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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 partinent features or impacts. These criteria/
definitions are inadeauaté as they do not take into considera.-
tion some important factors,

An attempt has been made in this dissertation to analyse
grouqht characteristics and to evaluate suitable eriteria
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 asdditional 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 ’effectivé deficiency (ED)'
and 'effective ﬁeficiency with extreme conditions duly repres-
ented (EDe)' have been evaluated and sugaested 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 Aistrict of Bihar which is a typical drought prone
area. The efficiency of the model suggested for identifying

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

to be satisfactory.

(iii)
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CHAPTRR - I

~ INTRODUGT ION

Right from thé‘very beginning,‘the human Tace had to
fight against nature for its suivival. Natural calamities.
whidhrére to be‘very freauently.cohfronted include drought,
'flddds, cyclones, v01cano,_m1ndslides,'5vlbhches and earthe
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 GALAMITY

Since the beginning of the existence of mankind, drought
has affeoteq the human activity throughout thé 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 develobments in almést 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, cycloné and‘earthquakes
account for more thanv90% damages caused to man's vital en-
“ vironment by natural calamities. The remasining other natural
hazards are not of much significénce (although they may have

- considerable importance for some areas in local situations).

Drought is, however, considerably different from other
natural disasters. While the disasteré like earthquake,

cyclone, floods etc. have some degree of suddenness, the
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drought is of creeping and pervasive nature which starts
slowly and has slow but lasting effect. The calamities like
eafthquakes; cyclones, floods etc. because of their flashy
nature, cause considerable loss of properties and lives in a
rélétively 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 loi:ig 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 coﬁstanf natural ehemy of humanity. Man hés liﬁéd
énd $trugg1ed with‘ﬁrought throughout the history. Even such
areas which have normally sufficignt_precipitation to meet
Qarious needs of the area, are confronted with the occurrences
vof 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 récurrent phenomenon, . an
integral though irregular, part of the climate., It will
occur in the future with absolute certainity although the

specific time cannot be'prédicted 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
anaiyéis based on the rainfall deficiency equal ﬁg;greater
than 25% of the normal has revealed that the periodicity of
drougﬁt 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 Msharashtra. 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 5é%found in the pictographs and
sculptures of the mayas whicﬂ 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 ?harah of
fat cattle and full ears of grain compared with lean animals
and withered ears of grain, were interpretel by Joseph with a
méteorological reference to the temporary prevalace nf the dry
east wind. The reference to seven good years and seven yearsA
of drought may be inferred as cycle but the passage is a defi-
nitive 3Indication of impressive rainfall fluctuations in

Egypt or the source of the Nile river,

It is internationally accepted fact that the majér cause
of drought is deficiency in rainfall and the occurrence of
rain is a random phénomenon. A look at the rainfall data
indicates the presence of cyclicity in rain deficiencies. The
average annual rainfall Adatas of a region (Peolamu district of
Bihar) have been plotted in Figure 1,1 which amply demonstra-
tes the recurring nature of deficient rain and hence the

Arought. 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 situae
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 LCOK AT WORLDWIDE 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 fhreat of deficient rainfall (Ténnehill,
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 tﬁan at present during the olden times.
The overthrow of the Roman Empire has also been attributed to
drought (famine),

In recent fimes, 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 gg many
ag 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. Vihile in
North America midwest U,S.states were hit by widespread
drought, in central America,it was the Mexice which suf fered
from this nat&ral hazard. Likewise, in South America, Peru,
Bolivia and Brazil were the suffering countries - with
Brazil recording its worst ever drought in its bast 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 twe other
Europian countries along with three North African countries
namely Morocco, Tunisia and Algeria which were affected by
Meéditerranian drought. The drought in Australia was the
worst in itS'QOO yeéré hisfory; ~In Chiﬁa more than
16 miilioﬁ Ha of farm land;wéfé affected; ther recent
Aroughts which éffected\several parts of the wofld may be
cited as those of 1972-73 déoﬁght in U.S,S.R., the 19f7-79
droqght in.U.S.A., the i976 drought in U,K,, the early seven-
ties dfought in Sahel and East Africa etc, The 1973 and
1974 drought in East Africa claimed more than 1 lakh people
and thovsands of animals.

In China, where the written records of drought date

back to as much earlier as 206 B,C,, most nof the famines
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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 behaviour;
In Chiha during the perind between 206 B,C, and 1949, there
was on an average one major flond or drought every year, As
mény as 1056 major droughts were recorded during the said
period
1.4 DROUGHT IN INDIA

In India, as elsewhere in the world, drought is 5 fre=
quent natural calamity which finds its place in all the great
epics of the country.Ope of the earliest droughts in India
~ hasbeen réferred in 'Vayu Purana', In Ramayana also, there
is description of drought during the period of King Dashratha
the father of Lord Rama. In Mghabharata (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 Herishchandra, a
famine is .said to have occurred. It has also been recorded
that a severe famine occurred during the period of king

Chandragupta Maurya's reign,

In pre-independence perind, the large catestrophic

effect of freaguent droughts and famine caught the attention
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of the then British rulers in the ioth century when a series
of famine and irrigation commission were set up to go into
the various aspects of the prohlem ard to suggest sditable
measures to mitigate the distress of the people., The Indian
Finance Commission, 1880 has mentioned the occurrences of
severe famine and drought gonditions in the then North-West

province and the Punjab, Subseauently, in 1896; the National
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 Great Bengal famine of W942 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 sbout one-third of the tntal gengraphical area
of 329 millibn ha., of the country and 29 percent of tﬁe pPoOpu=-
lation are affected by drought, The drought affected area
includes 39 percent of the total gross cultivable area of
185 milljon ha, - Likewise, nearly one-eighth of the total
areafof;the country ié 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 Annexure-I.
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In India, the failure of monsoon rains is the principal
cause of drought. The monscon rain is irreqular 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 bean
recnrded 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-ecastern part of the country (K,L.Rao, 1979), A study
conducted by Central Water Commissinn indicates that about
54,5% of the gengraohical area nf the country receives less
than the mean annual rainfall of 105 cm for the entire country
(C.W.C, Brcchure on drought, 1982), The Irrigation Commission,
1972 has indicated 67 Aistricts as drought -~ prone areas which
spans over eight states of Andhra Pradesh, Gujerat, Haryana,
Karnataka, Madhya Pradesh, Maharashtra, Rzjasthan and Tamil-
Nadu., Later, Nztional 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 afea as affected by

Arought is given in Table 1,1,
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Table 1.1: Statement Showing the Percentage of
Geographical Area affected by Drought

(St atewise)
S.N, Name of Total G@?C_}raphiCsld Percent—
the State Geographical 2area affecter

~reall.na) by drought(Mnha) — 29°

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,  Msharashtra 30.8 12.4 40.0
8, Madhya Pradesh 44.3 | 8.65 20.0
9.  Orissa 15,6 2.2 15.0
10, © Rajasthan 34,2 21,41 63.0
11, Tamil Nadu 13,0 8,33 64,0
12,  Uttar Pradesh 20.4 4,38 15.0
13, West Bengal 8.8 2,67 30
Total 286.6 106,84 37

other states
union territories 42,2

ALl India 1328.8 106,84 32.5%
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The north-western parts of the country (like Rgjasthan,
Gujarat, Punjab) are particulerly more droughteprone areas
where the mean annual rainfall is lower than 70 cm (Beran &
Rodier, 1985). The country was severely hit by droughts in
the year 1907, i9ll, 1918, 1920, 1939,.1951,'1965~67,l972-73v
and 1979, The 1919 drought was widespread and destructive
engulting 12 states viz. Andhra Pradesh, Bihar, Madhya Pradesh,
Maharashtra, Himachal Pradesh, Rajasthan, Orissa, J & K,
Punjab, Haryana, Uttar Pradesh and West Benqgal where cropsnover
nearly 35 million hectares were affected (Shrivastava, 1979).
The severity and devastations of the 1965-67 droughts are born
out by the fact that a huge amount of §.722 ° crores were spent
in ﬁrdught—relief measures in 156 affected districts of th?
country. The twn censecutive droudhts during the peried 1971-
72 and 197273 were no iess destructive and widespread as

nearly Bs.790  crores were spent in 227 affected districts
(Jaiswal, 1981). Hence, the recurrent drought has considerably

atfected our national economy.

1.4,1 Level of Focdgrain Production in India:

The trend of fﬁodgrain production in India during the
period 1960-61 to 1979-80 has been shown in Table 1.2. Tt is
seen from the Table 1,2 that the fondqrain production of Indiav
has considerably increased from 79,3 million tons in i960—6l
to 131 million-tons in 1978-79 (a year of very favourable rain).
However, the agricultural production were badly affecter
during the peri~d of severe Arnughts and erratic monsnon rains

as is evident from the sharp declines in the level of foodgréiﬁ
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Table 1.2:

(1960-61 to 1979-80)

Trends ‘in Food Production in India,

Year Food Production Increase§+g or
in million tons Decrease(~) over pre-
ceding year, percent

1960-61 79.3 -
1961-62 82,7 + 4,28
1962-63 80,2 ~ 3,02
1963-64 80,7 + 0,01
1964-65 89,0 +10,28
1965-66 72.3 ~18.76%
1966~67 74,2 + 2,63
1967-68 95,1 +28,17
1968-69 94,0 - 1.15
1969-70 99,5 4 5.85
1970-71 108.4 + 8,94
197172 105,2 - 2.95
1972-73 97.0 - T.T9%
197374 104,7 +7.94
197475 99.8 ~ 4.66%
1975-76 121,0 +21,24
1976~77 111,2 ~ 8,09%
197778 126,4 +13,67
1978-79 131.9 ¥ 4,35
1979-60 108.9 ~17,43%

¥ Due to severe drought
Source: C,W,C, - Brochure on Drought (Masrch, 1982),
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production in some yecarg. The two drought years of 1965-66
and 1966-67 harl agricﬁltural production of only 72,3 millinn
tonnes and 74,3 million tons respectively, although in the
preceeding year (1964-65) and in the following year (1967-68)
the foond grain production was 89,0 million tons and 95,1

million tons.respectively,

1.5 DROUGHT ~ A RETARDING FACT(F. IN DEVELOPMENTAL
ACTIVITIES

The developmental activities are-Z#ntred around the
resources which are available in various forms around the
centre of the activity. In other words we éan say that the
resource cycle plays very important part in the developmental
activities anl nerhaps that is the reason why a resource
planning and bglancing constitute the mnst important comno-
nent of the developmental planning of the reqion, One need
not emphasize the role »f water resocurces in varinus Aevelop~—
mental activities and it is an established fact that_the
resource cycle gets greatly disturbed with the impact of
Arought,

Apart from shortages in the res-urces on short-term
basis, the effect of drought on long-term basis is felt in
many ways. For example the migrating tendency of the people
residing in drought affected areas greatly affects the human
resource development whatsoever. Temporary migretions are
common features in drought years, though permanent miqr a-
tions d» take place at sometime. As a result, there is

ralical alterations »f the existing sncial nrder; the public
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health gets deterinrated: sense of insecurity develops and
and overall exploitation of the local reople takes pleace.
These factors on one hand restrict the development of snciety
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 1s shaken. Obviously, the economic.
impacts of the drought are most significant of all other
drought impacts. Over the years its impect has heen felt in
agriculture, urban water supply, industry, pollutisn control,
enerqgy production, recreation, névigapility of rivers, nega-
tive impacts on fish end wild life etc. Reduction of crob
production, cattle, industrial goords, hydro-power etc, are

some »f the major econnmic losses caused by the drought.

In addition to economic and sncin—economic impacts of
Arought, there are many other impacts of drought which may
be termel as'secondary Arouqght impacts'. Some of the
important impacts may be listed as soil ercsion and resulting‘
dust storms, forest fires, plant diseases, insect plagues,
disease of personal and public hygiene, increased Conceﬁtra—
tion of pollutants and conscauent deqgradation of water
quality, harmful effects on public health and wildlife, and
deterioration in the quality of visual landscape,  Yet
another feature of chronically affectedAdrmught*prono AT aas
is desertification, According to an cstimate in the United
States, each year about 70,000 sa.km of land in the world

undergo desertification. The total area threatened is equal
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to that of the united sféfeé; Soviet Unior and Ads{raiia
combined (Yerjerict ;etialil9s3)!

The foregoihg diseussions ciearly indicate how the
developmental activities are retarded in drought-prone
reqions and perhaps that is one reason why the socioweconomic
yap is increasing day by day making the droughtaprone areas
are and more backward; This pheriomenol is more pronounced
on global level as majority of economically backward hations
~re unfortunately these regions which are prone tc drought

and other natural calamities,

These aspects have been Teallsed by the Government and
1 .cessary actions have been taken to evaluate the development
rlens in donught affected areas with special consideration,
For example the criteria of B.C, ratin of 1.5 for irrigation
projects has been relaxed to 1,C for economically beckward
anl drought prone aress, Simllarly, Irrigation Commission,
1972 has stressed upon extensive irrigation planning for
Arought prenc reqgions instepd of iﬁténsive irriqatioﬁl
1.6 DROUGHT - NEED F(R BETTER UNDERSTANDING AND

READINESS TO FACE IT

Natural disasters 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
vusses remain.  The drought as 5ne 7 the nature's Calamify
"5 alsn a recurring bhenomena and is bound to affeet us in

oine 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 Arought
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-
gquences, As compared to drought, other calamities for

example a flash flond has short-term hut tremendous c¢ffect on

the human's socicty and as such they have always qnot a pro-
minent reference in the history book of sncial develapment.
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 defs 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,

he Jrought is o phenomermnwhose management 1s possible
only in two ways Vviz, - (a)better undorstanding »f the
phenomeronsand (b)readiness to face it, In the present
stage of development, the question of modifying the drought
problem like modification of flaod by structural measures
does not arise and hence one has to adopt the measure so

that the impact of consequences of Arought could be mini~

mised,
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It is, therefore, vary reasonable and auite relevant
+n think that a proper understanding and scientific study of
Arought is extremely essential in view »f its impact on a
wide spectrum of social concerns. .Un-der prevailing condi-
tions there is no part of the science »f hydrology which is
more important than the quantative analysis of Arought
(Whipple, 1966). Hence; one »f the most important factors
which must be considere? in any water resources system plan-
ning is to identify -drouahts which are likely to occur Auring
the projected life nf that system. The extreme values of
Ar~uaght nlay an important role in the future performance of

any water resources system, A proper understanding of the

nature and extent of the Arnught wroblem may facilitate the

preparation of an enpropriate and more realistic nlan,

Unfortunately, the drought phenomengn §s not sufficient-
ly understood in terms of its cheracteristics and imnact.
Not »nly this, even its definition has been a matter of world
wide controversy. It is not that the 'Arought' has not been
defined; but its nraper Aefinition taking into aAccount its

overall effects on human society is still piuding the world,

1.7 OBJECTIVE OF THE STUDY

Unfortunately, in Inﬁia the studies related to drought
are not in tune with thé demand »nf the society. There are
very limited studies and that too are very much restricted to
specific disciplines. The necd is to identify the drought
conlitions, its charécteristics ancl impect with reference to

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

(a) review the available literature on droUgﬁt and
related aspects,; and evaluate the findingsi

(b) identify the drought characteristics and suqqes%
suitable parameters to define these characteris—
tics; and

(c) develop a suitable model to properly evaluate the

intensity "of Arought and its conseauences:



CHAPTER - II

DEFINITION OF DROUGHT AND ITS CRITICAL REVIEW

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

- S5t,Augustine

Drought is esséntiaily 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-différent affected sections of ﬁhe society, each
section giving priority to the aspects which concern them most.
For éxample, for a farmer the d;oughquccﬂrs when the crop |
production is less than a certain level: a metcorologist -
defines the drought as a sifuation under which the rain is
less than hormal: the drought, according to a hydro-geologist,
occurs when the water level in the wells goes down a defined
mark; and so on, Eaeh of the opinions is true but only in
limited sense, However, a proper understanding and A systema-

tic and effective scientific ihvesti@ation of drought problem
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requires a precise detinition of the problemi Unfortunately,
this initial step of &efihihq the drought has ﬁroved to be a
principal obstacle to the itvestidation Qf the probieﬁ
(Yevjeviéh; 1967) as there are diversified ways of itsvdefie
nition by authorities of various disciplines. This is because
of tﬁe fact that the notion of drought is rot gbsolute, but
relative to the Usade hnd expettations of the people of a
'par{icuiaf‘regiohz That ig why the definition of drought
becomes complex and controversial and an universally accepted
definition is yet to be fognd;_ "«.vvs We have no good defi-
nition of dtmught. 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 Fér a
water resources dGVQIOpment plrﬂnﬁr it 1s extremely essentlal
to look 1nto tho problem in a vory very broad perspectlve
giving du9 weightage +o dlfferent aSpocts 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 droughts,

2.1 DROUGHT FCR.A COMMON MAN
In the abridged‘version of Advanced Learner's Dictionary
of current English, drought means "continuous (period of)

dry weather tausing 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, the shortaqé
of water c¢ither in the form of rain or riverflow or ground
water creates the situation of drought the moment it adversely
affects the crop 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. 2
commonly used definition was "a veriod of atleast 21 consecu-
tive days when rain is less than the normal for the place and
~ time" (Gibbs, 1967), With 2 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 prolﬁnged lack of precipita-
fion less than pverage 1is often an objective measure nf drou=
ght conditions. (Russel et.al.1970). 1In Bali,"a period of

b days without rain is drought", whereas in Libya,
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"droughts are recognised only éfter 2 years without rain"
(Hudson & Hazen, 1964). In Egypt, "any year the Nilc 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 Indis, drought is

a situation of less rain during the monsoon perind 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 Imiia are in the g;ip

of flood-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 Ccrops
due to shortage of rain water (.r more appropriately irrigation

water) gt the critical time,

The foregoing discussions clearly indicate that the
drought must be understood in view of its impact and the suffer-
ings which é common man has to face. And, hence the various
factors lealing to these sufferings are to be properly evaluat-
ed and ir =orporated in the studies which are directed towards

drought and its alleviations,

2,2  METEOROLOGICAL 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 infensityb The earliest definition
(Russel, 1896) of drought is "a perind 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 droughtﬂin>U.S.A."(Cole,1933).‘
However, Bates (1925) feels that annual precipitation/monthly.
precipitation of 75%/60% of normal may create a situation: o

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-met corological parameters affecting the rainfall were
incorporated in defining the drought. Teaperature is another
met eorological variable which is very frequently used in the
definition of drought parameter. This again is perhaps be-
cause of the fact that thentemperature variation directly
affects fhe humanvbeing particularly in increasing or de-
creasing the level of water consumption in almost all the
spheres of life viz, drinking water, irfigation wat er,
municipal water etc, 'Temperature was used in defining a
precipitation factor by Lang (1915) and also in defining

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

I

il

index of aridity:

P = wonthly precipitation (mm): and

?

t = temperature in °c



Similarly; other hydrn-metesrological parameters have
been incorporated in the definition of drought from time to
time. A comprehensive list of definition of drotught or the
associated concebt of drotight as suggested by various authors

for different regions has been given in annexure II(WiM;0,1975),

A look at the various hydro-meteorological definitions of
drdught will indicate that in most of the tases the definitions
are based on local conditions and the basic concept is to
demarcate the iimit of rainfaii amount, duratinn and its
intensity, teémperature; and other soil moisture conditions etc,
beyond which the human gufferints start. In some cases thése
- definitions 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 generél way. Furthsr, the definitions are greatly handi-
~capped in taking into account the factors other than hydro-
meteorqlngical factors which are equally impoftant so far as the

sufferings of common masses are concerned.

Indian meteornlogical deparfment hag defined drouéﬁfdaé
a situation occuring in a sub-division in a year wheﬁ fhe
annual rainfall is less than 7%% of the normal", Further,
when the deficiency of rainfall is above 5P of the rnormal
it is termed as severe drought. Likewise Ramdas 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).
Ramlas (1960) censidered a year as drOUghf affected when

rainfall is less than normal by twice standard deviation of
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the series. However, drought as such has no sigpificance until
and unless it is viewed in terms of its consequences on Vari-'
ous as@ects of the human activities., If tﬁcre is not so gdod
réinfall but reasonably distributed over the monsoon period
theﬁ there is every likelyhood that drought may not occur at-
all even though there is no rainfall during the rest pefiod of
- the year or annual rainfall is less than 75% of normal rain,
>In India during a crop seasnn (particdlarly in Kharif season)
there may not beAany 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 monst and not the total amount of
rainfall or the number of weeks without rainfall, There are
lot of instance§ when the annual rainfall is well above 75% of
normal rainfall and still the year has been declared as
‘drought year’. For example in Palamidistrict (Bihar) during
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 7% of it

works Quf to be 896 mm,

'S.N, Year Annual Year (mm)
1. 1950 . 1143.23
2. 1951 © 1101.40
3. 1952 | 1078.13
4, 1954 837.53
5. 1955 757.23
6. 1956 114567
7. 1957 1057.07



- 28 =

84 ioss 123947
9. 1965 1088;00
104 {066 505330
11 1972 903:85
12, 1979 757430

From above; it may be seen that out of 12 declared drought
years the rainfall is less thar or equal to 75% of the nromal
only in case of four years viz, 1954, 1955; 1966 and 1979,
Obviously, the criterinn of the annual rainfall heing lesg
than or equal to 75% of fhe normal rainfall for drought fails
to project the correct situation. Similarly, according to
the definition given by Ramlas (1960) only one year viz.1966
can bé considered as drought year as well other years have
rainfall more than (F - 2¢p) where E = average annual rain-
fall, p = standard deviation,

It is, therefore, evidently clear that metcorological
definitions of drought arc of little significance for all

1

practical purposes;

'Similaély; éhe défihition given by the Brifish Rainfall
Cmganisétion, "as a period\bf atleast 15 consecutive days
noné of which has created rainfall of 0.0l inch or more"
(Heathcote, 1973) alsn does not appear to bé very significant
atleast from the point of viéw of Indian conditions, However,
the definition suggested by the U,S5,Bureau of weather is more
comprehensivé thpugh 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 deplete 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 “a period of abnormal dry weather sufficient-
ly prolonged for the lack of water to cause serious hydroln-
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 "for periods »f moisture defi-
ciency that are relatively extensive in both space and time".
V.Yevjevich (1967) defined Arnught 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 tn
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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Obviouslylthe definition of drought remains incomplete
unless the scope of utilisation and‘aVailability nf the
potential surface and ground water rescurces is duly account-
ed for., Many authors have considered the rolé of hydrology

in drought and have emerged with definitions of drought

which are commonly referred to as 'hydrolngicel 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 levels,

V,Yevjerich (1967) Aefined hydrological drought as
"the deficiency in water supply on earth's surface, or the
deficiency in precipitation, -effective precipitations, run-
off or in accumulated water in varinus stnrage capacities®.

In hydrological drought the effective rainfall is
determined by the portinon of rain that escapes thfbu;ﬁithe
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 reduced and industry as well as agricul-

ture may be affected,

Whipple (1966) has described drought as "prolonged'
periods of stream runoff averaging less than the long term
mean". Since he has considered only the flow in rivers,
his definition may well be classified as 'hydrological

drought', uite 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 bock definition of drought
has been given by Linsley et. al.(1975) as a 'period during
which stream flows are inadequate to supply established uses

under a given water management system’.

As mentioned earlier it is definitely necessary to
incorporate the hydrological conditions in the definition
nf drought as the river flow or the qround water is very
vital tn the society. However, the other factors parti-
cularly the hydro~meteorolngical factors which in many
cases directly affect the agriculture in India, can not be
overlonked, Therefore, the definition of drought based on
the shortege of streamflow etc. alone cannot Adepict the
overall conditions which lead to drought., However, it may
be very immortant in case of a region where the development-
al activities are centred around a water resources develbp—
ment scheme anl 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 a speci-
fied limit does not éppcar to be appropriate as the water

availability as well as its utilisation are highly variable

in time,

Unfortunatly, most ~f the definitions of hydrological
drought are based on the aquantum of annual river flow with-
out taking into account its time distribution and its

utilisation.
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As descussed 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 anriculture produce which cen not be ignored

while evaluating the drought conditionss

2,4 - ARICULTURE DROUGHT

In para 2,2 and 243, drought has been defined in terms
of rainfall (meteorological drought) énd runoff (hydrological
drought), These definitions, however, do not take dinto
consideratioﬁ 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 Arought in terms of soil-
moisture which may be termed as 'agricultural drought'. An
agricultural drought may be defined 'as a prolonged abnormal
moisture deficiency' (Palmer, 1965), Landsberg(l1927) stated
that 'drought begins when plants can no longer recoup water
from the soil as QQiﬁkly as it is 1ost by transpiratibﬁ'i
It is? fheiefore, obvious that an ‘agricultural drought' is .
of piime 1mportaﬁce as fér as Iniia 1s conterned where near-
ly 804 of the population is engaged in agriculture for their
livelihood, |

"A day on which the available soil-moisture was de-'
pleted to some smail percentage of available capaeity® was
considered as drought by Van Bavel & Veflinden (1956),
while Thornthwaite (1947) defined Arought "as a period of

dryness i,e. want of rain or water, specially sueh Aryness
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of weather or climate as affects the carth and prevents growth
of plants". All these definitions point out only the soil-
moisture deficicncy and not the extent or particular period
of soil-mcisture 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 ceaused by an inadequate amount
of soil water aveilable over a critical time period of crop
growth. So, a study of agricultural drought should take into
;écaunt the types of the crop, their rooting depth, the
characteristics of the soil and the meteorological factors
that affect the moisture supply and demend. Hence an agri-
cultural drought occurs as a result of prolonged shortage of
moisture in the root zone of crops (warticularly during the
critical plant growth stages) due to irreqgular or erratic
rainfall, Obviously, agricultural Arought will depend upnon
the density and distribution of plant, animai and human
population, their life.styles, thoir use of fhe land as much
as on rainfall deficiency. So,van 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
retainedinthe root zone, while in hydrnlogical drought it
is the portion of rain which appears as surface or sub-

surface 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 together incapable to sustain
the existence and growth nf crops to maturity causing exten-
sive soil stress and wiiting. United Nations Drought and
Relief Organisation (UNDRO) 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 DROUGHT AND SOCIO-ECONOMIC FACTORS

In the foregning 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 ~f drought of
same intensity will vary from society to society depending
vupon the socio-economic conditions of the society, the re-
sisting capacity of the peopleresiding in the region and also
on the geographical hetercgeneity., Of these, the sncio-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 increasses. No doubt the vice-
VErs sy also holds good and the economic development of the
country is, to a great cxtent 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 eccnomist views the economic drought from entirely
a different angle. In an economic sensc 'drought may mean a
water shortage, which significantly alters »r disturbs the
established production and water uses'. It may, however, be
said that 'economic drought' is a situation when the produc-
tion falls below expectations, Sc¢ciological drought may be
defined as 'the meteorological hydrological conditions under
which there is less water svailable than is ahticipated and
relied on for the normal level of socio-economic activity of
the region, Hence, economic and socinlogical droughts are
defined in terms of the effect or impact of verious varia-
bles characterising a drought on the sncial well being in
_general; whereas a physical drought is defined in terms of

various hydro-meteonrological characteristics,

The above discussions very clearly show that the
drought must beé locked in totality and not merely in terms

of a specific factor causing the droughts.

2,6 NEED FOR DEFINING DROUGHT . IN PROPER PERSPECTIVE

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 are

based on lack of wites. Jue to prolonged weather conditions

[
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and the conseaquent adverse effects on various water uses.
However, for the same water use the concept of drought may
change with time, place and specified need, For example, a
drought for the grower of sugsrcane may not neceSsarily be
a drought for the grower of maize, Similarlyﬁ‘the same
percent of shortage may not cause the similar adverse effects
for Rajasthan and Assam, 8o, it can be édgqested that drought
only occurs to the poeple; their uses and needs, Coryodus
(1967) stated that ",,,..a stable eco-.system is in equilibrium
~ with the stresses of its environment including restricted
water supply, Man endéargrs to draw out of the system more
than was being produced previocusly and the effects of water
shortagm become exaqanatnd under these condltions“ It 15.
therefore, evidently clear that the time and space processes
of water supply and water demand arce the two basic processes
that should be considered for an objective definition of .
drought (V,Yevjerich, 1967). So, a comprehensive definition
must bé based on 'supply and demanA'(ﬂ@eﬁ) éohcept“ In this
connectlon, the definition given by Drwoup, Lec and Paulson
Jr, incornn?atlnq the above conCCpt may be called as a
‘comprehensive one...."Drought is a water shortage with
reference to a specified need for water in a conceptual

upply and demand relétionship", Zekaisen (1980) while
modifying the Palmer's (1965) drought definitidn also reflects
the same concept....."The interval of time generally of the
order of several days, months nr years in Aduration during

which the actual water supply at a given location rather
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consistently falls short of the Aemand |y Hencé, it can be
suggested that a single or a gencral definiticn of ﬁrought i§
not possible for all water uses and conditions, Even if
there were a aquantitative definition of drought applicable to
all purposes, it awould be too generalised to be used for
practical purpcses. However, even though there mgy be diff.
erent Arought definitions suiting different purposes, an
underlying criterion for their choice can be standardised,
Dracup, Lee and Paulson Jr, (1580) have suggested the follow-
ing set of decisions necessary tn -develop an accurate, practi-
cal and analytical definition for 'Jdrought':
1. Is the primary interest in precipitation(meteorom
logical drought), stream flow (hydrological drought),
or snil moisture (agriculturasl drought) 2
Thet 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 discretise a continuous time series. ,
3. How are drought events distinguished analytically
from other cvents in the time series ?
That is, selection of the truncation level
used to separate droughts from the remainder of

the time, series (mean or median).
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4, How are the regional aspects of droughts to be
considered in the study ?
That is selection of the methods of analysis

(regionalisation or standardisation),

In addition, it would be also necessary to evaluate
the consequenccs of drought from socio-economic consider a-
tion incorporating the factors responsible for these conse-
quences in appropriate manner in the definition of Arought,
Therefore, it is necessary to analyse the time series of va-
rious Variabies affecting the drought, and the dependent
variables which are consequently affected by drought. The
major variablés are to be selocfed in view of the sociomeco-
nomic ccnditions of the region. The analysis should be used
to identify/derive suitable pafameters which should be
considered in defining the drought 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 socin-economic consider g-

tion,



CHAPTRR . III
DROUGHT CHARACTERISTICS

It is evident that aroughf as such should not be viewed
from any specific consideration such as meteorology; hydrology,
agriculture etc, It has already been discussed that the
definitions of tetms like hydroelogical drought, meteorological
drought, agricultural droﬁght are incomplete and do not re-
present the real picture. No doubt, some of the definitions
are oquite comprehensive and in a general way cover the salient
" features of drought but {hesevare very general in nature.
Obviously,.such qualitative descriptions may not be of much
helb for practical purposes. For a correct evalustion of the
situation it is necessary to have quantitative assessment’ in
~ terms of the characteristics of important Variéblos which
wou14 léaﬁ to dréugﬁt like situation. Hence, it is of utmost
1mportance to carry out the necessary studies in respect of

(a) IdentlflcPtlon of variables whlch play major role

in dovelopm@nt of 1rought-11ke situation°
(b) Identlflcatlon of the characteristics of these
Variables; and

(c) Development of suitable relations duly incorporat-
ing the charactéristics of identified variables in
order to define drought both qualitatively and

miantitatively,
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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 CONSEQUENCES OF DROUGHT

Although drought is essentially a physical phenomenon,
an outcome "of some hydiological or hydro-meteorolmgical im-
balances, it can well be said as a social, economic and en-
vironment al phenomenon of grest 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 distu 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 aparf
from the industrial units which are directly hit because of
,shortage of water supply. Further, due tgigggg production
many agriculture based industries are affected. Those in-
dustries which are directly dependent upon agricultural pro-

duction like fertiliser manufacturers, food processors ctc.

suffer economic losses on account of drought,

Furthermore, the timber production may also suffer
due 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 conseqiences of drought can be represented

in brief as shown in Figure 3il,

3,1:1 Social Conseauences of Drought - Global Impacts:

The drought is, iH gerieral, viewed in isoiation for a
region, No doubt, a number nf consequences are restricted to
a particular region which is considered to be 90;caiied
*drought-nrone' or 'Jrodght-affected! area: And most of the
measures to eombat drought in the form of relief-measures or
otherwise are suqgested for local region only, However, it is
very much essential to lowk at the drought not in isolation
but in totality and hence the conseduences 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, 19zz3).

The varlous conseaquences s dlscussed 2bove should be

crltlcally rcv1€wed in v1ew of 5001o—econom1c profile of

Bt

req1on and then they must be rqtei to 8551gn prlorlty in drought
alleviation measures. The definition of Adrought for the speCi-
fic region must, therefore, incorporatc 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 otcurrcnce of a drought situa-
tion, But this is not all, The shortage of water in terms of

its volume alone may not sutficiently describe the drought
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‘Likewise, economic losses accrue to dairy industries
also because of unavailability of water and fodder to the
cattle.

From social point of view also, dréught has manifold
consequences. Due to lerge scale reduction in fhe crop
yields and consequent impact on other allied agricultural
activities, » sensé 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 Arcught., Apart from these, the problem of public
hazard may also be createl due to increase of pollutant con-
centrations and diminished sewage flows, Because of malnufri-
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 nf salt concentration. Air quality also suffers from
dust, pollutants etc, Damage to wild life habitat may be
other conseouences of a drought. The scenic landscape may

also be affected due to loss of vegetative covers etc,
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The causes and consequen¢e§ of drought can be represented
in brief as shown in Figure 311,
3,1:1 Social Conseaquences of Drought -~ Global Impactss

The drought is; ih gerieral, viewed in isolation for a
regions No doubt, a number of consequences are restricted to
a particular region which is considered to be so;caiied
*drought-prohe‘ ar 'drodght—éffected’ area. /Md most of the
measures to enmbat drought in the form of relief-measures or
otherwise are suggested for local region only. However, it is
very much essential to louk at the drought not in isolation
but in totelity and hence the consequences of drought must be
viewed in broader poerspective 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, 1963).

Tﬁe vat36US conseauences as discussed above should be
criticaii? feviewed in view of sodio—economic profile of a ,
region and thcn they must .be I‘Tt@d fo ass:.gn pi‘iority in drought
alleviation measures. The definition of drought for thé speCi-
fic region must, therefore, intorporate the tonsequences in

1

terms of their rating.

3.2 . FACTORS CAUSING DROUGHT SITUATION

No Adoubt the lack of water for a prolonged period is the
prime factor responsible for the otcurrence of a drought situa-
tion. But this is not all, The shortage of water in terms of

its volume alone may not sutficiently describe the drought
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International conflict
Disruption of world social systems

Severe Health effects

Health effect/Food shortage

Rising Price

NATION ising Prices

Foreign Trade losses
Increased Govt. payments

to agricultural sector

Disruption of regional
economy
REGION Increased unemployment
Tnecrensed mipgration
intensity
Regional instability
Dislocation »
AGRICULTURE Baokruptey
‘ Indebtedness

lLoss of income

FIG. 3.2 RANGE OF POSSIBLE SOCIAL CONSEQUENCES
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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 »f water along with the

deqgree of dependence of society is, therefbre, 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 aré, 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 giye due importance to the time distribution of the
demand and availability of water. This will be illustfated

~from two typical examples:

(a) The rainfall in a reqgion in a year is, say, about
G0f6 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 mejority of rain is con-
centrated in tbe month of August and early
September with‘negliqible rain in the month of

July and early October,
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ObVioﬁsiy; for a fermer who fully relies of the rains;
the conditions at (a) is'more faVDdrable than tha£ at (b}s

The eritical periods of crop production are the periods
‘when oven marginal shortaje of water has very acverse effect
oh crop prodictior; This period; thetefore; miist be giver
more weight as compared to other periods, Similarly; the
need for minic¢ipal water is to be giVeﬁ priority ovVer other
usage of water in an urban area, whercas the irrigation
water has over-riding priority in an agriculture based area,
' Yet another factor which is very important, 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 Arought, therefore, must not he looked only in
terms of e single varameter thet is quantum of shortage of
féiﬁ or river flow, Any proper definifion of dfougﬁ£ éhoﬁid
. inéorpofa?é a}i the abo&é faétoié;

3.3 IDENTIFICATION OF PARAMETRRS TO DEFINE THE
- DROUGHT STTUATION

As discussed earlier, the drought eonditions of an
area must be evaluated in terms of the specific objectives
which are to he decided in view of socio-economit conditions
of the area, However, these objeetives which appear in the
form of output viz, shortaqe‘of food grains, health hazard

problem, shortage of drinking water, closure of industries



- 47 -

etc. must be correlated to such parametcrs which reflect the

characteristics nf factors lealing to such drought conditions.

The identification of such parameters becomes necessary to

have an advance estimate of the forthcoming drought event and

in taking necessary measures such as water management etc. to

reduce the adverse effects of Arought. 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:

Mean of the annual rainfall

Mean and standard deviation of the annual rainfall,
Mean of the annual river flow

Mean/itean and S,D. of other‘hydro-meteorological

parameters such as tempcrature, humidity etc.

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

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

only the annual values are taken into account which do not

reflect the situation in respect of the folloWing factors:

Time distribution of the input varisble that is
rain or runoff;

the time distribution of planned/proposed water
utilisation;

priority of different uses of water such as irri-
gétion, municibal, industrial etc;

period;wise priority of water use for each of the

purposes separetely;
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However, this parameter primerily reflects the total
deficiency in the input sequence(s) which affect the conditions
leading to drought, Obviously, thie is not sufficient to
reflect the overall eonditinng, as only one oﬁt of various
factors is reflected by the above parameteri This ean be
improved to some extent by using the cumulative ébsoiute Varia=

tion of each perind.

Cumuletive Absolute Variation, Cap

n
C{\D = .-i"’: Vi .ococ.é....t."iii(352)
im ‘

Where Vi = Variatinniin input sccuences in perind 1.

This parameter, no doubt, reflects the total variations
as well , but does not differcntiate between the drought and
the fina& sifuation. Therefore, it is nnt likely to garve as
a gonl in'd'.icm‘tl<)r' of the Arnught conditinns.,

Sum of the Squeres nf the Monthly Variationss

Yet another parameter which is very common@j used in
statistical analysis is the sum of the squares of the varia-

tions in different time period, i.e,
SED = =l Vi .-....99999999(3,3)

However, this parameter also suffers from the same de-

ficiency as in case of the eumulative absolute variation,
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(e) the conditions of previnus yeatrs,

Further, the commonly used facters are based on a spe-
cific variable without any regard to the Arsught conseaquences
which is very important. This is more so because the Arought
consequences vary from place to place and the nature »f drodght

gets entirely chanqed in Aifferent sncio-economic conditions,

In view of the above, it may be concluded that the
existing perameters are insufficient and it may be necessary
to identify some additional parameters which reflect the

dArought in proper perspective,

3.3.1 Commonly Used Statistical Parameters:
In order to reflect the above mentinned dArought features
some of the cormenly used statistical parameters which may be

considered arc Adescribed below:

Annual Deficiency; D

A
n
DJ\ - '-‘;i- \/i - I;;.,,.‘ o 1:’1‘7[,\& .o‘ nvc'g.!'\.‘...}(a.l)
i=1 .

Where, V. = Variation in the input sequences in perind 1
i.e,the difference between the actual input
sequences and the -lesired input in perind i,

A Total of the each ith period's actual input
sequences.

=
1

K, = Required or desired input over the whole
perind, n.
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However, this parameter primarily reflects the total
deficiency in the input sequeénce(s) which affect the conditions
leading to drought. Obviously, this is not sufficient to
reflect the overall eonditinns, as only one oﬁt of various
factors is reflected by the above narameter: This ean be
improved to some extent by using the cumulative éb301ute Variaw

tion of each period,

Cumulative Absolute Variation, Ca,

n
CA = ~§‘.‘ V. Qvooooé.oo.og‘obq‘i(352)
SO TS T |

Where Vi = Variation in input sccuences in perind i.

This parameter, n» doubt, reflects the total variations
as W(?li , but does not differcntiate between the drought and
the floo situation. Therefore, it is not likely to serve as
a gon’l ihdicafof nf the Arnught conditinns,

Sum of the Squares nf the Monthly Variations:

Yet another parameter which is very commonly used in
étatistical analysis is the sum »of the squares of the varia-
tions in different time period, i.e.

o2 (-
SE, = ?;1 Vi cervecenavenses(3,3)
However, this parameter also suffers from the §amé de~

ficiency as in case of the gumulative absolute variation,
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CAD. It has, however, the advantage of assigning more Weight
tn extreme conditions.
3.3:2 Improvements in the Commonly used Statistical

Parameters:

The major deficiency in the above parameters which
renders them unsuitable in Arought analysis is their in-
ability to differentiate in the droughts and the flood cohe
ditions. This can be improved‘by using the follewing modi-

- fied parameters:

n ' :

dote.o-ovo.»-tt.“'ﬂ.ii(solq')

i

"lhere, DD, = annual deficiency leading to drought
4% I3

Xi = V.l i.e, variation in the input sequence in

p perind'i when A 0

= Q when Vi 0

This paramefer as a matter of fact, reflects the sum
of the deficiencies of input (rainfall, runnff etc.) in
different periods i.e. the surpluses afe eiiminated. How-
ever, the fnllowing three important factors are not proper-

ly accounted for in the above parameter.

(a) Time distributiosn »f the total deficiencies,
(b) the relative importance of various time i.e. the
critical period of different uses during which

deficit of water has most adverse effects; and
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(¢c) the deviations from the normal conditions pre-

vailing in different periods,

Therefore, the above parameter can be further improved

as follows:

Ki .ot0t00000000¢¢500<3‘5)

DDN

i

1

]

i

Where DD

i

N the deviatinn leading to drought situation
in relation to the normal conditions pre-
vailing in the different periors,

= i - { . — .
Ky = 1g(vi - \/i);. if (Vg - V.) o0
= 0 if (V, - V.) .» 9
i i -

V. = Variatinn between the input sequence at
perind i and the reaquire? input at

period i

V. = the average of the variations in ith
perini 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 incocrporate further improvements
to accnunt for the relative impact of deficiencies in diff-

erent periods in the same year,

The factors at equation (3,4) and equation (3.5) can
he further improved by introducing another term w. - weight

for the ith period in the foliowing way 2



n
] = ?:':” ‘Pl . L . @ 8 ¢ 648 00 0 o .
WDD =0 xl (3.6)

Where WDD, = weighted annual cdeficiencies affecting the

It .
drought
'Wi = weight assigned to the perind i
Xi = Vi i.e, variatinn in the monthly input
sequences,
when  V, <0
= 0O when V..Z;O
i
and,
woD, = = ow, o» K cee. o (3.7)
N ‘,4;;3'_‘ 1 i ¢ o 0 0 . 'Y .o

here WDDN = weighted annual deviations leading to Arsught
situation in relatinn to the normal conditions
prevailing in the different pericds,

. V. = Variation between the innut sequence at

period i and the required input at period i,

V. = the average of the variations in the ith
period as ~btained from the historical data.

Wy Weight to be assigned to ith period.

The weight Wi for different periods can he assigned

with reference to the importance of respective perinds.
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The eguation (3.6) suggests a parameter which takes
into account most of the important factors leading to drought,
However, this can be further improved by including a factor

in respect of overall conditions prevailing in the year,

3.3.3 Sungested Parameters:

The overall conditions prevailing I the year can be
faken into account by multirlying WDDy by the ratin of the
normal aAannual conditions of the input scaquence to the actual
value of the input in the year i.e, Rr. Thus, the 'effective
deficiency' which is likely tn represcnt the drouth condi-
tions reasonably may be given by:

n |
Effective Deficiency, ED = K _ = W, * K. | ,....(3.5)

Where, Wi = weight to be assigned to ith period

= i - v " - \ N -
Kl ,(Vi vi)f if (Vl /1) O
Vi = variation between the input secuence at

perind i and the required input at periond i.

V. = the average of the variations in the ith
perind as obtained from the historical data.

the normal annual conditinns of
the input sequence
T the actual input in the seme
year

s
I

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 ’5 )
= ®open (W, ) A DT ‘

IS

i {
Where ED = effective deficiency with extreme
conditions dily represented;
and Kij W.) R have their meanirgs as explaified in

case of equation (3;8)s

The above discussions clearly indicate that there is
considerable scope for improvement in defining the drought
conditions by incorporating the varinus characteristics of
the factors leading to drought in a sultable @suation,
Equations (3.8) and (3.9) appear to be auite comprchensive

and include the important features of drought.

The above parameters have been developed for a selected
region and the effectiveness of each of them has been evaluat

ed, the details of which are discussed in Chapter ~ V,



CHAPTHER . 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 pérameters and to evaluate their suiiabﬁi-
ties the data of a drought prone district of Bihar have been
collected and analysed. 'hile selecting the area,'the

following points were kept in view:

a) The ares represents a typical drought proﬁe 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:;

d) The recgion as a whole is homogeneous both from the
hydrological as well as social consiﬂerations;.and

e) The drought constitutes the major form of natural
calamity and hénce the major reason for the non-

development of the region,

Keeping in view the above factérs, Palamu was considered
as a case study, It is one of the backward and chroniCallyll
drought affectel districts of Bihar and has considerabl e per-
centage of tribal population, The population is agricultural
based, the agriculture mainly depeniing 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 prograﬁme 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' -E longitudes. The district is
cut into two approximately equal parts by the river Koel which
after flowing from cast to west in the south of the district,
turns north and eventunlly 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 Sone¢ 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 culturable area of5,46,785 h:
(45.49%) while the grass sown area jis 3,28,019 halhe 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: 1In 1981, the total population of
the district was 19.16 lakh (an increase of 27,4% over last
10 years since 1971), Out ofvthis population 18.08 lakhs or
94,36% people lived in villages and 1,08 lskhs or °5,64%
lived in cities or towns. However, a steady shift towards
urbanisation has been noticed in the last few decades.

Figure 4,2 shows the percentage of population 1i&ing in rural
and urban arcas. The district comprises 3583 nos. of

villages with 5 nos. of towns.

The éverag@ Aensity of pupulation in the district has
been reporte!l as 159 per sg.km. As per aveilable report only
about 32,83% of the population of the Aistrict as a whole have
some sort of jobs.” So,.on an average one person has to carn
for three. The percentage of non-workers is more or less
similar for the rural area eolso wheore 67,19% of the rural
population has been found as non-workers. The corresponding
figures for the urban arcas have becn 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
popul ation 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: Pelamu is a rich district in live-stock wealth.
According to 1977 live-stock causes, it had a live stock
popul ation nf about 14,7 lakhs. The district also had
434567nos. of poultry,
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Drinking Water Fscilitiest All the 5 towns of the distrigt
viz, Daltonganj,/Latehar, Netarhat, Gerhwa 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 villéges having drinking water problem, By and large,
the Qillagers are dependent, for their drinking weter, on

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

Agricultdre and Irrigation: There are twn cropping seasons
viz. Kharif (June to November) and Rsbi (December to May).

Out of 12,0% lakh ha of reporting area, an average of

2.83 lakh (considering a period of eight years from 1972-73 to
19079-80) is cultivated, Very limited area has irrigation
facilities as about 80% of the cropped arca is fully depen-ent
upon the monsoon Tainfall without any irrigetion 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% ani so the district is better placed

in this respect,
Mineral Resources: The Palamu district has promising deposit

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

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

ores,

Electrification: All the five towns are electrified wheress

only 626 villages had electricity supply till 3lst March,1981.

Industries: Thire are many coal bearing areas and some of the
important coal fields are located at.Daltonganj, Hutar and
Auranga. There is only one largescale industry i.el Portland
cement facfory at Japla. Smell scale industries are alsc 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 nccupation of the cultivators, Other impor-
tant cottage industries are weasving, tassar industry, catechu

manuf acture and ghee making.

Communications: Transpsrt and communicetion facilities in
Palamu district are not satisfactory. Although the towns and
sub-divisional headquarters are well connected with metalled
roals, many big villages are yet to be connected with district,
sub-division and block headquarters anl amnong themselves by
gnod roals, The tetal length »f state highways in the district
is about 228 km, There are alsn 800 km of forest roads, The
total length »f railway line passing through this district from

Japla to Mzhuamillan is 184 km,
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Water Resources Development:

Existing and prupesed: At present there sTe no major projects
in the district. Haowever, there are as many as 5 nos. of
major projects which are under Aifferent stages of planning
an! construction. They are on the rivers Kutku Kanhal,
Auranga;  Aaanat and North-Keels, The proposed jrrigation

-

potential of these schemes works out to 3,128 xloskha.

Py iAgmd—005 . Of medium irrigation schemes have

altogether designed irrigation notential of 23,553 ha. In
addition, there are 4 nos. of such schemes which are under
Aifferent stages of construction. Thc designen potential of

thesc schemes has been ostimated as 22,508 ha.

The total irrigation notential of existing minor irri-
gation projects 1s 46,739 ha while that of such schemas whic

are under cnnstructinn werks out to 22,842 ha.

4,1,2 HydfologiCal and Hy&ro—Meteorﬁlogical ConJditions:

Major portinn of the district is Arained by the Sone.
basin through its main tributeries Nurth Koel and KanhaT.
The river Aurange, Amanat, Tahley etc. are the important sub-
tributaries of the North-Koel. The general line of -Arainage
is from south to north towards the river Sune, Lhere are
many other smal ler streams which are torrents with rock
strench beds. The uppel reaches of the river 'Koel, the
puranga and the Amanet cre characterised by high banks ann
only in rTalny season these rivers are in high floods, rather

flash floods. In summer seasnn these rivers are mostly Ary.
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The country is Arained very rapidly which is borne out
by the fact that only the Sone river overflows its banks,
Except for.a few tracts, almost the entiré district is drain-
ed by the river Koel which may, thercfore be regarded as the
most important tributary of the Scne, The catchmeht areas of
important rivers in Palamu Aistrict have been shown in

Table 4,1,

Tebls 4 l: Cotehment Area of Iaportant Rivers

in Palamu
“FSl.No. Name of the Approximate Catchment
river length in arca in
kms . sq.km,
1 Sone 72 -
2 o Koil 125 -
3  Auranga 112 -
4 Amanat - -
5  Sedabah -~ -

6 Kanhar - -

Hydrological Network: There is relatively a good network of
hydrological station in the Aistrict where as many as 7 nos.,
of gauge ani discharge sites/gauge siteé are existing on
Aifferent rivers. The details 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 Agency
the sites

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

2. Mohammadganj N.Koel C.W.C.
3. Daltonganj N.Koel C.W.C,
4, Auranga Daﬁ Site Aur anga Govt. of Bihar
5. Amanat Dam Site  Amanat Govt. of Bihar
6. Kutku Dam Site Kutku Govt. of Bihar
7. Tahley Dam Site T;hley Guvt. of Bihar

The surface water as well as the groundwater comprise the
water resources of the distriét. The normal run-off has been
estimated to be 4908, 63 m.C.m, The maximum runoff of the
district was 10,232.48 m.c.m. in the year 1980 which works out
to be 208,46% of the normal while the minimum runoff »f the
district was 21,44 m,c.m. in the year 1966 which works out to
be 0,44% of the normal. The groundwater potential in the
district is of the orderof 455,23 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 505
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dependability Wworks out to be 3934,68 m,c.m, while:the
same at 75% dependability works out teo 209,27 m.c.m,

The climate of the district is on the whole dry and

bracing. There are mainly three seasons; the winter season

(November-March), the summer season (March-May) and the monsoon
season (June-Scptember/October), The district falls within the
retreating range of the south-west monsnon and as such the
rainfall is wholly Aependent upon local conditions and local
winids which are seldom favourable to the district. The rain-
fall is, therefore, erratic both in time and quantity. The
normal annual rainfallof the district is 1194,75 mm which is
lower than that of the state as a whole ( 271 mm). g6% I

the znnual rainfaell is received during ti.  south-west monsoon
seéson. The maximum rainfall was 172,10 mm recorded in 1907
while the minimum rainfall recorded was 505,30 mm (1966), The
average no. of rainy days is 60,21 which varies from 51 days

to 85 days as we proceed from north to south, There are

25 nos. rain@auges stations i,e. 1 station per 480,80 km2.
Except for ome raingauge station viz. Daltonganj meteorologiQ
cal obscrvatory being maintained by Indie Meteorological Depart-
ment, the rest are under the supervision o stabtistics and
Evaluation Directorate, Guvt. of Bihar, Table 4,3 shows the

details of raingsuge 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 16” to 17°C during the winter

and summer months,

i
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Table - 4,3 ¢ Raingauge Stations in Palamu

8.N, Name of Area in Nusof Average area in
subwdivision  sq.kms. rainjauge sqikms. for

stations each station

1, Seader 4315,2 10 431,52
Sub~divisinn

2, Gerhwa 4044, 1 7 577,73
Sub~divisinn

3. Latehar_ 3660,6 8 457 4 58
Sub=1ivision
District 12019,9 25 480,80

The summer months are the driest with humidities as low
as 20 to 25% in the afternocns, During the summer and winter
months, sky is geénerally clear or lightly clouded. In April
and May cloudiness increeses particularly in the afternoons.
Duiihé the mon§oon months sky is heavily cleuded to overcast.
Winds are light to moderate ﬂuring the wintgr and summer
months; severe thun%erstormé noceur during the summer monthss:
even during the monsnnn, rainfall is often associated with
thunder, Dust storms an+ OCCasionalvhailstorms occur Auring
summers  Fog may also appear on one or two days in the winter
season, The sczlient foatures nf Palamu Aistrict have been

given in Annexure - III.
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4,2  DATA AVAILABILITY

As may be seen fr5m the description 5f 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 and very
badly in the region. Furthor; the percentage of the cropped
area having irrigatinn facility is also very low (4,92%) ond
agriculture is basically dependent upon monsoon rain, Thire
fore, for all practical purposes, the impact of drohqht can
be very safely gauged in terms of the foolgrain production,
Further the quantum of fondgrains is also nnt very large and
the produce -is génerally just sufficient to meet the local
requirenent, In thisAbackground, it does nnt appear nece-
ssary to consider the monetary value of the foerdgrains,
This is more sn in view of the fact that tﬁe majority of
pupulation of the area is poor and stil the practice of
payment of waqes to the labourers in terms ~f quantity of
foordqgrains is prevalent, Therefore, only the amount of
foodgrains produced in different years have been considered
as the main output sequence to measure the deqree of drought,
The data in respect of varinus fondgrain production has
been collected from the statistics and Evaluation Directorate,
Gavernment of Bihar for the year 1948-49 to 1980-8l, These
data are given in Annexure IV, Figure 4.4 shows the annual

produce of the different crops from the year 1948-49 to

1980-81,
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As discussed earlier about 81% of the cropped area 1is
wholly #epensent. upon rain; Therefore, the rainfall can be
aséumed to be main input sequence, The rainfall “ata 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 nf the time constraint for '
the analysis, the monthly rainfall data have been collected
and analysis has been restricted to monthly data, The detailed
monthly rainfall data are fiven in Annexure V, The plot nf

rainfall data is shown in Fiqure 1,1,

Ip order to estimate the averall crop water requirement
the data in respect of notential eVapotranspiration as worker
out for the reqginn by India Metenrological Department have
been collected. The monthly evapotranspiration data are shown

in Figure 4,5,

Apart from the above méntinned data, other important
informations such as those abcut temperature, humidity, soil-
characteristics, cropping pattern existing in the region, '
cropping pattern proposed in various projects, the salient
features of various projects have alsn 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 suqggested in Chapter IiI, the data in respect of
tﬂe study region have been-processed and ahalysed. 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 respect
of potential evapotransnmiration are duly prbcessed by India
Meteorological Department using the Penman's method of compu=
tation of potential evapotranspiration, But the data in
respect of the food production and the rainfall are basically
raw data as dbserved/estihated and reported. These data have
been processed before their use in the anélysis. Howe§er,
the other data which have becn referred to iﬁ the analysis

have been assumed to be duly processed and adopted as such,

5.1.) Data in respect éf Foodgrain Productioﬁ:

Thiese lata have been processed to incorporate the
prbgressive risc in the production with time as a result of
overall development in the field of agriculture and applica-
tion of modern techniques. It is a fact tha® the rainfall

is the major input but with time there has been steady
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development in the field of agriculture which obviously are
ihdependent of the rainfall input. In the absence of
neceésary intermations about the other inputs i;e. agri-
cultural development, fertilisers, better variety of seeds
etc. the method of 'Moving Average Technioue' has been used
to separate out the component which may be attributed to the

stcady development in the fields,

The moving averages of the crop production with Adiff-
erent periods have been comnuted and are shown in Table 5,1,
The plot of moying average values with Aifferent span of time
has been shown in Figures 5.1, 5.2, 5,3, 5.4, 5.5 & 5,6, -

Froﬁ the above figures it would be seen that the moving
aVeraée with the bese period of 17 years gives reasonably a
smooth curve suggesting thereby that the random component of
the food prbduction sequence (which mey be attributed 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 td cover approximately two cycleé

of qood and bad years from drought consideratians,

A attempt has been made to develop suitable equation
td'represent the moving averages, For this both linear and
non-linear equations have been attempted and least-square
techninques have been used to estimate the paramoter of these

equations.
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Teble 5.1:"Moving Averages of Crop Production(in tonnes)

1980-01

S N.Yesr An@uglffood_ Moving averages with the span of

- ¢ S%,Reg °d 8 yrs., o yrs. 1lyrs. 13 vrs, 15 yrs, 17 yr
1. 1948-49 39578 = - - - - -
2, 1949-50 114778 - - - - - -
3. 1950-51 51275 747446 = - - - -
4, 1951-52 59511 78814.,4 @ = - - - -
5, . 1952-53 08581 64487,4 75528,11 - - - -
6, 1953=54 79927 66268.0 75477.89 61476 - - -
7. 1954-55 43143 7£922,2 80209,67 89450,64 92424 - -
8. 1955-5 60160 73031.2 9087¢,.,2 93360.09 101067 100225 -
9., 1956=57 122700 ©06518,6 101621.7 104347.45 102232 107422 10647
10. 1057-56 50126 109348.4 111061.1 110748, 1& 111175 109000 1112¢
11, 1958-58 157364 128912,8 116635.,8 117925.72 117247 115049 1073(
12, 1959-60 147292 138740.0 130457.0 123245,72 121357 114231 11197
13. 1960-61 150002 152898.6 139153,3 132233,36 116843 116985 1125]
14, 1961-62 171916 154932,6 141200,7 131057.18 125516 116347 1164¢
15. 1962-63 129919 154163,6 139969.2 131704,06 126209 123766 1225°
16, 1963-64 167534 149964,6 136917.2 132725.36 128734 132009 1288°
17. 1964=65 138447 125029.8 128369.2 132458,.72 138325 133833 1312
18, 1965-66 142007 125025.2 127972.4 135779.16 137769 136646 1329
19, 1966=67 47242 105590.4 129294,¢ 135064,18 134234 136273 138l!
20. 1967-68 129896 108787,2 131541,2 128647.1¢ 133574 136239 1395
21, 1968-69 70360 117149,2 124185.1 130633.72 131821 137846 1402
22, 1969-70 154431 137728,2 125665.6 128746,9 135635 136920 1488
23, 1970-71 183817 132014,8 126195,8 132715,.63 135113 13950l 1420
24, 197172 150137 148297,0 141180.33 134182,54 137425 141198 137X
25, 1072-73 101329 146766,0 144316.88 145207.00 141348 134968 1352
26, 1973-74 151771 146423,8 155224,7 »50943.81 141175 134635 -~
27, 1974=75 146779 148025.0 159510,1 148636,36 141722 - -
28, 1975=76 182103 161461,62139300.6 147053,72 - - -
29. 1976=77 156143 169707.4 153765,0 - - - -
30. 1977-7¢ 1668512 149351,6 - - - - -
31, 1976-79 123000 147395,8 - - - - -
32, 1979-80 45000 - - - - - -
33, 137000 - -~ - - - -
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The equations which have been ~ttempted and their coefficient
of correlations have been given in Table 5.2 and the same are

" shown in Fiqgure 5,7,

Table 5,2: Relationship of Crop Production and Time

Coefficient of

Q 4
SeNo, Equation correlation
(r)
1, Y = 85894,8 + 2402,76x
where Y = Annual crop production 0,9295
X = year
L3R
2, Y = 121246,26 000935x
where Y = Annual crop production 0.9285
X = year

The value of coefficient of cvefficient of correlation
has been higher in casc of linear relestionship and so the same
has been adopted. It has Been assumed that the rising trend
indicated by the linear relation is as » result of the overall
.deveIOpment in égricultural techniques. And 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 vroduction of different years have been suita~

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



85894 .8+2402.76 X

Y =

150
140

3

120

(SINNOL ANVSNOHIL)

110

8 8 8 ¢

NOILO(a0¥d 403D

60

40

08-7961

61-£961

8L-2961

LL-1961

9/~0961

GL-6561

7L-8561

£L-L661

2L-9561

[£-6461

0L-%561
69-€661

89-7561

L9-1661

99-0561

G9-6%61

79-8%61

" YEAR

5.7 RELATIONSHIP BETWEEN CROP PRODUCTION AND TIME

FIG.



the years hawebeen brought to the year 1980-81 and has been

referred to as 'cquivalent crop vproduction (CPe)'.

The annual crop onroduction and annual equivalent crop
production in different years are shown in Figure 5.8 and

details of comnutation are given in Annexure VI,

50142 Rainfall Data:
| There are about 25 rain-gauge stations in the district
but the complete data for considerably long period are not
available for all the sites, Therefore, data of cmly three
representative locatinns have been used in the analysis,
The stations whnse data have been used are: |

a) Daltonganj

h) Garhwa

c) Latehar

The locations of these stations arce shown in Figure 4,1,

The average rainfall data have been given in Annexure IV,

5,2  STATISTICAL CHARACTERISTICS

The statisticeal charactéristiés of the two major data
sequences have been computed tc 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 nf both rainfall an? 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 produc-
tion
1, Mean ‘ 1194,75 156,797
2% St andard 231.75 ' 51,34
Deviation
3. Maximum value 1721,0 237,574

4, Minimum value 505,30 45,664

5. Coefficient of
variation 0,194 0.327

An attempt has also heen made to check the type of
distribution which appears to be suitable for these data.
Table 5,4 and Table 5,5 suggest that normal distribution
appears tc be a fairly good Adistribution 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 im
Figure 5.9 which clearly indicates the higﬁ deqgree of

variability in time-distribution of the rainfall,
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Table 5.4: Type of Reinfall Distributior

: Theoretical
Equal Class - value for Actual
Probability interval normal - Value
Class distribution
I 352970588 5.5 9
11 970.88 < P,<1094;87 5:5 8
III 109487 < B<1194,75 5:5 5
IV 194,75 <.EA$1294.63 5¢5 2
Vv 1294,63 < §A§l4;8.62 5,5 3
VI B> 1418,62 545 6
Check for Normal Distribution:
. 2
" (0-t) 37.5
g = — — = "g"*g = 6,02
(Chal square) *

There are six class intervals and so the degree of freedom
(D,0.F.) = 5

For D.0,F, = 5 and at 5% level

5

K™ 11,07

1l

(Chial sauare)
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 Actual
Probability Class interval for normal distri- value
Class , bution
IT 107.20 < CP £134,67 5.5 3
111 134,67 < cp . £156,797 5.5 2
: e
v 156,797 < cp_ <178.92 5.5 7
Vo 178,92 < op  <€206.39 5.5 6
e
VI CPe >206,39 5.5 7

Check for normal distribution:

' 2
&732‘ - _....(..(.).._..'.t,l._ = 29.5 = 5,36

v t 5.5
(Chai square)
Where, O = 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

ZL‘ = 11,07 (From Table)
(Chai saquare) | |
Hence, the hypothesis that the sample constitutes the

normal distribution is accepted.



Table 5,63 Statistical Characteristics of Monthly
Rainfall for the Period 1901=80

S.N. Months Statiétical'Cha?acteristics
Mean - S.D, C.V.
1. January. 17,14 21,52 1,12
2.  February 18.16 23,25 1.8
3. March 15.91 -'17‘39 | | 1.09
4, April 6.86 11,79 : 1.33
54 May 10,6 12,12 1.4
6. June ‘145,71 90,24 .  0.06
7. July ©319.06  131.62 0.41
8. Augustv" 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
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5,3 EQIVALENT CROP PRODUCTION AS a FUNCTION OF
DIFFERENT PARAMET HRS '

5.3.1 Commonly Used Statistical Parameters:

T begin with, the data in respect of the annual rain-
fall and the cbrrGSpondinq annual crop production have been
plotted to examine if it is‘possible to develop a direct
relation. Fiqure 5.10 shows highly scattered points suggest-
ing thet the <direct reclatinn between the annual value of
crap productinn and the annual rainfall does not appear
feasible. Almest similar situation is cobserved in case of the
plot of the annual rainfall and annuesl equivalent crop produc—
tion, CPe which is shown in Figure 5,11, Therefore, it may
be concluded that the total annual reinfall, as such, cannot
be consicdered to be the indicetor »f the veriability in the
crop proeduction, although the reinfall is the most important
input. And, hence, it appears necessary te consider the
other characteristics of the rainfall along with the total

amount over the whole period,
The relation hetween the annual deficiency, Dy (Eqn.3.1)
and the annual equivalent crop production, CP, will he similar

to that presented in Fiquref&l)l hecause the term RA nf equation
y )

3.1 is constant throughout,

The values of the following perameters have als~ heen

computed for cach year:

a) cumulative absclute variation, ChAp (Equation 3,2),
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b) sum of the squarcs of monthly variation, SED

( EOU at ion 3 .3) and »
¢) énnual deficiency affecting the drought DD,

(Equation 3.4).

The plot of these parameters versus the annual eaui-
valent crep nroduction is alse hiqghly scattered, For
example, the plot between the annual cdeficiency affecting
the drought i,e. DDA and the eaquivalent crop production is
shown in Figure 5,12 which is self explanatory. An attempt
has alsn been made to examine the presence of any dependence
and trend; and for this the 'rank correlation' has been
computed. But unfortunateiy, this does not suggest any re-
lationship as such, The value of the rank correlation bet-
ween the rank of equivalent crop production ant the corres-

nonding rank of DA, CAD, SED and DD, are ngiven in Table 5.7.

N
Table 5.7: Rank Correlation Coefficient between the
rank of CPg ani Aifferent parameters

5., Par ameters Rank-cgiyi%aﬁion
_ . : cnefficie
12
L D= oy, . 0.576
i=l
12
2. C,/LD = A 0.421
. l ’
i=l
12
34 SBp= o - 0,459
. 1 )
i=1
: 12 - X
4. D, =y . w55
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5,3,2 Parameters Representing the Time Distribution along
with the Total Amount of Input and Output Sequences:

As mayhe seen from Figure 5,7 the mean monthly rainfall
in the non-monsoon months is very nominal and more than ©6% of
the annual rainfall is concentrated during the five months of
the monsnon season. Further, the farmer in the reqgionn, in
general, depends upon the rain during the monsoon period only
and for rabi and hot weather crops in the region, he
hardly relies on the rain, In view of this, it has been
econsidered proper to take .intn account the distribution of

rainfall only during the five months of the monsoon period,

has been computed »s follows:

5 .
Py ¢ (A
rd (REq

Where P, = ParTameter te account for the percentage

il

distributicn of rainfall vis-a-vis percent-
age distribution of the required amount of
water;

R_ = Percentage of the rainfall in the month m
of the monsosn perind;

REQm = Percentage of qross water requirement in
the month m of the monsnon periodg

:':j
i

annual rainfall; and

'O
]

normal annual rainfall,



It would be obhserved that the percentage distribution of
rainfall and gross water requirement hes been used in the
analysis., It is so mainly hecause of the fact that the
jetailed statistics of existing cropping pattern of the whole
district and other related informations were not available and
assessment of aver age monthly weter regquirement is based on
the detailed study of a small portion nf the district covered
by the proposed Auranga Réservoir Project (Sinha, 1962).

The equation (5.1) can be written as

5

o ) Pf
= < * AL )
Pr(i e ym PI\] R E RN E R (5.2)
m=1 |
. . . &
here - E%§S

while analysing, the maximum limit for the value of Km has
been kept as cne., This is hased on the assumption that the
excess water i,e, water more than the reauirement does not
help in additional production but the shartage of water
affects and causes proportionate reduction in the crop produc-
tion. The ahove parameter has been computed for Aifferent |
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 Fiqure 5.,13. The details of computations are
given in Annexure VI I. However, the plot.is considerably
‘scattered in this cnse also and does not help in arriving

at any conclusion,
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Assuming that the monsoon rain occurring in the monsonn

perind has major role to play, the above parameter has been

P P
slightly modified by substituting, M s D
gntiy : Y | SR ?ﬁzﬁ% for By where P

= total rainfall nbserved in the respective year during mon-
soon period: and PREQh = gross water requirement in the res-

vective year during monsoon periond,
5 P

Thu = T m . -
S, prdm n;:l Km » -I?}_{‘E'q_;_ onoloh!!oo(soa)

In this case, the qross water requirement has been
estimated in millimeter for the Auranga area and the same has
been assumed to bhe ap@licabie for the whole. region., However,
even this modified parameter Adces not improve and the scatter
remains as such. (Fiqure 5.14), Details of computation have

been given in Annexure VIT,

The possible reason for poor nerformance of ahove para-
meters (which consider the total amount nf rainfall as well
as its time distribution) may bhe their inability to account

for:

(a) the importance of different time perinds with
respect to different crops; andd |
(b) the normal conditions of deficiency for which the
people residing in the region are accustomed to, .
5.3.3 Deviation from the Normal Con-litions:
In order to consider the effect of shortages with
respect to the nromal shortages in specific period and to account

for farmer's copability to
cope with the reqular features in the region, the parameter



(THOUSAND TONNTS)

ANNUAL EQUIVALENT CROP PRODUCTION, CPe

240 |
230 | ‘ .
220 .

210
200
190
180 | | ' | L
170 | , )

160 . R

150
140
130 . ‘
120
110 S | - .
100
90 . . | )
80
70
60

50

40

1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.03.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6
Prim —

FIG. 5.14: RELATION BETWEEN P_4, AND CP,



n . , o _
DD = LKy (Equation 3:5) has heen computed and the
i=1
same has been plotted and shown in Fiqure 5:i% (Details of
computation in Annexure VIII); This plot may be considered
to be a slightly improved version of the earlier plots but

this again does not help in any decision making.

5i3:4 Welghtages to Different Periods:

It remains a fact that the crop production is greatly
influenced by the availability of water in certain preind
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 stagés: viz., pannicle initiation,
preflowering ant flowering covering three monsonn months i.e.
July, August and September/October. buring these perinds of
growth stages, the water is reocuired most by the paddy plant
to sustain its satisfactory qrowth; On the nther hand; during
the maturity stage, the paddy plant can tolerate water deficit
{d a Qféé% e%féﬁf Wifho&t céusiﬁg éh? éiqni%iéént reduction in
the ultimate yielﬁL Hehce; fhe period 6f maturity stage is
not so mﬁéh iﬁpoffant ffom the point of view of water‘require;
ment as those of other thfee imporfant stageé mentioned above,
Similarly, the month of June is also not so much important as
the shortage nf water supply in this period may only delay the
sowing period. Likewise other trops have also their own
critical perind of growth stages. And hence, it is desirable

to assign a suitable weight to Aifferent periods say different
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months with respect to different crops and also with respect
to relative importance of Jdifferent periods (months), With
the weights thus: assessed, the parameter WDD, (Equation 3,6)

an WDDN,(Equation 3.7) can be computed,

Assessment of Weightages to Different Months: The method for
the assessment of weightages to different months as pronosed
in the work of Afshar (1985) 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 cohditinn of crop
growth, a weightage of one to zern (one for the worst effect
and zerc for no effect) was assigned to different stages of
individual crops. Theh the average weightage for eaéh month
has been computed duly incorpnrating the area under each crbp
as mentioned helow: n

oy Mg Y

W, = P (o T
3 - | (5.4)

where, Wy = Average ‘weightage for the jth month),

(3 =1 to 12)
Wij = weightage wbrked out for ith crop in jth
month,
Ai = grea 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 needs of various crops in different

months. Further, the weightages are adjusted so that .

12
o Wj/12 = 1,0, Figure 5.16 shows the weightages for
i=1

different months as estimated hy the method mentioned above.

Using the above weightages for the different months,
the paramet er WDDN (Equation 3.7) has heen computed and a

plot between WDDy and CP_  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
ef fective deficiency, ED (Equation 3,8) hes been computed
for each year. The details of the computations have been
given in Annexure VIII. The plot is shown in Figure 5,12
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,

Although the parameter 'effective deficiency' (Eqn.3.8)
appears to reflect the drought conditions quite reasonably,

the effect of extreme conditions of deficit is not given any

differential treatment. Hence, the parameter EDe i.e.
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teffective deficiency with extreme conditions Auly represented’
(Eguation 3.9) has been computed for each year and plotterd
ajainst the CPe of the corresponding year- as shown in

Figure 5,19 (Details of computations qiven in Annexure IX).
This plot seems to have minimum scatter and is likely to
suqaest 2 reascnable mndel for estimating eauivalent crop pro-
Auctinn, CPe with the help of the various characteristics of
the input seauence i.e. rainfall and other variahles affecting

the crop production.

A review of the plot of CPG against the different iden-
tified parameters i.e. D, Chy, SEy, DDA‘ DDy WD?A, DDy, EDA
and ED_ suggests that the two narameters viz. teffective Acfi-
ciency (ED)' oni the 'effective deficiency with extreme condi-
tions duly represented, (EDG)' are likely ton represent the

Arought ccenditions in the best manner,

5.4 MATHEMATICAL REPRESENTATION OF THE DROUGHT CONDITIONS
IN TERMS OF DIFFERENT PARAMET H:S
An gttempt has heen haﬂo to developn a suitable relatibn
between the two identified parameters, i,e, ED and EDe and
CPe in order to develop a suitable model to identify the
Arought with the help of ohserved variables. The following

types of equatinns have heen attempted:

a) Y = :/\-axb ooobo'.'v00'0(595)
b) Y = (?..Q‘-bx .-oo-t¢oo0ooo(5‘6)
C) Y = S ————— .llll..‘ltl‘..(507)

e
a + hx
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where, Y = Dependable variable i.e. annual equivalent
crop productinn CPe:
x = Indenendent variable i.e, the parameters
ED ~nd EDe; and
Aya,b,c = Parameters of the model to he evaluated by

suitabhle statistical technimues,

5.4.1 Estimation of the Parameters of the Equation:
The parameters a & b of equation (5:6) have been estima-
ted by least-square technique after converting the equation

intn linear form by taking the logarithmic i.e.
Log Y = l()(] 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:
log(Y=A) = (~log a) ~ b log x

The value of a & b is then estimated by 'least-square techni-
ques'. The best set is found hy trial and error method with -

1ifferent values of A,

In case of equation (5.7), the values of the éonstants
a, b, ¢ are estimated hy the method of fselected points
methot! after Arawing a suitahle cufve. The curves are sui-
tably modified and the eouations re~established, The best

equatinn, out of several trials is selected.
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In order t»o have a comparison, the coefficient of
correlation is estimaterd hetween the actual value of CP_ and
the estimaterd value of CPe as found with the suggested

criterion,

The final set of equation between CPe and ED with
highest value of coefficient of correlation is qiven in

Table 5.0,

Tahle B.f: List of Established Equations

S.N. Dif ferent tynes of Equations established Coefficient
of correla-
tion (r)

0.3919

1. CP_ = 250,000 - £517,44 ED 0.6294

2. CP_ = 1£0631,1076 om0, 000476613 ED 0.534
1

3. Cp, = 0.6559

0.003242 + 00000058 EDC-659

Out of the ahove three equations, the cquation with the

highest value nf '7' is recommenied for adoption i.e,

1

Cp - ( / EEEEEEEE - 5.8
e 0.003242 + 0,0000050 EpQ+099 (5.8)

Similar, exercises were carried out to find the
relationship bhetween the parametor EDe and CPe and the

final eauatinn with highest value of 'r' is qiven bhelow:
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1

Cp_ = ) o
e . Ceve ,
0.0017988 + 0.000341798 EDeO'5l36076

where, Cp, = Equivalent crop.production; and

ED, ='Effective deficiency with extreme

conditions duly represented?’,

. The'Pigure 520 shows the relationship of CPe with the
parameters ED and EDea The details of computation of CPe for
various years with the help of equations (5.8) & (5,9) héQe
been given in Annexure X, Thé equation (5,9) has coefficient
of correlation 'r' as 0.6633 which is higher than that of
Equation (5;8) and therefore, the equation may be considered
to be the best out of various suqggested representation of the
drought conditions, However, the parameter ED and EDe 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
hbeen used to examine the effectiveness ana hence the suitabi-

lity of these parameters in representing the Arought conditions,

5.5  EVALUATION OF THE IDENTIFIED PARAMETERS

From the above study, two paramecters, namely, ED and
ED.» have emerged to be reaéonably good parameters which
incorporate the different factors enumerated in Chapter III
and at the samectime represent reasonably acceptahle relation-
ship with equivalent crop pfoduétion. However, it remains
a fact that these parameters fepresent 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, namely, ED and‘EDe are best among the others,
Further, the bhasic idea is not to find the amount of crop
production, but to identify the pérameters which are rational
and more appropriate to represent droughtlconditions from

"overall conditions,

The shitability of these parameters vis-e-vis other
prevalent parameters in identification of drought situation

has been evaluated and presented below,

5.5.,1 Ability of Various Parameters to Identify Drodght Years:
The following criteria/parameters have heen considered
in the study:

" a) Annual rainfall less than 75% of normal,

o

) Aridity index,

[¢]

) ol
BT 1A
ol

)
) Effective deficiency{ED))

d) Effective deficiency with extreme conditions duly
represented, (ED,) and
e) 75% of average equivalent crop production,

These criteria/parameters have heen 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
thé.normal rainfall in the region. The aridity index crite-

rion considers a year to be Adrought whenever the departure of
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aridity index from normal is between O to 1/2% (where & is
the standard deviation of aridity index for a time serie;);
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 heen adopted
as such, In order to identify the drought year from the
parameter ED and ED_, the limit of these two parameters has
been identified to that corresponding to 75% of average CP_, .
The averege CP, works out to be 156,797 thousand tonnes and
values of ED and ED, 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 mnore thaﬁ 522,0 mm may be
considered to be drought years, Similerly the years having
the value of EDe moT ¢ thén 333.0 mm may be considered to be
‘drought'years. Table 5,9 and 5,10 show the Arought 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 decla,=-

ed by the State Government for Palamu district during the

period 194680,

Comparison of Drought Years Identified by Various Parameters:
Table 5,11 is self=-explanatory and élearly indicates the

“drought years as identified by various perameters. This table

also shows as to how many drouqht years are identified
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Table 5,9: Drought Years Identified by the
Par ameter ED

s.ﬁ, Year Vgé%§m§f vg%mégln m;§lue Remark
1, 1954 608,0 522,0 Drought
2. 1955 1075,93 522,0 Drought
2. 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
e, 1979 1074.79 522,0 Drought
9. 1920 649,30 522,0 Drought

Table 5.10: Drought Year as Identified the
‘ Parameter EDe

s, vew Bl oEm Y Reman
1. 1949 376,59 333.0 Drought
2. 1952 372,05 333.0 Drought
3. 1954 447,18 333.0 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
8. 1973 648,05 333.0 Drought
9. 1976 449,0 333.0 Drought

10, 1979 645,32 333,0 Drought

11, 1980 364,17 333.0 Drought




Table 5.11: Drought Years as Identified by
Different Parameters/Criteria
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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 5,122 Ability of various Parameters to Identify
Drought Years

A. No. of drought years declared by State
Govt.during the periond 1948-60, P
B. No. of years out of above 14 years
which have been identified by
i) 75% normal annual rainfall cireees &
'i1) Aridity indix R

[ R NER] 6

iii)Effective deficiency, ED

iv)Effective deficiency with extreme
conditions duly represented, D, ... N

From Table 5.12 it would be seen that during the perisd
of 1948 to 1980, the State Govt. declared 14 drought years out
of which only 4 years satisfy the 175% normal rainfall
criterien 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 perind identified on the basis of
"aridity index criterion' are 19, During the same period the
parameter ED 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_ could 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/Criteris
in Identifying Drought Years

Name nf Parameters/criteria

S.N. Particulars 759%

No,of droughf
years declar-

normal Aridity ED EDe ed by State
annual index Govt,
rain-
fall
! 1 2 3 4 5 6
1, No.of drought
years identi- 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% 209 269% 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 heave a more rational evaluation of various

criteria/parameters the drought years have been assumed to be

the years when CP, is less than 75% of the average CP,. 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.l4.

Table 5,14: Efficiency of various Parameters/Criteria
in Identifying Drought Years

Name of parameters/criteria

Particulars e
75% normal Aridity oy g 75% average
annual rain- index e CPe

fall
1 2 3 4 5 6

No.of Adrought _

years iden- 6 19 9 1} 10

tified

No.of drought

year's common 5 8" 6 8

with those ’

in (6)

Net efficiency

as compared to 42% 34% 4G 56%

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 be used



- 120 -

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, ED_ ' have the advantage of declaring a particular

e
year as drought year as soon as the effective deficiencyA
exceeds a specified limit. (In.this case, 522,0 mm for

ED and 333.0 mm for EDe). Table 5,15 and 5,16 illustrate
procedures as to how a drought forecasting can be done.

In case of parameter ED, almos£ all the years which have been
identified as drought year could have been Adeclared as drought
year by the end of the month of September. Out of 9 identie
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 August and 3 years

(1962, 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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5.6 FINDINGS OF THE STUDY

The comparison of various criteria/parameters and
“their ability in drought forecasting very clearly indicates
the refatiye merits of eachs The.parameter EDe is un-
doubtedly superior to various criteria/parameters which are

currently under use and which have been identified during

this study,



CHAPTHR ~ VI

CALCULATION AND FLECOMMENDATION

This study has been dorie with an objective of develop-
ing a suitable paraﬁeter which is rational and is capable
of identifying the drought condition in proper perspective
with the help of available hydrnlogical and hydro-meteorolom
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-

tion,
6.1 CONCILUSIONS

On the basis of analysis presented in this study, the

following conclusions can be drawn:

© a) EXiéfing criterir &re inadenuate to define the
dfouqht éituation in proper perspective,
b) The arOUQBf.has to be considered in totality and
shoulq not be related to any specific discipline
such as hydrological drought,'mefeorological

drought or agricultural drought,
c) The various consequences of drought must be

evaluated and duly incorporated in defining the

drought conditions in any region,
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A) The following factors should be considered when
a drought situation is to be defined for agricul-
ture based society from the view point of water

resources plannings

i) Time distribution of the input variableé i.e§
rain or runoff;

ii) The time distribution of planned/proposed water
utilisation;

1i1)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 paremeter EDe is found tc represent the
Arought 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 restrieted the Scope in the following ways
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 tho most
important one, has been considered to be the

drodght toriseadenice affecting the soeiety,
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¢) The input sequences which are supposed to affect
the crop production and hence the Arought condi- ;

tions are also restricted,

d) The time factor has also affected the possibility

of use of other parameters/equations.

RECOMI/ENDATIONS

a) IMore 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-data in addition to
rainfall and river flow should be analysed to

incorporate other aspects of drought consecuences,

c) The proposed developmental plan which are 1likely
to be taken up in the stuly area should be taken
into consideration 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 affacted by v
(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, Maharashtra 5,04,12,000 1,74,81,066 15
8. N.B.dhya—
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; Tamilnlldu 4, 11' 99' Uuv oy - o
12. Uttar-
Pradesh 8,83,41,000 10,31,47,45 12
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
All India 54,81,60,000 29.38

16,10,64,026
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 ANNEXURE _ 2

Author /Year Definition of Drought or associated Region
concepts
1.Russel, 1896 A period of months or years during Australia
which little rain falls; “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,Vysot skss Established P/E ratio where P is pre- U,S.S.R,
.KlQOS) ' 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
4 Henry({1906) 21 days or more when rainfall is 30% U.S.A,
or less gf average for the time and
place. Extreme drought when rainfall
fails to reach 1% of normal for 21
days or more,
5.Lang (1915) | Precipitation factor = p/T Germany
. . developed to
P in gm, aid climat-
T in "C ic classi-
fication of
soils,
6.Koloskev(1925) Ratio of annual precipitation to U.S.S,R,
- accumulated mean daily temperature Ratio may be
during vegetatinn period(divided used as a
by 100) comparative
agroclimatic

index



7 .de~Martonne
(1926)

8.Selyaninov
(1930)

9.Koppen(1931)

10.Thornthwaite
(1931)

11.Cole(1933)

12.,Bates(1935)

13,Hoyt (1936)
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Index of aridity,I = pivg where  Used to de-

P is monthly precipitation(mm) fine climatic
and t is mean monthly tempera- limits of
ture (°C), Monthly index of I is  deserts,

approximate indicator of aridity. yprairies and
' forests.Does
not apply

well in cool

Index modified to

I = _DXP where n is number of .

1+10 days during a cert- Eozeiow:ere
ain period from a few APo=
‘ roaches zero,.
days to a year and p
is daily mean precipita- Used exten-
tion in the period, sively by
geographers &
biologists to
compute aridi-
ty.
Index given by K = s U.S.S.R,Author
: “4/10 suggested that
where p is sum of rainfall(mm) a period be
during thonse months when mean considered as
temperature is above 109C and t a dry spell
is the sum of the daily mean - when K 1 and
temperatures above 0YC for the as a drnlught
same period, when K 0.5,
Defines 'dry' climate by: p< 2t Jsed extenw |
for regions of winter rain and sively in
p<2t + 14 for regions of summer classification
rain or no rainy season where p of the dry
is annual precipitation in cm and  climates of
t is mean temperature in °C, . the world,
'Desert' climate defined bys p t
for winter rain: p t + 14 for
surmmer Tain: p<t + 7 {or no
Tainy season.,
Precipitation effectiveness as J.S, A,
a functinn of mean temperature.
15 days with no rain U.S.A.

When annual precipitation is 75% of U.S.A.
normal or when monthly precipi-
tation is 607 of normal.

Any amount of rainfall less than  U,S.A.
85% of mormal
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14,British Rain- Absolute drought: at least 15 con-
fall Organi- secutive days none of which re-

Britaing inapi
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 0:25 mm per day.
Dry spell: 15 consecutive days
none of which has received as
much as 1 mm;
15,Knochenbaver Daily maximum temperatures and Germany
(1937) humidity at time of afternoon
observation used to define a
dry spell.,
 16.Bova(1941) Used a drought index K U.S.S.R.
. Ylhen K 1,5
K = iﬁﬁéiiligl- . beginning of
1 ' drought
Where H is productive soil mois- damage to
ture in mm in the top 100 cm of plants is

snil at beginning of spring: indicated.
Q is precipitation in mm accumu-

lated daily from beginning of

spring; %t is tho temperature

(°C) sum counted from the day of

the passage of mean daily tempe-

rature thrnugh zero,

usually low relative humidity,

17.Baldwin- Engineer's drought in Australiea Australia
Wiseman is three or mbre consecutive
(1941) months with deficit of 5% from
mean rainfall.
18.Blumenstock  Less than 2.5 mm in 48 hours Ref .
(1942) ‘ Thornthwaite
(1941)
19.Conrad 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 preci- U.S.A,This
pitation, high temperature and anticipates

the combina-
tion of low

precipitation
& high evapo-
transpiration
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21.Henin & Computed evapotranspiration and France,Proce-
Ternisien drainage from temperature and - dure approved
(1944) precipitation. ‘ by Turc(1954)
incorporating
additicnal
factors.

22 .Thornthwaite Cannot be defined as shortage in U.S.A.
(1947) rainfall alone,

23.Popov(1948)  Index of aridity
p = .0
2.4 (t-t')r

-~ 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 day length; and g 1s
that part of precipitation which
is available for plants.

24,Ivanov(1948) 1Indices of K = P/E where P.is ann-
: ual precipitation in mm & E is

annual evapotranspiration in mm
derived from E = 0,0018(25 + t)2
(100-a); t is mean monthly tempera-
ture in ©C; a is mean monthly rela-
tive humidity, .
Critical values of K
for reqions of insijni-
ficant moisture,deserts (0.00-0.12

U.S.S.R,

Scanty moisturec,semi-

deserts 0.13-0.29
Insufficient mois-
ture,steppes 0.30-0,59
Moderate moisture,
forested steppes 0.60-0,99
Sufficient moisture 1.00+1.49
Excess mnisture 1.50
25.Barger and Evaluated precipitation climate U.S.A,
Thom(1949) from productive performance of
crops.
26.Trumbl?(193;) Waite index: | Australia
Hounam(1948) K = E '
Prescott(1949) 0.38 P/E 0.7

Where P is monthly or annual rain-
fall or irrigation in mm; '

E is monthly or annual evaporation

from Australian sunken pan in mm,



Tumble(1937)

Hounam(1948)

prescott(1949)
(contd.)

£7 .Ramdas(1950)

28 Fitzpatrick

(1953)

29.Van Bavel

(1953)

3C ,Ture(1954)

31 ,Gaussen(1954)
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The index K =+0.54 was derived from
a study of young sunflower plants &
extrapolated to field crops and has
been successfully used in defining
climatic boundaries for land use &
for freaquency of periods of none
effective rainfall, This is an
improvement on the original Tr an-
seau (P/E) ratio which has been

Australia
(contd:)

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 0474, For balance between rain-
fall ahd potential evapotranspira-
tion in catchments K = 1,20. For
balance between rainfall & evapo-
transpirastion in field vegetation
1,30 £ K ¢ 1,50,

Yhen actual rainfall for a well is
half of normal or less.

Period terminated by at least
6.4 mm during any 48 hours, -

Actual drought should be defined
on the basis of soil-water status
and resultant plant behaviovr.

E =

P . B
0.9+ .(p/L)2 05 mm/ annum

v

Indis

Australia
(based on Blu
menstock ) Eva
luated proba-
bility that
dry spells of
any length
would occur a
any time
throughout th
year.

U.S.A

FranCe

Where P is annual precipitatios(mm);

L = 300 + 25T + ,08T3
T is mean air temperature(oc)s

When total monthly precipitation
in mm is less than twice the mean
temperature in °G,

An approXima-
tion to Tain«
fall less the
evapotranspiz
tion based or
Koppen .



32 [Emberger
(1955

33 Thornthwaite
- and ‘Mgher
(1955)

34 White(1955)

35 . Ture(1955)

36.,Van Bavel &
Verlinden
(1956)

37, Folev(1957)
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100 P

(Mem) (M)
Where M 5 the mean maximum

" temperature in the hottest

month and m is the mean minimum
temperature in the coldest month;
p in mm and M and m in®C,

Used the water-balance concept
with a variable store of soil
water,

Defined drought with respect to
Xerophilous species using comments
on pasture conditions as guide.

For short periods

- P=a+V
L= — Z 0.0
Pt+a \Y .

L+ +2L)

YWhere E is evaporation in mm in
10~day period: P is precipitation
in mm in 1O-day period; a is es-
timated evaporation(iO~day) from
bare soil; V(a crop factor) =

25 (Mc/Z)C°

100 It is final yield of dry
matter (kg/ha). ~

C is a crop factor;

France.Based or
de Martonne's
index, (M-m) is
an index of
continentality.

U.S,A.Use ex-
tended to othe
continents;
some results o
doubtful value

Wjestern N.S, W,
Australia.
Extrapolation
to other aresas
not reliable,

France

10 Z is length of growing season(days)

L is evaporation capacity by the air

l L)

from L= (T + 2
) 16

Where T is mean air temp.OC(in 10~day

period) and i is incoming radiation

(callcm"2 day” " )

A condition in which there is in-
sufficient soil water available
to crops.

UsSeA,

Used reports of conditions of crops Australia,

and livestock published in offi-
cial bulletins or newspapers to-
gether with rainfall and analyses.

Necessarily
rather qualit
tive but helgp
to define the
significance o
rainfall defi-
ciency,



36 Foley (1957)

39, Alpatev &
Ivanova
(1958)

40 Kulik(1958)

41 Decon,
Priestley,
Swinbank
(1958)

42 Huschke
(1959)

43 ,Linseley,
Kohlar and

Paulins
(1959)

44 ,Penman (1948 )
(1961)
Ferguson
(1952)
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Computed residual mass CUrvVes of
rainfall, Divided values by avera-
ge annual rainfall to give 'index
of severity',

Based definition of severity on
crop yields as compared with long-
term mean yields. Because all
yield decreases are not result of
drought author suggests that only
ycars when yields decreased by
25% be classified as drought

Used preceding meteorological
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.

Urged the systematization of

definitions of drought in relation

to effectiveness of rainfall in
different climates.

A period of abnormally dry weather
sufficiently prolonged for lack of
water to cause seriocus hydrologi-
cal imbalance(i.e,crop damage,
water supply shortage). |

A sustained period of time with-
out significant rainfall.

Estimates water loss from free sur-

face from solar radiation(or sun-
shine),temperature, humidity and
wind,evapotranspiration obtained

by using seasonal conversion fac-
tor Et = f{E,

pustralia.
Dividing by
annual average
makes compari=-
son between
stations more
reliable,Index
is .dimensionle

Variations in
yield due to
different leve
of agronomic
practices are
still greater
than those due
to droughts

(Kulik, 1958).

U.S.S.R.

‘Nustralia

U.S5.A, The
problem is to

define'sust air
ed' and
'significant’.

Originally U,tl
then Eurgpe.

Use now extenc
to other cont:
nents with fa:



4% Holmes
1962)

46 Palmer
(1965)

47 Fitapatric
(1965

48 Bickard
(1966 )

Rebertson
(1966)

States that in the quantitative
evgluation of drought for agri-
cultural pruposes,precise and
regular soil-water observations
are most essential.

A water balance model which in-
volves rainfall, a coefficient of
evapotranspir ation,runoff and
available soill water,

Developed a watep=use mOdelAWith

range of available soil moisture

0.10 em and evapotranspiraticm
losses (E';t) computed from AUSETL e
lia sunken GVapQrimeter(Eh)k

Et = Q\QEA when soil moisture >
' 64 mmy
E, = 0.4E, when soil meistures

Jﬁ : A
, 64 min

Agricultural drought exists when
the soilwwater im the rootzone is
at or below the permanent wilt-
ing percentage. The condition
continues until rainfalls Im
exgess of daily evapotranspiX am

Versatile budget (VB) for eshimati
ing daily AE from changes im soil
moisture per zomne

integrated over soil zomes 1 to.m

where AE. Is actual, evapotramspila-
viom for day. I(mm); k is coeffi-
ting for soil and plant

clent aceo
characteristics: in zone.,

to good resul-
Of little vah
in dry areas
where water
supply to
plants limite

Canada

UdSoA. Method
based on the
Thexnthwaite
concept of
potential eva.
potranspiratic

Australia. Hat
been used in
climatic
studies and
land=use SuTe
VeYS .

Newzealand
Drought .
relief would
not ocecur with
say one day of
excess Taimfal
€43 +2.5 = 5 mm

Canndan.
Satisfactory .
estimates Obm
tained far

l‘f"i»ax@anypgf‘pE}) g owlng: Season
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30, Gibbs and State that rainfall is the best Australia Pro
Msher (1967) single index of drought and use vides a usefu
' rainfall deciles to demonstrate presentation
temporal and spatial distribution. sresl 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 h@gr
- The agriculturslist 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.
flater shortage is basic to drought:
it is a relative rather than an
absolute condition,
52 ,Palmer Severity of agricultural drought UsS. 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, lcllroy 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.



54 , Budyko
(1970)

55, Sly
(1970)
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Hydrothermal coefficient

K =

r e
0.,18x0
when 00,1820 gives the potential
evapotranspiration in mm, © being
the annual sum of daily mean
temperatures higher than 100C:
r is annual precipitation in mm.

Climatic moisture index

P
T=rrsivgr 1

Where

P is growing scason precipitation;
Sl is soil water available to

crops at beqlnnlng of growing
season:

IR is calculated growing season

Jirrigetion requirement,

U.S.S.R,

Canarda.Average

seasonal values
indicating

Aiff erences in

water balance,

~used for soil

climate classi-
fication pur-
poses,
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SALTENT FEATURES OF STUDY AR=ZA

1,
2.,
3.

10,
11,
12,

13,

Name of the district
State

Location

Ceocaraphical area of the
district

No, of Sur~divisiocns

Total no, of inhabited
villages

Total no, uninhabited
villages

Total no, #f tovins and
cltises

a) Populaticn

b) Total no. of worksrs

c¢) Total no. of cultiva-
tors)

d) Total no. of Aari-
cultural 1sbourers

Densitv of populaticn
)acenial qrowth(1971-81)
Livestock population

Tvpe of soils

»
L[]

L4
’

.o

-e

.

-

FALfwU

BIHAR

0 '
2390t to 24 39, North
Latitude and €322!' %o
£50CC! East Longitude

12,019,9C Km®

&
Three

3218 (1971 census)
365(1971 census)
5 nos.

i) 19,16,152 (as per 1981
census :

ii) 15,04,350 (3s per 1971
census
6,20,46% (3s per 1981 census)
3,00,032 ( -do - )

2,27;85% ( -do- )

159 persons/sa.km.(19€1)
27.40%
14,773,281 (1977 cansus)

0ld alluvium-Regdcish
vellow-Yellow erevy
catenarv soilsy Rad vellow
licht~orav catenary soils,
Yallow-reddish va2low
mzdium de2p light textured
catenarv soils,



14,

15,

1) Current fillows
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(11)

Land use details L %urce : Directorate of
Uaverane of 1973-74 to  Statistics & Bvaluationg
1978-79) Covt, of Bihar, Patna)

a) Reporting arej :
b) Forests

¢) Land put to non-
agricultural uses

d) Barren 3nd unculti-
vable land

e) Permanent pasture
and grazing land

e

f) Misc. trees, crops
and qroves

g) Cultivable waste

[

h) Other fillows :

j) Wet are3 sown :

k) Gross sown 3rei

1) \rea sown more than
once and its percentage
to net sown area :

m) Culturable areai

(ross irrinqated ares
sourcewise (averanqe of
1972-73 to. 1979-EC)

winn -

3) Total ‘e 3

b) 3v canals oo

3y tanks

-

C

)
d) By Tuh2awells and wells @
e)

Other sources ¢

12,¢1,990 ha (iCC %
5,64,8672 Ha(47,0C%)

35,899 {3 (2,97%)

79,572 Ha (6.62%)
8,49C Ha (0,549

3,5 Ha (0,25%)
25,60214a(2 ,13%)
92,313 Ha(7.66%)
1,5€,7€3 Hy (13.21%)
2,67,082 Ha (22 ,22%)
3,2€,019 Ha.

42,680 Ha (15.98%)

5,46,765 Ha (45.49%)

67,641 Ha, (10C%)
7,158 Ha,(1C,6%)
6,816 Ha (10,1%)
1,8CC Ha,(26.,6%)
35,666 Ha, (52,7.5)



16,

17,

18,

19

20

ii) Under construc

- 140 -
(i1ii)

Rivers_svstem

a) Name of miin river

b) Name of important
tributaries

¢) “atchment area of
Ganaa basin in the
district,

Irrigation projects and
their potentials

i) Existing

2) Major :
bh) Medium :
c) Minor

100

& S e e ion

a) Major
b) Medium
c) Minor

Minaral wealth in the
district

Blectrification

a) Total nc: of towns and
villines electrified
as on March 19&8C

b) Percentaoe to the

total no., of towns
and villaqges

c) Mo. of wells electri-
fiad 1s on March 19¢€1 :

Industries
(3s on 3¢ .3.81)

1) Larae scile
indus tries

Sone

Kanhar, North Koil,
Auranga Amanat and
Sadabat,

12C19.9 sq.km, 1.2, the
whole of the district.

Nil Nil
7 Nos., 23,553 Ha,
192 Nos, 46,739 Ha,

5 Nos. 3,12,80C Ha,
4 Nos., 22,506 Ha
128 nos, 22,842 Ha,

The district has promisina
deposits of lime ston2

~coal, bauxite, araphite

and firsclav,

5 Nos,



21,

22,

23,
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( iv )

h) Medium scale
industries

c) Small scale
industries

Communications,

A et -

a) Total lenagth of ro-
ads in tha distt,
as on March 1977

b) Total length of
rallwav line

¢c) Post offices
(18 on 1976-77)

d) Teleqgraph offices

e) 'Telephon2 exchanoes
(upto 3C,9.79)

f) alrports
g) Witer wavs

Jrinking water facilitias

b g—— -

3) No, of villaoges
providad with drink-
ing water facilities

“b) No, of proposed vill-

jges for which facl-
litv is under exécu-
tion

Rai" 11(Data base &0
vears 19GL to 198C) __
3, Normal rainfasll

of the district

b) Normil no, of rainy
davs

~¢) Normal intensitv of

rainfall

d) Normial annuil P.:&,
valu2 of district

..

PN

£

-

-

e

Nal\i

2 Nos ‘

228 km,

184 km,

218 nos

4 nos,
Ong ne.,

1l km,

50C nos,

311 nos,

1194 .75 mm,
6,21
19.84 mm,

13¢8,3 mm,
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(v)

e) Percentage of normal
rainfill in south-
west monsoon i B6,06%

f) i) Total no, of
raingauge stations
in the district : 25 nos.

ii) No, of stations
considered for :
study ¢ 3 nos,

q) Density ef raingauge ¢ 1 station per 480,80sq,km;
statians : :

h) Maximum annual rain-
fall and vear in the
district ¢ 1721,10 mm (1907)

i) Minimum annual rain-
f1311 and vear in the
district : 505,30(1966)

j) Annual rainfall at .
75% probability :  1000-110C mm and above

% No, of years having
riinfall less than
normal rainfall ~7: 38 years and 47.50%

1) No. of years having
riinfall less than
75% of normal riinfall ¢ 7 years and 8,75%

m) Goefficient of varia-

tion for seasonal

rainfall ¢ 20 .86%
n) Coeffici»nt of wariition -

for ="mual rainfall . 19,40%

o) Drouaht free crop vears
and percentage to total
yvears (1971-1980) : 6 years (6C%)



24 a)

i3i)

iv)

vi)

vii)

viii)

ix)
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( vi )

Surface water availab- :

~1lity

Normal runoff

Utilisable flow
(502 of normal)

Maximum runoff :
of the district

Minimum runoff
of the district

Normal vield par sakm,
of gzoaraphicil ares

75% of normal viald
per s0,km, of aeogra-
phic:1l arasy

Depth of water

walliwle over the
antir2> cultivible ar:zs
for norm:1 runoff :

J2pth of water avoil-
ible ovar the entira
culturaible area for
755 of norml runoff

Ground Y.ater Potenti al
in the district(as per
Central Grounc Water
3¢ arc)
Recharae
Lraft

Surplus

757 depandability
5C5 depencdability

4¢0t .63 M.C.M,

2454 ,32 M,C .M,

1C,232 ,48 M,C.M,(193C)
208 ,46% of normal

21,44 M,C.%,(1966)

(.39 M,C.M./sqkm.

L 29 M, C M /sqk.m,

G~ m,

455 .23 m,c.m.
64.CE m.c.m.

1,15 m.c.m,
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ANNEXURE « IV

ANNUAL PRODUCTION OF MAIN FOODGRAINS (IN TONNES)

Barley

17,

S, Year Rice Maize Wheat Gram v  Total
N, & others '
1. 1948-49 22741 9953 ife2 17802 7920 59578
2: 1049-5%0 64425 22399 3296 13772 10886 114778
3, 195051 26968 17615 2473 2539 1680 5127%
4, 1951-52 29952 20965 1536 3537 3521 59511
5. 1952-53 46431 29534 2i85 5168 5263 88581
6. 19053-34 52837 = 15312 D846 6251 2681 79927
7. 1954-55 8971 22534 1004 4950 5684 43143
8, 19%5-5% 19980  1s74l 3382 n64ts 11659 60180
9, 19%6-57 66575 33971 1594 6781 13859, 122780
10, 1957-58 27940 22781 1978 2313 4114 59126
11, 1958-59 93601 12245 5492 19259 26677 157364
12, 1959-60 63280 47640 4936 13241 18195 147292
13, 1960-6% 95066 24411 7065 14604 18283 158002
14, 1961-62 104537 20045 7934 18711 20689 171916
15, 1962-63 61101 27593 7102 16527 17506 129919
16. 1963-64 66133 49912 9816 19580 22003 167534
196465 75754 19646 8362 17381 17304 138447
18, 1965-66 71416 27628 8740 17139 17034 142007
10, 1966-67 2116 40653 2035 547 1891 47242
20, 1967-68 52535 44058 8794 8197 20412 129896
21. 1968-60 23707 27307 7165 3511 8670 70360
22, 1969~70 78309 50688 5401 4255 15778 154434
23, 1970~71 83270 57728 10475 13172 19232 183817
24, 1971-72 89416 12612 19815 10208 17993 150137
25, 1972-73 34935 28596 10485 10603 16710 101329
26, 1973-74 63500 51005 120200 10897 14249 151771
27, 197475 53838 44412 20864 8o8% 13680 146779
28, 1975-76 01468 20801 32788 0852 18104 182103
29. 1976=77 77927 53913 15242 206 10855 152143
30, 1077-78 105515 18179 18409 19086 16423 168512
31. 1678-7¢ 108000 20000 27000 11000 18000 - 193000
32, 1979-80 13 000 13000 10,000 2 500 5000 45000
33. 1980-81 65000 31000 17000 7000 17000 137000
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ANNEXURE_V I
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Computation of eyuivalent crop production,CPe

"'"

—— - iab e b cer L - ———. 4 e . PR e o

51. VYear (Annual.Cro.p CPc(Tonnes) | CPe =—%—Eg—b— x CP f_
No. production  (Crop prod. from (Tonnes)
in Y=BSU?4¢§ + where CPcb= ‘
tonnes) 2402,76 x) 165185, 64 Tonnes |

1o 1948-4Y 54,57 8 84297, 56 1511,458,42

2. 1949-50 114,778  50,700,32 2,095,036, 80

3, 1550=51 51,275  43,103.08 Yg,97 3. 42

4, 1951-52 59,511 45,505, 84 1,02,929. 58

5. 1952-53 88,581 97,908, 60 1,44, 4848, 87

6. 1¥53-54 75,927 100,311, 36 1,31,618 31

7. 1954-55 43,143  102,714.12 69,383,006

8, 1Y355-56 60,180  105,116.84d 44, 564, 84

Y, 1-56-57 122,780 107, 519Y. 64 1,886,630, 86

10. 1957-58 59,126  10v,922.40 8,851, 59

11, 19568-59 157,364 112,325, 16 2,31,420.19

12, 1959-60 147,252  114,727.92 2,2,071. 81

13, 1960~61 158,002  117,13%0.68 2,22,825, 47

14, 1961-62 171,916 119, 533.44 2,37,574.48

15, 1962-63 125,919  121,936. 20 1,76,000. 10

16, 1963-64 167,534 124,338, 96 2,22,571.03

7. 1964-65 138,447  126,741.72 1,80,441.68

168. 1965-66 142,007  129,144,48 1,61,638.04
9. 1966-67 47,242 131, 547,24 59, 322, 50

20. 1967-68 129,856  133,450.00 1,60, 186, 52

21. 1968-6Y 70,360  136,352.76 85,238, 31

22, 1969=70 154,431 135,755, 52 1,83, 647,24

23, 1970-71 183,817 141, 158,28 2,15,105. 85

24, 1971-72 150,137 143, 561.04 1,72,752.38

25. 1972-73 101,329  145,963.80 1,14,673.09

26, 1973-74 151,771 148,366, 56 1,686,597 6,25

27, 1974-75  146,77% 150,769, 32 1,60,814.,00

28. 1975-76 182,103 153,172,040 1,96, 385,94

29. 1976-77 158,143 155, 574, 84 1,67,912., 69

30. 1977-78 168,512  157,577. 60 1,76,200, %4

31. 1978-7% 193,000 160, 380, 36 1,Y8,782,91

32, 1979-80 45,000 162,763.12 45, 604,22

33, 1980-81 137,000 165, 185.80 1,37,000.00



ANNE XURE VII
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Coniputation of the parameters Prd & Prdm

51,

e
req. (Rm/REqgm L (%2’ PN zé?%)pm-u“ (4)x(1L)
June , July Aug. Sepg: Dct._*
46% " 24.5%%23% * 22,28 25.3%% (7)
1 2 3 4 5 8 7 8 9 10 11 12
T+ 1948 1.0 0.97 1.0 0.92 0.22 411 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 1.07A 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 0.07 5,92 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 4,28 0,63 2,70 0.71 3.04
9. 1956 1.0 0.83 1.0 1.0 0.32 4,15 1.0 4.15 1.44 4,18
10. 1957 1.0 1.0 0.96 0.86 5,004 3.024 ©.88 3,3 3,05 3,82
1. 1958 1.0 1.0 (0.9980.91 0.48 4,39 1,0 4.39 1,26 4,39
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  0.8¢ 3.5 1.09 4.06
1961 1.0 0.77 1.0 0.90 0,20 3,87 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 3.07  0.752.90 0.90  3.48
17. 1964 1.0 1.0 0.92 0.80 0. 21 3,93  0.95 3.73.1,17 3,93
18. 1965 0.94 1.0 0.8¢ 1.0- 0.12 3,94  0.91 3.59 1,08 3,94
19. 1966 1.0 0,32 1.0 0.40 0.0 2,73 0,42 1,14 0,45 1,33
20. 1967 1.0 1.0 1.0 0.94 0.03 3,97 1.0 3,97 1.27 3,97
21, 1968 1.0 1.0 1.0 0.67 0,18 3.85 0,74 2.850.83 3,20
22, 1969 1.0 1.0 1.0 0.98 0.04 4,02 0.92 3.70 1.08  4.02



12 34 5 6 7 B 9 10 1 12
23,1570 1.0 1.0 1.0 1.0 0.21 421 130 4,21 1.30 4,21
24, 1971 1.0 1.0 1.0 0.45 0.068 3.52 1,0 3,52 1.68 3,52
25, 1972 0.87 1.0 1.0 0.33 0,51 371 0,76 2,82 0.91 3,38
26, 1973 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 0.5 0.32  3.88 0,81 3,14 0,998 3,87
26, 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 0.80 2,92 0.77 2,59
30 1977 140 1e0 0.81 0,81 0,07 3,69 1,0 3.69 1,18 3,69
3. 1978 1.0 0,64 1a0 1.0 0,12 376 0 376 1.44 3,76
32, 1979 1.0 1.0  0.950.92 0.08 3.95 0.63 2.49 0.71 2,80
33, 1900 1.0 1,0 1.0 0.62 0,24  3.86 0.78 3,01 0,94 3,63

* indicate the pzrcentage gross water requirement during the

respective month in monsousn period.



Computation of %age Ruinfail Distribution during
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Monsoon periad (Rm)

Sl.No. Yesr __ Reinfarl in monsson perion (mm/%)
Juneg July August Sap L. Uct. Total
1. 1948 140,57 209,73 204,40 171437 4u, 50 867.03
(17.12) (24.17) (32,74) (24, 33) (5.5}
2. 1949 101,10 273.30 413,00 114.13 9. 50 1000.03
(10.11) (27.33) (81.30) (11.41)  (9.85)
3. 1950 169.57 382,03 422,20 ¥6,70 3. 57 1074.03
: (15.79) (35.57) (39,31) (9.0) (0.33)
4, 1951 131,77 191,17 330,00 242,50 95,67 99 5. 11
(13.24) (19.21) (33.16) (24.37) (10.02)
5, 1952 241.76 168,97 302.23 225,47 40. 37 978,82
(24.7) (17,26) (30.88) (23.03) (4.12)
6. 1953 24500 509,97 378,53 310,57 5,00 1529.07
(1am) (38.58) (24.76) (20.31)  (9.33)
7. 1954 108,13 185,33 264,57 232,17 104 50 800.70
(13.50) (23.15) (33.04) (29.00) (1.31)
8. 1955 44,43 247,47 156,83 116,33 82,43 659, 49
(6.74) (37.52) (25.60) (17.64) (12.5)
9. 1956 - 219Y.97 275,83 363,97 371,37 106. 67 1337. 01
(16.44) (20.62) (27,24) (27.76) ° (7.97)
10. 1957 §5.70 518,43 215.33  1u47.10 1.10 977. 66
(58.7)  (583.03) (22.03) (15.14)  (do11)
11. 1958 67.87 457,67 209,20 23570 141,63 117 2,07
(5.8)  (3v.05) (22.97) (20.11) (12.08)
12. 1959 71.50 295,67 309.17  1Y7,.6% 134, 60 1012. 57
(7.06) (2v,20) (30.53) (19.52) (13.09)
13. 1960 70,33 314,90 306,57 195, 57 42,73 1014+ 10
. (6.54) (31.03) (38,12) (19.68)  (4.21)
14, 1961 321,80 259,33 411.33  263.93 95,87 1352, 26
(23.80) (19.10) (30.42) (19.52) (7.09)
15, 18627 123,67 205,20 301.10 250,33 35, 37 Y95, 67
(12.42) (28.64) (30,24) (25.14) (3.55)°
16, 1963 8..93 286,63 292,00  119.50 47 .80 834, 86
(10.65) (34.33) (34.98) (14.31) (5.,73)
17, 1964 233,10 383,25 230.15  146.0 57,85 1009.75
(21.39) (35.17) (21.12) (17.68)  (5.31)



- 155 -

1 2 3 5 6 7 8
18, 1965 43,43 436,93  202.70 288, 60 31.20 1002, 86
(4,38) (43.57) (20.21) (28,78)  (3.11)
19. 1966, 176.57 36,30 206,70 41.20 0.0 460477
(38.32) (7.88) (44.86) (8.54) (0e1)
20, 1967 79.57 316.13 529,83 247,33 7.80 1160. 66
(6.74) (26.76) (44,88) (20.95)  (0.66)

21, 1968 98,80 213,80 312,23 115.93 35,70 776,46

: (12,72)  (27.54) (40.21) (14.93) (4,60 :
(10.20)  (39.77) (27.38) (21.71)  (0.94)

23, 1970 119.45 335,35  284,B0 382, 50 88.10

24, 1971 437.23 437,07 497,23 155,97 37.93 1565,43
(27.93) ((27.92) (31.76) (9.96) (2.42)

25, 1972 35.87 275,62 364, 20 61.70 110. 47 849, 86
(3.95)  (32,43)  (43,32) (7.26) (13.00)

26, 1973 128,90 104,33 335,73 225,03 83,93 877.92
(14.63) (11.88)  (38.24) ((25.63)  (Y.56)

2. 1974 63.47 445,13 264, 27 116,33 75,37 424,97
(G.88) (43.81)  (2u.8u) (12.52) (8.11)

28, 1975 81.20 993,73 206,23 Y, 50 55, 17 1034, 83
(7.85) (57,37) (19.93) (9.52) (5.33)

29, 1976 189,57  320.73 284,93 129, 67 0.0 504,90
(18.74) (35.44) (31.45) (14.33) (0.0)

30. 1977 206,43 584,13 242,47 234, 53 30490 1303, 46
(15.84) (45.20) (10.060) (17.59) (2,37)

31, 1978 297,70  213.17 329.33 444,87 55,97 1341,04
(22.20) (15.90)  (24.56) (33,17) (4.17)

32, 1979 113.77 251,07 143,40 34,67 13. 80 656,71
(17.32)  (38,23)  (21.084) (20.5%) (2.10)

33, 1980 212.17  275.97 210.27 119,43 53, 83 871, 67
(24,24) (31.00)  (24.12) (13.70) (6.18)




\5€
Annexure .- VIII

Computation of DD,, DD, WD, and ED

780,50

AT RN
S.N., Year DD, tLug o vImy g 5D
~ (mm) (mm)  (mm) i (m%g *.(6)
(L) (2) (3 (4) (5) . (6)
1. 1948 681,63 163,68 331,86  1.15 380,74 .
2. 1949 772,69 196,64 305,77 1,10 337,41
. 1950 829,97 183,18 271,40 1,05 283,88
. 1951 797.26 203,93 323,88 1,08 351,33
. 19s2 752,36 185,34 363,18 1,11 402,46
1953 850,20 . 91,09  50.25 0,76  28.33
. l9ma 899,54 300,88 425,84 1,43 608.91
. 1955 834,71 423,72 681,92 1.58 1075,93
. 1956 677.53  53.5L 98,96 0.83 81,78
10, 1957 918,79 272,86 292.03 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 902,14 143,80  84.69 1.13  96.00
14, 1961 665.45 85,86 151,44 C,81 122,00
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 788,65 141,37 230,19 1,05 242,11
18, 1965 994:67 157.56 273.58 1.10  302.09
19. 1966 901,24 646,02 1243.,95 2,36 294124
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  325.75 1.23 - 401,03
28, 1975 822,12 286,62 461,13 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
3L, 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 256.63 505,11 649 .30
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Annexure

Computation of ED, for Different Years

IX

Y. | "}%

3: ear t;(%?%)i R. H%(mm

(mm ) (2) x (3)
(1) (2) (3) (4)
1, 1948 . 251,06 - 1,50 376 .59
2. 1949 202,88 . 1,10 223,17
3. 1950 215.3€ 1.05 226,13
4, 1951 286,21 1.08 306,11
5, 1952 335.18 i.11 372.05
6. 1953 31.18 0,76 23,70
7. 1954 312,71 1.43 447,18

8. 1955 381.24 1,58 602 ,36 .
9. 1956 96 .46 0.83 aA0:,06
10, 1957 202,80 1,13 229,16
11, 1958 84 ,20 0,96 80 .83
12, 1959 59,66 1,09 65,03
13, 1960 41,56 1,13 46,90
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 1759 57
20, 1967 48 .58 0.95 46,45
21, 198" 291 .16 1,35 393,07
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 236,26 0,78 184 28
32, 1979 408 ,43 1.53 645,32
33, 1980 282 .30 1.29 364,17
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Annexure - X

Computation of CP, with the help of Parameter

ED and ED
e
8. Year ED CPe from EDe CPe from
No o lom) Eab.8) ) (wm)  Fanu(5.8)
1) (2) (3) - (4) (5).

1, 1948 380,74 132,48 376,59 111,00
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 8L.78 208,12 80.06 198,00
10, 1957 330,07 139.63 229,16 136,00
11, 1958 120,48 1%0.13  80.83 198 .00
12, 1959 93,51 202,05  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 302,09 144,10 249 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 616,79 108,17 393.07 109,00
22, 1969 155,86 177.54 80,40 180,00
23, 1970 47,19 230,96 33,13 259,00
24, 1971 89,79 203,91 63.43 212,00
25. 1972 614,45 102.3¢ 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  319.59 119 00
29, 1976 594,72 110,91 ° 449,00 103,00
30, 1977 137,94 183.56  111.63 177.00
31. 1978 185,59 168,80 184 .28 148.00
32, 1979 107412  84.94 645,32 88,00
33, 1980 649,30 106.79 364,17 113,00
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