological sub~divisions out
of 35 recorded deficient/scanty rains leading to drought
conditions.It has been further reported that these subdivisions
account for about 53% of the total food grains production in the
country. A quick glance of food grains production figures
indicates that during vyear 1987-88 the production was 138.41
million tonnes while in 1988-89 it was estimatéd to be about 172.0
million tonnes. The years 1985-86é through 1587-88 saw .declining
trend of food grains production which fell from 150.@ million
tonnes in 1985-8&6 to 138.41 million tonnes in 1987-88. The
fluctuation of foodgrain production clearly show dependability of
agricultural activities on the rainfall. s

The incidents of drought lead to reduction in stream
flows, depletion of soil moisture storages, decline of reservoir
and tank levels and fall in groundwater table. This in turn lead
to reduced agriculture and fodder production. The drought
characteristics and the associated problems vary from area to area
depending upon the amount of variability of available  water

supplies znd the demand of water for specified users.

1.2 Objectives of the Study

Inspite of repeated occurrence of droughts in the
country, the hydrological aspects of droughts have not been
studied to the desired extent. Such studies have a direct bearing
on evolving strategies for planning judicilous use of scarce water
resources. The Institute has initiated studies to lay emphasis or
Hydrological Aspects of ODroughts atarting vyear 1985 as these
aspects were by ahd large neglected in past studies whatever
carried out. Keeping in view the successive three drought years
since 1985-87, in major parts of the drought prone area of the

country, study areas were chosen in $ix various sStates namely:



andhra Pradesh, Maharashtra, Karnataka, 'Rajasthan, Gujarat and
Madhya Pradesh. Studies laying focus on hydrological aspects of
drought for 1985-86 with two districts in each of chosen states
and for 1986-87 with four districts have been completed.The
studies for the year 1987-88 were carried out in six districts
@ach in six states, and in view of wider aerial coverage in each
state it was decided to prepare separate study reports contrary to
the earlier study reports which presented results of studies in
all states in one volume.

The present repori, therefors, presents results of studies
carried out in six districts of Andhra Pradesh 1987-88 The
districts included for studies are Cuddapah, Anantpur, Chittoor,
Prakasam, Kurnool and Mahboobnagar. The report includes analysis
of rainfall, & groundwater level data for finding deficit of
rainfall anc trend of groundwater tables as a result of drought
incidents. The status of storages in Nagarjunasagar and Sri Sailam
reservoirs during drought periods located in the state has been
included in the report. Stream flow analysis for the sites of
Krishna and Godavari basin, lying in the state of Andhra Pradesh
has been done bas%nwize and has been presented in the report
Hydralogical Aspects of Drought 1987-88 - A case Study (cs5-37).
The report 1is an attempt towards developing & comprehensive
hydrological drought index for characterising drought studies.
List of offices and places from where data & informaticn have been
collected in the State of Andhra Pradesh are shown in  Appendix

-II.



2.0 DESCRIPTION OF STUDY AREA

2.1 General
There are 99 districts spread over 13 states which have
been identified as drought prone districts in the country and are
shown in Fig. 2.1 . This ?eport covers the study of six drought
prone districts of state Andhra Pfradesh namely: Anantpur,
Cuddapah, Chittoor, Prakasam, Kurnool and Mahboobnagar. The
locations of the districts are shown on the state map in fFig. 2.2.
Geographically Andhra Pradesh is the fifth largest state
of India, covers about one fourth of the Deccan Plateay. It covers
an area of 2,766,754 sq.km which is nearly B% of the total area of

/ / /

- o e . o
the country. It extends from 12 37 =-19 54° N Latitude and 76 46

- 84046/ € longitude. The state is divided in three regions: i)
Coastal Andhra Pradesh, ii) Rayalseema and iii) Telangana. #Andhra
Pradesh receives rainfall from both South-west as well as the
North—eést monsoons. The S-~-W monsoon generally sets in from early
June.and lasts till about the end of September. The N-E monsoon
occurs from October to December.

Andhra Pradesh is popularly referred to as 'the ’River'
State’ since it has the advantage of having most of the fast
flowing rives in the heart of the state bringing in copious
supplies from the Western and Eastern Ghats and the Deccan
Plateau. The 5 most important rivers which are perennial in nature
are : i) Godavari, ii) Krishna, iii) Vansadhara, iv) Nagavalli, v)

Pennar.

2.2 Population -« Man and Cattle

andhra Pradash is fifth populous state in the country
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having a population of 535.5 lakhs. It accounts for 7.9% of the
total population of the country. The population characteristics of
the state are given in Table 2.1.

As per live-stock census of 1977 the total live stock of
state Andhra Pradesh is about 3.15 crores. The details of the live

stock of state andhra Pradesh is given in Table 2.2.

2.3 Land use and Vegetal Cover

The details of .land use from 1980-81 to 1984-85 are
given in table 2.3. It can be noticed from the table that forest
cover his been reduced considerably from about 62 lakhs bha. in
1980-81 to about 58 lakhs ha. in 1984-85. Fig. 2.3 shows the land

utilization details in Andhra Pradesh.

2. 4 Soils
There are six main types of soils viz. i) Alluvia. , ii)
Black cotton , iii) Red, iv) Lateritic , v) Arenacious, vi) Sandy

loams. Fig. 2.4 shows the soil map of state Andhra Pradesh.

.2.5 Surface Water Availability

The position of storaggs in the state of Andhra Pradesh
for already completed, under completion and préposed projécts are
given in Table 2.4 (CWC, 1988).Table 2.5 gives the details of
district wise area irrigated by surface irrigation as per figures

of 1984-85.



TABLE 2.1

POPULATION CHARACTERSTICS - ANDH.ﬁ.A PRADESH

{c} Workers — Non-Agriculture

58.40

< —
15116. item Unit 1961 1971 1981
n {2 (3 (4) {5) (6}
l. Toul Population .-Lakhs 359.83 43501 535.50
1. Growih rate over the previous Cunsus .. Percentage 15.65 0.50 n.10
3. Birth Rate (During the decade) ...Births per 19.7 348
1,000 Population
4, Death Rate {(during the decade) ...deaths per 252 14.6
1,000Population
5. Density of Population ...Persons per Sq. Km. 131 157 1935
6, Male Popuiaton ...Lakhs 181.61 22009 21109
1. Female Population ..Lakhs 17822 21494  2644|
5. Sex Ratio ...Females per 931 Ll 975
1,000 Males
9. Rural Populition .. Lakhs 297.09 15000 410.62
10. Urban Pupu'aiion .. Lhkhs 6271 84.03 124 88
Il. Urban Population as a percentage of 1012l population .Percentage 17.4 19.3 213
12. (a) Scheduled Caste Populanion ...Lakhs 4974 178 1962
(b} Scheduled Caste Population as a percentage to total ...Percentage 13.3 123 14.9
population |
13, (a) Scheduied Tribes population ...Lakhs 13.24 16.58 .76
(6) Scheduicd Trib:s population as a parcentage of ...Percentage 37 1.8 59
totai popaistion
|4, (a) Literates — Males ..Lukhs 54.82 T304 106.42
(b) Literates — Females ...Lakhs FARE) 1386 5392
{¢) Lriersves = Totsd pepuistsoc .—Lakhs 76,26 10690 160.15
15. (a) Litesacy rate — Males ...Percentage 30.2 332 0 1/9)
(b} Licracy rale — Females ..Perceniage 120 15.8 204
{€) L..ciacy rate — Toal Population . Percentage 2.2 e 299
16, (a2} Workers == Touwl ...Lakhs 186.61 180.06 245.06
(by Workers — Agricullyre ...Lakhs 128.23 12623 1573y
Lakhs 5381 113

SOURCE : Cunsus Publication of the relevant years



TABLE 2.2
COMPARISON OF ANDHRA PRADESH WITH ALL INDIA~LIVESTOCK CENSUS, 1977

{in *000)
Andhra
1R Pradesh
No Items All as Percent-
Andhrs Pradesh Inctia ags to
All India
m 2 ™ 0 ()
1. Cattle
a) Males (over 3 years) 5,401 74,907 1.2
b) Females (over 3 years) 4,114 57,599 7.1
e} Youngstock o 2,526 47,634 5.3
Total s 12,041 1,80,140 6,7
2, Buflaloes:
«a) Males (over 3 yeurs) i 1,275 3378 15.2
b) Females (over ) years) 3,668 11,865 1.5
¢) Young stock e . - 1,220 21,786 10,2
Total s - e 1163 61,029 1.5
1. Sheep . 7,064 40,907 17.3.
4, Guats 4,364 75,610 5.8
$. Horses and ponies b 916 .o
6. Digs 788 1,647 29
7. Camels - s {2) 1068 (L]
5. Mule. (s} 89 )
8, Donkeys 58 27 6.}
10. Yaks 146
13, Other livestack (Mithuns) . 61
Total livestack e 34 3,692,540 8.3
WL Paalay - i~ al.609 1,60,870 13.4

tar Nelow 500
SOURCE : Directorate of Economics and Statistics, Ministry of Agriculiure and Co-operation {Department of
Agniculture)  Govarnment of India, New Dsliv.
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LAND UTILISATION IN ANDHRA PRADESH
1984-85

(AREA IN  LAKH HECTARES)

311 FOREST, = PERMANENT PASTURES,
e LAND UNDER Misc. TREE CROPS
@ BARREN AND UNCULTIABLE OF GROVES NOT INCLUDED IN,
LAND. = NET AREA SOWN
m; LAND PUT TO NON- xX%%] OTHER FALLOW LAND.

AGRICULTURABLE USES. 3
ﬂ CULTURABLE WASTE .

') CURRENT FALLOW LAND

E’ NET AREA SOWN.

—_—

——

—

I

o I——

TOTAL GEOGRAPHICAL AREA :274 .40

Fig. 2.3 : Land use details
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S0ILS OF ANDHRA PRADESH
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Fig. 5 _Soil Map of Andhra Pradesh

12



Table 2.4 : Storages in the Projects of State Andhra Pradesh

Sl. Type of ~ Gross Storage Live Storage
No. Projects in M. ha.m. in M.ha.m.
1. Project completed 3.0888 2.24
2 Projects under

construction 0.5447 0.462
3. Total 3.6335 2.702
4. Proposed Projects 0.6038 0.1023

Source : CWC report on Water Resources of India, 1988,

2. 6 Groundwater Availability
The groundwater resource potential in the state of

Andhra Pradesh as in 198%3-84 is given below:

1. Utilisable resources 36.58 cubic km/vear
2. Net draft 7.41 -do-
3. Potential available for 29.17 -do-
future development
4. Stage of groundwater 20 -do-

development-{ %)

Source: Water Resources of India, CWC, 1988.

Table 2.6 gives the details of districtwise area
irrigated by groundwater resource as per 1984-85 figures.
2.7 Water Use

The annual requirement of water in the state for
domestic & live stock purposes during 1981 was of the order of
0.1154 M.ha.m. which has beer estimated to increase to a level of
0.1987 M.ha.m. by the year 1991 {(CWC, 1988). Table 2.7 gives tha
districtwise details of net area irrigated by different sources as
par figures «f the yeaf 1/84-85,. The water availability and water
reqgquirement figures for drought prone districts of the state are

given in Table 2.8.

13
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Table 2.5 : Districtwise:Area Irrigated by Surface Irrigation in A.P.
as per 1984-85

PRIVATE SURFACE TRRIGATION WORKS
(PRIVATE LIFT JRRIGATION WORKS)

— - A e -
sl District Net Area Area Gross area
N, Irrigated Irngated more Irripated
than once

i) 2 (3) {4) (3

1. “rikakulam

2. Vizianagaram 27 - LA

3. Visakhuapatnam

4. East Godavari

5. “vest Godavari

6. Krisho, 69 34 18

T. CGuitur 222 75 m

¥. Pr kasain 4,590 4,5%

9. Nellore M 216
Coastal Andhra region ... 5,194 03 5,300

10, Kurnool 5 6 533

1. pant pur

12, Luddapal

13, Chattoor e 151 15!
Rayvalaseema region - 08 276 684
Andhra region £,602 388 5,987

19, Ranpared.dy )

15, Hsderaba:

16, Nizamabad 1.830 1,518 4,343

17, Metak 1,006 289 1,295

18. Muahabubaag r 39 76 11§

19, Nalgonda

20, MWarangal

21, Khammam

12.7 Karnonagar L,mn 281 3,002

23, Adilakad . 1 n
Telangana region .. <, 894 1,23 g.81
Andhra region . T 11,198 3.621 14,820

Contd.

14
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. 10,4012 £.596 1,05.618
LRX] 2,07, 4 1,00 96% 4nm
° 155,009 172,90 420,002
1318 49 1. 1.01,72) LER 2T Y. 697
Tal 75 L11 1 g msn 1.59.094
7683 )] 1,29,943 s 180 1,3%, 120
2% " o RYRLY 1,660 1,65 858
13,195 :;‘.'...___. 13.41% 1,89 92 21,8325 RAPE LIS (U]
1,169 IAL 1.9s oS 13509 AN L)
2,220 i 3,80 su.ru‘ 1,288 5: .;7:
1,469 <3n 1,999 41,0 1.166 47,400
1,190 (] 1,20 56,37) 1381 78364
6,048 1,668 I 2.53,591 15 834 2.09.42%
19,243 1Ak 21,008 043,40 4,99, 11x8 4280
1.098 i 1.169 17,670 8,197 22,878
ceae 307 4 m
1,847 2.518 4,363 1,21,666 14,346 1,36.212
1,035 o 1,13 4,358 1,8 67. 141
278 k1] i 40,539 15,095 56,4
1,552 hEL] 1.M01 1,25,813 47,41 1,715,239
2,491 B3] 1,664 85,217 L.ne n, 46
1,375 1,128 1,300 7). %0 7,86 ui, %61
4,342 N 5,062 99, M9 :%_m 1,268
11 H 1] b ) 33,549 6.990 4,19
20,230 s 25.04) 6,42,148 (2] 7954282
39,473 | 46,974 26,85,59) 6:35.)6! 3),20,95)
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Table 2.6 : Districtwise Area Irrigated by Groundwater Sources in A.P.
as per 1984-85

Dua Wenis—-{Weni.s WirniouT PumrsiT)

16

R -——
51, Dyistrict Net area Area lrtipa- Gross
Neo. Terignted ted more area
than once _ Deripated
a)y @ (3) (4) (5
I, Srikakulam 3,698 3,69
Y. Vizianagarim 4,517 4,817
3. Visakhapxpam 2,03 7.3596 9,627
4. Last Godovard I5 122 137
5. West Godavari 13:
6. Krithna 08" 152 149
7. Guniur
B, Prakosam 5,508 2,040 7.608
9. Nellare sn bl
Coastal Andhra region ... 17,330 ‘9,910 27. 204
1. Kurnool 964 40 1,40
11. Annnlhnpﬁr 2,995 21,998
12, Cuddapah 154 7 1,151
13. Chittaor 9,048 2,417 11,52
Raysieseema region 13,783 3,19 16,978
Andhra region 3L N3 13,100 442010
14. Rangarcddy -] 81 170
15. Hyderabad 4 4
16, Nizamabad 2,617 1.(59 1,
17, Medak 1,590 947 um
18. Mahabubnagar L) 4.486 10,287
19. Nalgonia 3.2 3, 6,78
0. Warangal 8,681 1,212 9,89}
21, Khamman 2.626 1,10 i
22. Karimnagir 7,62t 1.919 9.5
23 Adilalunl ™ (S]] 1,
Telangnna region KRN E L) 14,508 48,08
Andhen Prodash 64,766 2,009 ~.m
Contd.



(Area in Mectares

foraL Dua-WeiLs (Wi & Wonoor l'm.nu-\l 1}

ToraL GROV SDWAEH JHRIGATION

A

A

Nt area Arva Gruss arca Net arca Area Gross arca
; pated Terigated more Irrigited Irrigated htigarcd more Irrigated
than once than aonce
I"te) {1 (8) (9) 10} (11}
9,200 9,280 12,546 61 13,107
1,008 .. 7.5 7,116 149 7,925
1.9;.1 10,540 14,511 5,178 11.37% 16,181
o 163 3587 15,869 7,254 36,123
5,092 159 5.241 66,762 13,217 80,009
8. an 9,447 25,540 1162 27.90°
83 47 1,030 11,284 259} 13,9717
42,973 18,990 61,965 4.\.5-34 19.007 6,891
11,267 3,59 41,160 73,810 14,483 83,693
§ 15,200 3,466 1.:0,266 2.75,449 1 .59 3,47,378
16,943 £,885 21,828 17.100 6,173 23,2m
A 7,381 06,743 628N R,710 71,581
slLa6 8,039 4, s §7,083% 9,1 66,781
i AT 11,67 1.12,2 8t 540 34,336 114,86
1,085,949 5178 2600 266 s3.345 2,76.511
121,49 89,644, 411,39 3,94.005 1,29.574 6,23,889
23,258 16,837 40,095 23,607 15,251 40,438
126 2] 467 ) 2] 145 LYE)
, 18,030 24,708 52,18 29,501 26,762 55,863
19,061 14,758 1,819 1 194 14,810 51,90
B 33,866 13,388 40,362 34,136 34,498
. 40,48) 31,949 4,4 40,485 13,951 4,436
1 1.6 11,698 43,459 77.823 12,908 0,730
| 10,06) 4,505 14,568 17,84} 5,954 2,71
« 48,100 33,580 101,680 68,100 31,550 1,001,680
S0 2,96 8,049 5,70 1,008 8.815
!_J;_lsé— 1,717,509 5,07.3_9—5_- 3.4:.“1— 1,81.819 5,124,700 B
6,51.618 1,672,153, 9,18, 748 8.)6.896 301,693 11,48, 589
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Table 2.7

‘_Districtwise Net Area Irrigated by Different Sources as per 1984-85
NET AREA IRRIGATED pY

;, District -C;mnls Tn;ks Tube (Slhcr Qther "Ft;:xi lr;?gr:fil;‘d Gross

Wells Wells NOUTCES more thig Arca
. one Erergated
) (2) 8 H 5 16) ] (8 T} (o
Srikakulam 81.812 90,768  3.266 9,280 3018 1,88,164 4470 1,92.634
Yizianagaram " 24372 97,110 741 7,035 2,513 131,831 3081 134,912
Visskhapatnam 47,374 41,244 1,407 3.9 11.404 1,05,400 16.969 1,12,369
East Godavari 1,95,067 7957 28,443 424 4,384 2,36,277 147219 3,83,49
West Godavari 2,16,650 28,587 61.670 5,092 10,112 3.22071 184170 506,241
Krishna 176,527 16956 16,567 8,473 11,240 1.30,263 92,316  4,22,599
Guntur 1,34,063 2,608 10,501 83 1,811 34985 2321 3.73,0M
Prakasam 87,063 28,717 909 42,975 14,151 1,73.837 26774 2,00,6(1
Neilure 74961 76,213 36,543 37,267 3016 228002 26,549 2,54,550
COASTAL ANDHRA 1307801 300210 L6009 LISA0 61731 2065700 520783 25004R4
Kurnool __a_z.;;sm# 12172 157 16,943 4,617 l:&w 24,742 7:1_4:_6_
Anantapur 37,571 9.513 3,709 59,162 3,130 1,13,085 16968  1,30.053
Cuddapain 23,380 15.818 6,420 51,226 507 101,028 12207 1,127
Chitoar 2,678 54.491 1,022 78,618 2354 140063 50177 1.90.240
RAYALASEEMA 46,424 91004 121 208.999 15473 471557 1045 575936
Rangareddy 3,184 11,266 149 23,258 3.228 41,285 22078 63,363
Hyderabad 97 ] 326 210 641 159 800
Nizamabad 80,006 34273 1471 28,030 2,97 151167 40908 192,015
Medak 10,567 51343 13 39,061 2448 103452 1BAU3 121,645
Mahabubnagar 12,175 27.107 640 39,722 121 80,921 50,031  1,30,952
Nalgonda 97,054 23,01 2 40,483 5,743 1.66,310 83,434 249734
Warangal 1,231 61,493 2,064 15.76! 2491 143,042 iBG34 1,601,676
Khammam 42439 23,886 7,780 10,063 1,375 91,543 13,817 1.05,360
Karimnagar 46,421 44 943 68,100 7,93 1,67,389 61,164 2,28,553
Adilabad 16,498 14,801 6ig 5,082 2,200 39,219 9,688 48,964
TELANGANA . 3,09,574 292,202 12,995  1.29.886  40.372  9.85.019 3.18.093 13,03,122
ANDIRA PRADESIL 17,931,889 774,426  1,85.261  6,51,635 1,17,276 35,22.4B7 9,947,055 44,69,542

SOURCE : Bureau of Economics and Statistics, Andhra Pradesh,

18



Table 2.8: Water Availability and Water Requirement for Drought
Prone Districts of State Andhra Pradesh

Sl. District Water Avajlability Total
No. 50X Dependability 75% dependa- requirements
bility

1. Anantpur 2.58 2.16 2.16

2. Chittoor 4.12 2.93 1.96

3. Cuddapah 2.77 2.4%9 2.03

4. Hyderabad 2.10 1.85 1.27

5. Kurnool 5.23 4.42 3.50

6. Mahboobnagar 4.85 4.96 2.63

7. Nalgonda 5.63 4 .96 3.82

8. Prakasam 5.61 4 .30 3.34

Source : Water Resources of India, CWC,1988.

Also cropwise area irrigated in the state of A.P. from

1980 -81 to 1984-85 1s given in table 2.9.

2.8 Crops and Fodder

ased on the distribution of socils and climate and
cropping patterns, the state has been divided into 7 agroclimatic
zones l1.e. 1) Xrishna - Godavari zore, 1i) North Coastal zone
ii1i}) Southern zore' iv} Northern TJelengana zone, v) Southern
Telangans Z2one, vi)Scarce rainfall zones of Royaiseema and
vil)High altitude and tribal areas. Cropping pattern differ with
the agrorlivaric cones. Depending on the soil depth and texture, a
variety of cropz like Sorghum, maize,pearl millet, finger millet,
sed grovn a1 other puloes, ground nut, tobacco etc. are grown in
red aoilg during rainyr;eaqon {¥harif). Normally ,only one crop is

laised or theze $0ils 2Auring rainy season. However, in  the Maghi

30'ghun tracts and in heavy rainfall areas two crops are taken. In
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Table 2.9 : Cropwise Area Irrigated in A.P. 1980-81 to 1984-85

{in licctares)

CROPS 1920.-81 1981 -82 1982-83 1981-84 1984-85
L3 1) )] H {5) 8
roo0 CROI'S
Rice ¥.78.223 36.08,929 14,26,092 39.24,4M4 33,06 44
Wheat 9931 12,260 12,601 12,844 10,110
MAJOR MILELETS )
Jowar 18,96 19,218 51.02§ 17,647 14,09
Bajea 35,650 61,210 sa.93 54,000 41,510
Maire T6.248 67,632 15,710 f#4, 187 61,96)
Hagi 96,379 RG, Y969 82,343 75,397 73,
SMALL MILLEYS
Korta 4,221 514 1419 2.1 1,667
Viragu 143 178 sl 406 SR
Samai k] 129 73 15 0
(rlver Smatl Millcis 613 248 19% 308 Hs
TOTAL SMALL MILLETS ... 5042 5144 4,228 482 16H
TOTAL MILLETS 1.51,1%3 240773 2.07,40% 2,135,143 20100
TOTAL CEREALS AND MILLETS 36,40 400 14,612,962 16,76,058 41,712,461 3586
PULSLS
Nengalgram 99 505 7 258 L
Greengram 0 451 83 412 a3
Redgram "o 127 16 119 205
Mackgram 44 THh 2 [ [} ]
N ]
Morscgeam yin) 114 235 | 7] |
Othere pulses 57 ©oWy 108 Bl L1
TOTAL ULSLS [B11) 2517 2,584 1,820 2.9
TOTAL FOOD GRAINS 0G40 928 38,65,479 A6, 7R 182 41,74,287 15.21,719
(Contd,)




*~  CROPS 19410 81 1901 -K2 198233 1983-14 1984-85
{1 (2) . (R} {) (5) (6)
-FOOD CROPS
CONDIMENTS AND SPICES
. Chillies £9,466 78,316 47,023 87,028 50,066
Turmeric 28,K00 21,861 20,591 23420 23,988
i Qinger 194 32K 504 526 567
OTHER CONDIMENTS AND SI'ICES 4,715 5,047 )7t 1,543 2,68:
TOTAL CONDIMENTS b,U3, 408 1,m,600 LN 1,004,416 117,302
AND SPICES
Sularclm_: 1,70,809 2.17.427 201,651 1,68,167 1,67,789
Onions 14,777 13,202 14,239 16,216 15,284
Other Food Crops 78,37 89,908 96,216 1,05,669 1,09,038
TOFAL FOOD CROPS 11,19,259 42 89,027 41,00, 715 45,741,175 303,10
TGNON-FOOD CROPS
(OIL SEEDS)
Groundnnt 2,1480M 266,12 2,804,046 3,15,764 1,30.424
Gingelly (Scsamnm) W6, 704 IR, 500 17.0m 27851 31,485
Castor oK 179 W0 6% o»
Coconut 3,368 2,431 2.8 31853 4,586
Other Oil Sceds 212 452 1.6 1462 3,210
TOTAL OIL SEEDS Vor 2,441,485 2.97.894 3,20,)12 368,998 3,69,764
OTHERS
Indigo
Tobacco 32,678 14,769 42,00 41,375 42,859
Cotion 22.00K 27,999 24,344 18,216 96.00;
Fodder Crops T.394 11,786 7.9 13,292 11,970
Other Non-Tood Craps 15,617 15,10 19,941 21,018 17,814
TOTAL NON-FFQOD CROPS . 3,22,302 3,88,238 415134 483,939 5,348,410
TOTAL ARCA OF CROPS IRRIGATED 43,41,561 46,771,865 435,17,854 50,58,114 44 69,542

SOI:JRCE 1 Rurcau of Bconomics and Statistics, Amdhra Pradesh,

21



S PaIuo)

ysapeld viypuy

PIS ILZ SET IIE 651 ZEE  toSt S9L 6SL 1t TYEE  96L  9ST

(73 e N 74 - N 214 801 % £ S9 £ 29 peqefpy T2
89 st - 8L - - ov 0t o1 N 9zt £E £6 mbeuwney 72
09 91 N 9 N v 4] o8 9 - 821 £ era wewueyy 1
S6 5 — o - u 7 17 t€ N <6 £l ba) pbueremy 77
£ £l 1 1 N 29 1144 5 65 - g9t £ LET epuobieN 61
ot £ zt N 0f 174 el Zt 91 1 tz S Z mfeugoogRyely  EI
14 £l z St ) £ LE1 9 oL z 08 L 09 wepdN Ll
91 £ N 9 N N o of 1 rd Al L 021 peqriezl 9]
— - - N - - - - — N N N N peaeidA  G1
91 14 Z 9 o1 3 08 1 99 I £l 1§ 21 fppaebuey bl
N ¢ N =i 24 £l 21 1 1§ — 65 £y 91 wouy) 1
1 £ £l N v A | 19 £ 8 N FA S zZ1 yedeppny gt
A £z 145 I vl 2 18 6t A N 6 1 82 ndeiueny 11
4 ¥4 EEl N N iz 7 AN | 9 z 85 9 Zs powny 01
L N N N S < ot ot N — 202 1A 1t aoiiN 6
L Z 74 1 81 Ly 68 £ FA N 911 £© £6 wesewelrd 3§
gl £ N - N g FAl 5 ] - £oe N (313 mung L
8 ] - z - N st St N — Sob 103 e euysiry 9
Z 1 N z N N v z z — B 8t S8C uRnepOC) ISR S,
L ] N 1 1 1 £ 4 1 - 0% 6t £52 urAepOC) ISRY b
€ g ] 1 " =1 ol v 9 - oot I 66 weuledeyppsn, T
8 1 1 L 61 6 A 1 I - el 1 £El upmbevein, T
¥l z N N ¢4 6 14 £ 1 - 012 N oz wemyewrs T
wes wesl euoy awpy Gey wreg 0] qey ueyy ey PO Wqey peyy s NS
.Guoumu P

Rl oy

(5193Y 000, Ut ealy)

*d°Y UT £g-9841 Jurang sdoan yedrourag zopuq wvauy ASTAIITIISI(]

LT EhEE ) Cinl

22



£rt LA it (37208 <91 16kl <9 mmm., et H1 b Tz L Chy

N LR i £C z NS 2 R b R v TRy o
< a F 4 ng 8 SRR : - c | IR -
0t N o N 2 DR TR T : ' N i o
ot vE 3 g cs SR DA A s N Ay a7
1 N < cEl I ot ot Akt L B N h| ! I TLUOER] Al
i L 9- 5 < Yl <S¢ of & £ £ L 4 WEruaooaruTy T 31
L N t £ £ £ 14 = 9 gt £ b 4 8 1Py i
N N g N I ¢ 1 v c ' < - N f EPGTRRZIN Rl
. - b - cegriassy [
N N 4 <c G 4 T £ 1 . 1 » r t ‘epasrtury b
N N N [ lce 2T 661 € o Z 0t N oo B
N y A N £ t€ g8 95 ¢ N N C [ N uearccey A
N N 4 9 1 tEy U ey ¢ N D v ng N neeeuy 3
Z N LE t [ {91 ¢f cEl L 1 Y} A Q 4 ANy N
6 : < N 4 ¢t 0t ¢ L ! N b N LRSI RS | Ll
Ly N &2 61 l 82 91 2 6l N N £ 9 94 weseweLy 3
v N £ < L | A 91 ¢ 9z { > i 1Y) munoy 4
8 N ot N ¢ 92 LA 1 S A | i N N £ 0t 2uUUsUy g
£2 N Z N o1 L v £ L iz Z N Q € HZARDOC) 1S3 ¢
I N 5 N El 114 £ L 9 *1 ! R 0l i HEAPCNC) (58] L
4 1 - N ra [§4 2 6 S s H | "l £ LRUIPQRUNPSIA £
1 gc - 91 £8 14 6L T L N N A £ weteumzty z
N €l - L .14 9 £y ¢ < Y £l 6l wzIneMIg T
odeq umues | H ¥ say el sasing weib-  wesb

-0] U153y UON0D) loiseT) ag npN punaic) -y ;.Mm:.m R Mdmcum asioy  wowg TSI ON'S

(32391 000, Ut easy)



*paug

AT 0st 08 98 061 £t 661 a: £l 6Z% 36E9 1461 ST Ysaprld vIuDUy
1 S 9 N 1z N 801 1S s t 8 9 SL peawpy €%
N 61 6 N N 6 1 19 85 £ : L0e S <0z weunueyy gz
N 0g 1 : 851 £e 8z S N Lz o9 1z rebeuwnmey (g

ST 1 9vs ¢ 82 St £l N 011 9¢ v whuwiey 02
1 4 £ N N FA kZ gy £ £2 V74 4 £9 Loy epunbieN £
N 21 Z1 t 61 N 6 L6 9z u N L L iz fepvugooarwel Y,
£ 8 £ i { 09 ! 1w e e A 8 8 gt Hepai L
1 ¥ [ N N Zel N ¥4 Fa v 1 ebl 11 {81 proswRzIN . 9
- . N N N penesepAy gt
1 b £l 1 9 b 1 8L St £9 ! 61 1 81 fippaiebuey 'y

N 1 N e N ot £l N £l %6 9 U ooy gl

N 1 5 L 1 £l cp £ FA 2 N 6E 6 ot yedeppny g,
N 1 v 0C ve N 9N v £l 62 N g9 Ll 1¢ indeiueuy Iy
1 I Z St N I 8 ¥4 Bt £ Z 811 11 Lot OOy o1
1 Z N N 8 1 b 0 1 N gLt 9L 0L alonan] L]
ct £ L 6 92 ot 9 £t £ tee St 682 weseneld B
oL L B N N £ ¢ ol ¥ 9 tog N o8 muang L
B6 81 £ : £ N 17! bl N t98 orz +29 euUsY g
v 1 N N N N < N Z 1 1 808 06< 81e ueARDOD) "y ‘S
< 4 £ N 1 Z ¢l £ Z 1 189 ot 19z HEBATDOD) ' L
Z { 4 1 Le 6 ¢t 9 £ £ vzl t [zt ureuiedeyyesip, t
£ b N N 61 N 6 4 1 1 gec 1 A wesebeurizip e
& g 1 N 14 N 9 € Z 1 o0t 1 <ot WRMNeNIg 1
wesb  wesb  weib o] gey jeyy PI0) ooy RuY
Welg usarg JdBay  wuoy bey szl elieg siE] ONIS

HYMOr TAUAY =0
{suuoi ppp, w uotionpoad)
'd’V W £8-9861 Bulinp uoiionpoid asim 1ou1sig 11°¢ @149e

24




pal LE9 vES ES ac LBT1 89t 6lh 1298 9 99 0c USIPLLd Lypay
N 1% - N < | N 1 oc | : bl perrpng L
rd 1 - M { 4 9 1] ¥ 1 l H s} <
it L < N l St 82 L (2% l 9 N Wiy |2
9 9 - i c tE 12 Z1 - i - M M pouiey. 0
| 4 N e N 05 gl Fay 9 Z { N epuobpEyy 6l
q ] s £l N 25 T4 I X4 - N 14! | atieuqooge ey 1]
N N N. l N c l | g6g N N £ HePRY Ll
N Z | N N S £ 4 09 N il € peneerg | 91
_— — —_ — — — - — — | — —_ [L LTI R RTERTT] Gi
N I < < N 4 1 i iv N t Z Appaiepuny ki
- - N N N G6l1 14 (514 | g6t - t - wooany gl
N r N 1 N €l sl 85 S N H l yedeppny 21
N Z N I N &60v 4] 96€ g N ra I mdoweny ||
4 1 44 N N N 68 144 a6 99 - l 9 joainyy ™
gz 4 - N N 6G 1q 4 LE N i —- L= LY .
1944 Ly £ 14 9 e ac 3] £ N l Z NS UL | ]
ue € t Z 62 4 v 88 N H 2 mungy g
] N N N ac at ol €68 M | M LRSI 9
L N N 4 a 9 Z okl M Z H Peavpon sem 6
L N N L 6 [ 4 S tLid N v N AR s ¥
- Z N 4 1 £ fic geel l G ¥ wimpedepesiy,
- g€ - [ iz 9 39 GEE N 6 M ) trheuerha z
- gel - Fa 16 01 1% Vit N o - IR I
Bwos | o Biogl 10ise]  unuwies wetng  saspnd e eibjen 12%054(] %S
sajeg 4 o sy g E ) i) | oY
uono) 00g1 W
nsA |oy  gey ey

NUpUNOIG

25



Maghi tract a pulse, generally green in Kharif, precedes early
Rabi or Maghi Sorghum. With improved technology, farmers are
adopting inter cropping, cropping systems and growing two crops
aevan in black sdils. Similarly, a variety of rainfed crops like
Sorghum,maize, pearl millet, finger millet, pulses, sesamum,
ground nut, tobacco, chilies, coriander,safflowar, and gram are
grown in black soils mostly during the Rabi season.

Table 2.10 and 2.11 gives districtwise area and
production of principal crops during 1986-87 in the state of

Andhra Pradesh.

2.9 Districts Chosen for Study
The following section include description of individual

districts taken up for study in the state of Andhra Pradesh.

2.9.1 Anant pur

The district of Anantpur forms part of Rayalaseema
region of Andhra Pradesh and this district is a drought affected
district. The district having an area of 19130 Sq.km.as per 1981
/ /

cansus, is locatad betwean 13941 to 15941 north latitudes and

762477 to 78%2¢/ east longitudes. It has got eleven tehsils
namely- Anantapur, Dharmavaram, Gooty, 'Hindupur, Kadiri,
Kalyandurg, Madakasira ,Panugonda, Rayadurg, Tadpatri, Urava
Konda.The district has 930 inhabited villages, 28 uninhabited
villages and 11 towns. The population of the district accordingly
to the 1981 census is 2618239 and the density of population of the
district is 137 persons per sq.km. as per 1981 analysis.

It has been ceported that generally thres types of soils are
found in the district namely red so0il, black soil and other types.
AS per data from 1970-71 to 1979-80 the land use details in the

distrig; include forests 194008 ha. land put to non

o
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agricultural use 149900 ha, barren and uncultivatable land 192007
ha, and 1,351,580 ha with cultivable area.

The total irrigated area of the district is 162,693 ha,
and the source wise distribution of irrigated areas are 76,962 ha
by ground water and 76145 ha by surface water and 9586 ha by other
sources.

The four main rivers Pennar, Chitravati, Hagari, and
Papaghri are flowing through the district.The catchment area
within the district of Panner basin 1is 8,869 sg.km.,Chitravati
6,026 sq.km,, Hagari 2,354 sg.km. “oooghri 1,187.

As per CWC analysis of 1982, the normal rainfall of the
district is 564.16 mm and there are normally 35.60 rainy dayg in a
year. The south west monsocon gives about 56.03% of the normal
rainfall and the co-efficient of variation for annual rainfall is
22.1%. Thirty three number of raingauge stations are located 1in
the district and the density of raingauge stations are 580 sq.km
per station.

According to CGWB data the ground water potential data
estimate recharge to ground water of the order of 1109.85 mcu m
and the draft 373.82 m cu m and the surplus is 736.03 m c¢cu m as
per 1982 census. The analysis of CWC (1982) the district faced 14
"years of hydrological drought during the period 1951 to 1980. The
map of the district showing locations of rain gauges and ground
water observation wells which have been chosen for analysis is

shown in fig.2.5.

2.9.2 Cuddapah

Cuddapah digtrict is the third in area 3in Rayalaseema
regior. of Andhia Pradesh. This district is as a drought affected
district of A.P. The Cuddapah district having an area of 15378.41

. o : .
sq.km. is located between 13~43/ to 15914/ north latitudes and
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/ /

77955 to 79929 sast longitudes It has nine taluks namely
Badvel, Cuddapah, Jammalanadugu, Kamalapuram, Proddatur,
Pulivendla, Rajampet, Rayachoti and Sidhout. The district had 896
inhabited and 78 uninhabited villages as per 1971 census. The
population of the district as per 1981 census is 1,917,736 and the
density of population of the district is 125 person per sg.km.

It has been reported that generally six types of spils
are found in the district namely black clay, black 1loam, black
sandy, red loam, red clay, and red sandy. The land use details as
per data available from 1970-71 to 1978-80 the forests is 497,191
ha, land put to non agricultural uses 13848& ha,barren and
uncultivatable land 259243 ha and 616140 ha with the cultivable
area.

The total irrigated area in the district is 139676 ha
and the source wise distribution of irrigated area are 56062 bha
by surface water, 70656 ha by ground watar and 12958 ha by other
sources. Pennar is the main rivaer flowing through the district and
the catchment area of Pennar basin in the district is 152%%.1
sq. km

As per CWC analysis\of 1982 the normal annual rainfall
in the district is 6é%96.6 mm. About 86.0 per cent of annual
rainfall is received during the monsoon season.The south west
monsoon gives abou} 55.4 % of normal rainfall and the coefficient
of variation for annual rainfall is 21.6%. The twenty number of
raingauge stations are located in the district and the density of
raingauge stations is one station per 768.6 sq.kms,.

Accorgding to CGWB the ground water potential data
estimates rechargé to cround w#trr 2% the crader of 747 .41 mcu m
and the draft 433.36 mcu m and surplus is 314.0S mcum . The
analysis of CWC (1982) the district faced. 40 years of hydrological

drought during the period 1901 to 1980. The location of raingauge
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stations and ground water observation wells 1is shown 1in the

district map given as in fig.2.5.

2.9.3 Chittoor

Chittoor district 1is situated 1In the south eastern
fringe of Andhra Pradesh state. This district is a drought
affected district of A.P. The district has a geographical area of
15152 sg.km as per 1981 census. It is located between the northern

/ / /

. o 0 . o
latitude of 12-37° to 14-08 and eastern longitudes of 78-03 to

?9955/. The district Chittoor consists of 11 taluks namely
Bangarupalem, Chandragiri, Punganur, Chittoor, Kuppam,
Madanapalle, Palmanar Puttur, Sri-Kalahasti, Satyavedu and
Vayalpad. The district has 1277 inhabited and 39 uninhabited
villages and 13' towns. The population of the district is
2746847 as per 1981 census and the density of population of the
district is 181 person per sg.km.

The soils of the district are generally red and black
s0ils with good order retaining capacity. The land use details of
the district includes forests 453784 ha, land put to non
agricultural uses 138440 ha, barren and uncultivable land 172216
ha and 7049%4 ha with the cultivable area.

The total irrigated aresa is 219716 ha in the district
and the source wise distribution of irrigated area are 5440 ha by
canal, 94356 ha by tanks (by surface water) and 109591 ha by
ground water and 10329 ha by other sources.

There are no perennial rivers flowing in the district.
some of the minor rivers flowing in the district are Papaghni,
Polar, Swarnamukhi, Pincha, Ponrnia, Arani,  Bahuda, Kalyani,
Kusasthali, Nagari, Kondinas.

As per CWC study 1982 the normal annual rainfall in the

.district is B64.62 mm. There are normally 49.74 rainy days in one
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vear, The district had 25 numbers of raingauge stations and the
density of raingauge stations is 432.91 sg.km.per station. 43.38
per cent rainfall receiving by south west monsoon and. the
coefticient of variation for annual rainfall is 22.18 %.

According to CGWB  the ground water potential data
estimate recharge to ground water of the order of 146B.04 m cu .m
,draft 828.18 m cu m and surplus is 639.86 m cu m. Tha analysis of
CWe {1982) the district faced 12 vyears of hydrological drought
during the period 1951 to 1980. The location of raingauge stations
and ground water observation wells is shown in the district map

given as in fig.z2.6.

2.9, 4 Prakasam

The district Prakasam forms a part of coastal andhra
region of Andhra Pradesh. This district is a drought affected
district of A.P. Prakasam district having a geographical area

/ /

17404.4 sq.km and is located between 14957 to 16915 N latitudes

/ vo 80%s50”

and 7894 E longitudes. The district has nine taluks
namely- Addanki, Chiralg, Darsi, Giddalur, Kandukur,Kanigiri,
Markapur, Ongole and Podili. It has 1003 inhabited and 92
uninhabited wvillages and nine towns. The population of the
district ags per 1981 census 1is 2456543 and the density of
population of the district is 141 person per sg.km.

As per the information available the soils in the
district may be classified as black cotton, red loam and sandy
loam. The land use details of the district as per data 1970-71 to
1979-80 include the fotests 447228 ha,land put to non agricultural
uses 122216 ha,barren and uncultivable land 134388 ha and the
cultivable area is 935273 ha.The total irrigated areas of the

"district are 160957 ha and the source wise distribution of

irrigated areas are 60770 ha by ground water, 94990 ha by surface
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water and 5197 ha by other sources.The five main rivers
Gundlakamma, Musi, Paleru, Manneru, and Saigileru are flowing
through the district. The catchment aréa with in the district 9483
sg.km of Gundlakamma basin

As per CWC study of 1982 the normal rainfall of the
district is 757.08 mm.There are normally 42.41 rainy days 1n a
year. Thirteen numbers of raingauge stations are situated in the
district and the density of raingauge stations is 1338.8 sqg.km per
station. The south west monsoon gives about 46 .88% of the nqrmal
rainfall and the coefficient of variation of annual; rainfall is
23.65%.As per CGWB data the ground water pétential is that annual
recharge to ground water of the order of 1361.70 m cu m and the
draft 251.60 m cu m and the surplus is 1110.10 m cu m. As per CWC
(1982) study the district faced 11 years of hydrological drought
during the period 1951 to 1980. the location of rain gauges and
ground water observation wells is shown in district map given as

in fig.2.6.

2.9, 5 KUPHOOI

»

Kurnool is one of the drought affected districts of
andhra Pradesh. The geographical location of the district is

/ / /! to 78%6’  east

between 14954 to 1697 north latitudes and 76958
longitudes. The geographical area of the district is 17600.4 sQ. km
as per 1981 census. Tre district consists of eleven taluks and has
898 inhabited villages, 18 uninhabited villages and 10 towns. The
population of the district is 2404338 and density of population is
128 per sq.km. as per 1981 cenéus.

The soil in the district are generally into three groups
viz.red black soils, and other types. The land use description in
the district as per data from 1970-71 to 1979-80 is forest in

334754 ha, land put to nonagricultural uses 82213 ha, barren and
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uncuttivable land 110258 ha and with 1228731 ha cultivable area.

As per data information from 1970-71 to 1979-80 the
total irrigated area is 137355 ha and the source wise distribution
of 119100 ha by surface water, 1342 ha by ground water and 4112 ha
by other sources.

The five main rivers flowing through the Kurnool
district. The catchment area of river basins Tungabhadra 2988.5
sa.km, EKrishna 1513.2 sg.km., Handari 4700.2 sq.km., Hagari 1181.72
sqg.km. and Kunderu 7215.9 sg.km. in the district.

As per CWC studies of 1982 the normal rainfall of the
district (1901-1980) is &58.65mm and there are normally 42.64
rainy days in one year in the district. The district has 19 no. of
raingavge stations and the density of raingauge stations 926.3°
sg.km. per raingauge station. The maximum annual rain fall of
1321 .26 mm was experienced in the distrigt in year 1916. The south
west monsoon g@ives about ¢9.13% of annual rainfall in the
district. The coefficient of variation for annual rainfall has
kbeen reported as 23.19 % for the district.

The ground water potential of the district as per CGWB
data is that the annual recharge to ground water is 1370 m cu m
while the draft is 116 m cu m and the surplus is 1254 m cu m. As
per CWC (1982) observations the district faced 12 hydrological
drought years during the period 1951 to 1980 The locations of
rain gauges and ground water observation wells is shown 1in the

district map given as in fig.2.7.

2.9.6 Mahbubnagar

The disErict of Mahbubnagar forms part of Telangana
region of Andhra Pradesh. The district 1is a drought affected
district. Mahbubnagar is the third largest district of the state.

. . . o
This district has an area of 18472 sq.km. is located between 16
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and 17 north latitudes and 77D and 7% east longitudes. The
district consists of 12 taluks namely Achampet, Alampur, Atmakur
Gadwal, Kalwakurthi, Kodangal, Kolhapur, Mahboobnagar, Makthal,
Magarkurnool, Shadnagar and Wanaparthy. The population of the
district of 2455111 according to the 1981 census. The density of
population in the district is 133 person per sq.km. The district
has 1459 inhabited and 70 urinbabited villages and 11 towns.

The soils of th= district iz mostly three types, namely
red soil or chalka soil. mlack wotten soil, mixed soils or dubba
s0il. The land use details of ths district as per data 1970-71 to
1979-80 include the forests is 303092 ha, land put to
non—agriculturél uses 93031 ha, barren and uncultiJable land
112652 ha.

The total irrigated area or the district 1is 184602 ha
and the source wise distribution of irrigated areas are 71350 ha
by ground water, 107058 ha by surface and 6,194 ha by other
sources. The Krishma and Tungabhadra are two main rivers that flow
through the district The catch are of the Krishna basin 1is 4458
sq.km and Tungabhadra 1373 sqg.km.

As per CWC study 1982 the normal annual rainfall of the
district is 744.9 mm. The district is receiving rainfall from
both south west and north east monsoon. About B0% of the annual
rainfall is received during the monsoon season. The location of
rain gauges and ground water observation wells are shown 1in the

district map given as in fig.2.7.
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3.0 Rainfall Arnalysis
3.1 General |

As  has alresdy ben described 1in chapter 2.0,81x
districts,namely Anantpur,Cuddapanh, Chittoor, Prakasam,Kurnool and
Mahboobnagar from the state of Andhra Pradesh have been taken up
for rainfall aralysis i~ the present report.One representative
raingauge station fromr zach taiuk in sach of the six district has
bean selected for the s way. ihe locations of rain gauges on the
district maps have boe - showr in figures presented in chapter 2.0.
The raingauge stations seiected for the study are the ones which
were selected by Central water Commission for carrying out studies
for identification of drought prone areas in 1982. The analysis
of rainfall data has bzen carried out with the data from year
1901-1988. The data from 1901 to 1980 have been extracted from
CWC reports (CWC 19825, The remaining data from 1981 to 1988 have
been collected during wvisits of scientific teams to various

central/state Govt. offices in the state Andhra Pradesh.

3.2 Rainfall Departure Analysis
3.2.1 Seasonal rainfall departure

In order to compute the deficiency of rainfall on
seasonal basis seascnal rainfall Departure analysis has been
carried out. The data from period 1970-87 have been used for this
analysis. Seasonal normals for the chosen six districts of Andhra )
Pradesh have been calculated as the summation of normals for the
months (June to September) as provided in the CWC reports. Only
four months i.e. June, July, August and September are taken in
account while estimafing seasonal normals The results of analysis
are given in table 2.1. The graphical representation of seasonal

deficiencies are shown in Fig.3.1. The major inferences that

could be drawn from the seasonal analysis are:
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Table 3.1 :. Seasonal Rainfall Departure for Districts of
Anantpur, Cuddapah, Chittoor, Prakasam, Kurnool and
Mahboobnagar of state Andhra Pradesh.

District CUDDAPAH (Andhra Pradesh)

A i s U S G DS S5 G G S N Gl s S S S S S S W . R S S A A
-

Year Seasonal ' Seasonal Percent

rainfall normal departure
) rainfall

1970 ©65.9 653.59 + 1.88
1971 455.8 653.5% -30.26
1972 647.6 653.59 - 0.92
1973 667.6 653.5%9 + 2.14
1974 698.6 653.59 + 6.89
1975 998.7 653.59 +52.8
1976 717.4 653.59 + 5.76
1977 806.7 653.59 +23.43
1978 774.9 65%.59 +18.56
1979 699.7 €53.59 + 7.05
1980 424.3 653.59 - ~-24 .37
1981 655.3 £53.59 + 0.26
1982 546.0 653.59 -16.46
1983 904.7 653.59 +38.42
1984 474 .8 £53.59 -27.39
1985 429,11 £53.59 -%4.55
1986 514.94 £53.59 -21.21¢
1987 649 .94 653.59 - 0.55

e e WY N R S R TR R TR W W MR AR de e e e e e e S e e e e M e e R W M R ER AL RA UR e MR MR ¢ e e e e ae = ma — —
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District ANANTPUR (Andhra Pradesh)

e T 7= WA ER B, o EE R W U SR R Em e e A T SR R W WM GE GR em W we W R S UE W R T SR WD WD TR e ok e SR S SR S o e e s we

1970 524 .87 476.12 +10.20
19714 486 .81 476.12 + 2.25
1972 520.63 476.12 o+ 9.35
1973 640.85 476.12 +34.60
1974 627.94 - 476.12 +31.89
1975 757.7" 476.12 +59.14
1976. 334.71 476.12 -29.70
1977, 722.29 “476.12 +51.70
1978 485.6 476.12 +1.99
1979 626.58 476.12 +31.60
1980 422.86 476.12 -11.19
1981 £89.58 476.12 +44.83
1982 552.25 476.12 +15.99
1983 $42.19 576.12 +13.88
1984 396.1 476.12 -16.81
1985 230.6 476.12 -30.5
1986 474 .84 476.12 - 0.26
1987 465.66 476.12 - 2.19

- m = A R AR e R P e e e e =R W A e ek W M TR SR GE N M UM W WS WA WM N W Sm em mm wb W wh WS S WL ML WE WM W R R W MR e o e s —

District CHITTOOR(Andhra Pradesh)

1970 . 751.24 © 752.26 - 0.14

1971 671.13 752.26 -10.78
1972 827.67 752.26 10.02
1973 609.18 752.26 -19.0%
1974 705.62 752.26 - 6.20
1975 1085.38 752.26 44 .28
1976 953.62 752.26 26.77
1977 901.49 752.26 19.684
1978 631.48 732.26 -16.06
1979 896.85 752.26 19.22
1980 500.42 752.26 -33.48
1981 ai8.37 732.26 8.79
1982 620.60 752,26 -17.50
1983 820.06 752.26 9.01
1984 751.23 752.26 - 0.14
1985 796.29 752.26 5.85
1986 582.08 : 752.26 -22.62

i987 723.2¢ 752.26 - 3.85

41



District PRAKASAM {(Andhra Pradesh)

1970 579.37 690.53 -16.10
1971 545,82 £90.53 -20.96
1972 700.04 £90.53 1.38
1973 614 .67 690 53 -10.99
1974 724.15 690.53 4.87
1975 796.15 690.53 15.30
1976 720.63 690.53 4.36
1977 650.16 690.53 - 5.85
1978 792.14 690.53 14.72
1979 1122.93 690.53 62.62
1980 587,13 6€90.53 -14.97
1981 727.00 £90.53 5.28
1982 640.51 690.53 - 7.24
1983 883.16 690.53 27.90
1984 452.07 690.53 -34.53
1985 517.74 690.53 -25.02
1986 581 .48 690.53 -15.79
1987 808. 68 690.53 17.11

District MAHBOOBNAGAR (Andhra Pradesh)

1970 693.02 713.57 -2.88

1971 521 .29 -26.95
1972 385.43 -45,99
1973 691 .40 - 3.11
1974 809 .00 13.37
1975 1026 .06 43.79
1976 65%.78 -7.54

1977 702.69 - 1.39
1978 900.99 26.26
1979 773%.94 B.46
1980 56:2.48 -21.17
1981 717.49 0.55
1982 66'5.60 - 6.72
1983 911.32 27.74
1584 510.31 , -28.48
1985 525.47 -26.36
1586 404 .98 -13.25
1987 758.09 6.24
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District KURNOOL (Andhra Pradesh)

1970 794.90 622.75 27.64
1971 493.97 -20.68
1972 504.12 ~19.05
1973 702.70 12.84
1974 685.51 10.08
1975 1052.29 68.97
1976 516.67 -17.03
1977 809.99 30.07
1978 877.22 40.86
1879 639.87 2.75
1980 498.41 -19.97
1981 727.15 16.76
1982 635.55 2.06
1983 895.28 43.76
1984 498.25 -19.99
1985 550.94 -11.53
1986 446 .52 -28.3C

1987 756.43 21.47

All the six selected districts namely Anantpur, Cuddapah,Chittoor,
Prakasam, Kurnool,and Mahbubnagar did not experience much
deficiency in the seasonal rainfall during year 1987-88.as per
this analysis. It was alsc observed that all the districts in the
state have been experiencing seasoqal rainfall deficits of more
than 20% since water year 1984-85 indicating continued occurreé&e
of water shortages in these districts which is adversely affecting

the economy of the region in these districts.
3.2.2 Monthly rainfall departure for the year 1087-88

In order to observe deficiency in monthly rainfall
durirg the year 1987-88, moenthly departures have been worked out
for the six districts. This. analysis has been done for all the
taluks and district as a whole. Monthly rainfall values from

June’87 to May’88 alongwith monthly normals of reprasantative
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rain gauges of various taluks have been considered fpr the purpase
Monthly rainfall values for a district from June’87 to May’'88 have
been computed as weighted average rainfall of all the taluks
considered for analysis in the district. Monthly normals of
districts have been directly taken from reports of CWC (CWC,1982).
It may be mentioned that in case of some districts/taluks monthly
departure analysis has been limited to some months only due to
data availability constraints.

The variations in rainfall month wise (monthly rainfall
& corresponding normals) have been plotted for all the six
districts for water year June’87 to May’88, and are shown in
figures 3.2. The departure figures for all the six districts are
shown in appendix III-I. The results of monthly departure
analysis for the districts as a whole are presanted in table
3.2.Based on monthly departure values, two categories of monthly
departures i.e. 20-50% and more than 50% have been established for
deriving monthly deficiency inferences. Table 3.2 gives details
of six districts of state aAndhra Pradesh which experienced
rainfall deficits during months of June 87 to May 88 in these two
ranges viz.20 to 50% and S0% and above. The following inferences
can be drawn from the results shown/presented in figrues
3.2,Appendix III-I and table 3.2.

In the state of A.P. most of the districts lie in the monthly
rainfall deficiency: range 20-50% during June 87 to May 88. However
during the monscon months, 4 districts experienced more than 50%
deficiency in the monthly rainfall is Saptember months. The
monthly deficiency pattern has been found similar from the

districts of Kurnool and Cuddapah.
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Table 3.2 : Monthly Rainfall Deficits in District as a Whole
During 1987-88

State Months Group Range of Deficiliency in rainfall
{(expressed percentage of normals)

20 to 50% 50% and above
Andhra Pradesh June 87 Mahboobnagar
(Distt taken &) Anantpur
July Chittoor Cuddapah, Anantpur
Mahboobnagar Kurnool
August Anantpur Prakasam
September Chittoor Mahboobnagar
Kurnool . Cuddapah, Anantpur
Prakasam
October Anantpur
November Anantpur
December Anantpur
January’ 88 . Chittoor, Mahboob-

nagar, Cuddapah,
Anantpur, Prakasam
Kurnool

February Kurnool Chittoor, Mahboob-
nagar, Cuddapah,
Anantpur, Prakasam

March Cuddapah Mahboobnagar
Anantpur

Aapril Anantpur
Prakasam

May Anantpur Prakasam
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3.3 Frequency of Rainfall

334 Probability analysis ot annual rainfall

Probability i3 a constant characterising given set of
objects or incident= in a particular period: The probability
analysi= of annual rainfall is useful to predict with reasonable
accuracy the relative freguency of occurrence in “different group
intervals of annual rainfall. It is also possible to work-out the
percentage probability of occurience of 75% of annual rainfall or
more for identification of drought proneness of
district/taluk/tehsil.

Two taluks from each district and district as a whole
have been selected for probability analysis of annual rainfalil.
The analysis has been carried out based on the data available ‘from
1901 to 1987 and probability expressed both in number of years  of
occurrence and the percentage of years for each group interval.
Group interwval of 100 mm has been considered for the analysis.

The probability distribution curves have been drawn by
plctting the values of percentage of cumulative probability in
respect of various groups at their corresponding’ midpoint. The
cumulative percentage have been worked out starting from the
maximum rainfall group downwards adding the successive percentage.

Probability groups for all the six districts and also
for two selected taluks in each districts of the state have been
shown in figure 3.3 and appendix II11-2 respectively. The range of
annual rainfall at 75% probability ievel can be established wusing
these graphs and such values for all districts and two taluks in

each district are given in Table 3.3.
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Table 3.3 : Probability Distribution of Annual Rainfall

§1. District Name of Taluks 75% proba- Probability of
State bility & occurreance of rai
above fall equivalent ¢t
(Range in 75 percent normal
mm ) {in %age)
1. Anantpur' l.Anantpur - 400+~500 74
(A.P.) 2 .Madakasiva 500-600 - 84
- Z.0District 23 a whole 500-&00 82
2. Cuddapah 1.Cuddapah 600-700 86
{(a.P.) 2.Jamalanadugu 500-600 83
3.0istrict as a whole 600-700 84
3. Chittoor 1.Chittoor 700~-800 81
(a.P.) 2. Kuppam &00-700 83
3.District as a whole 800-900 87
4. Prakasam 1.0ngole 600-700 81
(Aa.P.) 2.adanki &00-700 82
X.District as a whole &00-700 85
5. Kurnool 1.Kurnool 500-600 84
(Aa.P.) 2.Adoni 500-600 83
3.District as a whole 600~700 87
&. Mahboob- 1 .Mahboobnagar 700-800 85
nagar 2.Nagarkurnool &600-700 83
(A.P.) 3.District as a whole &00-700 83
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3.3.2 Probability of occurrence of rainfall equivalent to 75X
of the normal rainfall

For identification of drought proneness of the
district/taluk, the percentage probability of occurrence of
rainfall equivalent to the 75% of normal raiﬁfall dr more has also
been werked out from the Figures 3.3 and Appendix III-2 and the
values are presented in Table 3.3. As per IMD criteria, an area
would be classified as drought prone if probability of rainfall
equivalent to 75% of normal is below 80% indicating that more than
20% of years, the érea experienced scarcity of rain. Central
Water Commission has carried out analysis and identified drought
prong areas on.this ground (CWC, 1982). Using this criteria,
inferences drawn from values in table 3.3 are as below:

The group range of 75% range of probability was worked
out for all the districts and it has been found that for the
districts of Mahbubnagar, Kurnool, Prakasam & Cuddapah, the group
range of rainfall is 600-700.The probability values of occurrence
of 75% normal rainfall in the districts Anantpur, 'Cuddapah.
Chittoor, Prakasam, Kurnool, and Mahboobnagar are 82, 84, 87, 85,
87 & 83 respectively which are all above 80%, indicating that all
the six districts can not be classified as drought prone districts
based on the freguency analysis of rainfall as per IMD criteria.
This can also beinfered that the districts of Anantpur, Cuddapah,
Chittoor, Prakasam, Kurnool and Mahboobnagar experienced rainfall
lass than 75% of normal in 18, 14, 13X, 15, 13 and 17‘ percent of
the years respectively. The taluks o% all the six districts showed
similar results indicating that these taluks as well as districts
as a whole can ‘not be c¢classified drought prone as per IMD

criteria.
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3.4 Excesss/Deficit Rainfall Using Herbst Approach

3.4.1 Model Description

Herbst et al (1966} evolved a new 'method of drought
analysis using monthly rainfall data, whereby it was possible to
determine the duration and intensity of droughts and their months
of onset and termination,

The model use=z the following steps to calculate 1indices

to evaluate onset and tarminaticn of arcughts.

A. Calculation of wmean monthly rainfall, MMR
From the long record of monthly rainfall, the mean
rainfall for all the months (i.e. mean monthly rainfall, MMR) is

calculated:

NYR
MMR(J) = T RE(1,J) ce (1)
NYR
1=
Here MMR = Mean monthly rainfall
RF = Rainfall
NYR = Number of years of record

suffix I and J denote years and months respectively.

C. Calculation of mean annual precipitation C(MAFRD
Mean annual precipitation (MAP) 1is calculated for

entire period of récord,
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NMN

MAP = E MMR(J) ol (2
J=1
where NMN = Number of months in a year
C. Calculation of Effective Rainfall

For calculation of drought criteria, the carry over
effects from month to month is considered. Ffor this purpose, ;he
mean monthly rainfall for a month, say (J) is substrac-ed from the
actual rainfall for that month (J) so that deficit or excess for
that month is obtained. This deficit or excess is multiplied by a
.'weighting factor’ for the next month (J+1) and <he product
whether negative or positive, is added algebraically ' to the
rainfall figure of that montn (J+1). This sum tecomes the
"Effective rainfall’ (ER) for that month {(J+1).

The 'weighting factor' for a month wused tc calculate
carryover effects 1is derived from an emgirical formula as

sucgested by Herbst et al (1966).

MMR(J)
x .
w(tJ) = 011 [ 1+ -__"; ————— ] ---(3)
1/12 MAP
, . .th
W(J} = weighting factor for j month

.th ,
The carry over for Jt month and ccrresponding

effective rainfall is calculated as under:

CO(I,J) = ER (I,J=1)=-MMR(J-1) e {(8)
ER(I,J) = RF(I,J)+CO(I,y)*W(J) o (5)
Here CO = Carry over factor

For the first month of firs. year of record, the
effective rainfall has been assumed as equa1 to monthly rainfall.
Thus for I = 1 and J = 1,

ER(1,1) = RF(1,1) ...(86)
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There upon the effective rainfall for each month of
every year was calculated by é11ow1ng for the carry over effect of
a surplus or deficit of rainfall in the preceding month, The
process is continued to obtain the effective monthly rainfall for

the full periocd of record.

D. Calculation of mean annual deficit
The difference of effective rainfall for a month and
'Mean Monthly Rainfall’' for that month is obtained for full period
of record and termed as 'Differenceﬁ.
DIFF(I,J) = ER(J,J) = MMR(J) W {7
These 'differences’ for various months of the record,
if greater than or equal to zero, were reported as zero. Thus the
‘Mean Monthly Deficits (MMD)’ were Cased not only on tihose months
in which a negative difference occurred, for positive differences
(i.2., negative deficits) were taken as zero and thus also
included in the computation.
MD(1,J) = 0.0; for DIFF(I,J) »>0.0 L. (85
MD{I,J)=DIFF(I,J),; for DIFF(I,d) < 0.0 .. (9)

In this way 'Maean Monthly Deficit’ for each month of

every year was calculated:

NYR . 1
MMD(J) = [ § MD (I,J) ] === ceee(10)
J=1- NYR

The summation of Mean Monthly Deficits yields
Maar 1inny3l deficit (MAD) or,

NMN

L mMD(J) cea(11)
J

MAD
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1

Here MD Monthly deficits or monthly differences

MMD Mean monthly deficit

'MAD

Mean annual deficit

Mean annual deficit is used in testing for onset and
termination of drought.

The analysis includes establishment of another set of
termination drought. This includes maximum parameters used for
test of start and termination drought. This includes maximum of
Mean Monthly Rainfall (MMMR), the sum of two highest values of mear.
monthly rainfall, the sum of three highest values of mean monthly
rainfall and sc on up to the sum of mean monthly rainfall of all

the months yielding a value equal to mean annual rainfail.

E Test to Determine onset of drought

From the given record, a month with a negative
difference is found, while inspecting delete negative difference,
the following two cases may arise.

Case (A) Delete negative difference < MMMR

Case (B) Delete negative difference > MMMR

Case (A) Delete negative difference < MMME

If delete negative differerce is less than MMMR, the
difference of the next month is inspected ard if negative is added
to the negative difference of the pre-i.us month and ~cmpared with
the second values on the sliding scale, (MMMR + x). If sum of
these two delete negative differerce @xceeds (MMMR + x), the
drought is deemed to have started from the previous month In
this manner the a6501ute value of sum of a’ i raygative ditfcrences
occurring from the first month over a period of a year is tested
sequentially against the £we]ve values of the sliding scale. If

at any time the summed value of delete negative difference from
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, t
the first to the J h month exceeds the value MMMR+(J-1)x, drought

is deemec to have started from the fifst month.

Case (B) Delete negative difference = MMMR
In this case when the delete negative difference is
greater than or equal to MMMR, the drought 1is deemed to have

stated from this month,

F Tests to determine the termination of drought
once the start of the drought is found, the program

begins to search for a month with a positive difference.

A precondition to be satisfied is that at least one of
the two months following the initial month with a positive
difference should a1$o have a positive difference. Once this
condition is met. then only the initial month is qualified for
further testing for termination of drought. Thus for further
testing for termination of drought a precondition to be satisfied
is that two consecutive months should have positive difference.

Cnce this condition is met, the following two tests are
carried out for testing for termination of drought:

i) In this test the differences are.a1gebrica11y summed up
from the month, the drought started to.the month of the
termination test. I7 the sum became positive, the
drought is deemed to have terminated otherwise second
rest is carried out for testing of termination.

11 The second tests comprises of ten sequential tests.
Firstly the actual rainfall values from the first to
the third month of testing are mmed up and compared
with the sum of three highest values of mean monthly

rainfall. TIf the sum of actual rainfall is higher the
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drought is considered to have been terminated. If the
sum of actual }ainfaTI i8 not exceeded, then the sum of
actual rainfall of first four month is compared with
the sum of the four highest values of mean month]y
Arainfa11, and so on should the drought not yet Have_
been terminated, upto a comparison of the sum of the
rainfall of the rainfall of the twelve months following
and including the month from which the test commenced,
with the mean annual rainfall. By ihis stage eaither
the drought had been terminated, in which case it was
deemed to have @ended 1in the month from which the
‘multiple test had been initiated or the drought
‘conditionsAprevai1ed over this period and test for the
tarminﬁtion recommenced at the first month- - with a
positive diffareﬁce following that from which the
previous unsuccessful test had proceeded.
| Once a termination had occcurred testing for the
start of the next drought began at the first month with
a negative difference following the month in which the

drought ended.

-(G) Evaluation of drought index
Orought intensity is evaluated by dividing the total
deficits beyond the monthly mean daf.cit for the periocd of.drought

(D) by the sum of the mean monthly daficits for the same period.

ICPD {~me(l ) -3R(4)1 - i'MDCUY

Jl%ST
Drought Intensity = .cecremem—sreemecccccaaa .. (12)
IQEND
(T) £ENC oo
J=IDST
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WHERE IDST

Month of start of drought

IDEND = Month of termination of drought

In above equation if nominator is less than ¢.0 (i.e.,
rnegative), than nominator is equaléd to zero for calculation of

drought intensity.

Severity Index: Severity Index is defined as product of drought
X8I) intensity and drought duration SI = I x D..(13)

This analysis has been performed for all the six selected
districts.Monthly rainfall data for the period 1951 to 1987 of
selected raingauge stations located at taluk headquarters of each
district have been used for'analysis. A computar  program using
the above approach has been developed for the analysis. The
district spells of drought alongwith monthly and overall intensity
of drought for all the spells were obtained. The results of
analysis in tabular form for all districts are given in Appendix
III-3. The graphical representations of the drought spells with
intengity for all districts are sho&n in figures 3.4.

The following inferences can be drawn from the analysis
(Reference Fig.3.4 and Appendix III-3) It can be observed from
figures given in Appendix III-3, that all districts except
Chittoor fell wunder drought spells during year 1985-87. The
districts of Cuddapah, Kurnool and Anantpur recorded similar
spells of drought in intensity and duration during 1984-87. The
district of Prakasam had a spell of drought in year 1987 while in
the prevgous year the spell was not extensive. In general, all
districts recorded about 12 spells of drought since 1951 till
172857 . The duratic- of &rought spells was largast in the last spell
of 1984-87 in most districts. The approach has yielded comparable

results of drought analysis and has further scope for improvement
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taking into account the revision of wmonth.y weightage factors

keesping in view the agriculturally importart months in the state.

3.5 Dry Spell Analysis:

Agriculture is the worst sufferer af droughts as the
ultimate effects of drought results in partial or total crop
failure. Out of the various growing stages of crops, some are
sensitive to moisture stress known as’ critical growing stage.
Agricultural droughts are the result of occurrence of dry spalls
specially during critical growth stages of crops. Therefore the
analysis of dry spells (Z 2 weeks) within monsoon season has
impdrtance specially for rainfed agriculture in the country.
Therefore,an attempt has been made to identify the dry spells of
two or more than two weeks duration during monsocon period (4th
June to 15th September) by selecting one taiuk from each of the ¢
districts of state andhra Pradesh.

The criteria for selection of dry spell is that the
daily rainfall should be less than or equal to 5 mm ( as a day 1is
assumed as rainy day if daily rainfall exceeds 5 mm) occurring
continuously for at least two weeks (i.e. 14 days) or more. For
counting number of spells the start of monscon season has been
assumed from fourth June of (beginning of 23rd standard ‘week)
every year. The duraticn and time of occurrence and number of
such dry spells for all the & districts of state Andhra
Pradesh have been presented in Appendix III-4 (A). The number of
dry spells have been counted starting from the monsoon ssason of
1961 to 1987. The study has been carried out for one taluk 1in
each district.

For statistical analysis, the duration of d}y spells
were repraesented as range (in days) and no. of spells falling 1in

that range were counted. The number of spells falling in wvarious
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ranges of duration of spells were represented as percentage of
A total no. of spells occurring from 1981-1987 and cumulative

percentage was obtained starting from the maximum duration of dry
spell group downwards adding successive percentage (Appendix
III-4(B). The probability curves have been drawn showing range of
duration of dry spells on the abscissa and cumulative percentage

of no. of spells as ordinates. The plots aré shown in figure 3.5.
Probability distribution graphs as shown in figure have been used
to read the values of duration of dry spells (in days) at 75%
probability level a..« have heen given in table 3.4. It can be
observed from the table that at 75% probability, the duration of
dry spell ranges from 21-28 days for all the six taluks selected
for all the six districts respectively except taluk Mahbubnagar of
district Mahbubnagar.

This analysis is specially importanﬁ from the view
point of zgriculture as it can give some idea about likelihood of
dry spells during monsoon period based on which alternate
arrangements can be made for providing water during critical
growth stages to avoid hazardous effec.s on crop yields,

especially in rainfed agriculture.
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Table 3.4 : RANGE OF DURATION OF DRY SPELLS FOR 75% PROBABILITY

S. No. Taluk State At 75X Probability,
(Distt.) duration of dry spells
(in days)

1. Cuddapah AP 21-28

Cuddapah)
L 2. Anantpur AP, 2128

(Anantpur) 4

3. Chittoor AP, 21-28
{Chittoor)

4. Ongcle A.P. 21-28
{Prakasam)

5. Kurnool A.P. 21-28
{Kurnool)

&. Mahboobnagar AP, 14-21
(Mahboobnagar) ’



{.¢C GROUND WATCR DEFICIT

301 Gener al

The main obiective ~»f ar-undwzter maragement = -
===re that groundwater wil' bes 2v2i7able 2% ar appronriate tirs
a=o e oan appropriate gquantity and guality to meet +the mocet

imro-tant demands of society. The measurement of groundeuats-
tevels and their evaluation can play an  mpartart  role 4o
management of this underground resgurce of wéter.,' Tina
fluctuations of water table reflect the effects of -~rfiltratinr

precipitation and discharge of groundwater %o streame anmd lakes ~»r
withdrawal of water from wells, Usually the change 1in  grournn
water storage is a seasonal phenomeron, However, during the
period of scarcity of rains or droughts, more dependence comes nr
ground water storages and steep decline in groundwater levels are
experienced. Because of @ imprcper management of aroundwater
agquifers after development, numerouc und;sirable consamiences stuch
as the depletion of aquifers and groundwater m'ning emerage,
especially during drought years. Statistics recen¥l. rompiled  on
the use of ground water and surface water show thit %r a number of
states ground water is being over evploited in certair pockets
~esulting in a fall in the water table. During droughts, due to
‘eficiency of rainfall and higher rate of. evapotranspiratior the
‘zmand for irrigation gets enhanced, thereby the water level goes
“own., This results in increased use of energy for pumping water
from greater depthé'inVOTVing higher expenditure. As 'a policy,
“re withdrawal of groundwater éhouﬁd be restricted to average

anual recharge. This will zonserve water from over evploitationr

during drought pericds.

Therefore, there is a 1long standing need to bet*ar
inderstand the relationship between precipitation and groundwate-

‘evals, The relationship can be developed by carrying out
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statistical analysis of nprecipitation data a~? w11 Tevel
observations. Begides, information regarding well, aretractions
thould be available for evaluating effects on water taple only

Jue to reduced precipitation.

In order to see the effects <of scarce rainfall as
evperienced during three successive drought vears (1985-1187) on
agroundwater regime, statistical analysis of groundwater ‘evel data
vis a vis precipitation has been carried out .In - the npresent
analysis of State Andhra Pradesh, four districts namely Chittoor,
Prakasam, Mehboobnagar and kurnoo? were chosen for the study of
premonsoon and post monscon ground water levels and seasonal
rainfall fluctuaticns. Due to non-availability of Data, the studv
is restricted to four districts only. Due to non  availability of
abstraction data, the effects of withdrawa) could not be introduced

in the analysis.

4.2 Ground Water Level Analysis

The data concerning groundwater level fluctuations were
collected 1in respect of observation wells 1in all the four
districts, namely Chittoor, Prakasam, Kurnool and Mahboobﬁagar
of state Andhra Pradesh. The information regarding period of
data used, no. of observiation wells and the source of data s
given in table 4.1.

Table 4.1 : Status of Groundwater Data of State
Andhra Pradesh

51, Name of Date available No. of Source of data
No. districts Ciour time 1n wells availability
taken a year)

1, Chittoor 1377-88 6 C.G.W.B.
2. Prakasam 1977-88 1 -do-

3. Kurnool 19377-88 4 -do-

4,

Mehboobnagar 1977-88 10 -do-
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4s is evident frem table 4.1, about 4-10 wells were
ckosen In each distric for evaluating 1impacts on groundwater
regime. Assuming that these wells are evenly distributed
withim the district. The lccationg of the wells on the
district map have a'ready been shown in the figures presented in
~hapter 2,

The groundwater level analysis was attempted with the
hels of gquarterly/seasonat data depending upon the frequency of
the data collected from the central & state Govt. agencies of the
state. Appendix IV-1 gives the details of various observation
wells spread over 4 selected district prone districts of
Ardhra Pradesh state with their latitude and longitude. The
analysis has been carried out for ground water Jlevel data from
1978-88.

The water levels in the wells have been calculated with
respect to mean sea level and for each district average ground
water level has been calculated using Thiessen Polygen method. The
Thiessen weight of all wells considered in each district was
established and groundwater level calculated with respect to mean
sea level, multiplied by Thiessen weight; gave average ground
water level for the district. The values sc obtained were plotted
against. each year to drive trend in ground water fluctuations. The
trend was established for two period namely, pre mons. o and  post
monsoon. In order to see the trend in the rair®all, the seasora?’
rainfall was also plotted on the same graph showing the ground
water level fluctuations. For this purpose, the seasonal :ainfall
from June to September was used for all four di:tricts selacted
for study in the state of Andhra Pradesh. A simp ‘¢ regy e38 on lire
as fitted to show the trend of rainfall in order to see the
effects of deficit in water level. As has already been mentiored
that due to non availability of data the effects caused due Lo

over exploitation of ground water during drought period could not
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be intrcduced in the study ard 1t is precumsd  that decline 1r
ground water level js caused solely due to failure of rainfall.
Also a district has been taken as a unit for analysing grourd
water levels. Ideally, a hydrogeological boundary will need to be
established for such an analysis. However, it has been presumed
that the district has no inflow or outflow of ground water 1nto
from its aquifer. Based on the analysis,following inferences can
be drawn,

The pre-monsocn and post-monsoon ground water levels along
with seasonal rainfall fluctuations for these districts are shown
in Fig.4.1 to Fig.4.6 for the year 1987-88. In case of Anantpur
and Cuddapah only rainfall trend for the year 198¢-87 has been
established due to non-availability of ground water data. However,
based on the rainfall trend it can be inferred that for both of
these districts the ground water regime might have improved due to
better rainfall conditions as <ompared to previous two years,
However, this can be verified only after receipt of data. In case
of Chittoor and Prakasam districts declining trends 1in seasonal
rainfall have been observed. This has led to decline 1in ground
water levels, in case of Chittoor district. However, for Prakasam
district positive denarture in seasonal rainfall value has ben
observed and retatively the ground water trend have shown rising
trend as compared with the last year. In Mehboobnagar and Kurnool
district the rainfall shown declining trend with both positive
departure in Kurnool and negative departure in Mehboobnagar., The
pre and post water level trends show decline for Mehboobnagar
district while for Kurnool these trends show rising behaviour.The
analysis o¢f ground J;tef “evels based on the water table
fluctuations data of post 10-12 years has yielded in knowing the
ground water level trends (Pre & Post) as a result of seasonal
rainfall departure. In most cases the water table has been
recorded falling and the rate of recharge was found Jlesser in

1987-88 as compared to previous years. The continuous decline 1in
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water table is certainly attributed to failure of monsoon due to
which the draft of ground water also gets 1increased because of
increase in demand. The rise in water table as found in some
cases can be attributed to the positive ground water 1in balances
created by surface water irrigation projiects. Better analysis to
~orrelate rainfall failure and ground water regime can be done by
taking into account the well abstraction data, which has not been

done in the present case due to non-availability of relevant data.
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TR ANALYETS OF RESERVOIR STORAGE

n order to see the impact of failure of monsocn On
staraze ressovCirs, ar attempt has been made to compare the
storages it Srisailam zid MNagarjunasagar of the state of Andhra
Pradesh For this purpose, the live storages &
corresponding reservcir level in some selected months have been
plotted against time. The weekly reservoir level déta as supplied
by Central Water Commission(CWC) from 1984 till 1987, have been
us2d for this analysis. Fig 5.1 shows the position of storages
during 1984 to 1987 in the reservoirs. The following inferences

which can be drawn from the figure 5.1 are as below:

Tt can be seen from Fig.5.1 that in case of Sri Sailam
rese}voir the pre and post monsocon storages were least 1in year
‘987 as compared to previous two years. In case of Nagafjunasagar
the storages in the month of May and August were minimum during
year 1387 as compared to years 1985 and '86. However, the storage
by the end of Nov.in 1887 was better than year 13886. Keeping in
view the stcrage positicon, the drought impacts in 1987 were more

or less similar in 1986 and 1987 with few exceptions.
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6.0 CONCLUSIONS AND RECOMMENDATIONS ;

1. The present report presents monthly/daily and s@asonal data
for six selected districts in the state of Andhra Pradesh
with the objective to find out deficiencies in the rainfall
{monthly and <ssasonal ) 1in order to classify drought
conditions. The data have u2n collected by undartaking field
trips from varicus government organisations.

2. The analysis of rzinfall data on seasonal basis indicate that
in general seasc-~al rainfall departure of about 10% has been
axperienced barring the districts of Kurnool, Prakasam and
Mahbubnagar. The pattern of seasonal rainfall deficiency has
been more or less similar in the case of Cuddapah and
Anantpur district which are adjoining. The deficiency pattern
in cece of Kurncol and Mahbubnagar has also matched to some
extent while districts Prakasam and Chittoor show a very
indefinite pattern of seasonal deficiency.

X. The monthly rainfall departure for the water year 1987-88 in
rainfall values were alsoc worked out for all the six selected
districts and the departure values were characterised in two
ranges from 20-50% and more than 50%. The departure values
indicate that most of the district lie in the monthiy
rainfall dgficiency range of 20-50% deficiency in the monthly
rainfall in September months. The monthly deficiency pattern
has bean found similar for districts of Kurnool and Cuddapah.

4, To work out probability of occurrence of annual rainfall at
75% level and occurrence of 75% of the normal rainfall for
two taluks and district as a whole. The group range of 75%
range of probability was worked out for all the six districts

and it has been found that for the districts of Mahbubnagar,
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Kurnool, Prakasam, and Cuddapah, the group ranae of rainfall
is 600-700. The probability values of occurrence of 75%
normal rainfall in the districts Anantpur, Cuddapah,
Chittoor, Prakasam, Kurncol and Mahbubnagar are 82, 84, 87,
85, 87 and B3 respectively which are all above BO%,
indicating that all the six districts can not be classified
as drought prone digtricts based on the fregquency analysis of
rainfall as per IMD criteria.

Analysis of monthly rainfall data usimng Harbst’ Approach has
been carried out to identify the drought spells for which
data of year 1951-87 have been used .It was observed that all
the six districts except Chittoor fell under drought spells
during year 1985-87. The districts of Cuddapah, Kurnocl and
Anantpur recorded similar spells of drought intensity and
duration during 1984-87. In general, all the six districts
recorded about 12 spells of drought since 1951 till 1987. The
approach has yielded comparable results of drought analysis
and has further scope of improvement taking into account the
revision of'monthly waightage factors keeping in view the
agriculturally important months in the state.

Analysis of daily rainfall data for dry spell analysis has
been carried out and duration of likely dry spells at 75%
probability has been worked out. It was found that all the
six selected taluks of six selected distriets had 75%
probability of having a dry spell of duration of 21-28 days
except taluk Mahbubnagar of district Mahbubnagar which has
75% probability of having a dry spell of duration 14-21 days.
Ground water analysis has been done for the districts of A.P.
state for evaluating the impacts of drought on ground water
regime. The analysis was restricted to four districts namely

Chittoor, Prakasam, Kurnool,& Mahbubnagar in view of non
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availability of data of the year 1977-88 for the districts of
Anantpur and Cuddapah. The analysis of ground water levels
based on the water table fluctuation data of post 10-12 years
has yielded in knowing the ground water level trends (Pre and
Post) as a result of seasonal rainfall departure. In most
cases the water table has been r=corded falling and the rate
of recharge was found lesser in 1987-88 as compared to
previous year. The continuous decline in water table is
certainly attributed to failure of monsoon due to which

the draft of ground water also gets increased because of
increase in demand. The rise in water table as found in some

cases can be attributed to the positive ground water in
balances created by surface water irrigation projects. Better
analysis to correlate rainfall failure and ground water
regime can be done by taking into account the well
abstraction data,which has not been done 1in the present
case due to non availability of relevant data.

In order to see the impacts of failure of MONSGON ON storages
of the reservoirs, an attempt has been made to compare the
storages in Srisallam and Nagarjunasagar reservoirs of the
state of Andhra Pradesh. In case of Nagarjunasagar the
storages in the month of May and August were minimum during
year 1987 as compared to years 1985 and 'B6. However, the
storage by the end of Nov.in 1987 was better than year 1986,
Keeping in view the storage position, the drought impacts 1in
1987 were more or less similar in 1986 and 1987 with few

exceptions.

v
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ACPIRDIX I

LIST OF GFFICES AND PLACES TROM WIFRE DATA AN

ANDHRA PraDESH
PLACE -

Hyderabad

Mahaboobnagar

T3l asam

Anantapur

Chittoor

Cuddapah

INFORMATION WERLD COLIFa1to

Irrigation Office,
State Ground wWater Bolardg ¢ 7f<:
Bureau of Economics of Sta.i " c=
Fanchaya® Ra) and Rural Develcomart
Lepartmnent of Agriculturs

Sow, T,

P.H.E.D.

Irrigaticn Cffice
Deputy Direct.r.2ariculcoure
Planning Office,

Irrigaticn Zircle Of7ice
Deputy Tirector,tcricuiturs
Oy.Director,Water Manageren .,

Panchayat Raj Office

Irrigation Circle Office
D.P.A.P. Division

1.B.C.

D.R.D.A,.Office

District Planning Office
Agricultural Researcih Station

Irrigation Circle Office Chittocr
Irrigation Office . Madanpall-
A.P.I.D.C., Madanpalli

D.R.D.A. Chittoor

Irrigation Circlae Office
D.F.0.A., Office
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APPENDIX ~III=-4Cad

Duration and Number of Dry Spells during Monsoon
(4th June to 15th Sept.>
ANANTPUR (ANANTPUR)

First day Date of Duration of dry Total no. of
of monsoon beginning of spells (2 weeks dry spalls
dry spell in days) in a year
1 2 3 4
2.8.81 4.6.81 59 2
2.8.81 10
15.6.82 27.7.82 15 2
14.8.82 24
5.6.83 26.6.83 15 1
11.7.84 4.6.84 37 4
14.7.84 18
2.8.84 21
28.8.84 19
6.6.85 7.6.85 44 2
' 8.8.85 20
4,.6.86 15.6.86 18 3
15.7.86 27
13.8.86 21 .
24.6.87 4.6.87 20 3
29.6.87 48
15.8.87 32
17
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CUDDAPAH (CUDDAPAH )

1 2 3 4
27.6.81 4.6.81 23 3
Z28.6.81 35
$.8.81 18
18.6.82 18.6.82 20 3
14.7.82 15
30.7.82 47
5.6.83 nil Nil -
11.6.84 12.6 R4 Z0 2
z.8.84 29
7.6.85 8.6.85 20 4
30.6.85 20
20.7.85 10

" 28.8.85 i9
4.6.86 16.6.86 27 2
14.7.86 17 )
20.6.87 4.46.87 16 3
21.6.87 44
18.8.87 29
17
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ONGOLE ( PRAKASAM)

s

1 2 3 4
20.6.81 4.6.81 22 z
1.7.81 33

5.8.81

15.6.82 9.7.82 14 3
27.7.82 15
14.8.82 24

23.6.83 4.6.833 19 1

11.6.84 13.6.84 20 2
25.7.844 48

11.6.85 21.6.85 23 2
8.8.85 15

8.6.86 16.6.86 29 2
30.8.86 14

$.6.87 23.6.87 16 2
16.8.8¢ 27

15
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CHITTOOR (CHITTOOR)

1 2 3 4
6.1.81 4.7.81 16 1
8.6.82 9.6.82 22 2

i0.8.82 x4
8.6.83 1%3.6.83 41 1
18.6.84 4.6.84 14 4
19.6.84 20
29.7.84 18
23.8.84 24
5.6.85 6£.6.85 18 1
4.6.86 5.6.86 21 2
4.8.86 41
21.6.87 4.6.87 17 3
26.6.87 28
15.8.87 I2x

14




KURNDOL (KURNOOL)

1 2 3 4
1.7.81 4.6.81 27 2
2.7.81 25
10.6.82 21.8.82 20 1
146.6.83 26.6.83 28 1
7.6.84 23.6.84 15 2

2.8.84
19.6.85 4.6.85 15 2
20.6.85 16
4.5.86 22.6.86 23 2
13.8.86 27
10.6.87 25.6.87 40 2
17.8.87 17
12
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MAHBUBNAGAR ( MAHBOOBNAGAR)

I1I-4-6/7

1 2 3 4
8.6.81 1.7.81 31 2
15.7.81 18
18.6.82 4.6.82 14 2
17.8.82 23
5.6.83 13.6.83 19 2
13.8.83 14
11.6.84 10.8.84 32 1
7.6.85 7.7.85' 14 2
: 15.8.85 24
8.6.86 22.8.86 26 1
5.6.87 18.7.87 18 1
A 11



APPENDIX III~4Cb)

Probability Analysis of Dry Spells

Taluk/Station Class Interval No. of Percentage Cummulative
(Distt.) (in day) Spells Probability
Cuddapah 14-21 9 5Z.0 100.0
(Cuddapah) 22-28 2 11.8 47 .1
29-35 4 22.6 35.4
> 35 2 11.8 - 11.8
_17
Anantpur 14-21 10 58.8 100.0
{Anantpur) 22-28 2 11.8 41 2
) 29-35 1 5.9 25.4
> 35 4 2.5 23.5
7
Chittoor 14-21 7 50.0 100.0
Chittoor)) 22-28 3 21.4 50.0
29-35 2 14.3 28.6
> 35 ___?__ 14.2 14.3
__18__
Ongole 14-21 7 46.7 100.0
(Prakasam) : 22-28 5 33.3 53.3
29-35 . 2 13.3 20.0
> 35 1 6.6 6.6
14
. S
Kurnool 14-21 5 41.7 100.0
(Kurnool) 22-28 5 41.7 58.4
29-35 - - 16.7
> 35 2 16.7 16.7
iz
Mahbubnagar 14-21 ) 54.5 100.0C
(Mahbubnagar) 22-28 3 27.3 45.5
29-35 2 18.2 18.2
> 35 T - -
11
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