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SXNOERIZ

Goal programming, which is a spscial extension of
Linear programming, is cspadle of sdlving decision pradlems
with single o mul tiple goals (might be conflicting goals).

In goal programming we establ ish a hierarchy of pricrities
anong the conflicting goals so that lower order goals are

cons {dered only after the higher order goals are satisfied |

or have reached a point deyond which no further improvenents
angp‘ouibln. Gosl programming iz having wide ranging
lppﬁcat‘iaim in Energy/vwater resources, diet planning, Hospital
adninistration, Manpur planning, corop planning etc. etes

In the br‘ellent study, goal programming is used ¢to
find cut a policy for the optimal use of land and water
resources resulting in maximizing net profit satisfying
production regquirament of the projected population for the
year 1988 in the study sreas The planning is done to meet
the food and nutritional requirement of the local population.
The optimal allocation of land and water for the sixteen
najor crops have been determineds The émtratnu include
water and land, amnount of cereals and pulses, minimm and
maximun ares under each cr0p etee

Resul t8 have baen interpreted, suitsble conclusions
have also been drawn and some suggestions for further work
have also been gilven.
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INTRODUCT ION

l¢1 General:

The modern agricul tural praét:lcea involves the use
of costly imputs, like irrigation, fertilizers, sceds,
pesticides, labour etc. Water is a very scarce and pre-
clous resource so its use should dbe optimizeds Along with
water, the use of other imputs should be optimal for better
returns to thé farmerss To achieve all this crop planning
1s a musts The optimal coropping pattern will increase agri-
cul tural production, profits, employment atc. with bare
minimum inputs which will go @ long way to bring prosperity

to a command area or to & nation in a broader sense.

In the cropping pattern, the choice and combination
of crops grown by individmi farmer depends on scil, climate,
irrigation facilities available, farmer's requirements of
food and fodder, market facilities and prevailing prices etc.
Avialebility of labour and capital also influence the cropp-
ing pattern. From national point of view, the optimum
cropping pattern is one that gives the maximum profits subJect
to local conditions and fullfil the following consideration -

- Optimal use of available resources
«~ Increase in employment opportunities

- Attainment of the national odjectives of
self sufficiency in food grains.



In India only about one fourth of the cultivated
land is irrigated and agricul ture on the remaining land
is rain fed. A8 in the irrigated area we have more flexi.
bility in deciding the crops to be grown so efforts have
to de made to obtain maximum yleld from the irrigated area
by Judicious use of waters The survey of &ll1 water resour-
ces of India indicate that even after fullest exploitation
of all surface and water reSources, it would not be possible
to irrigate more than half the cultivated area. Therefore,
utmost need is to use the available irrigation water in
such a way, that maximum production per unit of water is
obtained by proper selection of crops and allocation of
water.

For the officient management of water reaot,irces_,
proper policies for optimal use of land and water resources
in the catchment area are needed. According to the state-
ment of Irrigation Commission (197%. the objectives of
managing the majority of our public owned irrigation schemes
cen be stated as ' Derivation of maximum agricul tural pro.
duction per unit of water supplied by the system and spread.
ing the irrigation 'tacuities to a8 large section of cul ti.
vators as possible in the command area*. To assess the
real situation in any irrigation project, it is essential
to study selected arcas and meke systematic assessment of
their water use both from technological and economic point



of view. The present study 18 an attempt in this direc-
tion.

142 Objectives of the study

The primary objective of the study is to allocate
optimally the land and water resources optimally, using
goal programming technique.

More specifically the objectives of the study are

1)  To study the existing cropping pattern, agricultural
practices, crop and water utilization pattern and
‘water management practices for developing a goal pro-
gramming model.

2) To formulate a goal programming model for optimal

allocation of land and water to different crops for
maximization of net profits and employment genera-
tion.

3 To dotermine trade off batween different objoctives
by chang ing the Goal priorities.

4) To propose a plan for optimal utilization of land
and water under prevailing socio.gconomic constraints.

1.3 Methodology

Salawa command area is near Daurala in Meerut
district of UsPe Water Rescurces Development and Training

Centre (WRDTC) of Roorkee have done extensive surveys for



this area to estimate surface water availebility, ground
water availability,existing cropping pattern, evapotrans.
piration, socio economic conditions ete. To develop the
nodel the required data wes collected from the various
technical repoarts of WRDIC specially devoted to this area.
The references of these reports are mentioned in the
chapter * The References’.

For the cptimul allocation of land and water to
different arops goal programming technique has been used.
For crop plamning both Rabi and Kherif crops are comsidered.

~ 1s4 Limitations of the study

The basic assumptions of the study are conservative.
No radical charges in the land tanmure or water distridbution
efficliency are assumed.

The land allocations are ascertained for sixteen
crops of two cropping sessons only [namely Rabi and Kharif].
The vegitadle crops are not considered. Again third

cropping session of Jaid is not considered due to lack of
data.

The study assumes that water i3 supplied to saturs.
tion depth for each crops The alternstive possibility of
using deficient water for some crops and putting the result.
ing saving in water to better econamt-
cons idered.



The study also assumogs that the application and
availability of nitrogen and ladbour are at optimum level
whenever 1t 15 required.

1.5 Conposition of theais

In chapter two 'Revicew of the Literature' of some of
the important technicues for optimal allocation of land
and water to various crops are mentioned driefly. Again
some of the important optimization technique applications
in thga area are also mentioned in this chapter.

. In_chapter three system state model is described
in detail.

A brief discussion on goel progremming and model
formulation for the current work has been undertsken in
chap ter four.

The results are suitably interpreted in chapter
fives The last chapter brings out the conclusions arrived
at and possible avemes for fur ther inves tigation have
also been indicated.



CHAPTER 2

REVIEW OF THE LITERATURE

Many modelsa for optimal use of land and waéaﬁo
for crop planning have been developed in the pest with
varying objectives in mind.

The aim of the present study is to use and apply
multiodjective technigues for crop planning for Salawa
Conmand area in Meerut district. Irrigation planning s
an essential component of water management in '.trrigatld
agricultures At the start of each irrigation session,
one must dwelape irrigation programmes for a combination
of crops which will maximize the acoromic returns 'alo:g-
with efficient water use in limited land to achieve the
gelf sufficlency 4n food production in mutritional regquire-

ments.

Optimal use of land and vater are essential for
optimal crop planning, giving maximum return under given
limitatiorns. The literature survery has been carried
out to foeus attention 61; the optimal allocation of land
and water resources to various ecrops.

2.1 Optimal allocation of land and water to various crops

The age old cropping pattern, which have been sus.
tained by various situation of rainfall and soil typ.i has



undergone change because of the introduction of high
yielding verities of seeds and improved irrigation facf.
lities. The optimization techniques generally used for
optimal allocation of land to various crops are (1) benifit
cost approach (II) functional approach (III) progrs.
nming eporoashs Dorfman {196%) considered these appfo:ohes
&3 complementary to each other and not outually exblusive.
However, the beniflt cost approach serves only as a
soreening device for identifying the potential al ternatives
for a desired plan. The other analytical approaches help
to further delimit the arcos. -

The benifit cost approach has baen used to test
the economic feasibility of watershed project and to sllocate

Scarce resources among different alternatives. But often

they are l1imited to @ very few al ternatives due tc time and
funds constraints. It becomes @ tedious job to select the
best al ternative with the help of dbenifit cost approach if
mmber of el ternatives are larges In case of mul tipurpose
project, the computation of denifit cost ratio becomes

“extrenly complex due to inter.relations and feedback detween

different alternatives. The benifit cost ratiocmn be used
88 @ screnning device which is very helpful companion ¢to
linear programming for finding out the potential al ternatives.
The inadequacy of benifit cost approach has been pointed

out by Tolly and Riggs (1961), Mass (1962), Hall and Dracup
(1970) ate.



The functional anslysis approach aims to solve a
set of mathasatical equations generally related to obtaine
ing benifit as a function of ammount and timing of water
use in presence of verious technical and other inmputs in
the production processes. The main daifficulty in this
approach is the need to have knowledge of numerous produce
- tion functions for each of many varieties of crOpa,‘ seasors,
regions and resources. However the inequality of resource
réstri»ctiom can not be handled by conventional formula.
tions of this approachs All the available resources must
be consumed fully. For these restrictions Hall and
Dracup (1970) found this appreach unsuitable as the principal
approach to choose the best alternative.

Tuttan (1964) and Headly (1965) for- casted water
use with the help of anglysis approach and used marginal
values productivity models to estimate demand for irrigated
land. Yaron (1967) comdbined production function analysis
approach with the linear programming model to estimate water
demand of crops. Thus the functional enalysis approach has
a limited but quite significant role in water resources
system analysis estimating product response to & rumber of
inputs.

Programming is one of the most widely used techniques
of managenent sciences This approach consists of solving
a mathematicsl programoing model using digital cqmputér
by comsidering large nusber of alternatives to get an



optimal solution. Programming formulations have the
distinct adventage of solving optimization problems of
complex nature precisely and quicklys The programming
approach can be classified as linear programming and Non-
linear _pragramm.tng model s,

Linear programming is a mathematical method of
allocating scarce resources to achieve an objective with
in the bdounds of environmental constraints. Linear pro-

- gramming involves formulation and solutions of & certain
type of managerial problem by optimizing a linear objective
function subjeot to linear constraints.

The development of methamatical models to generate
irrigation programmes has received the attention of many
1nve§ugatovs. Moore (1961) identified the optimal alloca-
tion of irrigation water for econamic productivity, s.im':vt'~
then many mathematical models ha;ae been developed for the
purpose of irrigation programmes, for example Jenson (1970)
Stewart and Hagan (1973), Stewart (1970).

Case studies of linear programming in Indian sub.
continent have been carried au»t by ﬁogm and Smith (1970),
Hiremath (1973), Singh (1974), Majs (197%), Duggal (1979%),
Lakhaninarayena (1977), Ranvir Singh (1981) etc.

The linear progranaing models are also formulated
to select some future course of action, some investigators
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tried to use the predicted value likely to be experienced
in the future. This led to the formulation of stochastie
1inear programming model&é. The objective of a stochastic

linear programming approach is to check the implications
of the deciqion raole in the future.

Nonl inear programming problem differ from linear

programning model in that the objective function and/er one

oz; more constraint equation involved in nonl inear terms.
General solution proéeduus for this catagory does not exists,
however special purpose solution techniques are available
that are applicable to limited subjects of general prasmmé.
Amongest non.l inear progm'mming model dymmc. programning
have been extensivaly used for exemple Bwet (1964), Hall

and Butcher (1968) etc. '

Goal programming is another approach of allocating
scare resources. Goal programming is g modification and
extension of linear programning which can be used for the
solution of problems with multiple objectivess A recent
trend in system analysis has been the consideration of
problems which have more than one objective function. This
18 specially important in the study of large scale systems,
where there tend to be several conflicting and NoNe
commensurable obJjectives that the system modeller can
fdentify. For example, in water resources p:n.mmg. one
wants to maximize both econonic efficiency, which is
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measured in economic terms, and envirommental quality,
which 18 measured in units of pollutant concentration.
Traditionally only one objective was comsidered, with the
other objectives being included a5 constraints, or some.
how made commensurate with the primary objective. However
society 18 placing an Mm'gwing importance on none
plcuniary objectives which are aifficult to quantify
monitarily. Multiple analysis has dbeen applied to a wide
variety of problems including transportation, project
salection for rescarch activities, economioc produbtion,
the quality of life, managing an academic deparhnmf,
agricultural activities and many others.

The methodologies used for the solution of problems
with mul tiple objjectives are utility function, in difference
function, parametric approach, € ‘constraint approach, goal
programming, goal attaimeni; method, adaptive search approach
etc

For solvlﬁg decision problems involving multiple
conflicting objectives using 1inear programming techniques,
require to be introduced other objectives (other than the
objective function) as model constraintss The Linear pro-
gramming model, however reguires that the optimum solution
must satisfy all constraint.

Furthermore, it i8 to he assumed that all the coms-
traints have equal Mportahce in solving the problems. However
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in reality, such sssumptions are absurd. pfirat of all
it s possible' that all c.bmtraint of the problem can
not be satisfied. Such a prodlem 1is called infeantbia
Next all the constraints does not have equal importance.
Goal programming hes been developed to solvd decia:lon
problaems which involves mul tiple conflicting obdect@v‘
and taking into account above saild comsiderations.

The concept of goal programming was fimt intro.
duced by A. Charmes and WeWe Copper a5 a tool to resolve
infeasible linear programming problems. This technique
has been further refinsd by Y. Izrd, SeM. Lee and others.
Goal programming which 18 & special extension of linear
pmgraming, is capable of solving decision prodblems
. with & single goal or multiple goalss gA«Ms nderson and
MeDe Earle applied goal progracming techniquve to select
diets to meet specific nuitritionsl requirements. Nadt.
ritioral balance is difficult to achieve in diets selected
by linear progranming owing to the complex intererelation.
ships of the constraints. Goal programming achiaves the
mitritional balance of the seleoted mix food through
replacement of cost ninimization in the objective function
by total deviation of ruitriants from pre-specified levels
required for optimum balances Cost can be accounted for
in this approach dy obtoin!.hg solutiors at gdifferent cost
levels and hence defining a cost mutritional balance
rolationship.
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In Indla not much work has been done on goal
programning techniques. However, B. Soni (198%) in his
work 'Goal programming approach for water resources
mansgement! formulated a goal programaing model with the
objectives to maximize (1) the net return (2) agri.
cultural production (3) nutritional value of the
produst expressed in terms of Calorie and Protein. Again
AvKe Changkakoti (1983%) 4n his work ‘*Multiodjactive
crop planning for Garufella waterohed (Assam) have

used goal progranming techn&que to optimize cropping
| pattern of Garufella water shed areas



CHAPTER 3

THE SYSTEM STATE MODEL

31 Description of the study area

(I) Physical feature of the study area -

The left Salawa distributory is one of the major
distributories of Upper Ganga Canal, irrigating area in
Meerut distriet of UP. This distridutory takes off
from Upper Ganga Canal at 107.20 Km near village Salawa
in Sardhana Tehsil of Meerut districts Total culturable
command area of the Left Salawa systen 12 162590 hectare.

The command area l1ies botween longitude east
77°31% to 77%45' and lattitude north 28958 to 20%1%¢ as
shown in the figure 3«1. This area forms the part of
the Indo.Cangetic alluvial plains. The alluviam consists
of sand, silt, Kanker and clays The deposites of sand
layers are the main source of : ground water.

There are tiree subdistributories which emerge
from the Salawa distritutory viz., Dabathua Distributory,
Lower Daurala distributory and Meerut distributorys. The
total length of the left Salawa distridutory is 33 Kms
and 118 discharging cspacity at the head 18 6.30 cumecs
or 223 cusecs.



The canal water supply is not sufficient to
irrigate the area and the additional water s being uti.
lized from ground water rescurces, through state tube-
wells; private tubewells and othar ninor irrigation works.

(II) Climate and rainfall

The area experiences moderate type of subtropical
and monsoon climates The temperature rises upto 40°C in
the summer and goes down to 2°C fn the winters Monsoon
generally setas towards the end of June and lasts till the
end of september. Most of the precipitation occurs during
the month of July August and Se¢ptember, the winter rains
are scaontys

The anmal rainfall 6f the Meerut and Sardhana
obseréatary are about 810.9 mm and 731.0 mm respectively.
' The monthly rainfall observed at the above-mentioned
observatories are given in table 3.1.

In this areca, two maln irrigation Scasons are there,
namely

1) Kharif Sesson « starts in the month of April
and lasting till September »

2) Rabi Season . starts in the month of October
and lasting t111 March.

The main rabl crops are wheat, gram, mustard, potato,
berscen etc. The main Kharif crops are sugar. cane, rice,
’pulnea. Jowar, Bajra etc. Although sugar cane is called a
Kharif crop, but it lasts for ten months and actually overlaps



with radi and kharif crop seasons.

( III) Tramsport and communisation

The command area of the Salawa distributory is well
linked with the network of roads. The area is also well

16

linked with riail lines, which provides additional source of

transport. The Del hi.Hardwar metalled road facilitates
oriay movenent of the people of this area and the hesd of
Salawa distributory is 8 Kms from this highway. As such

the area is having good metalled link roads also and people

of this areca have an adequate transport facility. Besides
these facilitios, postal services, transistor, telephones
and telavisions pravides modarn means of conmunications

(IV) HMiscellaneous

According to the agricul tural statistics of U.;Pg
197879, the total geographical area of Meerut' district is
393, 453 hectares and cultivated area is 313, 817 hectares
i.es adout 75.8 percent of total areas According to the
cersus 1981, the density of the population is about 719
persons per square kilometer and growth of population is
2+ 5 percent amially. The agricul ture occuples the most
vital place in the Meerut district econony.

The development of agricul ture in the area has been
carried out for the last few decades. The water, one of
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the important inputs has been employed by conjunctive use

of surface and ground waters The other inputs which also
plays an important role sﬁch 3 doeds, fertilizers and
pasticides are supplies through co-operative societies, agro.
services centres, private déalars. departnent of agricul ture
atcs Credit, speclally for small and marginal farmers becomes
vary important and 4s made available through co-cpemtive
soclieties and hationelized commertial banks,

To avold spolage and wastage of mge quantity of
good grains due to increased marketeble surplus, storage
problem {8 most importante For this purpese, state govermment
have supplied, the fabricates bims bn subsidized rates under
the 'Sane food grain scheme's

However, the improvenent of all these sectors are
8till needed, the increasing population and resulting in.
eregsed food requirenent reveals that more effective utilize-
tion of resources, capitel and services dbecomes a must, for
néu and future.

3«2 Existing oropping pattern and Net returns

The existing acropping pattern of Salawa command area
is given in table 3-2. It 1s clear from the table that the
cash crops Of the erea are sugar cane and wheat. The other
- gavoured crops are rice, maize and Berseems The cropping
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intensity comes out to be 74.93 percent.

Thia area 1s water scarce area« The crops like
Jowar, bajra, arhar, urd, moong, ground mut and gram are
little irrigated or not irrigated crops. Again for other
crops also water iIs applied at wrong times and sometimes
inadequataly. The other inputs are also applied inade~
quately. The consequence of above practices are low
produoctivity.

The net rémm assoclated with its ylold at
prasent, is shown in table 3s2.

Considering the net returns prosented in table 3.2y
the total snmial net returns, for the exciting pattern is
RS« 1480 crores.

3.3 Crop water requirement

()  General

The assessment of water requirement for various
erops is an important factor in cholce of crops and it is
one Of the basic necessity for crop plsmning on a farm
and for the planning of any irrigatios project.

The water requirement is the (MAntity of water
necessary in building plant tissue Arifg the normal growth
Qf the plant under the prevailing /A€ A& conditions. This
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intensity comes out to be 74.93 percent.

This area is water scarce area. The crops like

- Jowar, bajra, arhar, urd, moong, ground mut and gram are
little irrigated or not irrigated orops. Again for other
crops also water is applied at wrong times and sometimes
inadequately. The other imputs are also applied inade-
quately. The consequence of above practices are  low
productivity.

The net returns assoclated with its yleld at
pfaserx’c. is shown in table 3.2.

Considering the net returns presented in table 3.2,
the total anmial net returns, for the exclting pattern is
RS. 1,80 croress |

3+3 Crop water raqu.iremem

(D)  Gengral

The assessment of water requirement for various
crops is an important factor in choice of crops and it is
one of the basic nacessity for crop plamning on a farm
and for the planning of any irrigation project.

The water requirement is the quantity of water
nacessary in building plant tissue during the normal growth
of the plant under .the prevailing field conditioms. This
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quantity of the water I8 mainiy to meet the needs of
evapotraspiration (ET) and 1t's metabolic ectivities.

As the quantity of water required for metadbolic acti.
vitie® of the plant is negligible whan compared to
evapotranspiration (ET), then the quantity of water
required for avapotramspiration - is praotically treated
as consumptive use {(U)¢ Generally evapotranspiration
is expressed in depth in om or meter. The water require.
ment (WR) can be written as

WR = ET or CU + Loséas during the application
| of water + water neoded for spacial opere.
tions like land preparation, transplanting
ates ' '
--Tha orop Qttw requirenent calculation is made in
the following way |

(1) BEstimation of reference crop evapotranspiration{ETo)

The world bank have suggested that Perman equation
should bg used to caloulata evapotrarspiration in Indian

subecontinent.

In 1948 Perman { 16 ) has derived an equation of
a short, well watered crop (gmeraily assumed t0o be grass)
based on the combination of energy btalance at the crop
surface and the heat mass transfer due to air movement.
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This method requires dats describing solar radiation,
temperature, wind speed and relative humadity. Adopting
these data from New Delhi (which is very near to Salawa
command area), the average daily and monthly evapotrang..
piration is estimated and given in table 3.3,

( I11) Crop co-ax‘ficient (Ku) and evapotranspiration
of a specific crop (m

crop’

- Crop co-efficient 18 the ratio of evapoiranspiration
occuring with spescific crop to reference orop evapotrans.
piration 4

L I '

E Terop .
ET,

Ku -
The value of Kg varies with the crop, 1ts stage or

growth and the prevailing weather conditions, The values

0f Kg for different crops at different stage of development

are mentioned in FAO Irrigation and Drinage paper No«24.

The values of crop co-efficient are given in table 3.4,

knowing the crop co-efficient K., the ovapotranspiration of

a speciﬁc. crop (BTerop) c8n be calculated as

erop

(IV) Effective Rainfall (R)

From the point of view of the water requirement of
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the crops, the FAO of the United nations has defined

the effective rainfall as part of the total anmal or
seasonal rainfall which 18 used directly or indirectly
for crop production at the site where it falls, but with.
out pumping.

Not all the rainfall is effective and part of it
may be lost by surface runoff, deep percolation or eve-
poration. Only a porflan of h_éavy and high intensity rains
~can enter and be stored in the root zone and effectivness
is comsequently 1 ow. Frequent light rains intercepted by
plant foliage with full ground cover are close o 100
precent effective. With a dry surface and 1ittle or
no vegetation cover rainfall upto 8 mm/day may be 108% by
evaporation, rain of 2% mm/day to 50 mm/day may be only
60 percent effective with a low percentage of vegitation

cOVer's

The effactive rainfall 1s cal aulated dy the exapo-
transpiration/precipitation ratio method, table 34 of
FAO Irrigation and Drinage paper No»24s Both Table 34 of
FAO., Irrigation and Drinage paper No«24 and effective
monthly rainfall is given in Appendix l.The mean 'monthly
rainfall §s calculated from the average of Sardhana and
Meerut monthly rainfall and is given in table Sele

(v) Ppergolation losses (P)

It is the downward movement of water through saturs-
ted or nearly saturated soil in response to the force of



gravitye Percolation 108568 occur, in the standing
water or when water is under pressure. The percolation
loss in thie area 18 about 641 mm/day.

Percolation losses take place in ﬁh§ cvaae of
rice onlyg because this is the only crop which needs
standing water among the Sixteen main crops being culti.
vated in this area.

(V) Net Irrigastion Requirement (NIR)

The net Irrigétim requirement is the depth of
Irrigation water exclusive of precipitation, carry over
soil moiture or ground water contribution or other gains
of soil moiturs that is required consumptively for crop
productions '

Taking into account percolation losses (P) a_lad;
the net irrigation requirement work out to be

NIR = mcrapﬂi-l’wn

Aand NIR = 0O Ie R>m'mp+9

It peans no irrigation 18 required if the effec-
tive rainfall is more than the evapotranspiration and
percolation losses for any crop in any period. This is
quite obvious. |
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The designed capacity of the left Salawa distritutory
System 18 643 cumecs or 223 cusecss At the full flow,
the monthly water made available by the distridutory for
irrigetion comes out to be 1690,0 ha.ms AS the flow

of river Ganga 18 not constunt and varies from season

to season and hence the flow of the dis tributory also
varies. Based on 75x dependability, the water flow in
the distributory ror different months is eetimtéd. The
vater flow in the distributory in cusecs and water
supplied by the distributory in one month in Ha.m i1s
tabulated in table 3.6.

(1I) Gﬁou;g Water

Fbr Salawa command area, Anmial total recharge
( 15 ) to the ground water is 2466.7 hawm. So the
quantity of ground water which can be pumped and used for
irrigation anmually is 246647 hawn.

35 Crop Calander

This calander specifies the dates of planting
through it's harvesting for sll the sixteen cropse In

| fact this calander indicates the land occupancy for

diffarent crops. The crop calander is devsloped for the

sixteen crops cultivated in this cormand ares, the name

of tho crops are sugarcane, rice, maize, Jowar, bajra,

arhar, urd, moong, ground mut, wheat, mustard, bersees,



(VII) Field irrigation requirenent ( FIR)
and gross irrigetion requirenent{GIR)

The field irrigation requirement and the gross
irrigation requirement are caloulated by dividing the
net Arrigotion reguirement by field efficlency and the
fiald irrigation requirement by conveyance efficiency
respectively: The above statement can be written ss

NIR
FIR = : .
Fleld efficiency
FIR
GIR s

comeyance efﬂ&éh@
The field efficlency 1s teken a8 0.6 and convey-
ance efficiency as 0s7.

By the abovementioned procedure, monthly gross
irrigation requirement for different crops are celculated
and 18 presented in table 25

3.4 Assessment of availability of irrigation water

(I) surface water

The area is served by a network of subcansl dis.
tritutories namely left Salawa, Meerut, lower Daurala and
Dabatima, which as a whol¢ forms 'Left Salawa Distribu.
tory' systeme This canal system is a part of Upper Ganga
Canal System, which gets water from x*ivei' sanéa. The
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barley, gram, peas and potatdo. This calander 18 developed
according to the existing prectices. The lant use co-
efficients in the calander are mentioned monthwise. A
land use co-efficient of 1+0 against a crop in month
indicates that this c¢rop cccupies the field in this month
i 1t 15 growns The crop calander is given in table 3.7.

3.6 Returns per hectare

The net returns for different crops are calculated
on per hectare basis as hectare is taken the unit of crop
“activity here in this study« The net returns for a crop
per hectare is defined as the difference of total incomes
{By the sale of products and by-products) and production
cost for one ha. The production cost includes the cost
of material, labour, draft animals and machinery services
it sny. In this enalysis it is assumed that standard doses
of irrigation, feortilizers, pesticides, labour etc. are
given to the crops and hence yield per ha. will bde standard.
Based on above assumptioms net returns per hectare is
estimated. The yleld / ha and net returns/ha is given in
the table 3.8+

L W

, e i o
rontra) Liprary LIS
o " . ‘ W

3.7 Employment generation per hectare

The number of mandays required &8 input by a cropp-
ing activity in one haectare is estinmated here. For a
particular crop human labour is required for operatioms
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like 2and pr-éparations, souing, momaring, intercul ture,
irrigation, weeding, harvesting, theshing etc¢ The
labour required for above mentioned operations for a

crop 1o estimated in mandays for one hectare of cropping
activity. To maxlkta the labour imput for a crop 'for
one heactare, the labour requirement for abovemgntioned
 operations are addeds This calculation have been dons for
all the sixteen crops, and given in the tadble 3.9.
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TABLE 3.2
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The existing cropping pattern, yield/ha and net returns/ha.

Net

Cropping intensity = 74¢9 %

Sl. Name of Area under Yield/ha Total
No. the crop. the crop. returns/ha net
returns
( ha) Qtls. (Rs) (Rs)
1. Sugar Cane 3417.0 450 0 2637.0 901.0629.0
24 Rice 1217.0 10.7 68%. 0 833945, 0
3s Mize 1173+ 0 6 6 4350 M 025% 0
4«  Jowar 4694 0 1500 - 5584 O 261702+ 0
5 . BaJjra 2110 12%.0 - 57% 0 12132%. 0
6e Arhar 33.0 820 1072. 0 35376. 0
T Urd 225. 0 6,0 12%3:, 0 28192%: 0
8. Moong 302. 0 6+ 0 45% 0 1371410.0
9e Ground mut 11.0 100 67%. 0 T42%. 0
10. Wheat 31920 23.0 14750 470820040
1l. Mustard 16.0 9«0 %88, 0 9408490
12. Berseem 138.0 1400 1075. 0 14168500
13. Barl ey 66,0 18.0 750, 0 49500. O
1 4. Gram 297.0 8 5 400. O 118800. 0
15. Peas 243.0 8.0 1025.0 284200. 0
16, Potato 183.0 150, 0 1400. 0 256200+ 0
Grend Total 12378.0 18012850, 0

R8s 148 ecrore



Reference Evapotranspiration (ET0) in Salawa Command Area

Table 3¢3

30

g+ No Month 51, (m)
Dally Monthly
1. JAN 2.7 81. 0
2. FEB 45 1350
3 MAR 64 0 180.0
4 APR 746 228, 0
B MAY 844 252. 0
6o JUN 8.1 243.0
7, SLY 6.5 195, 0
8. ASG B0 5 165 0
9. SEP He & 168.0
10. 0CT 50 3 159: 0
114 NOV 3.8 114:0
12. DEC 247 81: 0
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Table 3.6

Monthly surface Water Avialabiiiiy
(75 deperdabl e)

SeNo Month Designed canal Canal flow Monthly avialabl
capacity cusecs causecs surface water
Ha « m
1. JAN 223, 0 114.6 86846
2. FEB 223.0 99.8 683:8
3 MAR 223.0 1048 188 3 |
4e APR 223.0 148.5 108943 1
5 MAY 2234 0 1952 1479.6 |
6o JUN 2230 1952 1479.6
7. JuY 223.0 195.2 1479.6
84 WG 223.0 195.2 1479.6
9 SEPT 22340 195:2 147946
10, 0CT 223.0 193.1 1463.7
11, NOV 22340 1558 1142.8

126 DEC | 223, 0 126 0 985,1
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Table 3.8

Net Returns and Yield per hectare

35

Yield/ha

Se Noe. Name of the ‘Net returns/ha
cr'op (atis . [Rupees]
1. Sugar Cane 500. 0 3238
2. Rice 30.0 1087
3. Malze 30.0 850
4 Jowar Fodder crop (250) 881
Be Bajra - Fodder crop (200) 890
6s Arhar 10.0 1340
T Urd 10.0 1607
8. Moong 9.0 632
9. Ground mut 12. o T70
10. Wheat 35.0 1670
11. Mustard 10.0 1009
12. Berseem Fodder orop (270) 1642
13. Barley 20 vo 823
14, Gram 20.0 779
15 Peas 20,0 2291
16. pPotato 3000 2%00
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Table 3.9

Euployment generated per hectare by véx"ioua
cropping activities

(Mandays)

S+ Nos Name of the erop | mplme?;agegega?ed/l
1. Sugar cane 330
2. Rice - 76
3¢ Maize 12.0
40 Jowar 140
B Bajra : 120
6. Arhar ' 110
7. Urd - 92
8+ Moong | 92
9 Ground mit | 12¢

10 Vheat , 76

11.  Mustard 10%

12, | Berseen | 62

13. Barley 13%

14 Gram | 115

15, Pras 110

164  Potato 205



CHAPTER 4

| GOAL PROGRAMMING MODEL FORMULATION
4¢1 Goal Programming

A recent trend in system analysis has been the
consideration of problms which have more than one objective
function. This is especially important in the study of
large scale systems, where there tend to be several conflio-
ting eand noncommensurable cbjectives, that the system
moduller can identify. Multiobjective analysis technique
has been spplied to such problems, Goal programming is &
mal ticbjective analysis technigue. o

If 1t is decided to use 1inear programm’ineéi to salve
decision problems with multiple objectives, it 15 required
to introduce other objectives (other than the objective
function) a8 model constraints. The linear programming,
however, requires that the optimum solution must satisty
all the constraints. Further more it is assumed that all
constraints have equal importance in sdlving the problems.
However, in reality such assumptions are not always val id.
It is quite possidle that all comstraints of the problem
can not be satisfied. Such a problem 18 called infeasible.
But the very important management problem which can not be
salved by linear programming technique can not be abandomed.
Ths goal programming technigue has been developed to sdlve
decision problems that involve multiple conflicting objeo-
tives and infeasible problems can also be optimised in the
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bes ¢ possible way by this technique.

The concept of goal programzing was first introduced
by A. Charnes and WeWs Copper (1961) a8 a tool to resolve
infeasible linear programming probless. This technique has
been further refined by Ya Izirt (1965}, S«Ms Lee (1972)
and others. Goal progranning which i5 a speeial extensibn
0f linear programming, is capable of solving deecision pro-
blems with a single goal bx' maltiple goalss The ebjeotive
function of goal programming is not unidimensional, & in
linear programming. The unidimensional objective function
models can handle only the problems which are composed of
a single goal with a Bingle or multiple subgoals. The
mil tidimensional obJective function models of goal prow
~ gramming can handie decision making problems conmsisting
of either @ B8inglo goal with multiple sudgoals or multi-
‘ple goals with mul tiple subgoals. |

The basic assumption in goal programming is whether
goals are attainadble or not, an obJective may be stated
in which opfimizaticn gives e result which comes as close
as possible to the indicated goale.

The heart of goal programming is the objective funo-
tion whioh consists of at least two of the three vectors.

l+ deviational variabdbles

2» ordinary priority factors

3+ weighted factors,
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ObJective Function:

The obJjective function is composed of either a pair
of or asingle deviational variable for each geal constraint.
If overachievenent is avccevtebl e; the positive deviation
(d1%) can be eliminated from the objective function. On
the other hand if underachievement means a gatis factory
solution, the negative deviation (df") should not be inclu-
ded in the objective function. Exact achievement of a goal
requires both negative and positive deviations be represen-
ted in the objective ﬁnction to achieve the ordinal solue

tion.

Deviational Varigbles:

The matrix used in the goal programming is composed
of two types of constraints. They are goal and non.goal
constraints. Each goal constraint may be assigned a posi-
tive or negative deviational variable or both. 4An optimal
solution is obtained when the sum of non.atainment of goals
is minimized according to the priority structure established
by tha decision maker.

Priority Ranking:

To achieve the goals according to thelr importance,
goal programming provides a means by which the negative and
positive deviations about the goal may be ranked according
to an ordinal priority ranking scele in order of preference
of each goal level.
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Weighted Factors:

These values are assigned to priority factors for
minimizing the deviational variables. They arg only assigned
to the deviational veriable® which have been assigned the
sane priority levels.

The deviational variables and the ordinal priority
factors are alvays present in each objective function. The

weights need not to be assigned but are useful when needed.

This technique has been found very suitable for this
work and is used to allocate land and water for mul ticrop
planning in Salawa Gommand; Meerut (U.P.).

4.2 Goal Programming Model

The steps in the formulation process is given below -~

1) Develop the base 1ine model

2) Specify asplration levels for each
and every objectiva.

3) Include necgative and positive
deviation variables for each and
every gcal and cons traint.

4) Rank the goal in terms of importance.
%) Establish the achievement function.

The general form of liner goal programming model is

find X = (x]_. Xop oo xm) 20 a8 to
minimize 2 = d'+ &
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Subject to BX 4+ " ~ d* = h
AX ¢ b
X, ", & 2 0

where,
B = (1lxm) row vector of objective function
co-officients.
X = (nxl)  coloumn vectors of real variables.

b = (mxl) coloumn vector of right hand side
constraint.

A = (mxm) matrix of technological co-afficients.

d* = deviational variable in positive
direction.

d = deviational variables in the negative
direction.

h = Goal level set by the decision maker.

The expression A x 5_ b is the enviromentai cons—
traints and the oxpression BX + d” - d* =« h 1s the goal
constraint of the prodlen. The objective function (2) is
to minimize the deviation values of & and da* to a= neer
the desired goal @8 possibles When dy° and dy~ are mini-
mized, the optimal attaimment of goal hi will be achleved
for a certain velue of X. The deviational variadbles are
compl amentary to each other. If di” takes a nonzero value,
d4" will be zero and vice versa. Since at 1east one of the
variables will be zero, their product will always be zero
(dees dgfe 44~ = 0). | | °
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4y 3 [ Goal Progremming Model Formulation

The matrix used in the goal programming i¢ compoSed
of two types of constraints. They are goal and nongoal
comtrgint:s. Each goal cors traint may be assigned a posie.
tive or negative deviatioral variadble or both. Three
ponsibilities exists for ecach goal or constraint equation.
The left hand s8ide can be less than or equal to, greater
than or equal to or exactly egual to the right hand side.
Theses threo possibilities and how they are handled in goal
rrogramning formulztion are given in the following table ?.

Table 4«1
Goal or Processed goal Deviational
Type constraint or constraint variable to be
type minimized in the
objective function
1. L3{X) £ bq £3(X)285" = df = by as*
2. £3(x) ) by £4(X)+ 48"- df = by df”
3 £3(X) = bi £3(X) + df =df = by af + 45~

4¢3:1 Goal constraints

The objective of the astudy is, to sllocate irrigated
area to alternate crops (J3) and quantity of water released
in a unit time (1) through canals (Cj) and pumped ground
water (Gi) to meet the necessary water reguirements for all



the orep 3 (3 = 152, m) during ith period in the year

of operation (1 = 1,24eewe n) 80 that the system gives

max benifit, employment and at the same time local mutrition
requirements should be ful £illad. Henee the goal comstraint
will de

(I) The net return constraint

The net return for all the crops, has been estimated.
The equation for this goal comstraint with doth side devia-

tion variables can be written as
L ABy s d] - df = B s (1)

or in expanded form

P18 + Dply 4 oo @ Dy + &m0 = B

where
B = Not return per year aspired from the
command erea in Rupees. In our csse this
is 9 erore rupees.

B;; = Net benifit per hactare from Jth crop
activity in Rupe's.

Aﬂ = Area allocated to jth crop in hactares.

d'{ = Overachievement of Net return.
q =  Underachievement of Net return.
J stands for different cropping activi ty.

43
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Here
Jel for fugar eane
Je2 for Rice
J= 3 for Maize
3m 4 for Jowar
J=e B for Bajra
3w b for Arhar
J= 7 for Ura
=8 for Moong
Ja9 for Ground mt
§=10 for . _Wheat
=1 for Mus tard
=12 for ﬁmm
J=13 to:} Barley
=14 for Gram
$=1% for Peas
=286 for Potato

(I1) Employment generation constraint

Labour requirement for different crops por hoo.
tare has been estimateds Our goal 15 to provde Jobs
to the 2%« of the population for 200 days in a year.
This goal comstraint can be written as.

]
ﬁlf.d/\ai-ﬁ-(%u T es (2)
or 1131 + 1252 +* 13‘3 4 sves & 116‘16 +» G“—da = TL
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where
Lj = Labour requirement per hectare

for jth crop in mandays. ,
TL « Total mandays aspired. We aspired 8250000 mandays.

4:3.2 RNon.goal comstraints

(D Nutritional requirement comstraint

We aspire to allocate the cropping area in such a
way that loecal mutritional requirements are ful filled. The
projected population of Salawa command area for the year
1988 will be 177680, For food requirement purpose 7%« of
this or 133260 persors is taken a5 equivalent adult
population. Now a8 per 'Social and preventive medicine'
books the balanced diet/day for an Indian adult must contain
450 grams of careals and BO grams of pulses. Hence to meet
anmel, local céreals and pulses requirements we nust
produce 23104000 and 3900000 Kgs of careals and pulses
respectivel y.

In our crop list we have ofly Four careals namely Barley
Rice, Maize and Wheat. Hence cereal requirement comstraint
can be written as

VPPN F M Trdy = R -+ (3)

where
Yor Yo Yy V3 ore yield per ha. for rice, meize,

vheat and barley respectively, in kg/hectare.
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820 8g5p 8100 8 4 Are area allocated to rice,
maize wheat and barley respectively in hectares. (R =
total cereal requirement in kg and should be '
equel to 23104000 Kgs. 3 and dj are underachievement snd
overachievement variabl es.

Again pulses which are cropped in the area are
arhar, moong urd and grame Hence the pulses requiresents
corstraint can ba written as.

A . o+
a&)’é + a‘,y’ + 'GYB » '1‘?14 % dz - dd = PR
| . (4

whare

Vgr Yor Yég ¥y 4 are the yleld for arhar, urd, moong
and gram respectively in Kg/hectare. as, &, 85y & 4 re
the aresa allocated to tha arhar, urd, moong and gram respece
tively in hectares. '

PR = totsl pulse requirement in kg. This should
be equal to ~ 3900000 kg.

d; and d; are underachievement and overachievement
variables.

(II) Production constraints

In the sight of sel? sufficiency in food, loecal
practices and practical limitations, it is necessary to
inpose & maximum and minimum limit to the area devoted to
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10.
11.
12.
13,
14,
1%
16,

all the cropse

The comsideration may be local require.
ment, marketability, land capability, topography atc.

These constraints in general can bYe expressed as

Xla < AJ < x23

where

xld = minimum area allocated to the jth crop.

x23 « maximum area allocated to the jth crop.

. (5)
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The minimum and maximum, lim{ts are given in tadle
442 glven below. |

Name of
Crope.
Sugarcane
Rice
Malze
Javar
Bajra
Arhar
Urd
Moong
Ground mat
vheat
Mus tard
Berseem
Barley
Gram
Peas
Potato

ZIABLE 4.2
Minimun area
- (ha)

100,00
800« 00
4004 0
20040
100. 0

20.0
1%0.0
80.0
200

10000
300. 0
600, 0

200

S0
150.0
600. 0

Meximum ared
(ha)

4000, 0
4000.0
1500.0
1000, 0
1000. 0
2000. 0
4000. 0
1300.0
1000.0
4000, 0
2500. 0
1%00.0
1500.0
2000. 0
10000
4000. 0



(III) Lana eo’mtramw

These constraints specify that the total cropped
area in any month or season should not exceed the total
land of the command area i.es 16520 hectares. Crop calander
glven in table 3.7 is of great help here. In general
land constraints can be written os

12 16

151;:11'1'3% $ TA e (6) .‘

uhexfe
“s..a' w Land use cowefficient for jth eorop.
in the 1 th month.
i =  Noyp of months f.es 12

J = Noe 0f crops dege 16.

TA = Total culturadble command area
| s ¢ 16520 hae '

In matrix form the above constraint can be written os

Lg%+ h,a% ¢ oo 42y g 96 8 T

12,0% + 12,58 4 coo0 + 12016 a1 & TA

pla o o &

12,0% + hi2,0%2 + *0 4 11g36M6 & TA

(1IV) water aveilability cemstraints

A8 water required for all the crops in a month must
be less than or equal to the sum of canal discharge plus



ground water mined in the Same month. These constraints

put the above-said argument in the Logic of the mathemg.
tical models

Tha availability of ground water is specified over
a years To optimize the achievement or objective function,
no ground water constraint fs put in any month. However,
it 18 necessary to impose an additional ground water cons.
traint specifying that the sum of the utilization of ground
water in one year should be less than or equal to total
estimated safe with-drawal of ground water in one year. The
sefe with drawal of ground water in one year is to be taken
a8 2466.7 hastts The alzmmnt of éurrace water available in
any month is giveﬁ in table 3.6.in general water availability
constraint can be 'writztcm as _ -~
12 16 \(\
:lil gﬂ ¥Wy,3 A3 =Gy S Cy os (7) %
where

"’1, 3 = Vater requirement of jth orop in ith
month in m.

The values of L) is given in tabdle 3.5
Gy = Total ground water pumped in ith month
in ha.m. v
Cy | » Surface or canal water avaflable in ith
month in hoele



The matrix for the above constraint can be
expanded a8 -

Y% V22t eree Y Y M- 5, 8 G
¥2,1M * Vg,0% et M6t 8, $G
.

"12,1% ¢ "12,2% * *oort Marréh1e - G2 S G2

The constraint for anmal ground water use can be

written as
81 +* 32 sreses 4 gxa $ G

Yhere

G = total anmal ground water with drawal

4+3:.3 The model objective function

In goal programmingwe have to assign priority to

different goals. Here two major goals are considered.

Based on subjeoctive judgement, priority t the goal are
- assigneds The assigned prioritice are Pyo Pyyeve etes
from  highest to the lowss t priority in the rank s a¢
follows =

NANA DG ook
ot ibeary University of R00
Central Library Lt cee
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objective function of the model 18 formulated es follows:

The highest priority is assigned to the
maximization of the net return. Here a very
high value of net return is taken, which can
not be achieved, from the available resources
and managemnent practices. So the negative
dewiational varigble of the net return cond.

traint ia included £n the objective function.

The second highest priority is assigned to the
maximization of the employment generated by

the cropping activity, In this study we aspired
to generate empldyment for one faurth of the
total population, (which 45 app. equal to the
working male end female adults) for 200 days

in a yeor. Again this can not be achieved

and hence negative dewiational veriable of the
enpl oyment generation constraint will eppear in

the objective function.

Based on the above priority structure the

Min 2 = qu_: + Pz"i,

51



CHAPTER &
- RESULTS anp DISCUSS ToNs
:

S¢1 General

oul tiobjective goals for allocation of linited watep to
different or'ops. Based on the priority structure of

bodel, the nalysis has bdeen done under a met of constratnts.
¥hen the priory ty of the goals @re changed, the Solution

and trade.orye betweon the goals have been determined,

The formulated probles has been solved fop thrae
water availabil ity conatraints, Thege are .
(1) actual water availadiifity in different months

(2) The maximum nonthly discharge of the canal at
Present is made uniforn throughout the year. This
T2V DONEHLY water—avestab iy Ity WITT s 15 0 Hawm,
(3) The canal s maqe t run at 1ts designed capacity

throughout the yni*. This way monthly water
availebil ity wiry be 1690.0 Haum.

Fach of this p1lan contairs two different Sets,
In the one case, firat priority is assigned to the net
returns and secong to the employment generation. In the
other case fipst priority s assigned to the empl oyment
generation and the 8econd to the net returns., The goal
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progranming model for all these cases have been formulated
and solved. Based on the subjective judgement, the
optimal plen for the Salawa cormand area have been proposed.

5.2 Firs¢ Pl‘nn'

In the first plan water available in different
monthe from all the Sources have besn estimated and used
for allocation to different and crops. The area allocated
to 16 crops and total net returrs are shown in table Sl.
pue to the limited water available, only 13366 ha. of land
has been allocated. The avaflability and alloéation of
water in different months are shown in table 5.2, It 18
observed that the water . available in the Rabl scason has
been MIy utilized, wherees in Kharif season Some Sur~
plus water is available, The production of cereals and
pulses are shown in table 5.3 and table %4 respectivelys
The employment goneration i8 shown in table 5 5.

A8 clear from table 5,2 the water cons traint in
certain period is getting tights The oropping intensity
comes out to be 81k (Table 5.1) which is very low and 1is
" an indicator of surplus land. 'm satistactory level of
" eropping intems ity would have been about 150X a8 we are
considering two crops i.e rabi and kharif . The net
returns, with the proposed cropping pattern is 1.93 crore
rupees (table %1) which 18 7.2x higher than the net
returns with existing eropping pattern which is 1.83 crore



rupeas. The total employment generated by the proposed
cropping intems ity i8 13973450 mandays (Table 5.%) which
is 174 of the aspired value (82500000 mendays) for

empl oyment generation.

To satisfy the Cereals and pulses requirements of
the local population, more allocations have deen made for
wheat, ui'd, malze and rice crops (4000.0, 21768.0 , 1500:0
and 133!:3 hectare respectively). These crops have used a
bigger share of available waters So in a wtei aeax'gzify
situation(which 18 the case nau) less water 18 left for
other orops. This is the reason why only 534.6 hectare
has been allocated for to sugar cane (water consumption
3:33 m) crop, which is less than the minimum limit of
1000.0 ha specified for sugar cane.

The interesting poini of the analysis is that with
the existing availability of the water, for higher net
returns and more employment generation, we should decrease
area under sugar cane to a minioum and ideally to zero.
This point is highlighted by the fact that for sugar cane
crop only allocation is below the prespecified minimum
1imit. In the existing cropping pattern (Table no. 3.2 )
around 20% area of total CCA is under sugar cane, and
this area is increasing year after year. Taking into
account the population affinity and the exciting sgrial.
tural practices a higher ninimum 1imit of 10000 ha.was
specified for sugar cane.

54
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‘Wheat and maize is allocated 4000,0 ha and 1300 ha
of land respectivaly, (Table 5 3) which is quite high and
happens - to be maximum specified 1imit for these crops. |
Al thaugh wheat needs s high doze of water (1.04% meters),
but it is prefered as its yleld per hectare (3500 kg) and
return/hectare (R8s 1670.0) i3 very high and labour require.
ment of Té :riandaya is moderately high.

For maize crop yield per ha 18 3000,0 kg and labour
requirement per ha, is 120 mandays which is quite high and
return per hectare is Rs 83%0.0 which 18 moderately high.
Again water requirenent for maize is 0.421 meters which is
very low and that is why maize 15 a prefered crop in water
scarce sitdation,

These are the ressons why maxm possible allocation
s mede for wheat and maizes In cereals third preference goes
to rice and 1337.2 has 18 allocated for this crop, as for rice
crop yield, labour requirenent and net return per hectare
18 30000 kg, 76.0 mandays and 1087.0 rupees respectively.
Each of them I8 at higher side but water requirement of rice
is 2.425 meter which is very high and hence a lower allo-
cation has been made for this. In case of Barley only labour
imput (13% mandays) is high. Yidd and net return per
hectare i8 2000.0 kg and 823.0 rupees which is at the lower
side. For above said reasons barley is made & low alloca-
tion of 296.13 ha.
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To meet the local needs of pulses a positive bias
has been for Urd and Moong. 'r_ha reason why a large allo.
cation of 2178+0 ha (Table Be4) is made for Urd is that its
yiald and net return per ha. is 1000.0 kg an{i 1607.0 rupees
respectively. Net return for urd is highest among the
pulses and yield is next to gram only. Again it requires
min.water (0.184:meter) and can be ha:_m;ested with in two
and half monthsy For moong maximum specified 1500.0 ha is
allocateds The reason for this preference is that it
occeupios the field from April to July which happens to be
low oropping intensity months. The water requirement for
moon is 14354 meters which is not very highs For gram and
arhar allocation is 50.0 and 20.0 ha respectively, this is
the nmin.spocified 1imit for these crops: The reason is
that for gram net return per hectare is Rs 779.0 which s
second lowest. For arhar the occupancy of field is in the
intense rabl cropping seasans Due to these reasons alloce-
tions for these crops 'are bare minimume

with the present allwaﬂoﬁa s fodder position is

also quite camfortables A good hundred hectare is allocated

to Jowar and bajra gachs Again 600,0 ha 18 allocated to
Bersgen which is very mtitious fodder. The less allocation
to sugar cane 534.7 ha (compared to 3417.0 ha in éxis.tigg
cropping pattern) in terms of fodder is made good by more
allocation to wheat 4000.0 ha (AN92.0 ha in the existing
oropping pattern).
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For all the other crops the allocation is bare
minimum a8 specified.

The estimation of utilfization of available water: i
made by using table 5.2. The surface water utilization is
8241y and grourd water utilizetion is 100x.

In the 'months of Jamary, February, Marech, Septenber
and November, tr‘ié; surface water util 1zation is 100}: and
in the monﬁhs of Jamarys Fedruary, March and smtmber to
neet the increased irrigation denands the ground water is
needed. T!}a reason being that 'm above sald months crooping
intersity is very high andl execpt September nionthl.y rainfall
is very scanty. The ma,i:mm sur-;;lus watev'(ﬁoa hn-i) s in
the month of August. Which Is due to thé heavy raims. Again
059, 328406, 329+1, 347,0, 416:7 and 83,2 haem surplus
surface water is there in the months of April, May, June, .
July, October and Desander.

The ground water nining is required when surface
water is falling shorte The total ground water used in this
plan 18 2466.6 ha-n which is the safe 1imit of ground vater
withdrawsl. The mpaximum ground utex*' is pumped at in the
month of Feb (1011¢3 haem)~ In the nanim of Jamuery,
February and March srm vater is puqm&' out to the tune of
428.1, 1011.3 and 203.7 ha-st respactively. The reason for
withdrawal is lower canal flow and high irrigstion needs of
rabl crops. .
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53 gggong Plan

In the previous anelysis water is becoming short
in certain months. Now a constant monthly surface wvater
availability of 1480.0 ha.m is considered which is the

paxinum monthly discharge of the canal in a normal year.
The formulated problem is solved in two sets.

53.1 First sot
Here first priority is assigned to the net returm
and second to the employment generation.

Ieble 5«6 shows ared allocated to different crops
with Incressed surface water availabdbility. Table 5.7 shows
water availability and water usg in different monthe.

Table 5.8 and 5:9 gives the cereals and pulses production,.
while table 5,10 gives total employment 3lenmuou, and
employment generated by differsnt cropping activities s
well.

A8 clear from the comperision of tadble %1 and
table 5.6, when water availability 1s increassed, the total
ares under cul thvation 1s increased by 30.28%

-The phenomenal change here is that with more water
availadble for irrigation, crops requiring heavy irrigation
like sugavr cane {3.33 moter) and rice (2.43%)meter) but
with higher returns (sugercane 3235.0 Rupees/ha and rice
1087+0 rupees/ha) are given preference over  ¢rops
requiring less irrigation like moong (1.3%4 meters.) and
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barley (0.827 meter) with low net returns (moong 632.0
rupess/ha and barley 823.0 rupees/ha). The allocation

for sugarcane and rice 18 increased from 534.6 and 1337.2 ha
t0 10446 and 15213 ha respectively( Table %5.6). ' The
allocation for moong and barley is decreased fram 150040
and 296,13 ha t0 1495.0 and 20+0 has This 18 due to the
first priority assinged to the netreturns. Again the
allocation for sug'r cane (1044:6 ha) is more than the

min. specified 1imit of 10000 hae Means that if water

18 more, it is sconomical to grow sugir cane.

For urd allocation is raised from 2178.0 ha to
4000.0 ha which is the specified max. 1imit for this crop.
This 1s -to increase net returns.

' For maize and ﬁhaat cr'ops, max. specified arga of
1500.0 and 4000,0 ha 48 allocateds For arhar and gram min
specified area of 200 and 50+0 ha 15 allocated which is
the same a8 in the first plens |

In the second plan also local requiremenfs of 23104000.0
kgs 6: cercals and 5465500.0 Kgs of pulses - are fulfilled.
In fact now 18173500.0 kgs of pulses is more than the local i
population requirenent (table 5¢9) which can be sald.

In the second plan allocation for peas and potato is
raised from 150.C and 600.0 ha £0 1000:0 and 2542,0 ha res-
p.‘activ'e).y (Table B«6)s For peas 1000.0 ha is specified as
upp e J.-imit. The reason for more allocation is that net
return per ha for potato and pess is 2500.0 rupees and



2291»0 rupoes respectively, which is second and third
highest net return per ha in the 1ist of sixteen orops.
S50 this 18 done purely for econimic reesons.

By the examination of table %7 it is quite clear,
that wvater use is very uniform« About 92.3% of availadble
surface water 18 used and 100y of ground water is util ized.

In this plan net returns works cut to be 3.06 crore
rupees (Table 5.6) and total employment generated is
2,199 nillion mandeys (Tadble %10)s Again due to scarcity
of water 6978.8 ha of land remained uncul tivated.

%32 gSecond set

Here first priority is given to the employment
generation and second to the met returns. The land and
water allocations are tabulated and the results are
coampared and shown in Table B.11.

Comparision of table 5.6 and table 5.11 gives an
".inkling how the land allocation is daaming whan the
priorities are interchangeds In second set f£irs¢ priority
is given to the employment generation.

It 15 observed from Teble %.11 that for erops Jowar,

bajra, barley and sugar cane nore allocation have bdeen made.

For jowar, bajra, barley and sugar cane crops allocations
have been raised from 200.0, 100.0, 20,0 and 1044.6 hac. to
1000:0, 100004 1500.0 and 1092.9 ha. respectively. The

60
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reason is simple that for these crops labour input is
higher. Al though labour input for potato is higher

(205 mandays/ha) compared to jowar, barley and bajra
(140.0, 135.0 and 120 mandays respectively) but for

potato water requirement is more than these crops (0.8 ni)
and hence allocation is reduced from 2452.0 ha to 1912.6 ha.

The other crops, for which land allocation is
reduced are rice, peas and moong. The all ocatioﬁs aré
reduced from 1521.3, 1000.0 and 1495:0 ha to 534.7, 150.0
and 1437.0 ha respectivelys In case of moong and rice the
labour input is low (76.0 and 92.0 mandays per ha respectively)
and so that allocation is reduceds In case of peas although
labour inmput is 110 mendays per ha. but its water requirement
is higher (.84 m) compared to other crops, and secondly it
ocawuples the field in the intense cropping rabi season and
hence the allocation is reduced.

When the first priority is assigned to employment
generation, the labour imput is 2.339 millfon mandays and
net retarn is 2.39 crrore rupees. So compared to first set
labour inmput have Iincreased by abat 0.14 million mandays

and net returns have decreased by 0,17 crore rupees.

In the gsecond plan, when first priority is assigned
to net returns, the net returns are 3.06 crore rupees and
total employment generation is 2,199 million mandays. These
are %8.590 and 57.4y% higher than the first plan. As with
more water 'Ehe diﬂerence in net returns and empl oyment
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generation is quite high so there is a strong case fo
incressing water availability. In the third plan monthly
surface vater availability is teken a8 1690.0 hae-m, which
18 the designed capacity of the canal.

S+4 ZIhird Plan

The monthly water availability is taken 1690.0 hawm
which 18 the designed capacity of the canal.

S 4:1 First ot

In this case the fimst priority is essigned to the
net returns and second to the employment generation. The
allocation; of land and vater to different crops, cereals
and pulses production and employment generation, with this
water availadbil ity are shown :Ln ta‘nles'btlz to %16

With monthly water availability of 1600.0 ha-n
the cropping intensity cbtained is 118.019 (Table 5012)
which 1= 6.73x more than the plan 2 (table S 6)s The total
net returns are 3.4 crores which i8 114y more th,en'thc
plan 2, The employment generation is 2,606 million mandays
(Table 5.16) which is about 14y uiat‘e than plan 2. The |
surface water used for plan 3 for one year is 18471.1 hawm
which is about 12,6% more than plan 2, These statistics
Shows that output per unit water imput is not saturated at
this point also.
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The major changes (compared to second plan) in
the allocation are made in the case of sugar cane and
potato crops. For both the crops the allocation is
increased from 1044.6 and 2542.0 ha to 1%29.6 and 3357.0 ha
respectively. This is due to the higher net returns for
sugar cane (3238.0 rup./ha;. and potato (2500.0 rup/ha)
crops respectively.

The allocation for moong is reduced from 149%.0 ha to
1301.4 ha. This is due to the lower net returns/ha
(632.0 rupees/ha) foi* moonge. Inspite of lower allocation
for moong, surplus or marketable pulses will de to the
tune of 1643260.0 kgs (table 5.15).

Eo change is made in cereal allocations. The cereal
availability will be 23163900.0 kgs (table 5.14) which will
be just sufficient to fulfil the local cereal requirements.

In this plan also, the maize, urd, wheat and peas
crops are allocated maximum specified areas that is 1500.0,
5000.0, 4000.0 and 1000.0 ha respectively. '

The surface water utilization is shown in Table 5.13.
The 91X of available surface water (20280.0 ha.m) is
utilizeds Again 100 ¥ of the ground water is also used.
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S¢4.2 Second Set

In the Second part priorities are interchanged. First
priority is assigned to the employment generution and Ssecond
to the net returns. The change in land allocation and employ-
ment generation due to changing the goals priority are shown
in Tatle 5.17. | |

- 59 Comparision of the Three Plans

The comparision of various pians have been done and
shown in Table 5.18 and 5.19.

When annual surface water availability of 14088.5% ha-m
in plan 1 increased by 77x and empl oyment generation by 80x.
.Thi.s shows that by increasing the per unit input of water, the
increament in output is much higher. As water availability
for irrigation is more (Flan 3), the cropping intensity has
increased from 81x to 118.01%, which i8 an indication of
beﬁter land utilizations But at the enhanced canal flow of
1660.0 ha.m per month as agssumed in plan three, 5432.4 ha of
iand 8till remaine inocul tivated, due to the shortage of water.
In all the three plams, the needed quantity of ceregls
(23104000, 0 kg) and pulses ( 3648000.0 kg) are produced. In
plan two and three, the pulses production is mare than local
needs.

The water util fzation is very efficient in all the
plans. The surface water utilization ranges between 81x to
92% The ground water utilization is 100x.
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The area allocated to different crops in different
plams is given in tadble 5.18. In land allocation, maximum
ares 1= allocated to wheat, maize and urd crops. The allow
cation for wheat and maize in all the plans are maximm
specified i,c. 4000.0 ha and 1500.0 ha respectively. rFor
urd in firet plan allocation is 2178.0 ha and in the second
and third plans, the allocatdon is 40000 ha which is the
upper specified limit.

As the vater availlability Is more in second and
third plan the crope which get more area are peas, potato,
sugar canc and Nices Tha area allocated L£0r peas is 1%0.0 ha
in the 24rst plan and 2000:0 ha in the Becomd and third
plan (1000.0 ha 8 the maxs specified limit for peas). For
potate (net returms 2500.0 rupees/ha) the area allocated
in the first, second and third plans are 600.0 i, 2542.0 and
3357.0 ha respectively. For sugar cane (net returns 323,0
ruessfha) the area sllocated in the first, second and third
plans are 534,6, 1044.6 and 1529.6 ha respectively. In case
of rice allocation is raised from 1337.2 ha in the first plan
0 1521 ha in the second and third plane The incressed |
allocation, will maximize the net returns.

In case of moong and Barley (net returns 632 rupees/ha)
(net returns 823 rupees/ha), the allocations are reduced. For
moong allocation 418 1%500.0, 149%:0 and 1301.4 ha in . the
first second and third plans respectively. Again allocation
for barley is reduced from 296.13 ha in the first¢ plan to 20.0ha
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in the second and third plans The main reason for reduced
allocation s their low net return/ha.

The erops which have not taken off, ere jowar,
bajra, arhar, ground mut, musterd, berseem and gram. Allo.
cations for these crops are dbare minimum.

When first priority 15 assigned to the employment
generation, a positive biss is alim for cx'apk u’hi.cb.' hos
higher 1abour requiresient/ha. Hence more area have been
allocated to sugar cans (327.0 mandays/ha), Jowar (140.0
mandays/ha) , ba@u {120.0 mandays/ha) and darley (13% mandys/ha)
For potato (205 0 mandays/ha) end peas (110 mandays/ha), the
labour requirement is high, tut in a water tight position,
it generates more employment to grw' émr' orops like jowar,

bw;j‘z'd atcs ,.
5¢6 Sensitivity Analysis B
The areca allocation to the different crops for

different surface water availability 18 shown in tadble 5.20.

At the {nitisl stages when water available for irrige-
tion is low, tha,prefei'ea crops dru maize, urd, moong and
wheat. In the firs¢ plan when water aviilabnity is the
real water availability, the area allomfed for thae above
crops are 1%00.0, 2178.0, 15%00.0 and 4000.0 ha respectively.
These crops are prefered a8 the net returns and ylelds for
these crops are higher. Again these crops arce cereal and
pulse crops, so to fulfil local requirements of cereals and
pulses, allocation to these crops has to be higher.
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~ AS water availability is increased the allocation
for sugar cane increases gradually. The allocation for
sugarcane have increased fram 534.6 ha in the first trial
t0 4000.0 ha 4n the 8th trial { table no. 5.20).

iIn the case of potato, the allocation increases
from 600.0 ha in the first trial to 4000.0 ha in the fourth
trial. |

In this study cereal crops are rice, maize, wheat

and barley. The allocation to maize and wheat are 1%00.0

and 4000.0 ha which 18 maximum possible allocation specified
for these crops, right fram the first trial. As local cereal
requirements is just fulfilled and hence the allocation to
the rice and barley are inter«related i.e. 1f allocation to
the barley is increased, allocation to the rice is deci'eased.
This is clear from table 5.20+ This is the reason, why
allocation to rice is inéreaﬁed in the second and third trial
£0 1521.3 ha from 1337.2 ha in the first trial and allocition
to Sarl;ey,u decreased mvseaond and third trial to 20.0 ha

fram 296.1 ha in the first trial. Fran third plan and
onwards, allocation to the rice decreases and alloecatlon to
barley ihcreaaes gradually. The reason for peculair variation
of land 8ll acauah can be explained in the following words.
Initially with increasing water availability 'allocation to
the rice crop also increases as the constraint is due to Rabl
scarcity. As water avallability is increased further more
allocation is being made to sugar cane (which occupies field
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As water availability is increased the allocation
for sugar cane increases gradually. The allocation for
sugarcane have increased fram 534.6 ha in the first trial

to 4000.0 ha in the 8th trial (table no. 5.20).

In the case of potato, the allocation increases
from 600.0 ha in the first trial to 4000.0 ha in the foaurth
trial. |

In this study cereal crops are rice, maize, wheat

and barley. The allocation to malze and wheat are 1%00.0
and 4000.0 ha which is maximum possible all bcation ﬂspeciﬂéﬁa
for these crops, right froan the first trial. A8 local ceresal
requirements is just fullfilled and hence the allocation to
the rice and barley are inter-related 1. é.'- if allocation to
the barley is incressed, allogation to the rice is decreased.
This 18 clear from table 5.20. This is the reason, why
allocation to rice 18 increased in the second and third trial
to 1521.3 ha from 1337.2 ha in the f:lmt trial and allocation
to barley is decreased in second and third trial to 20.0 ha
fran 296.1 ha in the first trial. Fran third plan and
onwards, allocation to the rice decresses and allocation to
barley increas es gradually. The reason for peculair variation
of land allocation can be éxplained in the following words.
Initially with increasing water availability ‘'allocation to
the rice crop also increases g8 the constraint is due to Rabi
scarcity. As water availability is increased further more
allocation 18 being made to sugar cane (which occupies field
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both during Rabi and Kharif), Jowar and urd. Again

for maize madimum allocation of 1500 ha. is made. The
cunulative effeoct of all these cropping activity is

that there i8 a Scarcity of water in the n;ont@ of
September, October and November. Again at this stage
water situation in rabi cropping season i3 confortadle.

The objective of the study is to maximize net returms and
enployment generation, to achieve this mare allocation

is being made to sugar cane (It i1s having maximum net
return/ha and maximum employment generation/ ha) at the
expense of rice. To make up ‘the cereals 1oss more |
allocation is 'being made to barley, as it _:ls rabi crop

and during this secason water is surplus, so mare allocetion
is feasible here. N ) ’ -

B

when surface water us 1is increased by 238 in -
ninth trial compared to the first trial, the net returns
and employment generation is increased by 244.5X and 272«
respectively. Again cropping intensity rises fram 81y
in the first trial to the 152 in the ninth trial. This
lovel of eropping intensity is desirable.



FIG 5.1

~ surface Water Avallabil ity

’ Vs
Net Rpturns
[ ACT-means Actual Water Availabllity ] [
1
® 9 N
[\ TIN]
g8
o f A i
£ 0 .
(o]
D "
O |
5 S
e | r]
28
£4
2
Q-
o O
»d
o Q
Z. 0
N
\
. . | _Li. i
ACT 1480 1690 1880 2080 2280 2480 2680

—» Monthly Surface Water Availabil ity (Ha~m)
Scale 1 Cm = 100 Hg-m

69



0.2% Million Mandays

=

e l Cm

—— Exmployment Generétion (Mitlion Mardays)
Sca

FIG 5.2

b m————m e e

surface Water Availability
Employment Generation

[ ACT - means Actual Water Availability ]

14607 1680 T1BBO T 2080 22807 2480 2680

—+ Monthly Surface Availability (Ha-m)
Scale 1 Cn = 100 Ha-m



71

0 °1ETOOE6T 0°18 6°GEEET 18301 puead
0°00000ST 0 *00GT £9°¢ 0009 o3e30d *91
0 *0G9ErE 0*1622 60 0°06T gead ST
0*0G686E 0°6LL €0 0°0s wean v 1
O°STLEYT 0°cZ8 8°1 -€£T1°96T 42 Txeg ‘€T
0°00Zs86 0°2zv91l £9°¢ 0°009 RS 9199 21
0°00L20¢E 0°600T 81 0+c0¢t pae3 sni *I1
0 *0000899 0°049T A 2 0 *000Y 1e3YH 01
0°00PST 0°0LL ZT°0 002 INU pUNOID *6
0°00086 0°2E9 16 0"00&T Suoou '8
0 *9v000GE 0*1091 1°€1 0°*8LIZ Pan *L
0 *00892 O*OVEY 210 0°02 JByay *9
0 *00068 0°068 940 0°001 valeqg G
0°0029L1 0°188 z°1 0002 Jene 0 2
0°0006221 0068 T°6 0*00GT aZTeN >
b *9gcesy T 0*L80T 18 2Le€1 807y 2
8*PE0TELL 0*8ezTEe Zc 9vES suzo aedng .1
(*su) (*su) (e1)
suINgoy
39N oy /suangoy sdoad *ON
12301 38N YD Jo % Pa3 w00 e BIIY 8u3 Jo awey *18

cgdoad JUSJSIIIP O3 DPO3E0OTIR B9V Due SuImda 3ON

1°'G GV



12

gnidans

. pasn JO3BA

A 6*GTHT Le9sv e G ,..mcm.m.n Gegelvl 13904
£*16 Z2*t8 00 6*1L8 1656 Ba *Zt
0*00T 00 c*0 g*2v1l g8+ZPIT AON *1T
TY9 LW 00 QL L*€91T 100 0T
0°*00T ) 0°*0 9°8c% 9*6r1 g6t 1498 .6
1°€S O *€&9 0°0 9+938L g6t oy 8
G°GL o e c*0 921l o671 e o A
L LL 1+62¢ 0*0 G*0GTI o*6LFL NOL 9
g LL 908zt 00 G IS TR g~6irt AV G
Q0L 662t 00 ytoL £+6801 udy i 4
0* 00T 00 LE0S Q*83L 0*88L p-va 't
0°001 0*0 £*IT01 g°£89 9°£89 g A
04001 0°*0 1827 0*89¢g 0*898 NV 1
(m=-ey ) punoxy - asezJans (u-eu )
Jo36 1 —
vosn ,h&u.ma afsezans {m-eq ) aTaR TTeAV uuo W oN
soezans 39 ¥ Josen ederans 18

s

WOT3FEI0OTIV JOIEM

z°c FIEVL




TABLE 5.3

C ereal Production

13

Area Allocated

Sl  Hame. of Yield/ha Total Yield
No. Ceveal (¥o) (h2) (Ke)
1. Rice 3000, 0 - 1337.2 4011600, 0

2. Maize 3000, 0 15000 4300000+ O

3. Wheat 3500 0 4000, 0 140000000

Grand Total | 231.03860.0
PABLE 5e 4
Pulse Production

g1, Name of Yield/ha Areal Allocated Total Yield
Noe Pulse (Kg {ha). (Kg)

1- Arhar 1000» 0 20¢ (0] 20900& 0

2. Urd 1000, O 21780 2178 000. 0

3. Moong 900 O 1500. 0 1350000, 0

4 Cpam 200060 50s O _100000. 0

Grand Total

3643000, 0 .
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TABLE 5.8

Creal: Production

11

Sl.

Name of

Yield{ ha Area Allocates Total Yield
No. cerel (Kg ( ha)
) Rice 30000 1521.3 4563900, 0
2. Maize 30000 1500.0 4500000. 0
3o Wheat 3500, 0 40000 14000000.0
4o Barl ey 2000. 0 200 40000. 0

- Total 2310390040

~
TABLE 5.9
Puls e Production
Sl. Name of Yieltd/ha Area Allocated Total Ykeld
No. Pulse (Kg
1o Avhar 1000. 0 20 0 20000. 0
26 Urd 100060 40006 O 40000004 0
3. Moong 900+ 0 1495.0 1345500, 0
4q Gram 2000 0 50¢ 0 100000.0
Total 5465500« 0
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TABLE 5.14

Cereal Production

52

81, Neme of Yield/ha Area Alloceted Yield
No. Cereal (xg) ~ (ha) (xg)
1. Rice 3000, 0 1521, 3 456390040
2, Maizo 300040 1500.0 4500000, 0
3, Whest 350040 4000.0 14000000, 0
4, Barley 200040 20,0 40000, 0
Total £231.03900. 0
TABLE 5,15
Pulse Production
31, Neme of  Yield / he  Ares Allocated  Yield
No. Pulee (xg) | (Kg)
1. Arhar 100040 2040 200004 0
2, Urd 1000. 0 4000.0 400000040
3 HMoong 900.0 1301.4 1171260.0
4, Grem 2000,0 50,0 100000, 0
Total 5201260, 0




TABLE 5.16

Bmployment Generation

83

g1,

Neme of Area Allocated Mandays Total Employment

No. Crop Genevpted Genexration

per he (mandeys)
l. Sugar Cene 1529.6 327.0 500179.2
2, Rice 1521. % 7640 115618.8
3. Maize 1500.0 120.0 180000.0
4, Jovay 200.0 140.0 28000:0
5, Beira 100.0 120,0 12000.0
6. Arhay 20,0 110.0 220040
Te Urd 4000.0 92,0 368000, 0
8» Moong 1301.4 92,0 119728.8
9. Ground nut 20.0 120.0 2400.0
10a. wheat 4000.0 76.0 30400040
11, Mustard 300.0 105.0 31500.0
12, Berseen 600.0 62.0 37200,0
13, Berley 2040 135.0 2700.0
14, Gram 50.0 115.0 5750.0
15, Pees 1000.0 110.0 110000.0
16, Potato 3357.0 205.0 688185.0
Total 25062%6, 0
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CHAPTER 6

CONCLUS IGN

In the presert study an attempt hus been made %o
.dev'eIOp an optimal cropping pattern for Salewa command
area by optimlzing land and water resources from the point
of view of net return and employment generation maximize-
tion and with constraints like available land water, local
cereals and pulses requirement ful filment and upper and
lower land limits to a particular crops A goal programming
model has been formulated taking above mentioned considera-
tions into account in chapter four, and optimum allocation
of land to different crops has been calculated and tabulated
(in table 5.19).

The trade off3 between different objectives by
changing the goal priorities have been ascertained and
are given in the chgpter on "ﬁf:esult;s and Discussions®.

A8 is clear fram table 5.20 the cropping intensity
witl; the present water availabil ity 1s 814 only, which is
very lows Ag_ain 9989.3 Hectares of land are still uncropped.
Hence there is a strong case for increasing water for
irrigation. As ground water already being mined to the
safe 1imit of 2466.7 Hawm. Ye can Iincrease water availa=
bility of by increasing surface water utilizarion
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Accordingly the availability of surféee water has been in.
creased in steps, the reallocation of land, net returns and
enpl oyment generation for the new conditions are calculated
and tabulated in tables 5.19 and %.20. The increase in net
returns and employment generation with increase in water
availability are also shown in figures 5.1 and 5.2, respective-
ly.

A8 18 clear from figures 51 and 5.2, the most
spectacular gains in net returns and empl oyment generation is
in going from firsg plan to second plan. From second plan and

onwards the gains are increasing at a slower pace. When the
surface water use i8 increased by 142X in the second plan
compared to first plan, the increasc in net returns and wemploy-
ment gengration are 158 %.and 157 # respectively. Vhen
_ monthly surface water availability of 1480.0 Ha-m in the second
plan is incrége;ed to 2680 Ha-m in the last plan (increment of
181%) the increase in the net returns and employment generation
13 154 £ and 172 % This shows signs of saturation. A8 net
returns and employment generation is having maximum forwara
linkage, so surface water availability should be increased to

a level where soclal returns are maximized for a reasonable
capital investment.

u ions for ementation
1. As the net returns and employment generation is

inecreasing with increasing water, so more surface
water shauld be made available for irrigation. This
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should be economically wiadle and should give maxi.
mum sconcmic and social returns to the society.

2¢ The surface water is not deing made aveilable as the
erop requirenents In the rabi season when water
requirenent is more, available witer is less. This
loophole should be pluggeds

3. The areas under pulses and oil s ecds is very low.
While they gives better profit ind needs less water,
The protlem 1s that these crops are prone to pests
and diseases. SO appropriate se¢eds and technology
should be developed and supplisd to the formers. This
way we can put more area x.md@ these orops.

1. The monthly affective painfall is calculated deter.
ministically by considering average monthly rainfall.
To get & more realistic value of ettective rainfall,
one can use 8tochastic methods.

2. It 15 being assumed that standard dozes irrigation,
fertilizers, pesticides end ladbour 1s made availsble
at the appropwiste time, hence standard yield per |
hectare is considered. Practically it is not trues
The a'vailabnlty of all the imputs at appropriate
times ocan not be sssureds This way the yileld will be
less than the atendard yleld tsken in the snslysis.
This can also be included in the model formulation.
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To meintain the fertility and nitrogen level of
the soil, cropping pattern should be such that
leguminous c¢rops should be followed by other crops.
This is very useful in long run strategies. In
future this can also be incorporated in the model
formulation.
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A2 EFFECTIVE RAINFALL

If monthly ET crop for any crop in a month, and
mean nonthly rainfall in the same month is known, than
from table A-1 we can calaulate effective rainfail.

Mean monthly rainfall for different months in Sal awe
commaind is given in table 3.1. ET crop is calculated

and tabulated in the table 3.4, With the help of table
A-1 effective rainfall is estimated and given in table A-2.
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