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SYNOPSIS 

Droughts and floods are natural phenomena and have consi-

derable adverse effects on the developmental activities, 

particularly in case of water resource development, Planners 

have given much emphasis on floods due to their immediate 

devastating effects while droughts still remain to be recogni-

sed as important parameters in water resources planning. The 

existing definitions of droughts and the criteria to identify 

them are not very comprehensive and they do not reflect effect.-

ively their pertinent features or impacts. These criteria! 

definitions are ina lenuate as they do not take into considera-

tion some important factors. 

An attempt has been made in this dissertation to analyse 

drought characteristics and to evaluate suitable er. iteria 

which may properly account for the impacts of droughts. The 

study very clearly indicates the limitations of existing cri-

teria and highlights the fact that additional drought chara-

cteristics, such as, the deficiency of water alongwith its 

time distribution, the capacity of the people to bear the defi-

cit conditions etc., help in identification,  of drought situa-

tion in better way. Two parameters 'effective deficiency (ED)' 

and 'effective deficiency with extreme conditions duly repres-

ented (ED0  )' have been evaluated and suggested for the purpose. 

The methodology for evaluation of the suggested parameters 

have been illustrated with the help of a case study in respect 

of Palamu district of Bihar which is a typical drought prone 

area. The efficiency of the model suggested for identifying 

the drought has also been tested and the result has been found 

to be satisfactory. 
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CHAPTER - I 

I NT'RODUCT ION 

• Right from th.e very beginning, the human race had to 

fight against nature for its survival. Natural calamities. 

which are to be very freruently confronted include drought,. 

• floods, cyclones, volcano, 2 indslides, A,v1ehches and earth- 

quakes etc. All these calamities have their special charac-

teristics and the human race has adapted itself to face them. 

• 1,1 DROUGHT .. A NATURAL CALAMITY 

Since the beginning of the existence of mankind, drought 

has affected the human activity throughout the world. His-

torical records of the drought confirm the fact that it has 

occurred in almost every part of the world at sometime or 

other. Despite developments in almost all the fields the 

drought continues to pose considerable problems for the human 

race. A recent example is the drought of Euthopia which expo-

ses as to how hollow is the claim of development of human race. 

Droughts together with. floods, cyclone and earthquakes 

account for more than 90% damages caused to man's vital en-

vironment by natural calamities. The remaining other natural 

hazards are not of much significance (although they may have 

considerable importance for some areas in local situations'). 

Dreuat is, however, considerably different from other 

natural disasters. While the disasters like earthquake, 

cyclone, floods etc. have some degree of suddenness, the 



-2- 

drought  is of creeping and pervasive nature, which starts 

slowly and has slow but lasting effect. The calamities like 

earthquakes; cyclones, floods etc. because of their flashy 

nature, cause considerable loss of properties and lives in a 

relatively very short period; As a result these have created 

a sense of panic and fear among the masses and perhaps that is 

one reason why these calamities have attracted more attention, 

On the other hand the human society gets sufficient time to 

adapt itself to face the consequences of drought which may 

be equally disastrous. However, when the duration of the 

drought becomes considerably long the miseries become un-

bearable and drought has lo i,g term effects. 

1,2 DROUGHT - A RECURRING PHENOMENON 

Whatever be the scientific reasons of drought and 

theories behind it, there is no denying the fact that drought 

is an unavoidable aspect of the arid and semi-arid environ-

ment and a constant natural enemy of humanity. Man has lived 

and struggled with drought throughout the history. Even such 

areas which have normally sufficient precipitation to meet 

various needs of the area, are confronted with the occurrences 

of drought of shorter or longer duration at sometime or other. 

Climatological and statistical analyses done so far have in-

dicated the fact that drought is a recurrent phenomenon,. an 

integral though irregular, part of the climate. It will 

occur in the future with absolute certainity although the 

specific time cannot be predicted on the basis of present 

knowhow. However, it has been discovered that average 
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frequency  of drought is more or less stable over time. The 
or 

analysis based on the rainfall deficiency equal to/greater 

than 25% of the normal has revealed that the periodicity of 

drought varies from once in 24 years in Western Rajasthan to 

once in 5 years in West Bengal, Madhya Pradesh, Konkan, 

coastal Andhra Pradesh, Orissa, Bihar and Maharashtra. The 

recurrent characteristics of drought is reflected in the 

folklare and religion of all the early people. A rain God 

and a drought goddess may be, found in the pictographs and 

sculptures of the mayas which signifies the importance of the 

water problem in their culture. Chapter 41 of Genesis in the 

Bible gives the same indication. The. dream of the Pharah of 

fat cattle and full ears of grain compared with lean animals 

and withered ears of grain, were interpreter! by Joseph with a 

meteorological reference to the temporary prevalace of the dry 

east wind. The refer. nce to seven good years and seven years 

of drought may be inferred as cycle but the passage is a defi-

nitive indication of impressive rainfall fluctuations in 

Egypt or the source of the Nile river. 

It is internationally accepted fact that the major cause 

of drought is deficiency in rainfall and the occurrence of 

rain is a random phenomenon. A look at the rainfall data 

indicates the presence of cyclicity in rain deficiencies. The 

average annual rainfall data of. a region (Palamu district of 

Bihar) have been plotted in Figure 1.1 which amply demonstra-

tes the recurring nature of deficient rain and hence the 

drought. For a region where schemes for water resources 
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development  have been implemented, the annual river flow and 

its time distribution may provide a good guide for drought 

conditions. The occurrence of low flows in succession is 

bound to have adverse effects and will create drought situa-

tion despite the optimum utilisation of available resources. 

The annual flow data of a river are plotted in Figure 1.2 

which clearly demonstrates the recurring features of drought. 

1.3 A LQJK AT VNQRLDWIDE DROUGHT SITUATION 

More than a fourth of the population of the world lives 

in lands of famine and nearly half of the remainder lives 

under the constant threat of deficient rainfall (Tannehill, 

1947). Examples are galore in the history to show that 

drought is the chief cause of most of the famines throughout 

the world. Many civilisations have been perished due to 

abnormally long persistent deficiency of rainfall. Syrian 

Desert is one such example. Presently, Syrian Desert is a 

vast area between the coast range of the eastern mediterra--

nean and the Euphrates. It is said that at one time it was 

more populated than any area of the same size in England and 

the rainfall was more than at present during the olden times. 

The overthrow of the Roman Empire has also been attributed to 

drought (famine). 

In recent times, the worldwide drought occurred in the 

year 1979, 1981 and 1983. However, the year 1983 witnessed 

one of the worst worldwide drought ever recorded. The number 

of people affected for exceeded that in any other single 

drought _ year. 
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Africa  was the worst affected continent where -,q'many 

as 34 countries involving more than 150 million people 

suffered from the drought. In Asia, India and Philippines 

were affected by drought with the result that India had to 

import 600 million rupees worth of foodgrains. While in 

North America midwest U.S.stateS were hit by widespread 

drought, in central America,it was the Mexico which suffered 

from this natural hazard. Likewise, in South America, Peru, 

Bolivia and Brazil were the suffering countries - with 

Brazil recording its worst ever drought in its past 300 years 

history which culminated in the deaths of thousand of people. 

In Europe, Romania, Czechoslovakia, Yugoslavia, Hungery, 

Danube River Basin experienced the driest spell of this 

century. Spain and Southern Itlay were the two other 

Europian countries along with three North African countries 

namely Morocco, Tunisia and Algeria which were affected by 

Mediterranian drought. The drought in Australia was the 

worst in its 200 years history, In China more than 

16 million ha of farm land,wete affected. Other recent 

droughts which affected several parts of the world may be 

cited as those of 1972-73 drought in U.S.S.R., the 1977-79 

drought in U.S.A., the 1976 drought in U.K., the early seven-

ties drought in Sahel and East Africa etc. The 1973 and 

1974 drought in East Africa claimed more than 1 lakh people 

and thorsands of animals. 

In China, where the written records of drought late 

back to as much earlier as 206 B.C., most of the famines 



were caused as a result of severe droughts. The principal 

cause of drought in China and India may, undoubtedly be 

attributed to failure of rains and its erratic behaviours 

In China during the period between 206 B.C. and 1949, there 

was on an average one major flood or drought every year. As 

many as 1056 major droughts were recorded during the said 

period, 

1.4 DROUGHT IN INDIA 

In India, as elsewhere in the world, drought is a fre.— 

quent natural calamity which finds its place in all the great 

epics of the country.One of the earliest droughts in India 

has !been rof erred in 'Vayu Purana'. In Ramayana also, there 

is description of drought during the period of King Dashratha 

the father of Lord Rama. In Mahabharata (3000 B.C.) which is 

the second great epic of India, there is mention of serious 

drought during the reign of Emperor Mandhata of the race of 

Iksvakus. Written records also give the evidence of occurre-

nce of several famines like the one which occurred about 

160 years before the Mahabharatha war during the reign of 

king Shantanu,the ruler of Hastinapur. During the reign of 

king Trisanku, father of the famous king Harishchandra, a 

famine is said to have occurred. It has also been recorded 

that a severe f amine occurred during the period of king 

Chandragupta Maurya's reign. 

In pre independence period, the large catestrophic 

effect of frequent droughts and famine caught the attention 
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of  the then British ruiets in the i9th century when a series 

of famine and irrigation commission were set up t p go into 

the various aspects of the problem acid to suggest suitable 

measures to mitigate the distress of the people. The Indian 

Finance Commission, 1880 has mentioned the occurrences of 

severe famine and drought. Pondit ions in the then North-West 

province and the Punjab; 5ubsecTuently; in 1896; the I4ational 

congress urged the then Government to adopt more realistic and 

'people's welfare oriented' approach towards this problem, 

Inspite of all these, the drought continued unabated in its 

devastating form taking heavy fall of lives and properties at 

frequent intervals. The Gr. eat Bengal famine of 	42 is one 

such example in .recent times in which innumerable lives were 

lost, 

According to an estimate, about 107 million ha. which 

works out to be about one-third of the total geographical area 

of 329 million ha. of the country and 29 percent of the popu.• 

lation are affected by drought. The drought affected area 

includes 39 percent of the total ,gross cultivable area of 

185 million ha, Likewise, nearly one-eighth of the total 

area :of -the country is subjected to be vagaries of the flood 

and it has been further revealed that the flood prone areas 

are increasing 	inspite of flood protection measures being 

taken up on priority basis. Hence, India is affected by the 

drought-flood- drought syndrome. The statewise percentage of 

population affected by drought has been given in I }nexure—I. 



-10- 

In  India, the failure of monsoon rains is the principal 

cause of drought. The monsoon rain is irregular both in space 

and time which results in serious economic imbalances. The 

rainfall in the country is highly variable from mean annual 

rainfall of as much low as 15 cms in extreme western 

Rajasthan to as high as 1000 cms. in the Khasi and Jaintia 

hills. Some of the highest rainfall in'the world has been 

recorded in this country which is 1142 ems in a year and 

104 cms in a single day. About 85 percent of the total rain-

fall occurs in the four monsoon months. Further, the number 

of rainy days is also highly variable with about 10 days per 

year in the extreme Rajasthan area to about 150 days in a year 

in north.-eastorn part of the country (K.L.Rao, 1079). A sturdy 

conducted by Central Water Commission indicates that about 

54.5% of the geographical area of the country receives less 

than the mean annual rainfall of 105 cm for the entire country 

(C.W.C. Brochure on drought, 1982). The Irrigation Commission, 

1972 has indicated 67 districts as drought - prone areas which 

spans over eight states of Andhra Pradesh, Gujarat, Haryana, 

Karnataka, Madhya Pradesh, Maharashtra, Rajasthan inrl T~ mil- 

Nadu. Later, National Commission on Agriculture (1976) iden- 

tified some more districts as drought-prone areas. Subsequent-

ly, the Ministry of Agriculture finally identified a total of 

99 districts (in 13 states) as drought-prone areas. The' 

Figure 1.3 shows the drought-prone districts in the entire 

country. The statewise geographical area as affected by 

drought is given in Table I.I. 
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Table 1.1: Statement Showing the Percentage of 
Geographical Area affected by Drought 

(Statewise) 

S.N. Name of 	Total 	Geographical 	Percent- 
the State 	Geographical area affected 	ache 

area(M.ha)  by drought(M.ha) 

1.  Andhra Pradesh 27.7 12.6 45.0 

2.  Bihar 17.4 4.3 25.0 

3,  Gujarat 19.6 12.1 15.0 

4,  Haryana 4.4 1.7 20.0 

5.  Jammu & Kashmir 22.2 0.84 3.0 

6.  Karnataka ` 19.2 15.2 79.0 

7, Maharashtra 30.8 12.4 40.0 

8.  Madhya Pradesh 44.3 8.65 20.0 

9.  Orissa 15.6 2.29 15.0 

10.  Rajasthan 34.2 21.41 63.0 

11.  Tamil Nadu 13.0 8.33 64.0 

12.  Uttar Pradesh 29.4 4.38 15.0 

13.  West Bengal 8.8 2.67 30 

Total 286.6 106,84 37 

other states 
union territories 42.2 

;Ail India 328.8 10684 32.5% 



- 13 - 

The north-western parts of the country (like Rajasthan, 

Gujarat, Punjab) are particularly more drought—prone areas 

where the mean annual rainfall is lower than 70 cm (Beran & 

Racier, 1985) . The country was severely hit by droughts in 

the year 1907, 1911, 1918, 1920, 1939, 1951, 1965-67,1972-73 

and 1979. The 1919 drought was widespread and destructive 

engulting 12 states viz. ,Andhra Pracicsh, Bihar, Madhya Pradesh, 

Maharashtra, Himachal Pradesh, Rajasthan, Orissa, J & K, 

Punjab, Haryana, Uttar Pradesh and V4est Bengal where crops over 

nearly 35 million hectares were affected (Shrivastava, 1979). 

The severity and devastations of they 1965-67 droughts are born 

out by the fact that a huge amount of Rs.722 	crows were spent 

in drought-relief measures in 156 affected districts of the 

country. The two consecutive droughts luring the period 1971-

72 and 1972-73 were no less destructive and widespread as 

nearly Rs.790 	crores were spent in 227 affected districts 

(Jaiswal, 1981). Hence, the recurrent drought has considerably 

affected our national economy. 

1.4.1 Level of Focdgrein Production in India: 

The trend of fnodgrain production in India during the 

period 1960-61 to 1979-80 has been shown in Table 1.2. It is 
seen from the Table 1.2 that the foodqrain production of India 

has considerably increased from 79.3 million tons in 1960-61 

to 131 million-tans in 1978-79 (a year of very favourable rain) . 

However., the agricultural production were badly affected 

during the peri- d of severe droughts and erratic monsoon rains 

as is Evident from the sharp declines in the level of foorlgrairi 
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Table 1.2: Trends in Food Production in India, 
(1960-61 to 1979-c30) 

Year 	Food Production 	Increase (+} or 
in million tons 	Decrease( ) over pre- 

ceding year, percent 

1960-61 

1961-62 

1962-63 

1963-64 

1964-65 

1965-66 

1966-67 

1967-68 

1968-69 

1969-70 

1970-71 

1971-72 

1972-73 

1973-74 

1974-75 

1975-76 

1976-77 

1977-78 

1978-79 

1979-60 

79.3 

82.7 

80.2 

80.7 

89.0 

72.3 

74.2 

95.1 

94.0 

99.5 

103.4 

105.2 

97.0 

104.7 

99.8 

121.0 

111.2 

126.4 

131.9 

108.9  

+ 4.28 

-. 3.02 

+ 0.01 

+10.28 

_1O.76* 

+ 2.63 

+20.17 

- 1.15 

+ 5.85 

+ 8.94 

- 2.95 

- 7.79* 

+ 7.94 

- 4.68* 

+21.24 

- 8.09* 

+13,67 

+ 4.35 

-17.43* 

c- Due to severe drought 
Source: C.W.C. .- Brochure on Drought (March, 1982). 
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production in some years. The two -Irought years of 1965-66 

and 1966-67 had agricultural production of only 72.3 million 

tonnes and 74.3 million tons respectively, although in the 

proceeding year (1964-65) and in the following year (1967;-68) 

the food grain production was 39.0 million tons and 95.1 

million tons,respectively. 

1.5 DROUGHT - A RETARDING FACTOR IN DEVELOPMENTAL 

ACTIVITIES  -  _  —'" 

The developmental activities aref itred around the 

resources which are available in various forms around the 

centre of the activity. In other words we can say that the 

resource cycle plays very important part in the developmental 

activities and perhaps that is the reason why a resource 

planning and balancing constitute. the most important comno--

nent of the developmental planning of the region. One need 

not emphasize the role of water resources in various develop-

mental activities and it is an established fact that the 

resource cycle gets greatly disturbed with the impact of 

drought. 

Apart from shortages in the resources on short_term 

bat.is, the effect of rlrought on lonq-term basis is felt in 

many ways. For example the migrating tendency of the people 

residing in drought affected ,reps greatly affects the human 

resource development whatsoever. Temporary migrations are 

common features in drought years, though permanent migra-

tions clop take place )t sometime . As a result, there is 

radical alterations of the existing social order; the public 
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health gets deteriorated: sense of insecurity develops and 

and overall exploitation of the local people tikes place. 

These factors on one hand restrict the development of society 

and on the other hand greatly discourage the planners to 

make large scale investment in the, region. Drought has 

terrific impact on the human society because the very founda-

tion of the economy is shaken. Obviously, the economic . 

impacts of the drought are most significant of all other 

drought impacts. Over the years its impact has been felt in 

agriculture, urban water supply,-  industry, pollution control, 

energy production, recreation, navigability of rivers, nega-

tive impacts on fish and wild life etc. Reduction of crop 

production, cattle, industrial goons, hydro—power etc. are 

some of the major economic losses caused by the drought. 

In addition to economic and snciro—economic impacts of 

drought, there are many other impacts of drought which may 

be termed as' secondary drought impacts' . Some of the 

important impacts may be listed as soil erosion and resulting 

dust storms, forest fires, plant diseases, insect plaques, 

disease of personal and public hygiene, increased concentra--

tion of pollutants and consequent degradation of water 

quality, harmful effects on public health and wildlife, and 

deteriroratir)n in the quality of visual landscape. Yet 

another feature of chronically affected drought—prone areas 

is doser.tification, According to an estimate in the Unite-, 

States, each year about 70,000 s .km of land in the world 

undergo desertification. The total area threatened is equal 



to that of cho united states; Soviet Union aril Aistrali(I 

combined (Yer j eric! , et ; Pl; i963) .' 

The foregoihq discussions clearly indicate how the 

developmental activities are retarded in rlrought..prone 

regions and perhaps that is one reason why the socioeconomic 

gap is increasing nay by day making the drought,  prone areas 

.inre a.nd more backward; This pheriomenoh is more pronounced 

on global level as majority of economically backwPrd nations 

re unfortunately those regions which are prone to drought 

and other natural calamities. 

These aspects have been realised by the Government and 

.cessary actions have been taken to evaluate the development 

plans in c'roought affected areas with special consi.de-cation. 

For example the criteria' of. B.C. ratio of 1.5 for irrigation 

projects has been relaxed to 1.0 for economically backward 

and drought prone areas, Similarly, Irrigation Commission, 

1972 has stressed upon extensive irrigation planning for 

drought prone regions instepri c, f intensive irrigation, 

1.6 DROUGI-IT - NEED F(R BETTER UNDERSTANDING AND 
READINESS TO FACE IT 

Natura). di.sasters are part and parcel of the human 

fe and nature has in-built system to enable the human to 

overcome the disasters. No doubt, the shock and temporary 

L asses remain. The drought as one of the nature's Calamity  

also a recurring phenomena and is bound to affect us in 

r,oe way or the other, The impact of drought is felt 
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depending upon the intensity of drought and the adaptibility 

of suffering masses. However, it remains a fact that drought 

is one of the basic reasons for the nation's backwardness. 

Further, the drought of ordinary and mild nature have, in 

general, a slow and long term effect and therefore they remain 

unnoticed  ..although they have an equally harmful conse- 

quenccs, As compared to drought, other calamities for 

example a flash flood has short-term but tremendous effect on 

the human's society and as such they have always got a prom 

minent reference in the history book of social development. 

Perhaps, this is one reason why drought and its related 

problem have always been studied and handled with least 

priority. It is only after a severe or dangerous drought 

that the society gets alarmed and short-•term measures are 

taken up. And very often these measures never come as anti-

drought measures but in the shape of comic relief. The; real 

problem remains as such to torment the people in future. 

The 'rought is a phenomem;n whose management is possible 

only in two ways viz.. - (a_)bootter understanding of the 

Phenpme.ron;ancl (b)readiness to face it, In the present 

stage of development, the question of modifying the drought 

problem like modification of flood by structural measures 

ones not arise and hence one has to adopt the measure so 

that the impact of consequences of drought could, be !mini- 

mised. 
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It is, there-=fore, very reasonable and quite relevant 

t-) think that a proper understanding an scientific study of 

v rought is extremely essential in view of its impact on a 

wide spectrum of social concerns. Under prevailing condi-

tions there is no Part of the science of hydrology which is 

more important than the quantative analysis of drought 

(Whipple, i966) 	Hence, one of the most important factors  

which must be coonsidlere-? in any water resources system plan-

ning is to identify droughts which are likely to occur during 

the projected life of that system. The extreme values of 

drooUght play an important role in the future performance of 

any water resources system. A proper understanding of the 

nature and extent of the drought Problem may facilitate the 

preparation of an appropriate and more realistic oolan. 

Unfortunately, thf: drought phenomenon is not sufficient-

ly understood in terns of its characteristics and impact. 

Not only this, even its definition has been a matter of world 

wide controversy. It is not that the 'drought' has not been 

defined; but its nrgper definition taking into account its 

overall effects on human society is still elurdinq the world. 

1.7 OBJECTIVE OF THE STUDY 

Unfortunately, in India the studies related to drought 

are not in tune with the demand of the society. There are 

very limited studies and that too are very much restricted to 

specific disciplines. The need is to identify the drought 

conditions, its characteristics and impact with reference to 

the aspirations of the common man. 
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In this study an attempt has been made to :- 

(a) review the available literature on drought and 

related asx:ects, and evaluate the finc~1ngs 

(b) identify the drought characteristics and sugqest 

suitable parameters to define these characteris-

tics; and 

(c) develop a suitable model to prcnerly evaluate the 

intensity of drought and its consenuences: 



CHAPTER - II 

DEFINITION OF DROUGHT AND ITS CRITICAL REVIEW 

"What is droughtl If I am not asked I know 
what it is: if I want to explain it, I do 
not know how" . 

St .Augustin e 

Drought is essentially a situation in which the water 

availability is not enough to meet the expectations of the 

society. However, this description of drought is too simple to 

reflect the real picture. This is so not only because of the 

complex process of the hydrologic cycle but also due to factors 

such as (a)relative usage of the resources; (b)extent of consump-

tion of different form of water; (c )degree of dependence on the 

output; and also among other things; (d)the socio-economic 

aspects of the society and its tolerance capacity. That is 

precisely the reason why the drought has been defined in many 

ways by different affectc>d sections of the society, each 

section giving priority to the aspects which concern them most 

For example, or a farmer the drought occurs when the crop 

production is less than a certain level: a meteor'ologi.st 

defines the drought as a situation under wh'ic'h the- rain is 

less than normal: the drought, according to a hydro-geologist, 

occurs when the water level in the wells goes (down a defined 

mark; and so on. Eath of the opinions is true-but only in 

limited sense. However, a proper understanding and a systems 

tic And effective scientific investigation of drought problem 
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requires a 'precise definitiod of the problem Unfortunately, 

this initial step d defih ht the drought has proved to be a 

principal obstaclt to trio i ,estigaUon of the problem 

(Yevjevich; 19,67) Is there Are diversified ways of its defir. 

nition by authoi^i±Ses of Various disciplines. This is because 

of the fact that the notion of dtought is hot .absolute, but 

relative to the usAde end ekpett tiorns of the people of a 

particulab regioh  1Tha± is why th'e definition of drought 

becomes complex arid tonttoversial and an i4niversally accepted 

definition is yet to be found; " i  .., . We have no good defi-

nition of c blight : We may say truthfully that we scarcely 

know A drought when we see one", (Tannehill; 1947) 

No doubt attempts have been made by various researchers 

to study the various aspects of drought in order to evaluate 

the consequences in proper perspective but so far they have 

remained confined to a specific field of interest. For a 

water resources development planner, it is extremely essential 

to look into the problem in a very very broad perspective 

giving due weightage to different aspects and keeping in view 

the overall objective of the social development. An attempt 

has been made in the following sections to review the various 

approaches which are directed towards defining the drought, 

2.1 DROUoHT FOR A COMWDN MAN 

In the abridged version of Advanced Learner's Dictionary 

of current English, drought means "continuous (period of) 

dry weather Causing distress; want of rain". The Chamber's 
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Dictionary describes drought as "dryness ; want of rain or of 

water; a condition of atmosphere favourable to drying". 

Generally, the drought in literary term means scarcity 

which is taken with respect to water. However, they shortage 

of water either in the form of rain or riverflow or ground 

water creates the situation of drought the moment it adversely 

affects the cre)p production or becomes insufficient to meet 

the day—to—day demand such as drinking water requirement, 

industrial water needs etc. ' In case the shortage of water of 

a region can be balanced by transfer from any other region 

having surplus water then the drought condition may not occur. 

In other words, for a lay man, it is not the scarcity of water 

but the adverse effects of the scarcity which matters. That 

is precisely the reason why the term 'scarcity' gets changed 

from region to region depending upon the condition of water 

deficiency which results in hardships and sufferings to the 

people residing in a region. For example, in U.S.A. a 

commonly used definition was "a period of at least 21 consecu-

tive days when rain is less than the normal for the place and 

time" (Gibbs, 1967). 11ith  slight difference, Hoyt (1936) 

also says the samething — "In the humid and semi—arid climate 

droughts do not result until annual precipitation is as low 

as 80% of the mean". However, a prolonged lack of precipita-

tion less than average is often an objective measure of drou-

ght conditions. (Russel et . al .1970) . In Bali, "a period of 

6 days without rain is drought", whereas in Libya, 

0 
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"droughts are recognised only after 2 years without rain" 

(Hudson & Hazen, 1964).' In Egypt, "any year the Nile river 

does not flood is drought, regardless of rainfall'. The word 

drought in Australia is used to signify a period of months or 

years during which little rain falls and the country gets 

burnt up, grass and water disappear, crops become worthless, 

sheep and cattle die" (Campbell, 1976). In In:aia, drought is 

a situation of less rain during the monsoon period leading to 

failure of crops and fodder. It is partly because of the fact 

that the Indian farming is still very much dependent upon rain. 

As a. matter of fact certain regions of In<.aia are in the grip 

of floor?—drought — flood syndrome. However, the definition of 

drought in India varies considerably from one part to other. 

But the fact remains that it is basically the failure of crops 

due to shortage of rain water (.r more appropriately' irrigation 

water) at the critical time 

The foregoing discussions clearly indicate that the 

drought must be understood in view of its impact and the suffer-

ings which a cocoon man has to face. And, hence the various 

factors leading to these sufferings are to be properly evaluat-

ed and ii-  '•-orporated in the studies which are directed towards 

drought and its alleviations. 

2.2 MET EOROLOGICAL DROUGHT 

Of the various variables which affect the drought, the 

rainfall is no doubt the most significant one. And perhaps 

this is the reason that most of the definitions of drought, 

particularly of earlier period, do incorporate the amount of 
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rain, its duration and intensity, The earliest definition 

(Russel, 1896) of drought is "a period of months or years 

during which little rain falls". In early 20th century, 

Brounov defined drought as "the conditions as a result of rain-

fall of less than 5 mm in 10 days". Similarly, "15 days with 

no rain were considered to be drought in U.S.A."(Cole,1933).. 

However, Bates (1925) feels that annual precipitation/monthly. 

precipitation of 75%/6%' of normal may create a situation 

like drought. 

Only a few of the many definitions have been cited in 

above para with an objective to illustrate how the concept of 

linking the drought with rainfall emerged. With further 

studies, other characteristics of rainfall, and also the 

hydro—meteorological parameters affecting the rainfall were 

incorporated in defining the drought. Tc<aperature is another 

meteorological variable which is very frequently used in the 

definition of drought parameter. This again is perhaps be-

cause of the fact that the temperature variation directly 

affects the human being particularly in increasing or de-

creasing the level of water consumption in almost all the 

spheres of life viz, drinking water, irrigation water, 

municipal water etc. Temperature was used in defining a 

precipitation factor by Lang (1915) and also in defining 

index of aridity I =  by de martonne(1926); where 

I = index of aridity; 

P = nonthly precipitation (man); and 

t = temperature in oC 
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Similarly] other hyrro—meteorological parameters have 

been incorporated in the - efinition of drought from time to 

time. A comprehensive list of definition of drought or the 

associated concept of drought as suggested by various adthors 

for different regions has been given in annexUre II(WeM;O i97h"). 

A look at the various hydro—meteorological definitions- of 

drought will Indicate that in most of the cases the definitions 

are based on local conditions and th+ basic concept is to 

demarcate the limit of raipfall amounts. duration and its 

intensity, temperature; and other soil moisture conditions etc. 

beyond which the human Sufferints start. In some cases these 

def initions are very vague and also contradictory to some other 

definitions. Therefore, it is very difficult to accept any of 

these definitions as the real indicator of drought , conditions 

in a general way. Further, the definitions are greatly handi-

capped in taking into account the factors other than hydro—

meteorological factors which are equally important so far as the 
sufferings of common masses are concerned. 

Indian meteorological department hag defined drought"as 

a situation occuring in a sub-division in A year when the 

annual rainfall is less than i5 of the normal", Further, 
when the deficiency of rainfall Is above 5(/-► of the normal 

it is termed as severe drought. Likewise Pandas et. al(1950) 

defined the drought as a week with actual rainfall equal to 

half the normal rainfall or less (cited from W.M.0.1975). 

R,..mm1as (1960) considered a year as drought affected when 

rainfall is less than normal by twice standard deviation of 
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the series. H4.J4wever, .drought as such has no sigpificance until 

and unless it is viewed in terms of its consequences on vari-

ous aspects of the human activities. If thure is not so good 

rainfall but reasonably distributed over the monsoon period 

then there is every likelyhood that drought may not occur at 

all even though there is no rainfall during the rest period of 

the year or annual rainfall is less than 75% of normal rain. 

In India during a crop season (particularly in Kharif season) 

there may not be any rainfall for weeks altogether and still a 

drought like situation may not occur. This is because of the 

fact that it is the period of rainfall suitable for a parti-

cular purpose which matters most and not the total amount of 

rainfall or the number of weeks without rainfall. There are 

lot of instances when the annual rainfall is well above. 75% of 

normal rainfall and still the year has been declared as 

drought year'. For example in Palarru district (Bihar) :.urinq 

the period 1950-80, the years which have been declared as 

drought year, are given below along with annual rainfall. The 

normal annual rainfall of Palamu is 1194.75 mm and 75% of it 

works out to be 896 mm. 

S.N.  Year 

1. 1950 

2. 1951 

3. 1952 

4. 1954 

5. 1955 

6. 1956 

7. 1957  

Annual Year(mrnj 

1143.23 

1101.40 

1078.13 

837.53 

757.23 

1145.67 

1057.07 



- 28 = 

8 1958 1230147 

9. 1965 108800 

1n: 1966 505i30 

11 1972 903:85 

12; 1979 75730 

From above1 it may be seen that out of 12 declared drought 

years the rainf alb. is less than or equal to 15% of the prom 

only in case of four year's v .z, 1954 19551 1966 and 1979; 

Obviously k the criterion of the annut rainfall being 1es§ 

than or equal to 75% of the normal rainfall for drought falls 

to project the correct situation. Similarly, according to 

the definition given by Rarrrias (1960) only one year viz.1966 

can be considered as drought year as well other years have 

rainfall more than (p - 2.p) where p = average annual rain- 

fall,  p = standard deviation. 

It is, therefore, evidently clear that meteorological 

definitions of drought are of little significance for all 

practical purposes. 	 I] 

Similarly, the definition given by the British Rainfall 

Organisation, "~-s a period of atleast 15 consecutive days 

none of which has created rainfall of 0.01 inch or more" 

(Heathcote, 1973) also noes not appear to be very significant 

atleast from the point of view of Indian conditions. However, 

the definition suggested by the U.S.BureAu of weather is more 

comprehensive though very general in nature. According to 

this definition the drought is "lack of rainfall so great 

and long as to affect injuriously the plant and animal life 
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of a place and to denlete water supplies both for domestic 

purposes and for the operation of power plants, especially 

in those regions where rainfall is normally sufficient for 

such purposes" (Haven, 1954). 

But even this definition is very very specific without 

considering the overall factors responsible for and leading 

to drought. For example, this definition obviously may not 

hold good for regions where water resources potential (both 

surface as well as ground water) have been efficiently ex-

ploited and managed. 

2.3 HYDROLOGICAL DROUGHT 

In the recent Glossary of Meteorology  drought has 

been defined as °1a period of abnormal dry weather sufficient-

ly prolonged for the lack of :water to cause serious hydrolo-

gic imbalance i.e. crop damage, water supply shortage etc. 

in the affected areas". It is further stated therein that 

the term should be reserved P°for periods of moisture defi-

ciency that are relatively extensive in both space and time'. 

V.Yevjevich (1967) defined drought as a "meteorological 

phenomenon that occurs when precipitation and/or natural 

runoff in a given period are less than normal, and when 

this deficiency is sufficiently great and prolonged as to 

damage human activities''. Hence, the droughts are associat-

ed with water deficits of prolonged duration and large 

areal coverage with large impacts on a region. 
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Obviously the definition of drought remains incomplete 

unless the scope of utilisation and availability of the 

potential surface and ground water- resources is duly account-

ed for. iviany authors have considered the role of hydrology 

in drought and have emerged with definitions of drought 

which are commonly referred to as 'hydrological drought' 

A hydrological drought occurs when there is marked 

depletion of surface water and consequent drying up of 

reservoirs, lakes, streams and rivers, cessation of spring 

flows and fall in ground water ldvels. 

V,Yevjer.ich (1967) defined hydrological drought as 

"the deficiency in water supply on earth's surface, or the 

deficiency in precipitation, effective precipitations, run-

off or in accumulated wator in various storage capacities". 

In hydrological drought the effective rainfall is 

determined by the portion of rain that escapes thrbuch the 

surface or sub-surface drainage. Hydrological drought may 

also be reflected in depleted snowmelt due to poor snowfall 

in an earlier season as a result of which the hydro-power 

generation may be reduce-'; and industry as well as agricul-

ture may be effected. 

Whipple (1966) has described drought as O'prolonged 

periods of stream runoff averaging less than the long term 

mean". Since he his considered only the flow in rivers, 

his definition may well be classified as 'hydrological 

drought'. %ite often, a hydrological drought is defined 

as a drought when the runoff is less than 75%% of the 
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normal runoff. A typical text book definition of drought 

has been given by Linsley et. al. (1975) as a 'period? :luring 

which stream flows are inadequate to supply established uses 

under a given water management systems. 

As mentioned earlier it is definitely necessary to 

incorporate the hydrological conditions in the definition 

of drought as the river flow or the ground water is very 

vital to the society. However, the other factors parti-

cularly the hydra—meteorological factors which in many 

cases directly affect the agriculture in India, can not be 

overlooked. Therefore, the definition of drought based on 

the shortage of stroamf iow etc. alone cannot depict the 

overall conditions which lead to drought. However, it may 

be very important in case ,f a region where the development-

al activities are centred around a water resources develop-

ment scheme and agriculture and other activities are, by and 

large, fully dependent on river flow. Even in such cases a 

general criterion of annual runoff being less than ,9 speci-

fied limit does not appear to be appropriate as the water 

availability as well as its utilisation are highly variable 

in time. 

Unfortunatly, most of the definitions of hydrological 

drought are based on the quantum of annual river flow with-

out taking into account its time distribution anc-', its 

utilisation. 
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As ddescussed in earlier sections the drought must be 

viewed from the point of View of sufferings caused by 

deficiency of water resources and its erratic nature: For 

an agriculture based society like ours a very important 

factor is the agriculture prQduce:e which can not be ignored 

while evaluating the drought conditions4 

2,4 ACRICULTJRB U'tOUGHT 

In pare 22 and 2b3 drought has beet defined Jr' terms 

of rainfall (meteorologica). drought) and runoff (hydrological 

drought) # These definitions, however, do not take into 

consideration the 'soil—moisture' which is the most vital 

for the plant's life. With this aim in view, many investi-

gators have given the definition of drought in terms of soil—

moisture which may be termed as ' acgr. icultural drought'. An 

agricultural drought may be defined 'as a prolonged abnormal 

moisture deficiency' (Palmer., 1965), Lanrlsberg(1.927) stated 

that 'drought  begins when plants can no longer recoup water 
from the soil as quickly as it is lost by transpiration' 
It is, therefore,, obvious that an `tagricultural Irought' is 
of prime importance as far as India is concerned where near- 
ly 	c f the population is engaged in agriculture for their 

livelihood. 

"A day on which the available soil_moisture was de-

pleted to some small percentage of available capacity °' was 

considered as ,drought by Van Bavel & Verlinden (196), 

while Thornthwaite (1947) defined drought, 1Qas a period of 

dryness i.e. want of rain or water, specially S4e;h dryness 
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of weather or climate ,s effects the earth and prevents growth 

of plants". All these definitions point out only the soil-

moisture deficiency and not the extent or particular period 

of soil-moisture deficiency which is more important from the 

plant's growth point of view. The water requirement of plant 

is different for different plants and so are the critical 

growth stages during which lack of water has most adverse 

'effect on the growth of plants:  It can, therefore, be said 

that an agricultural drought is caused by an inadequate amount 

of soil water available over a critical time period of crop 

growth. So, a study of agricultural drought should take into 

account the types of the crop, their rooting depth, the 

characteristics of the soil and the meteorological factors 

that affect the moisture supply and demand. Hence an agri.. 

cultural drought occurs as a result of nrolongcd shortage of 

moisture in the root zone of. crops (particularly (luring the 

critical plant growth stages) -aue to irregular or erratic 

rainfall. Obviously, agricultural drought will depend upon 

the density and distribution of plant, animal  ,ncl human 

Population, their life-styles, their use of the land, as much 

as on rainfall deficiency. 3o, an agricultural drought may 

be distinguished from 'hydrological drought' by a difference 

in concept of 'effective rainfall?. In agricultural drought 

the effective rainfall is that portion of the rain which is 

retained tithe root zone, while in hydrological drought it 

is the portion of rain which appears as surface or sub-

surf ace run-off. Agricultural droughts are common both in 
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humid and semi--humid areas and can be identified during the 

period when the crops are in greater water needs while the 

rainfall and soil,.moisture are toppether incapable to sustain 

the existence and growth of crops to maturity causing exten-

sive soil stress and wilting. United Nations Drought and 

Relief Organisation (UNtR0)) has recognised the agricultural 

drought as one of the worst disasters. It is difficult to 

identify its exact start or termination. Its duration may 

be very long and indefinite but its creeping spread may be 

very vast in extent with devastating impact over an entire 

area or over an entire continent . 

2.5  000I-f AND 5(X:IO..ECONOC:9IC FACTORS 

In the foregoing sections, the factors which directly 

affect in creating a drought like situation have been dis-

cussed and the various definitions of drought based on these 

factors have been described. But the impact of drought of 

same intensity will vary from society to society depending 

upon the socio—economic conditions of the society, the re-

sisting capacity of the peopleresiding in the region and also 

on the geographical heterogeneity. Of these, the socio—eco-

nomic factors are very important and it has been seen that 

with the economic development the resisting capacity of a 

nation to fight a drought increases. No doubt the vice-

versan  also holds good and the economic development of the 

country is, to a great extent influenced by the degree to 

which the area is prone to natural calamity like a drought. 
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It is, therefore, necessary to examine as to how the 

droughts are looked upon by economist and social reformers, 

The economist views the economic drought from entirely 

a different angle. In an economic sense 'drought may mean a 

water shortage, which significantly alters hr disturbs the 

established production and water uses' . It :~,;y, however, be 

said that 'economic drought' is a situation when the produc-

tion falls below expectations. Sociological drought may be 

defined as the meteorological hydrological conditions under 

which'there is less water available than is anticipated and 

relied on four the normal level of socio—economic activity of 

the region. Hence, ecc.)nomic anri sociological droughts are 

defined in terms of the effect or impact of various varia-

bles characterising a drought on the social well being in 

general; whereas a physical drought is defined in terms of 

various hydro—meteorological characteristics. 

The above discussions very clearly show that the 

drought must be looked in totality and not merely in terms 

of a specific factor causing the droughts. 

2.6 NEED EOR DEFINING IJ OUGHT .. IN PROPER PECRSPECTIVE 

If all the definitions of drought proposed by various 

investigators are compiled, it may well, cross the century 

mark. These definitions at the same time reflect very di-

verse view points and quite a few may turn out to be con-

tradictory to each other. But basically, all of them arc 

ba5,~r1 on lack of wad :_.du : to prolonged weather conditions 
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and the consequent adverse effects on various water uses: 

However, for the same water use the concept of drought may 

change with time; ptac.e and specified need For examples a 

drought for the grower of sugarcane may not necessarily be 

drought for the grower of maize: Similarly] the same 

percent of shortage may not cause the similar adverse affects 

for Rajasthan and Assnm, So, it can be suggested tht ritought 

only occurs to the poepje$  their uses and needs, Co  Vo U 

(1967) stated that ",,, ..a stable eco—system is in equilibrium 

with the stresses of its environment including restricted 

water supply, Man endearers  to draw out of the system more 

than was being produced previously and the effects of water 

shortage become exagqerated under these conditions': It is, 

therefore, evidently clear that the time and space processes 

of water supply and water demand are the two basic processes 

that should be considered for an objective definition of 

drought (V,Yevjerich, 1967). So, a comprehensive definition 

must be based on 'supply and demand! (need) concept, In this 

connection, the definition given by Dracup, .LCc and Paulson 

Jr. incorporating the above concept may be called as a 

comprehensive one .... °"Drought is a water shortage with 

reference to a specified need for water in a conceptual. 

supply and demand relationship". Zekaisen (1980) while 

modifying the Palmer's (1965) drought definition also reflects 

the same concept.....'Thc interval of time generally of the 

order of several days, months or years in duration ddurin,g 

which the actual water supply at a given location rather 
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consistently falls short of the demand;' Hence, it can be 

suggested that a single or a cgenE r. gal lof initi on of drought is 

not possible for all water uses and conditions, Even if 

there were a quantitative definition of drought applicable to 

all purposes, it .vould be too generalised to be used for 

practical purposes. However, even though there may be diff-

erent drought clef initions suiting different purposes, an 

underlying criterion for their choice can be standardised, 

Dracup, Lee and Paulson Jr. (1980) have suggested the follow-

ing set of decisions necessary to develop an accurate, practi-

cal and analytical definition for 'drought' 

1. Is the primary interest in pprecipitation(,ieteoro-

logical drought) , stream flow (hydrological drought) , 

or soil moisture (agricultural drought) ? 

That is, selection of the nature of water 

deficit to be studied. 

2. What is the fundamental averaging period of the 

time series to be studied (e.,g, month, season or 

year) ? 

That is, selection of the averaging period used 

to d scretise a continuous time series. 

3. How are drought events distinguished analytically 

from other events in the time series ? 

That is, selection of the truncation level 

used to separate droughts from the remainder of 

they time, series (mean or meth. an). 



4.  How are the regional aspects of droughts to be 

considered in they study ? 

That is selection of the methods of analysis 

(regional is at ion or standardisation). 

In addition, it would be also necessary to evaluate 

the consequences of drought from socio-economic considera-

tion incorporating the factors responsible for these conse-

quences in appropriate manner in the definition of drought. 

Therefore, it is necessary to analyse the time series of va-

rious variables affecting the drought, and the dependent 

variables which are consequently affected by drought. The 

major variables are to be selected in view of the socio-eco-

nomic cc nditions of the region. The tinalysis should be used 

to identify/derive suitable parameters which should be 

considered in defining the drouqht in proper perspective. 

In brief, attempt must be made to identify the drought 

characteristics and then to identify suitable parameters to 

depict the characteristics from the socio-economic considera-

tion. 
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DP,cdaiT GHdpicti IsTICs 

It is evirient that drought as such should not be Viewed 

from any specific consideration such as meteorology; hydrology, 

agriculture etc. It has airea dy been discussed that the 

definitions of terms like hyrirological drought, meteorological 

drought, agricultural drought are incomplete and do hot re. 

present the real picture. No doubt, some of the definitions 

are quite comprehensive And in a general way cover the salient 

features of drought but these are very general in nature. 

Obviously, such qualitative descriptions may not be of much 

help for practical purposes. For a correct evaluation of the 

situation it is necessary to have ouantitaative assessment in 

terms of the characteristics of important variables which 

would lead to drought-like situation. Hence, it is of utmost 

importance to carry out the necessary studies in respect of: 

• (a) Identification of variables which play major role 

in development of drought-like situation; 

(b) Identification of the characteristics of these 

variables; and 

(c) Development of suitable relations duly incorporat-

ing the characteristics of identified variables in 

order to define drought both qualitatively and 

ouantitatively. 
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For this, it will be equally necessary to evaluate and 

quantify the consequences of drought so that the objective is 

properly defined. 

3.1 CONSEQJENCES OF DROUGHT 

Although drought is essentially a physical phenomenon, 

an outcome of some hydrological or hydro-meteorological un-

balances, it can well be said as asocial, economic and en-

vironmental phenomenon of great importance due to its ultimate 

consequences on a wide range of socio-economic activities of 

a region. 

During drought period, due to lack of water agricultural 

activities are highly dlistu bed as .3 result of which the crop 

production badly suffers. Similarly, due to low water avai-

lability, the hydro--power generation is adversely affected. 

This in turn has impact on many power based industries apart 

from the industrial units which are directly hit because of 

reduce 
shortage of water supply. Further, due to/crop production 

many agriculture based industries are affected. Those in-

dustries which are directly dependent upon agricultural pro.. 

auction like fertiliser manufacturers, food processors etc. 

suffer economic losses on account of drought. 

Furthermore, the timber production may also suffer 

clue to forest fires, tree diseases, insect infestation, 

impaired productivity of forest land. Due to insufficient 

flows in the rivers, streams and ponds, fisheries activi-

ties are also affected. 
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The causes and consequences of drought can be represented 

in brief as shown in Figure 31l 

3, i.l Social Consenuences of Drought .- Global Impacts 

The drought is in geherl ; viewed in isoi at ion for a 

region: No doubt; a number of consequences are restricted to 

a particular region which is considered to be so:.called 

'drought-prone 	r ',arojJght-affec'ced' area. And most of the 

measures to combat drought in the form of relief-measures or 

otherwise are suggested for local region only, However, It is 

Very much essential to iQuk at the drought not in isolation 

but In totality and hence the consequences of drought must be 

viewed in broader perspective that is at state level, nation 

level and at global level. The range of possible social 

consequences has been nicely depicted in Figure 3.2 

(Yevjerich, 19£'3). 

The various conse-ruenees as discussed above should, be 

critically reviewed in view of socio-economic profile of a 

region and then they must be rated to assign priority in drought 

alleviation measures. The definition of drought for the speci-

fic region must, therefore, incorporate the consequences in 

terms of their rating. 

3.2 Fd\CTORS CAUSING IROUG T SITUATION 

No doubt the lack of water for a prolonged period is the 

prime factor responsible for the occurrence of a drought situa-

tion, But this is not all. The shortage of water in terms of 

its volume alone may not sufficiently describe the drought 
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Likewise, economic losses accrue to -airy industries 

also because of unavailability of water and fodder to the 

cattle. 

From social point of view also, drought has manifold 

consequences. Due to large scale reduction in the crop 

yields and consequent impact on other allied agricultural 

activities, a sense of insecurity grips the general masses 

particularly the people who depend entirely on agriculture 

for their livelihood. Hence, the problem of unemployment 

crops up and in many cases people are forced to 'migrate to 

some other places in search of food, job etc. Sometimes due 

to recurrent phenomenon of :drought the people are forced to 

change their life styles in order to cope with the consequen-

ces of drought. Apart from these, the problem of public 

hazard may also be created Niue to increase of pollutant con-

centrations and diminished sewage flows. Because of malnutri-

tion, people may face various disease problems. One of the 

worst effects of drought is felt in drinking water/municipal 

water supply which leads to miseries of general people. 

Drought has also environmental impacts which may be 

manifested in damage to animal species, fish species, plant 

species etc. The quality of water is affected due to in- 

crease of salt concentration.  jrf  quality also suffers from 

dust, pollutants etc. Damage to wild life habitat may be 

other consecuenccs of a drought. The scenic landscape may 

also be affected due to loss of vegetative covers etc. 



- 42 - 

The causes and consequences of drought can be represented 

in brief as shown in Figure 3t1; 

3.i1 Social Consenuences of Drought .- Global Impacts: 

The drou ht is; in geherai; viewed in isolation for a 

region: No doubt; a number of consequences are restricted to 

a particular region which is considered to be so-called 

'drought-prohe 4 or 'Jrobght-affected area 	And most of the, 

measures to combat drought in the form of relief-measures or 

otherwise are suggested for local region only. However, it is 

Very much essential to .1©Qk at the drought not in isolation 

but in totality and hence the consequences of drought must be 

viewed in broader perspective that is at state level, nation 

level and at global level. The range of possible social 

consequences has been nicely depicted in Figure- 3.2 

(Yevjerich, 19E~3). 

The various conseciuences as discussed P.bove should be 

critically reviewed in view of socio-economic profile of a 

region and then they must be rate(] to assign priority in drought 

alleviation measures. The definition of drought for the speci-

fic region must, therefore, incorporate the consequences in 

terms of their rating. 

3.2 . FACTORS CAUSING DROUGHT SITUATION 

No doubt the lack of water for a prolonged period is the 

prime factor responsible for the occurrence of a drought situa-

tion. But this is not all. The shortage of water in terms of 

its volume alone may not sufficiently describe the drought 
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situation. The form of utilisable water that is the rain 

water, the river flow, the canal diversions, the water from 

wells and other sources vary from place to place and also how 

developed the region is. Similarly, the degree of dependence 

of people residing in the region also varies considerably. 

The shortage of different forms of water along with the 

degree of dependence of society is, therefore, very important. 

Further, the demand of water in its various forms again 

varies considerably with time. •For example, the demand of 

municipal water is more in morning and evening hours; the 

industrial water requirements are, generally, restricted in 

,certain hours; and the irrigation water requirements have 

definite critical period for various crops when the water 

supply becomes more important. It is, therefore, necessary 

to give clue importance to the time distribution of the 

demand and availability of water. This will be illustrated 

from two typical examples: 

(a) •The rainfall in a region in a year is, say, about 

~(o of the normal rain but this amount is propor-

tionately distributed over the kharif season with 

respect of demand in different months, 

(b) The rainfall is almost equal to the normal rain-

fall of the region but majority of rain is con-

centrated in the month of .ugust and early 

September with negligible rain in the month of 

July and early October. 
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ObVindsly4 for a farmer who fuiiy reiles ot he rafl5 

the conditions at (a) is r1toe f A06t4le than thá at (b) 

The critical periods of crop prodiction are the periods 

when even marginal shortage of Water has very adverse effect 

oh crop prodictior 	This periodi thetefotel mUs# be giVeh 

more weight as cordparec to other periodt 4  Slaiiipriyj the 

need for mur11)al Water is to be given priority over other 

usage of water in an urban area, wheros the irrigation 

water has over—riding priority in an agriculture based area, 

Yet another factor which is very imprtant 0  is the condition 

prevailing in previous years. It is well known that the 

droughts are mostly a part of the drought cycle. This sort 

of drought cycle is nothing but the chain effect of previous 

year's condition. 

The drought, therefore, must not be looked only In 

terms of a single parameter that is quantum of shortage of 

rain or river flow. Any proper definition of drought should 

incorporate all the above factors. 

3.3 IDENTIFICATION OF P4RiEIS TO DINE THE 
LOUT SITUATION 

As discussed earlier, the 4rouqht conditions of an 

area must be evaluated In terms of the speifiv objectives 

which re to be decided in view of Soio—economjc conditions 

of the area. However, these objectives which appear in the 

form of output viz. shortage of food grains, health hazard 

problem, shortage of drinking water, closure of industries 
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etc. must be correlated to such parameters which reflect the 

characteristics nf factors Leading to such drought conditions. 

The identification of such parameters becomes necessary to 

have an advance estimate of the forthcomina drought event and 

in taking necessary measures such as water management etc. to 

reduce the adverse effects of drought. This is also equally 

important to incorporate: the features of drought in any water 

resources planning for the region. 

Some of the commonly used, parameters to define drought 

include: 

(a) Mean of the annual rainfall  

(h) rAean and standard deviation of the annual rainfall. 

(c) ean of the annual river flow 

(d) Mean/Mean and S.D. of other hydro-meteorological 

parameters such as temperature, humidity etc. 

In some of the cases the variables such as soil mois-

ture conditions etc. are also used. But in most of the cases 

only the annual values are taken intn account which do not 

reflect the situation in respect of the following factors: 

(a) Time distribution of the input variable that is 

rain or runoff; 

(b) the time distribution of planned/proposed water 

utilisation; 

(c) priority of different uses of water such as irri-

gation, municipal, industrial etc; 

(d) period-wise priority of water use for each of they 

purposes separately; 



However, this prrneter ptimarily reflects, the total 

deficiency in the input sequence(s) which affect the conditions 

leHinq to drought, Obviously* thLt is not sufficient to 

reflect the overall conriitions as only one out of irious 

factors is reflected by the nboVe prrnetor 	This cri be 

improved to some extent by using the curnutive absolute Varia-

tion of each period. 

Cumulative Absolute Variation. CAD  

n 
- 

Li 	
V • • 4 4 • 4 4 4 • • 4 	8 44 l 8 '. 	S 

ji 	3. 

Where V. = Vripjinn in input sequences in period i. 

This prrneter, no doubt, reflects the tot 	variations 

s well 	, but does not differcntite htWen the douc3ht and 

the flood situation. Trofoe, it is not likely to serve as 

qond indictor of the drouqht co flditlOflS, 

Sum of the Squares of the Monthly Vritio 

Yet another par,—meter which is very commonly u.ed in 

statistical Pmilysis is the sum of the squares of the vria-

tioris in different time period, i.e. 

n 	2 
SED = 	V 

1=1 

However this prrneter also suffers fro:m t1e 	rne de- 

ficiency as in case of the cumulative absoIute variation, 
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(e) the conditions of previous years. 

Further, the commonly used factors are based on a se-

cific variable without any regard to the drought conseciuences 

which is very important. This is more so because the drought 

consequences vary from place to place and the nature of drought 

;bets entirely changed in different s'~cio—economic conditions. 

In View of the above, it may be concluded that the 

existing Pararnt:tors are insufficient and it may he necessary 

to identify some additional Parameters which reflect the 

drought in proper perspective. 

3.3.1 Commonly Used Statistical Parameters: 

In order to reflect the above mentioned drought features 

some of the cornonly used statistical parameters which may be 

considered are described below: 

Annual De 'iciency; D 

n 
D.= 	T 	Vi _. I .. fl, .............at3.1) 

 

i=1  ' 

Where, Vi = Variation in the input sequences in period i 
i,e.the difference between the actual input 
sequences and the desired input in period i, 

I,r,~ = Total f the each ith period's actual :nnut 
sC?CUOnces 

Pl y _ Required or desired input over the whole 
period, n. 



However, this parameter primarily reflects the total 

deficiency in the input sequence(s) which affect the conditions 

leadinq to drnu Iht. Obviously.k this  is not sufficient to 

reflect the overall conditinns,b  as only one out if Various 

factors is reflected by the above nrameter: This c, n be 

improved to some extent by using the cumujative absolute,  Varia-

tion of each period.  

Cumulative Absolute Variation, C\0  

n 
CAD  — wl 	V. 

Whore V. = Variation in input scciuences in period i. 

This parameter, no doubt, reflects the total variations 

as well 	, but roes not differentiate: betweQn the drou,Iht and 

the flood situation. Therefore, it is not likely to scve as 

a qoo:a indictor of the rarout cnn.ditions.. 

Sum of the Squares of the Monthly Variatinns3 

Yet another. ;.parameter which is very commonty u ed in 

statistical analysis is the sum of the squares of this varia-

tions in different time nerio,d, i.e. 

n 	2 

However, this paranetor also suff ors from t3 the same de-

ficiency as in case of the cumulative absolute variation, 
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CAD.  It has however, the adantaqe of assigning more weight 

to extreme conditions. 

3.3,2 Improvements in the Commonly used Statistical 
Parameters: 

The major deficiency in the above parameters which 

renders them unsuitable in drought analysis is their in-

ability to differentiate in the droughts and the flood core. 

ditions. This can be improved by using the following modi-

fied parameters: 
n 

DD, 	= 	_.:. 	X 	,...... .... ... 	•.(3,4) i=1 1 

"/here, DD = annual deficiency leading to drought 

X i - 	V 	i.e. variation in the input sentence in 

p r~eriod'i when V 	0 

=0when Vi 0 

This parameter as a matter of fact reflects the sum 

of the deficiencies of input (rainfall, runoff etc.) in 

different periods i.e. the surpluses are eliminated. How-

ever, the following three important factors are not proper-

ly accounted for in the above parameter. 

(a) Time distribution of the total deficiencies, 
(b) the relative importance of various time i.e. the 

critical period of different uses curing which 

deficit of water has most adverse effects; and 

o iIOO TES I r 24 (oB49, 
jt pj 

Ut' Q~ 
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(c) the deviatinns from the normal conditions pre-

veiling in different periods. 

Therefore, the above parameter can be- further improved 

as follows: 
n 

DDN  K.  ..x ...............(3.5) 
i=1 

Where DDN = the deviation leading to drought situation 
in relation to the normal conditions pre-
vailing in the different periods, 

Ki -  ( Vi -if (Vi - Vi ) 	n 

C) 	if (V. - V.) 

V. = Vr~riatiOn between the input sec fence at 
period i and the reciuire ?. input at 
period i 

V. _ 	the average of the variations 'in ith 
1 

period as obtained from the historical data. 

This improvement accounts for the normal conditions 

prevailing in the region and hence it is likely to reflect 

the resisting capacity of the society to combat drought. 

However, it is necessary to incorporate further improvements 

to account for the relative impact of deficiencies in diff-

Brent periods in the same year. 

The factors at equation (3.41) and equation (3.5) can 

be further improved by introducing another term wi - weight 

for the ith period in the following way: 
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n 

	

WDD1\ 	
_ 	1.. 

.. W 
i 

* 	X
i 	,........(3.6) wi.  

Where WWDD1~ = weighted annual deficiencies affecting the 
drought 

WN1 . = weight assigned to the peri,)d i 

	

Xi = 	Vi I. e. variation in the monthly input 

sequences, 

when V. / 0 
1 

= 0 when V. s O 

anti, 
n WDDN 	= 	__ 	t~!. * K. 	.............. (3.7) 

1  1 i=J_ 

Where VIDDN - weicghte,.! annual deviations leading to drought 
situation in relation to the normal conditions 
prevailing in the different periods, 

	

K. - 	(V. - V.) if (V. - V.) 	o 

	

= 	0 	if (Vi  Vi ) 	n 

V = Variation between the input sequence at 
period i and the required input at period i, 

Vi = the average of the variations in the ith 
period as obtained from the historical data. 

Uri = Weight to be assigned to ith period. 

The weight Vii for different periods can he assigned 

with reference to the importance of respective periods. 
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The e cation (3.6) suqqests a paramctEr which takes 

into account most of the important factors  leadin to drought. 

However, this can be further improver! by including a factor 

in respect of overall conditions prevailing in the year. 

3.3.3 Su:_ Bested Parameters: 

The overall conditions prevailing its the year can be 

taken into ,account by multi~lyinq WDDN by the ratio of the 

normal annual conditions of the input sequence to the actual 

value of the input in the year i.e. Rr . Thus, the 'effective 

deficiency' which is likely to represent the drought condi-

tions reasonably may he given by: 

n 
Effective Deficiency, ED = h 	-. 1,4. * K. 	...... (3.P ) 

r i1 	i 

Where , W. = weight to be assigned to ith oerindd 

K. - 	(Vi - Vi ) 	if (Vi - V) 	0 

0 	if (V - Vi ) . 0 

Vi = variation between the input seouence at 
period i and the required input at period i. 

Vi = the average of the variations in the ith 
period as obtained from the historical data. 

the normal annual conditions of 
R - _ 	the input sequence 
r 	the actual input in the same 

year 

In case, the extreme conditions play vital role in 

development of conditions like drought then the effective 

deficiency can be reflected by: 
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n 
ED 	= 	n 	* 	.:..;_ ... (!N: 	K. )2 e 	r 	i 4 (3~9) 

I"dhere We = effective deficiency with extreme 
conditions duty represented; 

and Kj i Vii Fir have their meanings as explained in 

case of equation (3;8) 

The above discussions clearly indicate that there is 

considerable scope for improvement in defining the drought 

conditions by incorporating the v<arieus charActeristics of 

the factors leading to drought in a suitable e uation. 

Equations (3.E) and (3.9) appear to be nuite comprehensive 

and include the important features of drought. 

The ib,.)ve parameters have been developed for a selected 

recgio:on and the effectiveness of each of them has been evaluat-

ed, the details of which are discussed in Ch Ater - V, 



CHAPTER — IV 

Some of the factors which are likely to cause drought 

have been described in the last chapter. With a view to further 

explaining the above parameters and to evaluate their suitabili_ 

ties the data of a drought prone district of Bihar have been 

collected and analysed. 'ijhile selecting the area, the 

following points were kept in view: 

a) The area represents a typical drought prone region 

of India, where drought is always a recurring fea-

ture; 

b) The necessary data are available for carrying out 

the proposed studies; 

c) The input sequences which are to be considered in 

evaluating the drought situation are few and simple 

in nature-, 

ci) The region as a whole is homogeneous both from the 

hydrological as well as social considerations; and 

e) The drought constitutes the major form of natural 

calamity and hence the major reason for the non—

development of the region. 

Keeping in view the above factors, Palemu was considered 

as a case study. It is one of the backward and chronically 

drought affected districts of Bihar and has considerable per-

centage of tribal population. The population is agricultural 

based, the agriculture mainly depending upon rain. The irri-

gation schemes have been planned but not yet fully 
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implemented. The area was taken up for development under the 

drought prone Area programme of the Ministry _of Agriculture and 

Irrigation, Government of India. 

4.1 DESCRIPTION OF THE STUDY AREA 

The district of Palamu is the fourth largest district of 

the state of Bihar with a total geographical area of 

12,019.90 sq.km. It forms. the north—west corner of the 

Chhotanagpur. Division and lies between 23°20' and 24°39' N 

latitudes and 83°22' and 85°00' -zE longitudes. The district is 

cut into two approximately equal parts by the river Koel which 

after flowing from east to west in the south of the district, 

turns north and eventu=illy joins the river Sone at the northern 

boundary of the district. The district is drained by the 

river Sone through its tributaries Koel, Kanhar, Auranga, 

Amanat and Sadabah. The river .Sono forms the northern boundary 

of the district while the Kanhar river forms part of the south-

western boundary (Figure 4.1 ) . 

The district has total culturabl area of 5,46,7'35-',,  

(45.49%) while the grass sown area is 3,28,019 ha,lhe nature of 

soil is highly variable from village to village and plot to 

plot. The important type of soils found are heavy clay, 

sandy soil and loam soil. The major crops cultivated are rice, 

wheat' , maize, pulses, sugarcane and -oilseeds etc. 
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4.1.1 Socio-Economic Profile: 

Population and Employment: In 1981, the total population of 

the district was 19.16 lakh (an increase of 27.4% over last 

10 years since 1971). Out of this population 18.08 lakhs or 

94.36% people live.:- in villages and 1.08 li~khs or "5.6 

lived in cities or towns. However, 	steady shift towards 

urbanisation has been noticed in the last few decades. 

Figure 4.2 shows the percentage of population living in rural 

and urban areas. The district comprises 3583 nos. of 

villages with 5 nos.' of towns. 

The avO:>rage density of pupulation in the district has 

been reported as 159 per so.km. As per available report only 

about 32.83% of the population of the district as ) whole have 

some sort of jobs.' So, on an average one person has to earn 

for. three. The percentage of non-workers is more or loss 

similar for the rural area also whorE. 67.19% of the rural 

population has been found as non-workers. The corresponding 

figures for the urban areas have been reported as 25.15% 

workers and 74.85% as non-workers. The cultivators and agri-

cultural labourers in the district formed 27.55% of the entire 

population which works out to be 85.08% of the total workers. 

It is, therefore, seen that the main occupation of the people 

is agriculture. 

Livestock: Palamu is a rich district in live-stock wealth. 

According to 1977 live-stock causes, it had a live stock 

population of about 14,7 Lakhs. The district also had 

434567nos, of poultry. 
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Drinking Water Facilities : All the 5 towns of the district 

viz. Daltonganj, Latehar, Netarhat, Garhwa and Hussainabad are 

provided with water supply services. However, a vast majority 

of the rural pupulation has not been provided with drinking 

water facilities. Out of 3218 nos of inhabitated villages 

in the district, 1058 nos of villages have been identified 

as the villages having drinking water problem. By ond large, 

the villagers are dependent, for their drinking water, on 

open dug wells, ponds, tanks, rivers, springs etc. 

Agriculture and Irrigation: There are two cropping seasons 

viz. I~mrif (June to November) and Rabi (December to allay). 

Out of 12.02 lakh ha of reporting area, an average of 

2.83 lakh (considering a period of eight years from 1972-73 to 

1979-80) is cultivated. Very limited area has irrigation 

facilities as about 8U/ of the cropped area is fully dependent 

upon the monsoon rainfall without any irrigation facility 

whatsoever. The percentage of the areas having cropped 

coverage with and without irrigation have been shown in 

Figure 4.3. 

Forest: About 47.00' of total reporting area i.e. 5,64,872 ha 

area is under forest as per land use record for 1979-80. 

The optimum area under forest, according to expert opinion, 

should be atleast 33% and so the district is better placed 

in this respect. 

Mineral Resources: The Palamu district has promising deposit 

of limestone arid dolomite, coal, bauxite, graphite and fire 

clay. Among they other minerals of economic importance 
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occuring in the district arc,  magnetite, steatile and some lead 

ores. 

Electrification: All the. five towns are electrified where=s 

only 626 villages had electricity supply till 31st Mi,rch,1981. 

Industries: There are many coal bearing areas and some of the 

important coal fields are located at D ltonganj, Hutar and 

lour. anga. There is only one largescale industry i.e. Portland 

cement factory at Japla. Small scale industries are also very 

few and only handloom industry can be said to be in good 

condition. One more flourishing industry is the shellac indus-

try. The cultivation of lac is widespread and lac industry is 

a valued subsidiary •occtapation of the cultivators. Other impor-

tant cottage industries are weaving , tosser industry, catechu 

manufacture and ghee makincj . 

Communications: Transport and communication facilities in 

Palarnu district are not satisfactory. Although the towns and 

sub—divisional headquarters are well connected with metnllod 

roads, many big villages are yet to be connected with district, 

sub—division and block headquarters and among themselves by 

good roa-ads. The ttal length of stato highways in the district 

is about 228 km. There are also 800 km of forest roads. The 

total length of railway line passing through this district from 

Japla to Me huamillan is 184 km. 
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VW uter Resources Development: 

Existing and proposed: At 
present there are no major projects 

in the district, However, there are as many as 5 nos. of 

major projects which are under different stages of planning 

an, 1 construction. They are on the rivers Kutku Ka,nhar, 

Auranga 	A:ianat and N,..} th~-K,1c1. The proposed irrigation  

potential of these schemes works out to 3.126 x105 ha 

Th 	fling 7 nn;_ of medium irrigation schemes have 

altogeth000r designed irrigation potential of 23,553 ha. 
In 

ad iti gin, there are 4 nos. of such schemes which are under 

different stages of construction. The ,1esic1fle1 potential of 

these schemes has been estimate(1 as 22,506 ha. 

The total irrigation pot(:ntial of existing miner irri-

gation 
Lion projects is 46,739 ha while that of such schemes whic 

are under constr1cti0n works out to 22,842 ha 

4. _l.2 Hydrological and Hy. ro-! etc or0ingi.cal. C.,n...:itions: 

Major portion of the district is rdraincd by the Bone. 

basin through its main tributaries N.-rth `aol pn( Kanhar ,  . 

The river A:aranga, kin nat, Tapley etc. are the important sub-

tributaries of the North-Koel. The general line of drainage 

is from south to north towards the rives Son. There ire 

many other smal l<`r streams which are torrents with rock 

strcnch beds. The upper reaches of the river ' Kool, the 

Aur ngo and the A enat are characterised by high banks and 

only in rainy season these rivers are in high floods, rather 

flash floods. In summer season these rivers arc m05tly dry. 
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Thc country is drained very rapidly which is borne out 

by the fact that only the Sanc river overflows its banks. 

Except for. a few tracts, almost the entire district is drain--

ccl by the river Koel which may, therefore be regarded as the 

most important tributary of the Sono. Thc cG,tchment areas of 

important rivers in Palamu district have been shown in 

Table 4.1. 

T h  __&i: ( ;'hmE nt Area of Important Rivers 

in Palamu 

S1.No.  Nome of the  Approximate  C tchment 

river  length in  area in 

kms.  sq.km. 

1  Sone  72  — 

2  IKi1  125  

3  Auranga  112  — 

4  Amanat  —  — 

5'  Sadabeh  -- 

6  Kanhar  --  — 

Hydrological Network: Tho=re is relatively a  c d network of 

hydrological station in the district where' as many as 7 nos,, 

of gauge and discharge sites/gauge sites are existing on 

different rivers. Thc -"etails of these hydrological sites 

which are being maintained by various agencies are given in 

Table 4.2. 
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Table .. 4.2: Hydrological Sites in Palamu District 

S.N.  Name of  River  Aency 
the sites 

1. Panduka 	 Sone  Sone river 
commission, 
Govt, of India. 

2. WWbhammaig an j  N. Koe1  C.tri.C. 

3.  Daltonganj N.Koel C.t."I.C, 

4.  Auranga Dam Site Aureanga Govt. of Bihar 

5.  Amanat Day, Site Amanat Govt. of Bihar 

6.  Kutku Dam Site Kutku G.;vt . of Bihar 

7.  Tahley Darn Site Ta.hIey G„vt. of Bihar 

The surface water as well as they groundwater comprise the 

water resources of the district. The normal run—off has been 

estimated to be 4908.63 m. c. m. Themaximum runoff of  the 

district was 10,232.48 m.c.m. in the year 1980 which works out 

to be 208,46% 3f the normal while the minimum runoff of the 

district was 21.44 m,c.m. in the year 1966 which works out to 

be 0.4d% of the normal. The grounclw?ter potential in the 

district is of the orderof i55.2.3 m. c .m. The total water re-

sources both from surface and groundwater (excluding water 

committed for use outside the district i.e. 1278.81 m.c.m.) at 5(y/ 



dependability works out to be 3934.68 m.c.m. while..the 

same at 75% dependability works out tc XC9.2j m.c.m. 

The climate of the district is on the whole dry and 

bracing. There are mainly three seasons; thE? winter season 

(November-TAB;rch), the summer season (March-May) and th,e monsoon 

season (June-September/October). The district falls within the 

retreating range of the south-west monsoon and as such the 

rainfall is wholly dependent upon local conditions and local 

winds which are seldom favourable to the district. Thy: rain-

fall is, therefore, erratic both in time and quantity. The 

normal annual rainfall .oaf the district is 1194.75 mm which is 

lower than that of the state as a whole ( 271 mm). 86iQ A 

the annual rainfall is received during ing tt .3outh-west monsoon 

season. The maximum rainfall was 1721,10 mm recorded in 1907 

while the minimum rainfall recorded was 505.30 mm (1966). The 

,)verage no. of rainy plays is 60.21 which varies from 51 days 

to 85 clays as we proceed from north to south. There; are 

25 nos. raingauges stations i,e. 1 station per 480.80 km2. 

Except for ore raingaugc station viz. Daitonganj meteorologi-

cal observatory being maintained by In, iJ a Meteorological Depart-

ment, the rest are under the supervision of statistics and 

Evaluation Directorate, Govt. of Bihar. Table 4.3 shows the 

details of raingauge stations in Palamu. 

The temperature ranges from 46.7°C in May and June to 

6°C to 8°C in monsoon months. However, the daily range of 

temperature is of the order of 160  to 170C during the winter 

and summer months. 
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Tb1e - 4.3 : Ruiricjauçje Stations in Palamu 

- - 	- - 	_-- 	- ___-w 	- 	-- -- .-- -_T-__ 	-• 	 -ta--n 

SII, Nae of 	Area in 	 Average area in 

	

ub-d1vision sq.kms 	rainauqe sq.kms for - 	- 	 stations 	each station 

	

- --_J__J__- 	1 	 - -._-*_--_• 	- 	- 

1, 	Sd.r 	4315.2 	10 - 	- 	43152 
Sub-division 

2. Garhwa 	4O441 	7 	57773 
Sub-division 

3. Litehr, 	3660,6 	8 	457,58 
Sub-,iv1sjon 

	

District 	12019.9 	25 	48080 

The summer months are the driest with humidities as low 

as 20 to 25% in the afternoons. Dx- inq the summer and winter 

months, sky is qneraily clear or lightly Cioudod. In April 

and 	iJlay cloudiness increases particularly in the aft-ernoons. 

During  the motisoon months sky is heavily clouded to overc ast.. 

Winds are light to moderate -:'iiurincj the winter and srmmer 

months; s-e'rere thunderstorms, occur during the summer months; 

even durIng the monsoon', rainfall is often vssoc±a.ted with 

thunder.. Dust storms nn --  occsional hailstorms occur "kring 

summer.. Feg may -also -appear ,)n 	or two -days in the winter 

saaS or 	The sciient feature-s of Pi.arnu district hae been 

given in Annexure 
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4..2 DATA AVAILABILITY 

As may be seen from the description of the region the 

major portion consists of rural areas with its population 

depending mainly on agriculture and perhaps this is the 

reason why the impact of drought is felt immediately anI very 

badly in the region. Further, the percentage of the cropped 

area having irrigation facility is also very low (4;.92%) and 

agriculture is basically dependent upon monsoon rain. Th re 

fore, for all practical purposes, the impact of drought can 

be very safely gauqcd in terms of the foodlgrain production. 

Further the quantum of fo-odgr. gins is also not very large and 

the produce is generally just sufficient to meet the local 

requirement. In this background, it does not appear nece-

ssary to consider the monetary value of the for:dcjrains. 

This is more so in view of the fact that the majority of 

pupulation of the . area is poor and stil the practice of 

payment of wages to the labourers in terms of quantity of 

foodgrains is prevalent. Therefore, eforee, only the amount of 

foodgrains produced in different years have been considered 

as the main output sequence to measure the degree of drought. 

The data in respect of various foodgrain production has 

been collected from the statistics and Evaluation Directorate, 

Government of Bihar for the year 1948-49 to 1980--81. These 

data are given in Annexure IV. Figure 4.4 shows the annual 

produce ,,f the different crops from the year. 1948-49 to 

1980-81. 
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As discussed earlier about 81% of the cropped area is 

wholly '"dependent upon 	rain, Therefore, the rainfall can be 

assumed to be main input sequence, The rainfall data of 3 

representative rain—gauge stations of the area for the year 

1901 to 1980 have been collected, In view of the practical 

considerations and also in view of the time constraint for 

the analysis, the monthly rainfall data have been collected 

and analysis has been restricted to monthly data. The detailed 

monthly .rainf all data are d iven in Annexure V, The plot of 

rainfall data is shown in Figure 1,1, 

In order to estimate the Overall crap water requirement 

the date in respect of potential evapotranspiration as worked 

out for the region by India Meteorological Department have 

been collected. The monthly evapotranspiration data are shown 

in Figure 4,5. 

Apart from the above mentioned rata, other important 

informations such as those about temperature, humidity, soil—

characteristics, cropping pattern existing in the region, 

cropping pattern proposed in various projects, the salient 

features of various projects have also been collected and used 

in the analysis which is presented in the next chapter. 
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CHAPTER — V 

ANALYSIS AND RESULTS 

In order to examine the suitability of various para-

meters as suggested in Chapter III, the. data in respect of 

the study region have been processed and analysed. As already 

mentioned, very limited data have been used with an objective 

to highlight the procedures and to examine the suitability of 

various parameters. The brief description of the analysis and 

the results thereof are presented hereunder. 

5.1 DATA PROCESSING 

Out of the three major data series, the data in resr)ect 

of potential evapotranspiration are duly processed by India 

Meteorological Deportment using the Penrman's method of compu-

tation of potential evapotranspiration. But the data in 

respect of the food production and thc, rainfall are basically 

raw data as observed/estimated and reported. These data have 

been processed before their use in the inalysis. However, 

the other data which have been ref erred to in the analysis 

have been assumed to be duly processed and adopted a -as such. 

5.1.1 Data in respect of Foodgrain Production: 

Those data have been processed to incorporate the 

progressive rise in the production with time is a result of 

overall development in the field of agriculture and applica-

tion of modern techniques. It is a fact that the rainfall 

is the major input but with time there, has been steady 



i 13 M 

development in the field of agricuttiir.e which obviously are 

independent of the rainfi..l1 input. In the absence of 

necessary intermations about the other inputs i,e: agri-

cultural development, fertilisers, better variety of seeds 

etc. the method of ' 1tovinq Average. Technique' has been used 

to separate out the component which may be attributed to the 

steady development in the fields; 

The moving averages of the crop production with diff-

erent periods have been computed and )re shown in Table 5.1. 

The plot of moving aver,-age values with different span of time 

has been shown in Figures 5.1, 5.2, 5.3, 5.4, 5,5 & 5.6. 

From the above figures it would be seen that the moving 

average with the base period of 17 years gives reasonably a 

smooth curve' suggesting thereby that the ransom component of 

the foot; production set. once (which may he ittrih.tecl to 

random input i, e. rainfall) can be assumed to have been evened 

out with this time base. This time base also appears to be 

justified as it is likely to cover apt,-)roximately two cycles 

of good and bad years from drought considerations, 

in attempt has been made to develop suitable equation 

to represent the moving averages. For this both linear and 

non-linear ejations have been attempted and least-sctuare 

techninues have been used to estimate the parj,meter of these 

equations. 
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Table 5.1:' Moving Averages of Crop Production(in tonnes) 

M6LIR1 :food- Moving averages with the span of 
S. N. Year 	ain pod. 

9 yrs. 11 yr. 13 yrs. 15 	17 yrs . 	vx 

1. 1948-49 59518 - - - 
2, 1949-50 114778 - - - - 
3.. 1950-51 51275 74744.6 - - - - 	- 
4.  1951-52 59511 78814.4 - - - - 	- 
5.  1952-53 88531 64487.4 75528.11 - - - 	- 
6.  1953-54 79927 66268.0 75477.29 31476 - - 	- 
7.  1954-55 43143 72922.2 30209.67 89450.64 92425 - 
S. 1955-56 60180 73031.2 90078.2 93320.09 101067 100225 	- 
9 . 1956-57 '22720 22518.6 1016'6 21.7 10'4347.45 102232 107422 	1064 

10.  1957-58 59126 109340.4 111001.1 110748. 18 111175 109000 	1112E 

11.  1958-59 157364 128912.8 116635.8 117925.72 117247 115049 	1073( 

12.  1959-60 147292 138740.0 130457.0 123245.72 121357 114231 	1119; 

13.  1960-61 152 002 152893.6 139153.3 132233.36 118843 116985 	1125 

14.  1961-62 171916 154932,6 141289.7 131057.18 125516 116347 	1164,  

15.  1962-63 129919 154163.6 139969.2 131704.09 126299 123766 	1225! 
16.  1963-64 167534 149964.6 136917.2 132725.36 128734 132009 	1288! 
17.  1964-65 138447 125029.3 128369.2 132458.72 138325 133333 	1312" 
12. 1965-66 142007 125025.2 127972.4 135779.1E 137769 136646 	1329' 

19.  1966-67 47242 105590.4 129294.0 135064.18 134234 136273 	1381: 
20.  1967-68 129896 103787,2 131541.2 123647.18 133574 136239 	1395E 
21.  1963-69 70360 117149.2 124185.1 130633.72 131821 137846 	1402: 
22, 1969-70 154431 137728.2 125665.6 120746.9 135835 136923 	1446,  
23. 1970-71 183817 132014.3 126195.8 132715.63 135113 139501 	1420E 
24,  1971-72 150137 148297.0 141180.33 134132.54 137425 141198 	137a 
25,  1972-73 101329 146766.0 144318.88 145207.09 141348 134968 	1352(, 
26.  1973-74 151771 146423.3 155224.7 350943.81.141175 134635 	- 
27.  1974-75 146779 148025.0 159510.1 148638.36 141722 - 	- 
23. 1975-76 182103 161461,62139800.6 147053.72 - - 	- 
29.  1976-77 156143 169707.4 153765..0 - - - 	- 
30.  1977-76 168512 149351.6 - - - - 	- 
31, 1970-79 193000 147395.2 - - - - 	- 
32.  1979-80 45000 - - - - - 	- 
33.  1980-01 137000 - - - - - 	- 
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The equations which have been attempted and their coefficient 

of correlations have been given in Table 5.2 and the same are 

shown in Figure 5.7. 

Table 5,2: Relationship of Crop Production and, Time 

S, No. 	 Equ<-~tion 	 Coefficient of 
correlation 

(r) 

	

1, 	Y = 05894.3 + 2402.76x 
where Y = Annual crop production 	0.9295 

x = year 

	

2. 	Y = 121246.26 60.004354x 

where Y = t nnual crop production 	0.92E5 

x = year 

The value of coefficient of ck)ef f icient of correlation 

has been higher in case of linear relationship and so the same. 

has . boen adopted. It has been assumed that the rising trend 

indicated by the linear relation is as a result of the overall 

development in agricultural techniques. Mnci hence it apnears 

necessary to account for this development in the raw data of 

annual crop production before it is analysed further. 

Equivalent Crop Production: Using the equation representing 

the.rising trend of annual crop production as given in Table 

5.2, the crop production of different years have been suita-

bly brought to the same time base. The crop production of all 



08-796i 

6L-£96L. 

~L-Z96L 

LL-1961 

9L-0961 

SL-6561 

tiL-8561 &, 

£L-L561 

0 
ZL-9561  

IL-S( 6l. I 

OL-561 

69-£56I 

99-ZSbt 

L9-IS6l 

99-OS61  

59-6461 

(f' 

0 

0 o 0 0 0 g 0 0 0 0 00 
ir 

(SaNNOL QNVSIIOHI) NOIIDI1Q0ad dOaD 



— 63 - 

the years haviebeen brought to the year 1980-91 and has been 

referred to as 'equivalent crop production (CPe  )' 

The annual crop production and annual ,equivalent crop 

production in different years are shown in Figure 5,8 and 

details of computation are given in Pnnexure V 2 . 

5.1.2 R inf all Data 

There are about 25 rain—gauqe stations in the district 

but the complete data for considerably long period are not 

available for all the sites. Therefore, data of c-nlythree 

representative locations have been used in the analysis. 

The stations whnse:: data have been used are 

a) Daltonganj 

b) Garhwa 

c) L,)t ch ar 

The locations of these stations are shown in Figure 4.1. 

The average rainfall data have been given in Fnnexure IV, 

5.2 	STATISTICAL C H, ,JCT•M I ST IC S 

The statistical characteristics of the two major data 

sequences have been computed to have a first hand idea about 

the consistency of the data. The mean, standard deviation 

(S.D.) and coefficient of variation (C.V.) of the data 

sequences of both rainfall and crop production have been 

computed and shown in Table 5.3.. 
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Table 5.3: Statistical Characteristics of Annual 
Rainfall  and Annual Equivalent Crop 
Production 

S;N. Statistical 	Rainfall Equivalent 
characteristics 	 crop proc3uc- 

tion 

1. Mean 1194*75 156.797 

2 St andard 231.75 51.34 
Deviation 

3.  Maximum value 1721.0 237.574 

4.  iVlinimum value 505.30 45.664 

5.  Coefficient of 
variation 0.194 0.327 

An attempt has also been made to check the type of 

distribution which appears to be suitable for these data. 

Table 544 and Table 5.5 suggest that normal distribution 

appears to be a fairly good distribution for these two 

sequences. 

The rainfall data of each month have also been analys-

ed independently and the mean, standard -deviation (S.D.) 

and coefficient of variation (Cv) of the rainfall data of 

each month have been given in Table 5.6 and shown i% 

Figure 5.9 which clearly indicates the high degree of 

variability in time--distribution of the rainfall. 
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Table 5.4: Type of Rainfall Distribution 

Equal 	Class Theoretical Actual 
Probability 	interval value for 

normal 
Value 

Class distribution 

I 	 Pad 9708G 5,5 9 

II 	970.R3< PA: 1094; f37 5: 5 3 

III 	109487 < 11i19475 5; 5 5 

IV 	1194.75 < P1294.63 5.5 2 
A 

V 	1294,63 ! PA< 141[', . 62  

VI 	 PA> 1410.62 5,5 6 

Check for Normal Distribution: 

~? 	(0—t )2 	3 _ 	_ 
t 	5.5 (Chas square) 

6.x,2 

There are six class intervals and so the degree of freedom 

(D.O.F.) 	= 5 

For D,O,F, = 5 and at 5% level 

= 	11.07 

(Ch:i square) 
Hence, the 'hypothesis that the sample constitutesthe 

normal distribution is accepted. 
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Table 5.5: Type of Equivalent Crop Production 
Distribution 

Equal 	 Theoretical value 	Actu al 
Probability Class interval  for normal distri—  value Class 	 bution 

I 	 cep . < 107, 20 	5.5 	8 
e 

	

II 	107.20 < Cp <134.67  5.5  3 
e 

	

•III 	134.67 < Cp . x.156.797 	5.5 	2 
e 

	

IV 	156,797 -' CI?e  <_178.92 	5.5 	7 

	

V 	178.92 < Cp < 206.39 	5.5 	6 
e 

VI' 	CPe  >206.39 	5.5 	7 

Check for normal distribution: 

_ 	(0 t )2  = 29.5 = 
t  5.5  

5.36 
(Chaff square) 

Where, 0 = Observed value 

t = Expected value 

Since, there are six class intervals, the Degree of 

Freedom (D.O.F.) = 5 

For D.O.F. = 5 and for 5% level 

= 11.07 (From Table) 
(Chai square) 

Hence, the hypothesis that the sample constitutes the 

normal distribution is accepted. 



- 08 -- 

Table 5.6s Statistical Characteristics of Monthly 
Rainfall for the Period 1901-E30 

S.N. 	Months 	Statistical Characteristics 

Mean 	S.D. 	 C,. V. 

I . 	January 	Y.14 .14 	21.52 	1.12 

2, February 18.16 23.25 1.28 

3. March 15.91 17.39 1.09 

4,, April 8.86 11.79 1,.33 

5.  May 10,6 12,12 1.14 

6.  June 145.71 90.24 0.06 

7.  July 319.06 131.62 0.41 

8.  August 304.37 87.64 .0.29 

9.  September 198.18 91.65 0.46 

10.  October 52.,82 40.27 0.76 

11, November 6.67 14.84 2.22 

12. December 4.27 6.40 1.50 

0 
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5.3 EQJ MIL ENT CROP PRODUCTION /S A FUNCTION OF 
DIFFERENT PARAMETERS 

5.3.1 Commonly Used Statistical Parameters: 

To begin with, the data in respect of the annual rain-

fall and the correspondinq annual crop production have been 

plotted to examine if it is possible to develop a direct 

relation. Figure 5.10 shows highly scattered points suggest-

ing 
 

 that the direct relation between the annual value of 

crop production and the annual rainfall does not appear. 

feasible. Almost similar situation is observed in case of the 

plot of the annual rainfall and annual equivalent crop produc- 

tion, CPe  which is sho 	in Figure 5,11, Therefore, it may 

be concluded that the total annual rainfall, as such, cannot 

be considered to he the indicator -)f the variability in the 

crop production, although the rainfall is the most important 

input. And, hence, it appears necessary to consider the 

other characteristics of the rainfall alnncl with the total 

amount over the whole period. 

The relation between the annual deficiency, DA  (Ecin.3.1) 

and the annual equivalent crop production, CPe  will be similar 

to that presented in Fiqures)l1 because the term Rte  of enuation 

3.1 is constant throughrut, 

The values .nf the following parameters have also been 

computed for each year: 

	

a) cumulative absolute variation, CAD  (Equation 3.2), 	"' 
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b) sum of the squares of monthly variation, SED  

(Equation 3.3) and, 

c) Annual deficiency affecting the drought DDA  

(Equation 3.4). 

The plot of those nararneters versus the annual ecaui-

valent crop production is also highly scattered. For 

example, the plot between the annual deficiency affecting 

the drought i.e. DD and the equivalent crop production is 

shown in Figure 5,12 which is self explanatory. ,fin attempt 

has als'i been made to examine the presence of any dependence 

and trend; and for this the 'rank correlation' has been 

computed. But unfortunately, this does not suggest any re-

lationship as such. The value of the rank correlation bet-

ween the rank of equivalent crop production and the corres-

ponding rank of DA., CAD, SED  and DD, are given in Table 5.7. 

Table 5.7: Rank Correlation Coefficient between the 
rank of CPE and different parameters 

S.N, 	Parameters 	 Rank correlation 
coefficient 

12 
1, 	D. _ 	:=_ V . 	 0.576 dti 	=1  1  

12 
2. CA AD = 	Vi 	 0.421 

1=1 

12 
3. S  D 	V 	 0.469 

i=1 1  

4. f 12  DDS  = 	X. 	 .585 
i=1 
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5.3'.2 Parameters Representing the Time Distribution along 
with the Total Amount of Input and Output Sequences: 

As maybe seen from Figure 5.7 the mean monthly rainfall 

in the non-monsoon months is very nominal and more than e% of 

the annual rainfall is concentrated during the five months of 

the monsoon season. Further, the farmer in the region, in 

noneral, depends upon the rain during the monsoon rpericd only 

and for rabi and hot weather crops in the region, 	he 

hardly rc=lios on the rain. In view of this, it has been-

considered proper to take into account the distribution of 

rainfall only during the five months of the monsoon period, 

In order to account for this ,Iistributicn, 	rarncter P  
LIB R  r :e 

has been computed as follows: ltws . 	

U
p 

ml 	)1E( 	p
N 

Whore l? 
r.~. 

= Parameter tr account for the percentage ,~ 
distribution of rainfall vis-a-vis percent- 

c= distribution of the required Amount of 
water; 

Rm = Percentage of the rainfall in the month m 
of the monso )n period; 

RE% = Percentage of gross water requirement in 
the month m of the monsoon period; 

= annual mint all; and 

PN = normal annual rainfall, 
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It would he .observed that the perc.enta<ge distribution of 

rainfall and gross water requirement has been used in the 

analysis. It is so mainly because of the fact that the 

detailed statistics of existing cropping pattern Of the whole 

district and other related informations were not available and 

assessment of average monthly water requirement is based on 

the detailedd study of a small portion of the district covered 

by the proposed Auranga Reservoir Project (Sinha, 19&2). 

The equation (5.1) can he written as 

5 
L.. F~ 

P 	:;__ K 	dt m 

r1 	~r~1 

R 
Where K — 	- 

m 

. . . •4 . . (5 . 2 ) 

while analysing, the maximum limit for the value of Km has 

been kept as one. This is based on the issurnotion that the 

excess water i.e. water more than the requirement does not 

help in additional production but the shortage of water 

affects and causes proportionate reduction in the crop pr.o uc.. 

tion. The above parameter has been corrinute d for different 

years and an attempt has been made to correlate the annual 

crop production with this parameter and the plot of the same 

is shown in Figure 5.13. The details of computations are 

given in Annexure VI I. However, the plot is considerably 

scattered in this case also and clues not help in arriving 

at any conclusion. 
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Assuming that the monsoon rain occurring in the monsoon 

period has major role to play, the above parametet has been 

slightly modified by substituting ; Pm _ for pA where P i~ N 	m 

= total rainfall observed in the respective year during mon-

soon period; and PREQm = gross water requirement in the res-

pective year (during monsoon period. 
5 	

prn Thus, 	Prdm =-... Km * --~ H-~-  
m=1 

In this case, the gross water requirement has been 

estimated in millimeter for the Aurancga area and the same has 

been assumed to he anralica.ble for the whole. region. However, 

even this modified roarameter does not improve and the scatter 

remains as such. (Figure 5.14) . Details of computation have 

been given in Annexure VIA., 

The possible reason for poor performance of above para-

meters (which consider the total amount of rainfall as well 

as its time distribution) may he tho>ir inability to account 

for 

(a) the importance of different time periods with 

respect to different crops; and 

(b) the normal conditions of deficiency for which the 

people residing in the region are accustomed to. 

5.3.3 Deviation from the Normal Conditions: 

In order to consider the effect of shortages with 

respect to the nrom-al shortages in specific period and to account 
for farmers c-~p bility to 
cope with the regular features in the region, the parameter 



a 

240 

230 

220 

210 

200 

190 

180 

170 

160 

150 

1.40 

0 130 

° 120 

110 

0 100 

90 

80 

70 

oC 

4C 1.6 1.8 2.0 2.2 2.4 Z.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 

p  r d m "") 

'IG. 5.14: RELATION BETWEEN Prd m  AND CPe 



-100 - 

n 
DDN  -  :::::. Ki  (Equation 3:5) has been computed afld the 

i=i 

same has been plotted and shown in Figure 5113 (Details of 

computation in ttnnexure VIII) ; This plot may be considered 

to be a slightly improved version of the ep.rlier plots but 

this again does not help in any decision making. 

534 Weightacges to Different Periods: 

It remains a fact that the crop production is greatly 

influenced by the avail hillty of water in cer.tlin prei.od 

which are considered to he critical from the consideration of 

crop growth. For example, in case of paddy, there are broad- 

ly three important growth  state  viz. pannicle initiation, 

preflowerinq and flowering covering three monsoon months i.e. 

July, August and September/Oct.-)ber. uring these periods of 

growth stages, the water is reouired most by the paddy plant 

to sustain its satisfactory growth. On the other hand, during 

the maturity stage, the paddy plant can tolerate water deficit 
to a great extent without causing any signif iGant reduction in 

the ultimate yield Hence, the period of maturity stage is 

not so much important from the point of view of water.r.equire_ 

rnent as those of other three important stages mentioned above. 

Similarly, the month of June is also not so much important as 

the shortage of water supply in this period may only delay the 

sowing period. Likewise other Crops have also their o.wn 

critical period of growth stares. An.I hence, it is desirable 

to assign a suitable weight to different periods. say different 
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months with respect to different crops and also with respect 

to relative importance of different periods (months). With 

the weights thus' assessed, the parameter WDD (Equation 3.6) 

and WDDN .(Equation 3.7) can be computed. 

Assessment of il'lei.7htages to Different Months: The method for 

the assessment of weightages to different months as proposed 

in the work of Afshar (1.935) has been adopted in the absence 

of any other comprehensive work reported elsewhere. The 

method adopted by him is as follows: 

Depending upon substantial to marginal condition of crop 

growth, a weightage of one to zero (one for the worst effect 

and zero for no effect) was assigned tc different stages of 

individual crops. Then the ave.rpge weightage for each month 

has been computed duly incorporating the area under each crop 

as mentioned below:  n 

1
hl. * 

i  .1. 	J 
~N.  —  ........(5.4) 

J 1`1 1 

where, W = Average weightage for the jth month, 

(J = 1 to 12) 

WWW1. = weightage worked out for ith crop in jth 
month, 

Ai = <,rea under ith crop, and 

n 	= number .f crops. 
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Thus, the value of average monthly weightages ig computed: 

However, these values are further modified suitably to 

account for the relative importance of water requirement of 

different months, as the above weightages as computed from 

(5.4) are based on water nee-is of various crops in different 

months. Further, the weightacges are adjusted so that 

12 
W/12 = 1.0. Figure 5.16 shows the weightages for 

i-1 

different months as estimate;. by the method mentioned above. 

Using the above weightages for the different months, 

the parameter VIDDH  (Equation 3.7) has been computed and a 

plot between WNDDN  and CPc, has been made (Figure 5.17). 

This plot indicates marked improvement and the scatter is 

considerably reduced. 

The parameter WDDN  is further improved by incorporating 

the annual rainfall. Thus, the suggested parameter i.e. the 

effective deficiency, ED (Equation 3.R) has been computed 

for each year. The details of the computations have been 

given in tnnexure VIII. The plot is shown in Figure 513 

which indicates a definite improvement and suggests that a 

suitable equation can he developed between this parameter 

i,e., effective deficiency and the equivalent crop production. 

l lthough the parameter 'effective deficiency' (Egn.3.n ) 

appears to reflect the drought conditions quite reasonably, 

the effect of extreme conditi,..ns of deficit is not given any 

differential treatment. Hence, the parameter EDe  i.e. 
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'effective deficiency ',.ith extreme conditions July represented 

( Equation 3.9) h<s been computed for each year and nl.ottert 

a:iainst the CPe  of the corresponding yea:: as shown in 

Figure 5.19 (Details Of computations given in nnexure IX) 

This plot seems to have minimum scatter and is likely to 

sugqest a reasonable model for estimating equivalent crop nro-

Ruction, CPS, with the help of the various characteristics of 

the input sequence i.e: rainfall and other variables affecting 

the crop production. 

1, review of the nlnt of OPe  against the different ilen- 

of ied parameters i.e. D, CI#D, SED , DDA, DDN, WDD , WDDN, ED 

and ED surjgests that the two ;,,ter. ameters viz. 'effective defi-

ciency (ED)' z,ndd the 'effective deficiency with extreme condi-

tions duly represented, (ED)' are likely to represent the 

drought conditions in the best manner. 

5,4 	1 THEM1ATICItL R EpRES ENTiT I ON OF THE DI=)OUGHT CONDITIONS 
IN TERMS OF DIFFERE\JT PAR.AMETEEL'S 

An attempt has been malo to develop a suitable relation 

between the two identified parameters, i.e. ED and EDe  and 

CP e  in order to develop a suitable model to identify the 

drougqht with the help of observed variables. The following 

typos of equations have been attempteci; 

a) Y r A - axh  

b Y = ,e -bx 

. . . . . . . . . . . . . 

c) Y =  
a+hxe  

..........:..(5.7) 
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where, Y == Dependable variable: i.e: annual equivalent 

cron nor. oduction CPe; 

x - Ind'e.nen-cent variable i.e. the parameters 

ED cnI EDe; and 

A,a,h,c - Parameters of the model to he evaluated _hy 

suitahlc,  statistical techniques. 

5.4.1 Estimation of the parameters of the Equation: 

The parameters a & h of equation (5c6) have been estima- 

ted by least—square technique after converting the equation 

into linear form by taking the logarithmic i.e. 

log 'Y — log a -- h.x 

In case of Equation (5.5), the value of A is initially 

assumed suitably and then the equation is transformed to 

linear form as follows 

loq(Y_d\) - (_log a) r h log x 

The value of a & b is then estimated by 'least—square techni-

ques' . The best set is found by trial and error method with 

different values of A. 

In case of equation (5.7),  the values of the constants 

a,  t),  c are estimated by the method of  'selected points 

method(' after drawing a suitable curve. The curves are sui- 

tably modified and the ecnaations re—established,  The best 

equation,  out of several trials is  selected. 
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In order t• have a comparison, the coefficient of 

correlation is estimated between the actual value of CP and 

the estimated value of CPS, as found with the sugqested 

criterion. 

The final set of equation between CP and ED with 
e 

hiqhest value of coefficient of correlation is ;liven in 

Table 5E . 

Table 5.P: List of Established Equations 

S.N.  Different types of Equations established  Coefficient 
of correla-
tion (r) 

1. CPe  = 250,000 - F' 517.4'1 ED0. 3910, 	 0.62.94 

2. CP  - 1P0631.1076 e-0.000476 ? 13 D 	0.534 

1 
3. C Pe  = -- ------- 	 0.6559  

0.0032,112 + 0.0000' 5 ED0.6 59  

Out of the above three equations, the equation with the 

hiqhest value of 'r' is recommended for adoption i.e. 

1 _ 

CPe 	
0.003242 + 0.0000x', 5p D0.655 	• ......... (5.3  ) 

Similar, exercises were carried out to finrl the 

relationship between the parameter ED  and CP and the 

final equation with highest value of 'r is given below: 
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1 
CPe  

0.5136076 	,'•• (5.9) 
0.001798E + 0.000341793 EDe  

where, CP = Equivalent crop production; and 

EDe  ='Effective deficiency with extreme 

conditions duly represented'. 

The Figure 5.20 shows the relationship of CP  with the 

parameters ED and EDe: The details of computation of CPe  for 

various years with the help of equations (5.A) & (5.9) have 

been given in 'Annexure X. The equatiin (5,9) has coefficient 

of correlation 'r' as 0.6633 which is higher than that of 

Equation (5.3) and therefore, the equation may he considered 

to be the best out of various suggested representation of the 

drought conditions. However, the parameter ED and EDP, re-

present more or less similar features and, therefore, both 

the parameters have been considered for further analysis. 

These parameters alongwith the other prevalent parameters have 

been used to examine the effectiveness and hence the suitabi-

lity of these parameters in representing the drought conditions. 

5.5 EVALUATION OF THE IDENTIFIED PART MET Es 

From the above study, two parameters, namely, ED and 

EDe, have emerged to be reasonably good parameters which 

incorporate the different factors enumerated in Chapter III 

and at the sametime represent reasonably acceptable relation-

ship with equivalent crop production. However, it remains 

a fact that these parameters represent only few of the 

numerous factors which eventually are responsible for 
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food production. Perhaps, that is the reason why coefficient 

of correlation is not very high but still it is quite rea-

sonable and the coefficients of correlation with the two 

parameters, nam(ly, ED and ED are best among the others. 

Further, the basic idea is not to find the amount of crop 

production, but to identify the parameters which are rational 

and more appropriate to represent drought•conditions from 

overall conditions. 

The suitability of these narameters vis-a-vis other 

prevalent parameters in identification of drouqht situation 

has •been 'evaluated and presented below. 

5.5.1 Ability of Various Parameters to Identify Drought Years: 

The following criteria/parameters have been considered 

in the study 

a) Annual rainfall less than 75/ of normal, 

b) aridity index, 

c.) Effective def.iciency(®,? 	: 

d) Effective deficiency with extreme conditions duly 
represented., (ED,.) and 

e) 75%p of average equivalent crop production.. 

These 'criteria/narameters have been used to identify the 

drought years for the period from 1948 to 1980. On the basis 

of rainfall criteria, a year has been declared as drought year 

whenever the total annual rainfall becomes less than 75%% of 

this normal rainfall in the region... The aridity index crite-

rion considers a year to he drought whenever the departure of 
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aridity index from normal is between 0 to 1/2' (where 6 7  is 

the standard deviation of aridity index for a time series) ; 

Study has already been done earlier to identify drought 

years with the help of aridity index criterion for the region 

under study and so the result of the same has been adopted 

as such. In order to identify the drought year from the 

parameter ED and EDe, the limit of these two parameters has 

been identified to that corresponding to 75/ of average CPe*  

The average CPe  works out to be 156.797 thousand tonnes and 

values of ED and EDe  corresponding to 75/ of 156.797 thousand 

tonnes (i.e, equal to 117 thousand tonnes) work out to be 

522.0 mm and 333.0 mm respectively. All the years with the 

value of effective deficiency,. ED more than 522.0 mm may be 

considered to be drought years, Similarly the years having 

the value of EDe  more than 333.0 mm may be considered to he 

drought years. Table 5.9 and 5.10 show the drought years 

which have been identified on the basis of parameters ED and 

EDe  respectively. 

The drought years so identified by different criteria / 

parameters have been compared with actual droughts as (1ecla,.'— 

ed by the State Government for Palamu district during the 

period 194f,—E 0.. 

Comparison of Drought Years Identified by Various Parameters: 

Table 5.11 is self—explanatory and clearly indicates the 

drought years as identified by various parameters. This table 

also shows as to how many drought years are identified 
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Table 5.9: Drought Years Identified by the 

Parameter ED 

S,N, Year Value of -Limitin 	value Remark ED(mm) 
R m  of ED 	?mm) 

1; 1954 600.0 522.0 Drought 

2. 1955 1075.93 522.0 Drought 

1966 2941,24 522,0 Drought 

4. 1968 616.79 522.0 Drought 

5, 1972 614.45 522.0 Drought 

6.  1973 723,58 522.0 Drought 

7.  1976 594,72 522.0 Drought 

£l, 1979 1074.79 522.0 Drought 

9, 1980 649,30 522.0 Drought 

Table 5.10: Drought Year as Identified the 
Parameter ED e 
Value of Limiting value Remark S,NNYear EDe(mm) of ED(mm)  

1. 1940 376.59 333.0 Drought 

2, 1952 372.05 333.0 Drought 

3. 1954 447.10 333.0 Drought 

4, 1955 602.36 333.0 Drought 

5.  1966 1759.57 333.0 Drought 

6.  1968 393.07 333.0 Drought 

7.  1972 406.24 333.0 Drought 

3. 1973 648.05 333.0 Drought 

9, 1976 449,0 333,0 Drought 

10. 1979 645.32 333.0 Drought 

11, 793.0 364,17 333.0 Drought 



Table 5.11: Drought Years as Identified by 
Different Parameters/Criteria 

Name of Parameters/Criteria S,N Year State 75% normal Aridity ID Govt. annual rain- index declara- e fall tions 
1. 1948 

2, 1949 
3.  1950 
4.  1951 
. 1952 

. 6.  1953 
7.  f9 .., , ,. 	x 

. 9. 

1 

13.  1960 

14.  9 

15.  9 
16.  19 

17.  19 

18.  1965 

21. 1963  -. 

22, 1969 

23. 1970 
.24. 1971 
25.  .1972 -.. 

 

26.  1973 .... — _  
. 

27.  1974 ., ~._,... .. 
 

_ -  
28' 197 

29 1976 

30.  1977 

31.  1976 
32.  1379  w ,' 
33.  1980 ~;~, 
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by all the parameters/criterion and which of the drought 

years are identified only by a few parameters/criteria. . The 

ability of various parameters/criteria in identifying the 

drought years is illustrated by Table 5.12. 

Table 5.12: Ability of various Parameters to Identify 

Drought Years, 

8. No of drought years declared by State 

Govt.durinq the period 1948-80.  .......14 

B. No. of years out of above 14 years 

which have been identified by 

i) 75% normal annual rainfall  .. , . , . , 4 
ii) Aridity indix  , , , , , , . 8 

iii)Effective deficiency, ED  ..... ,, 6 
iv) Effective deficiency with extreme 

conditions duly represented, ED  ...,,., 7 

From Table 5.12 it would be seen that during the jDeriod 

of 194E to 1980, the State Govt. declared 14 drought years out 

of which only 4 years satisfy the '75% normal rainfall 

criterion and 8 years fulfil the 'aridity index criterion'. 

But as may be seen from Table 5.11, the total no. of drought 

years during the same period identified on the basis of 

'aridity index criterion' are 19. During the same period the 

parameter ID could identify 9 drought years out of which 

6 years were included in 14 'declared drought years' while 
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the parameter ED  coulc1 identify 7 'declared drought years'. 

The efficiency of various parameters/criteria in identification 

of drought years is given in Table 5,13. 

Table 5.13: Efficiency of various Parameters/Criteria 

in Identifying Drought Years 

Name of arame ers criterT 	Nor of drought 
S.N. Particulars 75%  years declar- 

normal trid ity  ED  ED  ed by State e  
annual index  Govt. 

rain- 
fall 

?  1  2  3  4  5  6 

1. No.of drought 
years irlenti—  6  19  9  11  14 

fied 

2. No.of drought 
years common  4  8  6  7 
with those 
in (6) 

3. Net efficiency 
as compared  19%  24%  28%  32% 
to the cri-
terion (6) 

It would be observed that the parameters ED and EDe  have 

considerably improved result.. However, it remains a fact that 

the decision of the State Govt. to declare drought years is, 

many a time, influenced by the political and other factors. 

Also, in majority of the cases the decisions are premature and 

are taken soon after the initial deficiency of the rain in the 

monsoon period. A subsequent rain may change the situation 
altogether. 
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In order to have a more rational evaluation of various 

criteria/parameters the drought years have been assumed to be 

the years when CPe  is less than 75% of the average CPe. On 

this basis 10 years have been identified as drought years and 

the efficiency of various parameters/criteria in identifying 

the drought situation is given in Table 5.14. 

Table 5.14: Efficiency of various Parameters/Criteria 

in Identifying Drought Years 

Name of parameters/criteria 
Particulars 

75% normal  \ridity ED ED 	75% average 

 

annual rain— index  e  CPe  
fall  

1 	 2 	3 	4 	5 	6 

No . of drought 
years iden—  6  19  9  11  10 
tified 

No . of drought 
years common  5  8'  h  3 
with those 
in (6) 

Net efficiency 
as compared to  42% 	349 	4o 	53% 
the criterion. 
(6) 

5.5.2 Drought Forecasting: 

One important aspect is the ability of the planner to 

forecast the drought conditions as early as possible. 

Obviously, the criterion of '75% normal annual rainfall' or 

'aridity index' or 75% normal crop production can he used 

0 
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for declaring a year to he the drought year only after the 

rainfall and other data are available. In other words these 

criteria may not be of any help so far as the decision 

making and advance action to take remedial or relief mea-

sures are concerned. 

The parameter 'effective deficiency, ED' and the 

'effective deficiency with extreme conditions duly repre-

sented, EDe' have the advantage of declaring a particular 

year as drought year as soon as the effective deficiency 

exceeds a specified limit. (In this case, 522.0 mm for 

ED and 333.0 mm for 
 

Table 5.15 and 5.16 illustrate 

procedures as to how a drought forecasting can be done. 

In case of parameter ED, almost all the years which have been 

identified as drought year could have been declared as drought 

year by the end of the month of September. Out of 9 identi-

fied drought years, 2 years (1966 & 1973) could have been 

declared as drought year only at the end of July; 3 years 

(1954, 1955 & 1979) at the end of ,,ugust and 3 years 

(1963, 1972 & 1980) at the end of September. 

Similar is the case with the parameter EDe  which is 

able to forecast a drought by the end of September in 

respect of all the 11 years identified as drought year on 

the basis of this criterion. Out of 11 identified drought 

years, the forecasting was possible in respect of 4 years 

(viz. 1952, 1954, 1966 & 1973) at the end of July; 2 years 

(viz. 1955 & 1979) at the end of /August and remaining 5 years 

at the end of September, 
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5.G FINDINGS OF THE STUDY 

The comparison of various criteria/parameters and 

their ability in drought forecasting very clearly indicates 

the relative merits of each, The parameter EDe  is un-

doubtedly superior to .various criteria/parameters which are 

currently under use and which have been identified during 

this study, 



CHAPT ?ZR - VI 

CALCULATION AND F'.ILOMAENDATION 

This study has been cone With an objective of develop-

ing a suitable parameter Which is rational and is capable 

of identifying the drought condition in proper perspective 

with the help of available hydIrnl.ogical and hydro.»meteorolo.» 

gical data, This study has already indicated the limitations 

of various existing criteria which result from the fact that 

they omit the consideration of some pertinent factors which 

are also responsible for development, of drought like situa- 

&ion;  

611 CONCLUSIONS 

On the basis of analysis presented in this study, the 

following conclusions can be drawn: 

a) Existing criteria Are inaderivate to define the 

drought situation in proper perspoctive, 

b) The drought has to be considered, in totality and 

should not be related, to any specific discipline 

such as hydrological drought, meteorological 

drought or agricultural drought. 

c) The various consequences of drought must he 

evaluated and duly incorporated in defining the 

drought conditions in any region. 
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d) The following factors  shouid be considered when 

a drought situation is to be defined for agricul-

ture based society from the view point of water 

resources planning: 

i) Time distribution of the input variables i.ej 

rain or runoff; 

ii) The time distribution of planned/proposed water 

utilisation; 

iii)Priority of different uses of water; 

iv) Period—wise priority of water use for each of the 

purposes separately; and 

v) The conditions of previous years. 

e) The parameter EDP, is found to represent the 

drought situation in much better way than any of 

the existing criteria, 

6.2 LIMITATIONS OF THE STUDY 

The study was carried out under the constraint of 

time and this has restricted the scope in the following way 

a) The data of only one district have been analysed. 

b) In order to simplify the study only the agricul- 
tural produce, which, obviously is the most 

important one, has been considered to be the 

(Irodght boiseaiieiice . affecting the society; 
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c) The input sequences which are supposed to affect 

the crop production and hence the drought condi-

tions are also restricted. 

d) The time factor has 41so affected the possibility 

of use of other parameters/equations.  

6.3 	R ECON /iF'JDj TI ONS 

a) More drought—prone areas should be covered under 

such type of studies to arrive at a more rational 

and comprehensive decision, 

b) As for input sequences, more - dat a in addition to 

rainfall and river flow should be analysed to 

incorporate other aspects of drought consenuences, 

c) The proposed developmental plan which are likely 

to be taken up in the study area should be taken. 

into con:3ider. ation while analysing a drought 

situation. 
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Statewise Percentage of Population 

affected by Drought 

S.N. Name of 	Total 	Population 	Percentage 
the State 	Population 	affected by 

(1971 census) 	drought 

1. Andhra 
Pradesh 4,35,03,000 1,45,19,791 . 33 

2.  Bihar 5,63,53..000 1,55,63,502 28 

3.  Gujarat 2,66,97.,000 1..83,62,603 69 

4, Haryana 1,00,37,000 39,66,358 40 

5.  Jammu & 
Kashmir 46,17, 000 6,81,066 15 

6.  Karnataka 2,92,99,000 2,40,06,759 82 

7.  Nhharashtra 5..04,12,000 1,74,81,066 15 

8.  Nhdhya- 
Pradesh 4,16,54,000 86,07,698 21 

9.  Orissa 2,19,45,000 17, 85, 594 8 

10.  Rajasthan 2,57,66,000 1,15,07,729 .45 

11., Tamilnadu 4,11, 99, Uuu i., 

12.  Utter- 
.Pradesh 8,83,41,000 10,31,47,45 12 

13.  West- 
Bengal 4, 43,12, 000 ̀ 91., 43,161 21 

Total 48,41,35,000 16,10,64,026 33 

Other states/ 
Union Terri- 6,40,25,000 

tories V 

All India 54,81,60,000 16,10,64,026 29.33 
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SUMARY OF VARIOUS DEFINITIONS OF DROUGHT 

Author/Year  Definition of Drought or associated  Region 
concepts 

1.Russel,1896  A period of months or years during  Australia 
which little rain falls; 1°the country 
gets burnt up, grass and water dis-
appear, crops become worthless and 
sheep and cattle die". 

2.Brounov  Ten days with rainfall not exceeding  Ref. 
(early 20th  5 mm.  Tannehill, 
century)  1987 

3.Vysotskss  Established P/E ratio where P is pre_  U.S.S.R, 
(1905)  cipitation and E is potential evapora- 

tion (both annual values in mm). 

P/E = 1 1/3 for moist forest 
= 1 for transitory forested 
steppe 

= 2/3 for moderately dry steppe 

1/3 for southern dry steppe 

21 days or more when rainfall is 3 	U.S. A, 
or less of average for the time and 
place.  xtrerie drought when rainfall 
fails to reach 10% of normal for 21 
days or more. 

6.Koloskcv(1925) Ratio of annual precipitation to 
accumulated mean daily temperature 
during vegetation period(divided 
by 100 ) 

4.Henr.yt1906) 

5.Lang(1915) Germany 
developed to 
aid climat-
ic classi-
fication of 
soils. 

U.S.S.R. 
Ratio may be 
used as a 
comparative 
agrpclimatic 
index 

Precipitation factor = P/T 

P in mm, 

T in 0  C 
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7.de_Martonne 	Index of arid.ity,I = 	whore 
(1926)  P is monthly pr.ecipitat on(mm) 

and t is mean monthly tempera-
ture (0C). Monthly index pf I is 
approximate indicator of aridity. 

Index modified to 

I 

Used exten-
sively by 

geographers 
biologists to 
compute aridi- 

ty. 

Used to de-
f ine climatic 
limits of 
deserts, 
prairies and 
forests ,Does 
not apply 

nxp  t+lam where n is number of 	well in cool 
Zones where 
t + 10 ere days during a cert- 

 

ainperiodfromafew 	10 
 zero. days to a year and T7 

is daily mean precipita-
tion in the period. 

8. Selyaninov 	Index given by K = rTt10 
(1930) 

where p is sum of rainfall(mm)  
during those months when mean 
temperature is above 10oC and t 
is the sum of the daily mean 
temperatures above 000 for the 
Same, period. 

9.Koppen(1931) 	Defines 'dry' climate by: p~, 2t 
for regions of winter rain and 
p 2t + 14 for regions of summer 
r,-in or no rainy sc.ason where p 
is annual rproocipitrtion in cm and 
t is moan temperature in ()C. 
'Desert' climate defined by; p t 
for winter rain: p t + 14 for 
summer rain - p K t+ 7 for no 
rainy season. 

1O.Thornthwaite Precipitation effectiveness as 
(1931) 	a function of mean temperature. 

11.Cole(1933)  15 days with no rain 

U. S.S,R.Author 
suggested that 
a, period be 
considered as 
a dry spell 
when K I and 
as a drought 
when K 0.5. 

'.Jsed exten-
sively   in 
classification 
of the dry 
climates of 
the world. 

U. S, A. 

U.S.A. 

12.Bates(1935) 	When ann:ial precipitation is 752 of U.S.A. 
normal -)r when monthly precipi-
tation is 6CP/r of normal. 

13.Hoyt(1936) 	Any amount of rainfall less than 	U.S.A. 
85% of normal 
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14.British Rain- Absolute drought: at least 15 con- Britain; inapt 
fall Orgini- secutive days none of which re- 	in normally 
sation(1936) ceived as much as 0.25 mm. 	drier regions 

Partial drought: at least 29 days 
during which mean rainfall does 
not exceed 0.2.5 mm per day. 
Dry spell: 15 consecutive days 
none of which has received as 
much as 1 mm: 

15,Knochenbauer Daily maximum temperatures and 	Germany 
(1937) 	humility at time of afternoon 

observation used to define a 
dry spell. 

16.Bova(1941)  Used a drought index K U.S.S.R. 

l0H-~ K 
"lh en 	I: 	1 .5 
beginning of 
drought 

Where H is productive soil mois- damage to 
ture in mm in the top 100 cm of plants is 
soil at beginning of spring; indicated. 
Q is precipitation in mm accumu- 
lated daily from beginning of 
spring; 	.:.t is tho temperature 
(OC) sum counted from the day of 
the passage of mean daily tempe- 
rature through zero. 

17.Baldwin- 	Engineer's drought in Australia 	Australia 
Wiseman  is three or more consecutive 
(1941) 	months with deficit of 5(i from 

mean rainfall. 

1E3.Blumenstock 	Less than 2.5 mm in 48 hours 	Ref. 
(1942) 	 Thornthwaite 

(1941) 

19.Conr.ad  A period of 20(or 30) consecutive  U.S.A. 
(1944)  days or more without 6.4 mm of 

precipitation in 24 hours during 
season March to Sept.inclusive. 

20.Condra(1944) Period of strong wind,low prodi-  U.S.A.This 
pitation, high temperature and 	anticipates 
usually low relative humidity.  the combina- 

tion of low 
precipitation 
8 high evapo-
transpiration 



24.Ivanov(,L948) Indices of K = P/E where P -is ann-
ual precipitation in mm & E is 
annual evapotranspiration in mm 
derived from E = 0.001.8(25 + t)2  
(100-a): t is mean monthly tempera-
ture in 00; a is mean monthly rela-
tive humidity, 

Critical values of K 
for regions of insilni- 
ficant moisture,cieserts 0.00-0.12 

Scanty moisture,semi- 
deserts  0.13-0.29 

Insufficient mois- 
ture,steppes  0.30-0.59 

Mod crate moisture, 
forester] steppes 	0.60-0.99 
Sufficient moisture  1.00i1.49 

Excess moisture  1.50 

 

25.Barger and  Evaluated precipitation climate 

 

Thom(1949)  from productive performance of 
crops. 

U, S,S.R, 

U.S. A. 
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21.Henin & 
Ternisien 
(1944) 

France,Proce-
dure approved 
by Turc(1954) 
incorporating 
additional 
factors 

Computed evapotranspiration and 
drainage from temperature and 
precipitation.. 

Where P is index of. aridity; g is 
annual amount of effective preci-
pitation; t-t' is annual mean wet-
bulb depression °C; r is factor 
depending on (lay length; and g is 
that part of precipitation which 
is available for plants. 

22.Thornthwaite Cannot be defined as shortage in 
(1947)  rainf all alone. 

23.Popov(1948)  Index of aridity 
P  =  

2.4 (t-•t' )r 

U.S. A. 

26.Trumble(1937) Waite 
Hounam(1948)  K = 
Prescott (1949 )Where 

fall 

L is 
from 

index: 

0.38 P/E 0.7 
P is monthly or annual rain-
or irrigation in mm; 

monthly or annual evaporation 
Australian sunken pan in mm. 

Australia 
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Tumble(1937) 

 

The index K =• 0.54 was derived from  Australia 

study of  sunflower plants &  (contd) young 
Hounam(1948) 

(1949) Prescott 
extrapolated to field crops and has 

(contd.) 
been successfully used in defining 
climatic boundaries for land use & 
for ftenuency of periods of non- 
effective rainfall. This is  an 

improvement on the original Tran- 
seau (P/E) ratio which has been 
applied in some form or another in 
many countries.  To start and main- 
tain growth K .> 0.54. For nil 
drainage through drain gauges 
K  o.74. For balance between rain- 
fall and potential evapotranspira- 
tion in catchments K = 1.20. For 
balance between rainfall & evapo- 
transpiration in field vegetation 
! .30 : K `:- 1.50. 

L7,Ramdas(1.950) When actual rainfall for a well is  India 
half of normal or. less. 

2P.Fitzpatrick  Period terminated by at least  Australia 

(1953)  6.4 mm during any 48 hours.-  (based on Blu. 
menstock ); Eva. 
luated proba-
bility that 
dry spells of 
any length 
would occur a 
any time 
throughout th 
year. 

29.Van Bavel  Actual drought should be defined  U. SA 

(1953)  on the basis of soil-water status 
and resultant plant behaviour 

3C-:Ture(1954)  E  mm/annum  France 
0.9+-(P/L) _ °.

7 
 

Where P is annual precipitatio#(mm) 
L = 300 4- 25T + p.05T3  
T is mean air temperature(°C)„ 

31,Caussen(1954) When total monthly precipitation  An approxima- 
in mm is less than twice the mean  tion to rain.; 
temperature in °G 4  fall less the 

evapotxanspiz 
tion based or 
Koppen 
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100p 
32 ,Ember er  I =  France .Based or 

(1955)  (QJ'_mi) (Afi-m) 	 de Martonne's 

Where M :. s the mean maximum  
index, (U-m) is 

temperature in the hottest  
c index
ontinenta1 

month and m is the mean minimum  
ity, 

temperature in the coldest month; 
p in mm and h4 and m in°C. 

33.Thornthwaite Used the wat.er_balance concept  U.S,A,Use. ex- 
and •Maher  with a variable store of soil  tended to other 
(1955)  water,  continents; 

some results o 
doubtful value 

34.White(1955)  Defined drought with respect to 	Western N.S,W^9. 
Xerophilous species using comments Australia. 
on pasture conditions as guide. 	Extrapolation 

to other areas 
not reliable, 

35,.Ture(1955)  For short periods 

p = a + V  France 
E 	 Z O5 1  + (pL  + 2L  ) 

Where E is evaporation in mm in 
10-day period; P is precipitation 
in mm in 10-day period; a is es-
timated evaporation(10-day) from 
bare soil; V(a crop factor). 

25 (M/ z)0  

100 14 is final yield of dry 
matter (kg/ha). 

10 Z is length of growing season(days) 
C s a crop factor; 
L is evaporation capacity by the air 

from L '= (T + 2) 
16 

Where T is mean air temp.°C(in 10-day 

period) and i is incoming radiation 

(cal cm-2  day 1 ).. 

3j Van Bavel a 	A condition in which there is 'in- 	U. S.. A. 
Verlinden  sufficient soil water available 
(1956)  to crops_. 

37,,Foley(1957.)  Used reports of conditions of crops Australia. 
and livestock published in offi-  Necessarily 
cial bulletins or newspapers to-  rather qualit 
gether with rainfall and analyses.  tive but help 

to define the 
significance o 
rainfall defi

ciency.. 
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3F.Foley(1957) Computed residual mass curves of 
rainfall. Divided values by avera-
ge annual rainfall to give 'index 
of s(~verity' . 

Austr alia.. 
Dividing by 
annual average 
makes compari- 
son between 
stations more 
reliable. Index 
is.dimensionle. 

39. - 1patev 8 Based definition of severity on Variations in 
due to yield 

Ivanova crop yields as compared with long- 
term 	 Because all mean yields. different love 

(1958) yield decreases are not result of of a ronomic 
practices are drought author suggests that only still greater years when yields decreased by 

25%% be classified as drought than those due 
to droughts  

years. (Kulik,  1958). 

40 Kulik(1958) Used preceding meteorological U.S.S.R. conditions,soil characteristics 
and level of agronomic techniques 
in the region. 	Decrease of soil 
water in tilled layer to 20 mm 

. means beginning of dry period and 
decrease to 10 mm beginning of 
drought. 	Semi-drought; ten days 
with soil water 20 mm in first 
20 cm of soil. Drought; 	as 	above 
with 10 mm of water. 

41.Decon, Urged the systematization of i\ustralia 
Priestley, definitions of drought in relation 
Swinbank to effectiveness of rainfall in 
(1958) different climates. 

42.Huschke A, period of abnormally dry weather 
(1959) sufficiently prolonged for lack of 

water to cause serious hydrologi- 
cal imbalance(i.e.cr.op damage, 
water supply shortage). 

43,Linseley A sustained period of time with- U.S.a . The 
Kohlar and out significant rainfall, problem is to 
Paulins define'sustair 
(1959) ed'  and 

'significant'. 

44 ,Penman (1948) Estimates water loss from free sur- Originally U.E 
(1961) 	face from solar radiation(or sun- 	then Europe. 

	

Ferguson 	shine), temperature_,humicdity and 	Use now extent 

	

(1952) 	wind,evapotranspiration obtained 	to other cont 
by using seasonal conversion fac-  nents with fa: 
tar 	Et = f E. 



13 
to good resul-
Of little v4 
in dry areas 
where water 
supply to 
plants ljmite( 

	

45 Holmes 	states that in the quantitative 
ev,~ luatioP of dought for agrI 
cultural pr,4pQ4e.5,preotse and 
regular s.qi water observations 
are most osentia1.. 

	

46 almer 	A water balance model which jy 	 Mthod 

	

(1965) 	voles rainfall, a coefficient of 	based on the 
evapQtanspir at ion.runoff and 	Tthwaite 
available soil water1 	 concept of 

potential eva. 
potran$pirati( 

47 Fptric Developed a wateuSe model. with. Austral ia.. Ha 
(1965,) range of available soU moisture ben used: in 

OJO ern and 	va.potranspirat1Q ciinti.o 
losses () computed from Aistxa studies Md 
ha 	uriien. ev.apor&meter(EL 1•US 	Sur. 

veys. 
ç8E 	en soil moisture> 

64 	mm; 
EA.  04E 	when soil moistW€- 

64 mm 

4 5,R4c1a'd Agri,cultur al, drogh;t exists when N:e.w;z:eaL and 
(196) the soiiwater in the ro.otz,ne is Dr, ought 

at or blw the permaeit w] relief 
Ing: percntaqe 	The 	oidon not occur with 
continus unti 	ainfa]tn say 	ne d. 	of  
exc-ess of daily e.viapotrspia eo.evs: r afal, 
ton .i -. 5, mni 

49 )je 	 er4 i:.l budet' (VS:): 	r eUrt PA 
Fkobertson 	ng '4a.ly AE from changes. ii sol 	Szitsfactory 

moisture per zme, 	 est-i.ma~te-s ob 
Ml 

4E 	a1 	 ((PE 	5j); ) gowin.. $ e ason 

inerated over 5Oil Z1Thes; ]to. i 
w)ere A E, I's- 

.
- actu 

ti-An, for day. 
CIA. ent accounting I or s-o4 and plant 
C:r.t;erSti.C;s ii Z:OnE 
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50. Gibbs and State that rainfall is the best Australia Pro 
Maher(1967) single index of drought and use vides a usefu 

rainfall deciles to demonstrate presentation 
temporal and spatial distribution. areal distri- 
Areas where rainfall in first bution of 
decile range roughly coincides drought. 
with drought areas. 

51_Subrahmanyam To the meteorologist drought is Ipadequate ir. 
(1967) a rainless situation for an extend- areas of sea- 

ed period during which some pre- sonally low 
cipitation should normally have rainfall and 
been received depending on loca- in moist 
tion and season, areas of higl' 

The agriculturalist considers transpiratior 

drought as a shortage of moisture 
for his crop. 

The hydrologist views it as being 
responsible for depression of sur- 
face and underground water levels 
or diminution of streamflow. 

To the economist drought means a 
water shortage adversely affecting 
the established economy of the 
region. 

\'later shortage is basic to drought; 
it is a relative rather than an 
absolute condition. 

 

52 Palmer  Severity of agricultural drought  U.S.A.Inputs 

 

(1968)  is defined in terms of the mag-  are weekly 
nitude of the computed abnormal 	values of 
evapotranspiration deficit and  temperatures 
expressed as a crop moisture index. rainfall. A 

product of t: 
1965 drought 
work.Theoret 
cally of uni, 
versal appli 
bility. 

53, MMcllroy  Introduced variables to cover leaf Australia.Us 

 

(1968)  wetness and improved aerodynamic  for conditio 
functions,  of limited s 

moisture but 
measurement 
parameters r 
tricts wide 
application. 
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U.S.S.R.* 54 , Budyko 	Hydrothermal coefficient 
(1970) 

when 0.18.0 gives the potential 
evapotranspiration in mm, e being 
the annual sum of daily mean 
temperatures higher than 10OC; 
r is annual precipitation in mm. 

55 Sly 	Climatic moisture index 
(1970) 

1 "sc~+ X100 

Where 
P is growing season precipitation; 
SM is soil water available to 
crops at beginning of growing 
season; 

f is calculated growing season 
irrigation requirement. 

Can adas.iverage 
seasonal values 
indicating 
differences in 
water balance, 
used for soil 
climate classi- 
fication pur- 
poses. 
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• nnexure III 

SALIENT FE TUREES OF STUDY 
	..._._. 

1. 	Name of the district 	: 

2 , 	State 	 : 	BIH.f R 

0 3.  Location  : 23°2C' to 24391 North 
Latitude and 83°22?  to 
85°CC'  East Longitude 

4.  Ceoaraphical area of the : 	12,019.90 Km2 
district 

5.  No. of 	Su-divisions : 	Three 

6.  Total no. of inhabited : 	3218 (1971 census) 
vill.ages 

7 . Total no , uninhabited 365(1971 census) 
villanes 

F , Total no . of 	tot'ns 	an : 	5 	-ios .. 
cities 

9. a) 	Population i) 19,16,152 	(.as 	per 1981 
cGnsUs 

• ii) 15, 04, 350 (as 	per 1971 
census) 

b) 	Total no. of workers 6,20,466 (as 	per 1981 census) 
c) 	Total no. of cultiva- : 	3,OC,032 	( 	-do 	- 	) 

tors) 
d) 	Total 	no . 	of 	•~nri- 2,27855 ( 	-do- 

cultural  labourers 

l(', Density of population 159 persons/sq.km.(. 981) 

11. )aceni:al 	qrowth(1971-81) . 	27,40 

12 ., Livestock population 14, 73,281 (1977 census) 

13, Type of soils Old 	:alluvium-R~,dc•lsh 
vellow-Yellow "rev 
catenary soils, 	Red yellow 
linht_q.rev catenary soils, 
Yellow--reddish ye low 
medium deep 11'pht textured 
catenarvr soils. 
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(ii) 

14. Land use details  
veraie of 1973-74 to 

1978-79) 

a) Reporting area 

b) Forests 

c) Land put to non-
agricultural uses 

d) Barren and unculti-
v able land 

e) Permanent pasture  

tLource : Directorate of 
Statistics & Evaluation., 
Govt. of Bihar, Patna) 

12, 0001, 990 h a (icC, o) 
5 t 64 $ 872 Ha(47 ,CiC %) 

3 5;  699 i a (297%) 

79,572 Ha (6.62%) 

and grazing land 	6,49G Ha (C.54 

f) " lisc . trees, crops 
and groves 	 : 3,005 Ha (0.25%) 

q) Cultivable waste 	25, 6Ci2Ha(2 ,13/) 

h) Other f al lows 	 92,313 Ha(7.6E:4} 

i) Current f allows 	 1, 58, 783 Ha (13.21%) 

j) 'Jet are. sown 	 2,67,082 Ha (22.229) 

k) Gross sown area 	 3,2e, 019 Ha. 

1) err a sown more than 
once and its percentage 
to net sown area 	: 424 680 Ha (15.98°,) 

m) Culturable area 	 5,46,785 Ha (45.49%) 

15. Gross irr. i gated are, 
sourcewise (aver. aqe of 
1972-73 to k9  79-EC )_ 

a) Total -3re 3 

h) By canals  

c) By tanks 

d) By Tuhewells and wells 

e) Other sources 

67,641 Ha.  (100%) 

7,158 Ha.(10.6%) 

6,816 Ha (10,1%) 

1,8CC Ha.(26.6%) 

35,666 Ha, (52.7...) 
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(iii) 

10 

16. Rivers system 

a) a) 	Name of main river Sane 

b) Name of important Kanhar, North Koil, 
tributaries \ur. anga manat and 

Sadab-t. 

c) :atchment are a of 12C19.9 s q.km . 	i .e . 	the 
(3anga basin in the whole of th,- 	district. 
district. 

17. 	Irrigation projects and 
their potentials 

i) 	Existinu  i 

a) Major : 	Nil Nil 
b) Medium : 	7 	Nos. 	23,553 Ha. 
c) Minor 192 Nos. 46,739 	rla. 

ii) Under construction 
a) Major 5Nos . 3,12, 8CC H. 
b) 1ledium . 	4 	Nos, 22, 50E Ha 

c) P"'Inor 128 	nos. 22,842 Ha, 

18. 	Mineral wealth in the The district has 	promising. 
district deposits of lime stone 

cod, 	bauxite, graphite 
and fireclay. 

19. rilectrification 
a) Tot -d1 nc ; of 	towns 	and 

vill -anes 	electrified 
as on March 1960 ,  631 

b) percentage to the 
total no. of towns 
and villages 19.6,7  

c) to . 	of 	wells 	electri- 
fied as on March 1981 	: N. 

20. 	Industries 
7s F  o n 3Ct-. 3. S _l. ) 

a) 	Larne scale 
industries 5 Nos. 
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( iv 

b)  Medium scale 	 : N.'~: 
industries 

c)  Small scale 	 .: 2 Nos ; 
industries 

21. 	Communi c.- do ns 

i) Total length of ro- 	; 228 km; 
ads in the distt, 
as on March 1977 

b)  Total length of 	; 1834 km, 
railway line 

c)  Post offices 
(as on 1976-77) 	: 218 nos 

d)  Teleqraph offices  : 4C nos. 

e) 'Telephon? 	exchanges 
(upto 	3C.,9.79) 	: 4 	nos, 

f)  'airports 	 s On 	n• . 

g)  VIy ter ways 	 : 11 km. 

22, 	;)rinkinq w-lter facilities 

a)  'Jo. of villages 
provided with drink-• 
inq water facilities 	: 5CC: nos, 

b)  No. of propos., 	vill- 
ages for which faci- 
litv is under execu- 
tion 311 nos, 

23, 	Rain.:'r 	1l(D.at.a base 	6G 
ire ors 190;1 to 19FC.). __ 

a)  Normal rainfall 
of the district 	: 1194.75 mm, 

b)  Morm al no. of rainy 
days 6( .,21 

c)  Normal tntensity of 
rainfall 19.84 mm. 

d)  Normal 	annual P.t-3. 
v=alue of district 138'8.3 mm. 
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( v ) 

e) Percentage of normal 
rainfall in south- 
west monsoon 

f) i) Total no of 
• raingauge stations 

in the district 

ii) No, of stations 
considered for 
study 

q) Density of raingauge 
st•a ; -)ns 

h) Maximum annual rain-
fall and ve:ar in the 
district 

i) Minimum •~nnu.~l rain-
fill and ve -ar in the 
district 

i 86.06% 

25 nos . 

3 nos. 

I station per 480,e0sq,km, 

1721,10 mm (1907) 

505.3O(±.966) 

j) \nnu.al rainfall At 	 I 
75% probability 	: 1000)-1100 mm and above 

. of years having 
rainfall less than 
normal rainfall 	 38 years and 47.50% 

1) No . of years havinq 
rainfall less than 
75r'o of normal rainfall 	7 years and 8.75% 

m) Coefficient of varia-
tion for seasonal 
rainf all 	 : 20.86% 

n) Coeffic.'nt of rarietion 
for •~' ua1 rainfall 	19.40% 

o) Drought free crop years 
and percentage to total 
year (1971-1980) 	6 years (60%) 
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( vi 

24 
 9) Surface Hter v ail gib- 

• ilitv 

i) "Jorm -a1 runoff 

ii) Utilisable flow 
(5(°.; of norm ,,1) 

iii) M ~ximum runoff 
of the district 

iv)  inimum runoff 
of the district 

v)  idorm-)l yield per seem. 
of 	geonr -)phic~l 	erect 

vi)  75:%p of 	norm -il vi 2ld 
per sq.km. of 	geoqr~- 
pkhi c 	1 	:r, 	j 

vii)  )epth of water 
w ail cult= 	over the 
entir. 2 	cultiv lble 	ire 
for norm ,1 runoff 

75.; dependability 
5C;„ depenc'ibility 

49C' .63 M.C.M. 

245432 M.C.M.  

IC,232 .4E M..C.M .(1936) 
2(.k .46/ of norm -)l 

21,44 .PM,C.'v ,(1966) 

.39 M.G.M./sq1 m. 

•2Q 	C.M./scl k m 

C' . 8 `-. m, 

viii) Depth of w iter iv i.l--
~h1e over the entire 
cultur i'-)1e ire -i for. 
75 ' of no.-m )l runoff 	: C. .64M 

ix) Ground Vater Potential 
in the district(as per 
Central Ground Water 
1carr') 

Recharne 	: 455.23 m.c.m. 
raft 	: 	64.CE m.c.m. 

Surplus 	391.15 M.C.M. 
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ANNUAL P1kODUCTION OF MAIN FOODGRAINS (IN TONNES) 

S. Year 	Rice 	Maize Wheat am Barley 	Total 
N; 	 &. others 

1. 1948-49 22741 9953 1162 17802 7920 59578 

2; 1949-50 64425 22399 3296 13772 10886 114778 

3.  1950-51 26~968 17615 2473 '2539 1680 51275 

4.  1951-52 299.52 20965 1536 3537 3521 59511 

5.  1952-53 46431 29534 2185 5168 5263 88581 

6.  19 53-54 52837 15312 2846 6251 2681 79927 

7.  1954-55 8971 22534 1004 4950 5684 43143 

8.  1955-56 19980 18741 3382 ' 64 8 11659 60180 

9.  1956-57 66575 33971 1594 6781 13859, 122780 

10.  1957-58 2740 22781 1978 2313 4114 59126 

11.  1958-59 93691 12245 5492 19259 26677 157364 

12.  1959-60 63280 47640 4936 13241 18195 147292 

13.  1960-61 95066 24411 706b 14604 15283 158002 

14.  1961-62 104537 20045 7934 18711 20689 171916 

15.  1962-63 61101 27593 7102 16 527 17596 129919 

16.  1963-64 66133 49912 9816 19580 22093 167534 

17b 1964-65 75754 19646 8362 17381 17304 138441 

18.  1965-66 71416 27628 8740 17139 17034 142007 

19.  1966-67 2116 40653 2035 547 1891 47242 

20.  1967-68 52535 44958 8794 15197 20412 129896 

21.  1968-69 23707 27307 7165 3511 8670 70360 

22 ; 1969-70 78 309 50688 5401 4255 15778 154431 
23.  1970-71 83270 57728 10475 13172 19232 183817 
24.  1971-72 89419 12612 19815 10298 17993 150137 
25, 1972-73 34935 28596 10485 10603 16710 101329 

26. 1973-74 . 63 500 51005 112& 10397 14249 151771 
27, 1974-75 56838 44412 20864 8985 13680 146779 

28.  1975-76 91466 29891 32788 9852 18104 182103 

29.  1976-77 77927 53913 15242 206 10855 158143 

30.  1977-78 105515 18179 18409 '9986 16423 168512 

31.  1978-79 108000 29000 27000 11000 18000 193000 
32.  1979-80 14 000 13000 10,000 2 300 5000 45000 
33.  1980-81 65000 31000 17000 7000 17000 137000 
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Computation of euivaJ.nt crop production, CPe 

31. Year (Annual Crop CPc(Tonnes) CPe 	xCP 
No. Production çcrop prod, 	from 

CPc 
(Tonnes) in 

rt tonnes) 
Y=8564.d + 

2402.76 	x) where CPcb  

--- ---------- ---- 
165185.88 Tonnes 

- 

1. 1948-49 59,578 897.56 1,11,458.42 
2, 1949-50 114,778 90 v 700.32 2,09,036.80 
3.  1950-51 51,275 93,103.08 90,973.42 
4.  1951-52 59,511 95,505.84 1,02,929.58 
5.  1952-53 88,51 97,908.60 1,49,448.87 
6.  1953-54 79,927 100,311.36 1,31,618.31 
7.  1954-55 43,143 102,714.12 6,383.006 
8.  195-56 60,180 105,116.88 94 $ 69.84 
9.  l56-57 122,780 107,519.64 1,88,630.86 
10.  1957-58 59,126 10,922.40 86,851.59 
11.  1958-59 157,364 112,325.16 2,31,420.19 
12.  159-60 147,22 114,727.92 2,12,071.81 
13.  1960-61 158,002 117,130.68 2,22,625.47 
14.  1961-62 171,916 11,533.44 2,37,574.48 
15.  1962-63 12,919 121,936.20 1,76,000.10 
16.  1963-64 167,534 124,338.96 2,22,571.03 

.17. 1964-65 138,447 126,741.72 1,80,441.68 
16. 165-66 142,07 129,144.48  1,61,638.04 
1, 1966-67 47,242 131,547.24 . 	59,322.50 
20.  1967-68 129,896 133,95o.ou  1,60,186.52 
21.  1966-69 70,360 136,352.76 85,238.31 
22.  1969-70 154,431 130,7 55. 52  1,8 It, 847.24 
23.  1970-71 183,817 141,156.28 2,15,105.85 
24.  1971-72 150', 137 143,561.04 1,72,752.33 
25.  1972-73 101,329 145,963.80 1,1.4,673.09 
26.  1973-74 151,771 148,366.56 1,66,976.25 
27.  1974-75 146,779 150,769.32 1,60,814.00 
28.  1975-76 182,103 153, 172.00 . 	1,6,305.94 
29.  1976-77 158,143 155,574.84 1,67,912,69 
30.  1977-78 160,512 157,977.60 1,76,00,94 
31.  1978-79 13,000 160,380.36 1,98,782.91 
32.  1979-80 45,000 162,763,12 45,664.22 33.  1980-01 137,000 165,135.38 1,37,000.00 



• - 152 - 	 ANNEXURE U II 

Computation of the parameters Prd & Prdm 

Sl, Year • Patio of 	page rainfall pq Prd Pm Prdm~ No. dist. to %age 	r°ss Water 
(2) PN =(8) PREQn (x(11) 

June Sept 	Oct to (10) * July Aug. 
4.6% 24.9 x123% * 22.2yo 25.3% (7) 

1 2 3 4 5 6 7 8 9 10 11 12 

1.  194E 1.0 0.97 1.0 0.92 0.22 4.11 0.87 3.58 0.932 3.83 

2.  1944 1.0 1.0 1.0 0.51 0.28 3.79 0.91 3.45 1.07. 3.79 

3.  1950 1.0 1.0 1.0 0.41 0.01 3.42 0.96 3.28 1.15 3.42 

4.  1951 1.0 0.77 1.0 1.0 0.40 4.17 0.92 3.84 1.07 4.17 

5.  1952 1.0 0.69 1.0 1.0 0.16 3.75 0.90 3.38 1.05 3.75 

6.  1953 1.0 1.0 1.0 0.91 0,1 3,92 1.0 3.92 1.64 3.92 

7.  1954 1.0 0.93 1.0 1.0 0.05 3.98 0.70 2.79 0.86 3.42 

8.. 1955 1.0 1.0 1.0 0.79 0.49 4,2d 0.63 2.7.0 0.71 3.04 

9.  1956 1.0 0.83 1.0 1.0 0.32 4.15 1.0' 4.15 1.44 4.15 

10.  1957 1.0 1.0 0.96 0.86 J.U04 3.324 u.8,fl 5,37: 3~,a5 3.82 

11 . 19 56 1.0 1.0 o.998 0.91 0.40 4.39 1.0 4.39 1.26 4q 39 

12.  1959 1.0 1.0 1.0 0.88 0.39 4.27 0.91 3.89 1.09 4.27 

13.  1960 1.0 1.0 1.0 0.09 0. 17 4.06 0. BL 3. 57 1.09 4.06 

1961 1.0 0.77 1.0 0.90 0.20 3.07 1.0 3.87 1.46 3.87 

15.  1962 1.0 1.0 1.0 1.0 0.14 4.14 0.06 3.56 1.07 4.14 

16.  1963 1.0 1.0 1.0 0.64 0.23 3.87 0.75 2.90 0.90 3.48 

17.  1964 1.0 1.0 0.92 U.80 0.21 3.93 0.95 2.73,1.17 3.93 

10. 1965 0.94 1.0 0. 8d 1.0 - 0.12 3.94 0.91 3. 59 1.08 3.94 

19.  196b 1.0 0.32 1.0 0.40 0.0 2.72 0.42 1.14 0.49 1.33 

20.  1967 1.0 1.0 1.0 o.94 0.03 3.97 1.0 3.97 1.27 3.97 

21.  19.60. 1.0 1.0 1.0 0.67 0. 1 J 3.05 0.74 2.85 0.03 3,20 

22.  1969 1.0 1.0 1.0 0.93 0.04 4.02 0.92 3.70 1.06 4.02 
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1 2. 
--- 

3 
-. 

4 
-- 

5 
-^ 

6 
+ 

7 0 
..w..www.w.w+r..rwwrirwr..w--------- 

9 10 1.1 12 

23,1970 1.0 1.0 1.0 1.0 0.21 4.21 1: 0 4.21 1.30 4.21 

24.  1971 1.0 1.0 1.0 0.45 0068 3.52 1.0 3.52 1.68 3.52 

25.  1972 0,.87. 1.0 1.0 0.33 0.51 3..71 0,76 2.82 0.91 3.38 

26, 19.73 1.0 0.48 1.0. 1.0 0.27 3.75 0.74 2,78 0-,,84 3.15 

27.  1974 1.0 1.0 1.0 0.56 0.32 3.83 0.81 3.14 0.998 3,87 

28.  1975 1.0 1.0 0.87 0.43 0.21 3.51 0.95 3.33 1.11 3.51 

29.  1976 1.0 1.0 1.0 0.65 0.0 3.65 0.810 2.92 0,77 2.59 

30.  1977 .1.0 1.0 3,31 0.31 U.07 3.69 1,U 3.69 1,16 3.69 

31.  1978 1.0 0.64 1.0 1.0 0.12 3..76 1.0 3,76 1.44 3.76 

32, 1979 1.0 1.0 0.95 0.92 0.0o 3.95 0.63 2.49 0.71 2.80 

33. 1900 1.0 160 1.0 0.62 0.24 3.86 0.78 3,01. 0.94 3.63 

indicate the p. rcentage gross uatar requirement during the 
respective month in monso..;n period. 
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Computatiun of joage Rainfall Distribution during 
Monsoon poriQd (Rm) 

S1. No. 	Year  __ 
June July August 5p t. Oct. Total 

1. i48 14u.57 20y.73 17-.37 41;.50 867.03 
(17.12) (24.17) (32.7i.) (2u,33) (5.6) 

2. 1949 101.10 273.30 413.00 114.13 9d 	50 1000..03 
(10.11) (27.33) (41.30) (11.41), (9.85) 

3. 1950 169.57 382.03 422.20 96.70 3.57 1074.03 
(15.79) (35. 57) (39.31) (9.0) (0.33) 

4. 1951 131.77 191.17 330.00 242. 50 99.67 995.11 
(13.24) (19.21) (33.16) (24.37) (10.02) 

5. 1952 241.78 168.97 302.23 225.47 40.37 970.02 
(24.7) (17,26) (30.+38) (23.03) (4.12) 

6. 1953 245.00 509.97 37 3. 53 310.57. 5.00 1529.07 
(1602) (38.50) (24.76) (20.31) (0.33) 

7. 1954 1013.13 105.33 264.57 232.17 10.50 801.70 
(13.50) (23.15) (33.04) (29.00) (1.31) 

B. 	1955 44.43 247.47 1bu.83 113.33 82.43 659.49 
(6.74) (37.52) (25.60) (17.64)-  (12.5) 

9. 1956 • 219,.97 275.03 353.97 371.37 106.67 1337.81 
(16.44) (20.62) (27.21) (27.76) (7.7) 

10. 1957 55.70 510.43 215.33 137.10 1.10 977.66 
(5.7) (53.03) (22.03) (19.14) (3.11) 

11. 1958 67.87 457.67 209.20 235.71 141.63 1172.07 
(5•3) (39.05) (22.97) (20.11) (12.30) 

12. 159 71.50 295,67 309.17 197.63 133.60 1012. 57 
(7.06) (29.20) (30.53) (19.52) (13.69) 

13. 1960 70.33 314.90 305,57 199.57 42.73 1014.10 
(0.94) (31.03) (30.12) (19.63) (4.21) 

14. 1961 321.80 259.33 411.33 263.93 95.87 1352.26 
(23.00) (19.13) (30.42) (19. 52) (7.09) 

15. 19621' 123.67 
(12.42) 

205.20 
(20.64) 

301.10 
(30.24) 

250.33 
(25.14) 

35.37 
(3.55) 

995.67 

16; 	1963 LL.93 
(10.55) 

205,63 
(34.33) 

292.00 
(34.98) 

119.50 
(14.31) 

47..00 
(5.73) 

834.06 

17. 	1964 233.10 
(21.39) 

383.25 
(35. 17) 

233.15 
(21.12) 

186.0 
(17.63) 

57.85 
(5.31) 

1139.75 
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1 2 3 4 5. 6 7 8 

18.  1965 43,43 436.93 202.70 280.60 31.20 1002.86 
(4.38) (43,5'?) (20.21) (28.78) (3.11) 

19.  1966. 176.57 36.30 206.70 41.20 0.0 460.77 
(38.32) (7.88) (44.86) (8.94) (0.:1) 

20.  1967 79.57  316.13 529.83 247.33 7.80 1180.66 
(6.74) (2b.78) (44,88,) (20.95) (0.66) 

21.  1968 90.80 213.80 312.23 115.93 35.70 776.46 
.(12.72) (27.54) (40.21) (14.93) (4.60 

22.  1969 102. 53 399.80 275.27 218.27 9.47 1005.34 
(10.20) (39.77) (27.38) (21.71) (0.94) 

23.  1970 119.45 335.35 260.730 382.50 30.10 

1565.43 24. 1971 437.23 
(27.93) 

25. 1972 	33.87 
(3.99) 

26. 1973 120.90 
(14.68) 

27. 197 4 	63.67 
(3.Oo). 

28.. 1975 	81.20 
(7.05) 

29. 1976 1u9.57 
(18.76) 

30. 1977 206.43 
(15.84) 

31. 1978 297.70 
(22.20) 

32. 1979 113.77 
(17.32) 

33. 1980 212. 17 
(24.34) 

437.07 497.23 
((27.92) (31.76) 

275.62 368.20 
(32.43) (43.32) 

104.33 335.73 
(11.88) (38.24) 

405.13 2u13,27 
(43.61) (25, Uu) 

593.73 203.23 
(57,37) (.19.93) 

320.73 204.93 
(35.44) (31.45) 

539.13 242.47 
(45.20) (10.60) 

213.17 329.33 
(15.90) (24.56) 

251.07 143.40 
(38.23) (21.04) 

27 5.97 210.27 
(31.36) (24.12) 

1 55. 97 	37.93 
(9.96), 	(2.42) 

	

61.70 	110.47 
(7.26) 
	

(13.00) 

225..03 	83.93 
((25. 63) 

	
(9, 56 ) 

116.33 	75.37 
(12.52) 
	

(8.11) 

	

9J. 50 	55. 17 
(9. 52) 
	

(5.33) 

129.67 	0.0 
(14.33) 
	

(0.0) 

234.53 	30.90 
(17.b) 
	

(2.37) 

444.07 	55.97 
(33,17) 
	

(4.17 ) 

34.67 	' 13. 80 
(20.51) (2.10) 

119.43 53.03 
(13.70) (6.10) 

849.86 

877.92 

928.97 

1034.03 

904.90 

1303,46 

1341.04 

656.71 

87 1. 67 
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Annexure .= VIII 

Computation of DDA, DDN, WEDN and ED 

S.N. Year 	DD 	" ~'1~ 	'"DD 	R 

(mm) 	(mm) 	(mm) 	r 	. Fm) x (6) 

1.  1948 681.63 163.68 331.8 1.15 380*74 
2.  1949 772.69 196.64 305.77 1.10 337.41 
3.  1950 829.97 183.18 271.40 1.05 283.88 
4, 1951 797.26 203.93 323.88 1,08 351.33 
5.  1952 752,36 185.34 363.18 1.11 402.46 
6.  1953 850,20 91,09. 50.25 0.76 38,33 
7,  1954 899..54 300.88 425.84 1.43 608.91 
8,  1955 834.71 423.72 681.92 1.58 1075.93 

9.  1956 677.53 53.51 98.96 0.83 81.78 
10.  1957 •918.71 272.86 292.03 1.13 330.07 
11. 1958 808 ,03 138 .45 124 .99 0.96 120.48 

12, 1959 526.47 113.34 85.54 1.09 93.51 
13.  1960 902.14 143,0 84,69 1.13 96.00 
14.  1961 665.45 85.86 151 .44 0.81 122. 0 
15, 1962 864,0 134,77 139.41 1.16 162,08 

16. 1963 855.45 226.89 326.37 1.33 434.37 
17, 1964 768,65 141.37 230.19 1.05 242.11 
18 , 1965 9946 157.56 2 73 .58 1.10 302,09 

19.  1966 901.24 646.02 1243.95 2.36 2941.24 
20.  1967 889.92 167.89 102.99 0.95 97.78 
21.. 1968 829.00 299.53 455.94 1.35 616.79 
22.  1969 850.90 165.12 143.16 1,09 155.86 

23.  1970 748.35 61.29 51.63 0,91 47,19 
24,   1971 807.10 96.59 121,19 0.74 89.79 
25,  1972 901.26 331.43 464,84 1,.32 614,45 
26,   1973 1194.54 305.49 536,47 1.35 723,58 
27,  1974 874,27 248,8 32575 1.23 - 401,03 

28,  1975 812 .12 286,62 461.13 1.06 487.50 

29. 1976 856.03 288.60 478,52 1.24 594,72 

30, 1977 685.51 116.06 170,78 0,81 137.94 

31.  1978 663.96 113.29 239.36 0,78 185,59 
32.  1979 826,78 376.56 680,84 1.58 . 1074,12 
33, 1980 780,50 256.63 505.11 1.29 649.30 
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Computation of EDe  for Different Years 

S.  Year 	w xKi )2 } 	r 	ED (mm) 

( mm ) 	 (2) x- (3) 
1 	 2 	3) 	 L4)  

1, 1948. 251.04. .L50  376.59 
2.  1949 202 ,88 1.10 223.17 
3.  1950 215.3E 1.05 226.13 
4.  1951 286 421 1.08 30',.1l 
5.  1952 335.18 1L.11  372.05 
6.  1953 31.'18 0,7 23.70 
7.  1954 312,71 1.43 447.18 
8.  1955 381.24 1.58 602,36 
9.  1956 96 ;46 0.83  
10.  1957 202,80 1.13 229.16 
it . 1958 84.20 0.96 80,83 
12.  1959 59.66 1,09 65.03 
13.  1960 41.56 1,13 46.96 
14.  1961 133.75 0.81 108.34 
15, 1962 79,63 1.16 92,37 
16.  1963 183.83 1.33 244.94 
17.  1964 167.80 1.05 176.19 
18,  1965 226.62 1.10 249,28 
19,  1966 745,58 2.36 175.57 
20,  1967 48.58 0.95 46,15 
21,  19f8 291.16 1.35 33,07 
22,  1969 73.76 1,09 80,40 
23.  1970 36.41 0.91 33.13 
24,  1971 85,71 0,74 63,43 
25,   1972 307,76 1.32 406.24 
26,   1973 480,04 1.35 648.05 
27.  1974 192,46 1.23 236.73 
28, 1975 301,50 1.06 319.59 
29. 1976 362.10 1,24 449.00 
30,  1977 137.82 0.81 111.63 
31,  1978 2 36 .2 6 0.78 184.28 
32,  1979 408,43 1.53 645 ,32 
33. 1980 282,30 1.29 364.17 
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Computation of CPe with the help of Parameter 

ED and ED e 

S, Ye ar 	ED 	CPe from 	ED 	CPe from 
N.. 	 (mm) ~ E~ ~5.,8) ~l (mm) 	Egn, (5,9 ) ~1 

W (2) (J . 	(4) _ CI 

1,  1948 380.74 132,48 376,5 111.00 
2,  1949 337,41 138,53 223.17 137.00 
3,  1950 283.,88 147.25 226.13 136.00 
4,  1951 351,33 153,44 309.11 121.00 
5,  1952 402.46 129,72 372,05 112,00 
6.  1953 38.33 238.63 23.70 282.00 
7.  1954 608.91 106.84 447.18 104,00 
8, 1955 1075.93 84,88 602.36 91,00 
9. 1956 81.78 208.12  80,06 198,00 
10,  1957 330.07 139.63 229.16 136,00 
11,  1958 120,48 110,13 80,.83 198.00 
12,  1959 93.51 20205 65.03 212.00 
13. 1960 •96,00 200.84 46.96 234,00 
14. 1961 122,00 189.53 108.34 179.00 
15,  1962 162,08 175.59 92.37 189.00 
16,  1963 434.37 125,96 244,94 132,00 
17.  1964 242,11 155.34 176.19 150,00 
18.  1965 302.09 144,10 24S.28 131.00 
19.  1966 2941.24 50.18 1759,57 57.00 
20.  1967 97,78 200,00 46.15 236.00 
21, 1968 616,79 10.17 393,07 109.,00 
22.   1969 155,86 177,54 80,40 180.00 
23.  1970 47.111 230,96 33.13 2519.00 
24, 1971 89,79 208.91 63.43 212,00 

25. 1972 614 ,45 109 ,34 406 ,24 108 .00 
26,  1973 723,58 101,87 648.05 89 ,00. 
27.  1974 401 03 129.90 236.73  134.00 

28.  1975 487,50 120,33 319.59 11q .00 
29.   1976 594,72 110,91 449.00 03,00 
30.  1977 137,94 183.56 111.63 177.00 

31.  1978 185,59 168.80 184.28 148.00 
32.  1979 1074 12 84,94 645,32 88,00 
33.  1980 649,30 106.79 364,17 113.00 
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