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Goal pr*rsmming, Which Is a special extension Of 
Linear programming,, Is 	ebl. of s aL ving decisionproblem 
with s i '. a or mul tipl a goals (might be conflicting goals) . 
In goal programming we establish a hi.rerchty Of prloritits 
em a the conf cti g goals $ o that lower order goals are 
considered only after , the higher order goals are satisfied 
or have reached a point beyond which no further Improvements 
era possible. Goal programing is having wide ranging  
appUations In Enter/w*ter res pec,* diet planning# Hospital 
administration# Maur plennthg, crop planning etc. etc. 

In the present study, goal programming is used to 
i 	t a polity for the optimal use of land and water 

res ou 'ces resulting in maximizing net profit satisfying  
production requirement of the projected population for the 
year 1 	the study area* The planning Is done to meet 
the food 1 ►utr' .' 3.oe t requirement of the local p ~!pul ati on. 
The optimal allocation Of land and water for the sixteen 
major crops have been determined. The constraints Include 
water and land, ammcunt of cereals and pulses* minimi and 
maximum area under each crop etc. 

Results have been interpreted, suitable conclusian 
have also been drawn and some suggestions for other war 
have also been given. 
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IN!IROLLICTtON 

1.1 General 

The modern agricultural practices involves the use 
of costly inputs, like Irrigation#  fertilizers, seeds,#  
pesticides,, labour etc. water is a very scarce and pre-
cious resource so i.ts use should be optimize. Al ong with 
water, the use of other Inputs should be optimal for better 
returns to the farmers. To achieve all this crop planning 
is a must. The optimal cropping pattern will increase agr, . 
oultara.l production, profits#  employment etc. with bare 
minimum inputs which will go a long way to bring prosperity 

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

In the cropping pattern, the choice and combination 
of crops grown by individualfarmer dependson soil, climate#  
irrigation facilities availabl e, farmer's requirements of 
food and fodder, market facilities and prevailing prices etc. 
Avg.aiebilits► of labour and capital also influence the eropp. 
ing pattern* From national point of view*  the optimum 
cropping pattern . is one that gives the maximum profits subject 
to local conditions and fuilfil the following consideration 

as Optimal use of available resources 
.. Increase in employment opportunities 

Attainment of the national objectives of 
self sufficiency in food grains. 
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In India only about one fourth of the cultivated 
land is irrigated and agricA ure on the remaining land 
is rain fed. As in the irrigated area we have more fiexU 
bility in deciding the crops to be grown so efforts have 
to be made to obtain maximum yield from the irrigated area 

by judicious use of water. The survey of all water reeot r-. 
ass 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 to 
such a ways that maximum production per unit of water is 
obtained by proper selection of crops and allocation of 

water. 

For the efficient management of water resources, 
proper policies for optimal use of land and water resources 
In the catchment area are needed* According to the state-
ment of Irrigation Co i Lon (l97), the objectives of 
managing the majority of our public owned irrigation schemes 
can be stated as '! Derivation of maximum agri cud, Lural pro,. 
duction per unit of water supplied by the system and spree 
ing the irrigation facilities to as large section of cyul tt.. 

vs tore as possible in the command area"• To assess the 
real situation in any irrigation project, it is essential 
to study selected areas and make systematic assessment of 
their water use both from technological and economic point 



of vie*. The present study is an attempt In this direc-
tion. 

1.2 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 spec fically the objectives of the study are 

Y} 	To study the existing cropping pattern, agricultural 
practices, crop and . water utilization pattern and 
water management practices for developing a goal pro. 
gremairg 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 determine trade off between different objective$ 
by chao~g ing the Goal priorities* 

4) 	To propose 'a plan for optimal utilization of land 
and water under prevailing socio»eoonomic constraints, 

1.3 Methodology 

Solana command area is near Daural a in Meerut 
district of U.P. Wates' Resources Development and 'Training 
Centre (wRDTc) of Roorkee have done extensive surveys for 
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this area to estimate surface water availability", ground 
water availability, existing cropping pattern,, evapotra 

piration, socio economic conditions etc. To develop the 
model the required data was collected from the various 

technical reports of WR DC specially devoted to this area. 

The references of these reports are mentioned in the 

chapter 'The References' 

For the optim1 c location of land and water to 
different nropc goal programming technique has been used* 

For crop planning both Rabi an Kharif crops are considered. 

1.4 tlmitatLo of the study 

The  basic asstunptions of the study are conservative. 
No radical charges in the land tenure Or water distribution 
e tficien r are as ewned. 

The land allocations are ascertained for sixteen 
crops of two cropping ees sons only [namely Rah . and Kharlij. 

The vegitable Crops are not considered. Again third 

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

The stw y assumes that water Is supplied to sat a. 

tion depth for each crap. The alternative possibility of 

using deficient water for scm7e crops and putting the result-
ing saving in water t© better *c(~m4's^ 

considered. 
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The study also assua that the application and 
availability of nitrogen and labour are at optimum level 
whenever it is required. 

l* * Composition of th is 

In chapter two 'Review of the Literature' of some of 
the Important tecluiiauøs for optimal allocation of land 
and water to various crops are mentioned brie y* Again 
crane of t importantti ization technique applications 
In th area are also mentioned in this chapter* 

In chapter three system state model is described 
In detail. 

A brief discussion  on goal pogrammirg and modal  
formulation for the current work has been undertaken in 
chap ter four. 

The results are suitablyr Interpreted in chap ter 
five. The lost chapter bra out the conclusions arrived 
at And possible avenues for further investigation leave 
also been indicated. 

5 



CHAPTER 2 

REVIEW OF THE LITERATURE 

Many models for opal use of land and eater 
for crop planning have been developed In the pest with 
varying object v s in mind* 

The aim of the present study is to use and apply 
multiob3ecttve techniques for crop planning for Salsas 
Command area in Meerut district* Irrigation planning Is 
an essential component of water management in irrigated 
agriculture. At the start of each irrigation session, 
one must develops Irrigation programmes for a combination 
of crops which will maximize the eco auric returns along.. 
with efficient water use in limited land to achieve 
self sufficiency in food production to nu. itional require» 
menta. 

Optimal Use of 'lend and water are essential for 
optimal crop planning#  giving maximum return under given 
liinitatiors. The literature eurvery has been carried 
out to focus attention an this optimal allocation of land 
and water resources to various crops. 

2.1 Optimal allocation of land and water to various crops 

The age old cropping pattern, which have been .sus.. 
tamed by various situation of rainfall and soil types has 
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undergone change because of the introduction of high 
yielding verities of seeds and Improved irrigation iacid. 
I ities. The op timizattort technIques generally us ad for 
optimal allocation of land to various crops are (I) benifit 
cost approach 	(It) functional approach ( III) program. 
+ming approach« Dorian (1965) considered these approaches 
as complementary to each other and not mutually ex$lusiv.. 
Ho rauerf  the benifit cost approach serves only as a 
a crooning device for identifying the potential alternatives 
for a desired plan. The other analytical approaches help 
to further delimit the arm* 

The benifit cost approach has been used to test 
the economic feasibility of watershed proj act and to allocate 

scarce resources among different alternatives. But often 
they are limited to a very fay alternatives due to time and 
fug constraints. It becomes a tedious Job to select the 
best ai terna tive with the help of benLtt cost approach If 
number of alternatives are large. In case of multipurpose 
project, the computation of benifit cost ratio becomes 
.extrernly comps ex due to inter ..relations and feedback between 
different alternatives. The benifit coat ratio ren be used 
as a screnning device which Is very helpful companion to 
linear programming for finding out the potential alternatives. 
The inadequacy of benifit cost approach has been pointed 
out by Tolly and Riggs (1961) , Mesa (1962), Hall and Dracup 
(1970) etc* 
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The function r1 analysis approach Was to solve a 
sot of mathematical equations generally related to obtain. 

Ing benifit as a function of ammount and timing of water 

use in presence of various technical and other inputs in 
the production processes. The main di "ii cul ty in this 
approach is the need to have knowledge of aim numerous produc- 
tion functions for each of many varieties of crops, seasons, 

regions and resources. However the inequality of resource 
restrjctions can not be handi ad by conventional formula1.  
tions of this approach. All the available resources mat 
be consumed fully. For these r trictions Hall and 
Dracup (1970) found this approach unsuitable as the principal 
approach to c hoos a the best alternative. 

Tuttan (1964) and Headly (1965) fors. cas ted water 
use with h the help of analysis approach and used marginal 
values productivity modals to estimate demand for irrigated 
land. Yarcn (1967) combined production function analysis 
approach with the linear programming model to ee tima bar water 

demand of crops. Via the functional analysis approach Las  
a limited bu.t quite significant role in cater resources 
system analysis estimating product response to a ri.amber of 

huts. 
Programming is one of the most widely used techniques 

of management science. This approach consists of solving 

a mathematical programing model using digital computer 
by considering large mjabar of alternatives to get an. 
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optimal solution. Programing formulations have the 

distinct advantage of solving optimization,  problems of 
complex nature precisely and quickly. The programming 
approach can be classified as linear programming and Noris. 
linear programming models# 

Linear programming Is a mathematical method of 
allocating scarce resources to achieve an objective with 
in the bounds of environmental constraints. Linear prom 
gramming Involves formulation and solutions of a certain 
type of managerial problem by optimizing a linear objective 
function subject to linear constraint, 

The development of mathematical models to generate 
irrigation program as has received the attention of many 

investigators. Moore (1961) identified the optimal aUoca. 
tion of irrigation water for economic productivity#  sin*• 
then many mathematical models have been developed for the 

purpose of irrigation programmes, for example Jenson (1910) 

Stewart and Hagan (1973), Stewart (1970), 

Case studies of linear programming in Indian sub- 
continent have been carried out by Rogers and Smith (1910), 
Hirenath (1973), Singh (1914), Maji (1975), tuggal (1975), 
Lakhem1mayan. (1977) , Ranvir Singh (1981) etc. 

The linear programming models are also formulated 
to select some future course of action, some Investigators 



tried to use the predicted value likely to be experienced 
in the future. This led to that formulation of stochastic 
linear programming mods. The objective of a stochastic  
linear programming approach is to check the implications 
of the decision  r o, a in the future. 

Nonlinear programming problem differ from linear 
programming model In that the objective function and/or one 
or more constraint equation tnvolved in nonl inear tom. 

General solution procedures for this catagory does not exists 
however special purpose solution techniques are available 
that are applicable to limited subjects of general programme. 
Amoflge.t non..iinear programing model dynamic prograesiing  

have been extensively used for example Bwet (1964) , Hall 

and flutcbez' (1968) etc* 

Goal programming is another approach of allocating  

$ core resources. Goal programming is a modification and  

extension of linear  programing which can be used for the 
solution of problems with ultip1e objectives. A recent 
tread In system analysis has been the consideration of 
problems which have more than one objective function. This 

is specially important in the study of large scala systems#  

where there tend to be severs], conflicting and nor* 
ct*m en surabl a objectives that the system modeller can 
identify. For example # in water resources planning * on* 

wamtS to maximize both economic efficiency#  which is 
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measured in economic terms# and enviror*nental quality 
which i0 measured In units of pollutant concentration. 
Traditionally only one objective was considered#  with the 
other objectives being included as constr►aintx # or se. 
how made commensurate, with the primary objective. However 
society is placing an increasing importance on non. 
pic,iniary objectives which are difficult to quantify 
monitarily. Mui tipl o analysis has been applied to a wide 
variety of problems including transportation, project 
selection for research activities, economic prod ttion, 
the quality of life#  managing an academic departmest, 
agricultural activities and many others, 

The methodologies used for the solution of problems  
with mul tipi a objectives are utility function, in difference 
fiction, parametric approach#  1 constraint approach, goal 
programming,. goal attainment method., adaptive search approach 
etc. 

For solving decision problems involving multiple 
conflicting objectives using linear programming techniq es $ 
require to be ntroducad other- objectives (other than the, 
objective function) as model constraints. The linear pro•-
gramming model, however requires that the optimum solution 
must satisfy a .i constraint* 

it 

Furthermore, it is to be assumed that all the cons-
traints have equal Importance in solving the problems. However 
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In reality, such assumptions are absurd. First of all 
it is possible that all mtraint of the problem can 
not be satisfied. Such a problem is called infeesibie. 
Next all the constraints does not have equal importance. 
Gaal programming has been developed to solve decision 
problemg which inve. vee multiple conflicting objectives 
and taking Into account above said considerations. 

The concept of goat programming was first inter. 
duced by A. Charmes and t#W. Copper an a tool to resolve 
infeasible linear programming probl. This technique 
has been further reti.as by . izri, 5.11. Lee and others. 
Goal programing which is a special ex t ►rs ion of linear 
programing, is capable of solving decision problems 
with a single goat or multiple goals. aA.M. nderrson and 
M.D.Earle applied goal programming technique to sel t 
diets to meet Specific n`xitritionsi reuiremente. Nui 
nitional balance is difficult to adiieve in diets selected 
by linear programming owing to the, complex inter relation 
ships of the constraints. Coal programming achieve* the 
nuitz'itional balance of the selectedmix food through 

u 	replacement of wet zminiaization in the objective function 
by total deviation of itrients from prewsp eci fieri levels 
required for optimum balance. Cost can be accounted for 
in this approach by obtaining solutions at different cost 
levels and hence defining a cost nutritional balance 
relationship. 
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In India not much work has been done on goal 
programming techniqurte. However, B. Bent (1985) In his 
Mork 'Coil programming approach for water resources 
management' formulated a 9001 programming model with ► 
objectives to maximize (1) the net return (2) ogr$#. 
cultural production 	(3) nutritional  value of the 
product expressed in terms of Calorie and Protein. Again 
A. Kip Changkakoti (198 5) in his wor^k. ' Mul tiob j ecttve 
crop planning for GarufeUa watershed ( sam) have 
used goal progra nmt g teChr4o 4e to optimize cropping  
pattern of Garufelle water shed areae 



CHAPTER 3 

THE SYSTEM STATE MODEL 

3.1 D+s crription of the Study area 

(2) Physical feature of the study area .. 

The left Salawa distributor, r is one of the major 
diS ributoriee of Upper Gia Canal, irrigating area in 
Meerut district of U.P. This dtstributory takes off 
from 'mer Ganga Canal at 101.20 Km near viiiage Salewa 
in Sardhana Tehail of Meerut district. Total cultureble 
command area of the Left Sal. awe system is 162O heaters. 

The command area Iles between longitude east 
77037 td 1S77O45  and lattitude north x̀ 554  to 29©15' + 
shown in the figure 3.1• This are.. forms the part of 
the Ind©o.Gangetic alluvial plains. The afluviam cor*IM* 
of sand, silt, Kankar and *.et'* The deposit*& of eared 

layers are the main Source of 'ground water. 

There are three aubdtetributor1e3 which emerge 

from the Selena distributor viz..,. battzua D2$ tributory, 
Lower 1aurela dietrjbutor,r and Meerut 41s tributory. The  

total length of the left S lava dietributory is 33 Kme 
and its discharging capacity at the head is 6.30 emo 
or 223 me *cs. 



The canal grater supply is not sufficient to 
irrigate the area and the additional water is being utt. 
l i zed from ground water ra c arasa , through state tube. 
veiis;► private tub ells and other minor irrigation works. 

(II) Climate tnd rain ll 

The area ezpariences moderate type of subtropical 
and monsoon climate* The temperature rises up to 4000 in 
the summer and goes down to 20C in the winter. Mo oon, 
generallyr s eta towards , the end of June and i ss is till the 
and of s, tsnber. Most of the precipitation occurs duriz  
the month of July,-August and September, the winter rains 
are s Canty# 

The annual rainfall of the Meerut and Sardhana 
observatory are about 810.9 mm and 731.0 mm .rip ectivel fir• 
The monthly rainfall observed at the above.mentioned 
observatories are given An table 34. 

In this area, two main Irrigation Seasons are there„ 

namely 

1) KharLZ season • starts in the month of April 
and l as fling til Sep temb*r . 

2) Rabi Season - starts in the month of October 
and lasting till Larch. 

The main rabi crops are wheat*  gram, mustard, potato, 

bare eery eta. The main Kharif grope are sugar . cans, rias, 
pulses, Jowar, Bajra etc. Although sugar cane is callid 0 
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Khsrii crop#  but it lasts for ten months and actually overlaps 



with rabi and kharif crop seasons. 

(111) Transport and c ~ •.i . t.: c 

The command area of the Salawa diatributory is well 
linked with the network of ro adx . The area is also well 
linked with nail lines, which provides additional source of 
transport. The Delhi4lardwaz metalled road facilitates 
otUy movement of the people of this area and the head of 
S al awa die triOu tM is 8 Ewa from this highway. As such 
the area is having good metalled link k roads al a o and people 
of this area have an adequate transport facie. ity! Besides 
these tacilitiea, postal services$ transistor, telephones 
and televisions provides modern means of ccmmunication.  

(m Miscellaneous 

According to the agricultural statistics of U.P. 
1978.79, the total geographical area of ?Meerut district is 
393, 453 hectares and cultivated area is 3L 3, 817 hectares 
i.e. about 75.0 percent of total area. According to the 
census 1981, the density of the population is about 719 
persons per square kilometer and growth of population is 
2,5 percent anually. The agriculture occupies the most 
vital place in the Meerut district economy. 

The development of agricul ture in the area has been 
carried out for the last few decades. The grater, one of 
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the Important inputs has been employed by conjunctive use 
of surface and ground water, The other Inputs which also 
plays an important role such as cel, fertilIzers fertilizers 	 and 
pesticides are supplier through co..operative societies, egrt 
aerv.tces centres, private dealers#  department of agriculture 
etc. Credit# specially, for small and marginal farmers become 
Very important and is made available thr zzgh cooperative 
societies and nation.atiz+d commertiol banks. 

To avoid spolage and wastage of huge quantity of 
rood gain, due to increased marketable surplus, storage 
problem Is most Important* For this purpose,' state government 
have supplied,, the fabricates Wins on subsidized rates under 
the I Sane food grain sch e' 

However, the ,Improvement of all these sectors are 
Stix needed, the increasing  pup ation and resulting ting 
creased food requirement, reveals that more effective utiLaa:. 
tion of resources, capital and services becomes a must, for 
now and future. 

3.2  Existing oro ping pattern and Net returns 

The existing acropping pattern of salawe command area 
is given In table 3.2. It is clear from the table that the 
cash crops of the area are sugar cans and wheat. The other 
favoured crops are rice`  main. and Ber5eemo The cropping 
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Intensity comes out to be 74«93 percent. 

This area is water scarce are*# The crops 1. e 
jow r, bejra, ar,  r, urd#  moong,, ground rat and gram are 
little irrigated or not ligated crops. Again for othr 
crops also water is applied at wrong times and s metimea 
Inadequately* The other Input* are also applied iriad+ » 
quately,► The consequonse of above practices are, ` low  
productivity. 

The net returns associated with its yield at 
pr ent#  is shown in table 3.2. 

Considering the not returns presented in table 3. 2, 
the total anuses net returns, for the exciting patters Is 
Roo 1.00 croz' . 

3,3 	wetter requirement 

The assessment of water requir rues t for various  

crropS is an important !`actor In choice at crops and it is 

one of the basic necessity for crop pzamfg on a ►ria 
and for the planning of any trrig*tion pr(r .ct. 

The water requirement is the 	ttitY Of water 

necweeary in building plant trace A rir the normal growth  

of the plant under the prev*iU ia)g tta. 4 conditioM. This 
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intensity comes out to be 74*93 percent.. 

This area is water scarce area* The crops like 
jova ry bajra,F  ar,  c', urd, inoong, ground slit and gram are 
11tt' . e irrigated or not irrigated crops. Again for other  
crops also water is applied at wrong times and sometimes 
inadequately. The other inputs are also applied 'inado. 
quata.y. The consequence of above practices are - low  
productivity. 

The net returns aBeo i*trot with Its yield at 
present,, is shown  Iu table 3.2.  

Considering the net returns presented in to a 3.2 
the total anrual net returns, for the exciting pattern is 
Re. 1.80 cores. 

3.3 p water requirement 

The assessment of ate requirement for various  

crops is an important factor In choice of crops and it is 
one of the baste necessity for crop planning an a fare 
and for the planning of any irrigation project. 

The water requirement 1s the quantity of water 

necessaryflGCeBSaZ7 in bui.ldingplant tissue during the normal growth 
of the plant under the prevailing field conditions. This 

19 



quantity of the water Is mainly to meat the needs of 
eaapo aspiration (.ST) and it's metabolic activities. 
As the quantity of water required for metabolic aoti. 
vi es of the plant Is negligible when cotnpared to 
evapotranspiration (,E , then the quantity of water 
required for evspo .arpir'atton - , practically treated 
as consumptive use (W). Generally evapotranspiration 
is expressed In depth in a or meter* The water require. 
went (WR) can be written as 

WRw ET or CU + tosses during the application 
of water + water needed od For special opera* 
tions like landpreparation, transplanting  
eta. 

4 

The crop water requirement eol Wlation Ia made In 
the following way. 

(11) Estimation of re terence crop evapotranspiration( m) 

The world bank have suggested that Pei+man equation 

should be used to calo4 ate evapotranspiration In Thdian 

subcontinent.  

in 1948 Permian ( 16 ) has derived an equation Of 

a short, well watered crop (generally assumed to be tea) 
based on the combination of energy balance at the crop 
surface and the heat mass transfer due to air novanent• 

zo 



This method requires date describing solar radiation, 
temperature k  wind speed and relative t*imradity. Adopting  
these data from New Delhi (which is very near to Selawa 
command € rea) , the average daily and monthly evapotrais  
piration is estimated and given in table 3.3* 

(XXX) Crop coefficient(K0) and evapotranspiretion 
of a specific chop ( ETA) 

crop cc-effioieflt is the ratio of evapotranspiration 
occuring with specific crop to reference crop evepotr 
piratton 

ETcrop Ke  r 
E TO  

The value of K varies with the crop#  its stage or 
growth and the prevailing weather conditions. The values 
of K0 for different crops at different stage at development 
are mentioned in FAO Irrigation and Drinage pep er No. 24. 
'the values of crop co.efficient are given in table 3. 4, 
knowing the crop co-effieUnt Ko, the evapotranspiration of 
a specific crop ( ` ) can be calculated as 

ETcrop  * Ko  x 8TO  

(IV) Effective Rainfall CR) 

21 

From the point of view of the water requirement of 



the crops # the FAO of the United nations has defined 
the effective rainfall as part of the total anal or 
seasonal rainfall which is used directly or indirectly 
for crop production at the site where it falls, but wtth. 
out pumping. 

Not all the rainfall Is effective and part of It 

may be lost by surface runoff#  deep percolation or evs-
poratiom Only a portion of heavy and high intensity rains  
can enter and be stored 	 the root zone and effecti es$ 

is consequently I cw. 'rqu#nt light rains Intercepted by 
plant foliage with full grand cover are close to 100 

precent effective. With a dry surface and little or 
no vegetation cover rainfall up to 8 mnf day may be l s& t by 

evaporation, rain of 2 ma/day to 50 mm/day may be only 

60 percent effective with a low percentage of vegitattofl 

Cove 

The effective rainfall Is cal culated by the + rap+c 

transpiratioprecipitatiOfl ratio method, table 34 of . 

FAO Irrigation and Drirlage paper No..24. Both Table 34. of 

FAQ. Irrigation and Drinage paper No«.24 and effective 

monthly rainfall 3s given In Appendix l*The mea -`•:.'montI y 

rainfall is calculated from the average of Sardhana and 
Meerut monthly rainfall and is given In table 5.1. 

(V) 	er 	ti n i. S s ea 
It is the downward movement of water thraugh satara.. 

ted or nearly saturated soil in response to the force Of 
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gravity. Percolation loaao occur, in the standing 
voter or when water is under pias rew• The percolation 
loss in this area In about 6.1 mm/day. 

Percolation losses take place In the case of 
rice only# because this Is the only crop which nem 
stare=' water among the sixteen main two being culti.  
vated in this area* 

(Vi) Not ligation Requ 	ent (NXR) 

The net Irigation requirement is the depth of 
Irrigation water exclusive of precipitation, ca 	over 
soil rnoituire or ground water contribution or other gains 
of soil moiturt that is required co a tively for crop 
production* 

Taking into account percolation losses (P) also,  
the not irrigation requirement work out to be 

NIR 	ETerop+P**R 

Arid 	NIR - 0 	if R 3~ 	, + P 

It means no Lrrgetion is required if the $ff 
tiae rainfall is more than the evapotranspiration and 
percolation losses for any crop in any period This IS 
quite obvious* 

23 
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The desigi1ed cpauLty of the left &alarm dietrtbutor7 
system is 6.3 eae or 223 ase. At the ,tel fiowo 
the monthly water made ava l abl e by the d1atrit*tory for 
irrigation comes out to be 1690.0 haNla► As the now 
of riven gong* is not constant and varies from season 
to season and hence the flow of the die tributory also 
varies. Based on 7 dependability, the water flow in 
the +r 	ib tor9 for different months is estimated. The 
water flow in the distributary  3n cusecs and water 
supplied by the die tributary  In one month In 13a.m is 
tabulated in table 3.6. 

Gro  !OUfl&t 

For Salawa command area, diol total recharge 
15 ) to the ground water is 2486.7 hmw So the 

quantity of ground water which can be pumped and used for 
irrigation anraaelly is 2466.7 hm. 

3.5 	t 

This Calender specifies the dates of planting 
through it's harvesting for all the e i aeon crops • Zn 
toot this colander Imitates the land occupancy for 
different cropS. The crop calender is developed for the 
sixteen  ,mops cultivated in this command area, the flaic 

of the crops are eugarcsn#fir rice, maize, jovar, bsaj'ra, 
arm, urd, noong, ground tit, wheat,*  mustard, bets eea, 



(VIZ) Field irrigation requirez ent (FIR) 
awl Bross irrigation req x1i ent(o IR) 

The field irrigation requirement and the gross 
irrigation requirement are calculated by dividing the 
not terigatton requirement by field eftiote flay and thr 
field irrigation requirement by conveyance efficiency 
reap actively. The above statement can be written as 

FIR  
Field efficifncy 

PZR  
c IR 

Conveyance efficiency  

The field efficiency  efficienc3r is taken as 0.6 and convey. 
ante efficiency as 0.7. 

By the abovefnentioned procedure, monthly gross 
irrigation requirement for different crops are calculated 
and is presented to table 3.8. 

3.4 Assessment of vailab1Ut of irrigation water 

(I Surface water 
The area Is a awed by o. network of sub canal die.. 

tributaries r*iely left saiawa, Meerut, lower Daurala and 
DabatNaa, which as a whole forms #Left Sal awe Die tribu. 
toxo system. This canal system is a part of Upper Ganga 
Canal System# which gets water from river ganga. 	The 

2t 



26 

barley*  gram#  peas and potato. This calender is developed 
according to the existing prictices. The land use 
efficients in the calender are mentioned month ds a. A 
lend use ca•afftcient of 1.0 against a crop in month 
indicates that this crop occupies the field In this month 
if it is grown. The crop amender is given In table 3.7. 

3.6 Returns per hectare 

The net returns for different crops are calculated 
on per hectare basis an hectare is taken the unit of crop  
activity here in this study* The not returns for a corp 
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 
if any. tn tds analysis it to assumed that stendard doses 
of irrigation,, fertilizers, pesticides * labour etc. are 
given to the crops and hence yield per he« will be standard* 
Baa ed on above aseumptioM not returns per hectare is 

estimated. The yield / ha and net returns/ha is given in 
the table 3.8. 

3.7 Employment generation per hectare 

The number of ma days required as input by a cropp. 
ing activity in one hoctara is estimated here. For a 
particular crop human labour is required for operations 
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1 ike land prcaaratioia # e *in, mor 	, Xnterculbare, 
irrigation, weeding* harveeting, thasbing etce The 
labour required for above mentioned operation. for a 
crop is eetiinated in mand*ya for one hectare of cropping 
activity* To calilate the labour input for a crop for 
one hectare,  'tie labour requirement for abov entioned 
opera .ons are added. Thia calculation have been don* 
an the aixteen Vis, and given in the table 3.9.. 
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TABLE 3.2 

The existing cropping Pattern, yield/ha and. net re x rr /ba 

Si. Name of Area under Yield/ha Net Total 
No. the crops the crap. returns/ha net 

returns 
(ha) Qtla. (Ra) (Re) 

1 • Sugar Cane 3417.0 450.0 2637.0 9010629.0 
2* Rice 1217.0 10.7 685.0 833945.0 
3.  Mize 1173.0 6.6 45.0 51o255.0 
4.  Jowar 469.0 150.0 558, 0 26.7 02+ 0 
5.. Ba3ra 211.0 125.0 575.0-  121325.0 
6.  Arhar 33.0 8.0 1072.0 35376.0 
7.  Urd 225.0 6.0 1253.0 281925.0 
8.  Moong 302.0 6.0 455. 0 137410.0 
9.  Ground nett 11.0 10.0 675.0 7425.0 

10.  Wheat 3192.0 23.0 1475.0 4708200.0 
11.  Mustard 16.0 9.0  X8.0 9 408. 0 
12.  Berseem .132.8.0 140.0 1(115.0  14168 50.0 
13• Barley 66.0 18.0 750.0 49500.0 
14.  Gram 297.0 9 . 5 400.0 1188 00.0 
15.  Peas 248.0 8.0  1025, 0 254200.0 
16.  Potato 183.0 150.0 1400.0 256200.0 

Grand Total 12378.0 	 18C2850.0 

RB. 1.8 'ore 
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Cropper. Intensity = 74.9 % 



Table 3o3 

Reference Evapot'an p atLon (ETO) a' In Sa1awa Com an Area 

S. No Month 
ET ~ (mm) 

Daily Monthly 

1. JAN 2.7 81.0 

2• FEB 4.5 135.0  

3.' MAR 6.0 180.0 
4. APR 7.6 228.0 
5.. MAY 8.4 252.0 
6.  JUM 8.1 243,0 

7.  3LY 6.5. 195.0 

8.  AUG 5+ 5 165.0 
9• SEP 5*6 168.0 

10.  OCT 5= 3 159. 0 
11.  NOV 3.8 1140 
12.  DEC 2.7 814 0 
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'able 3.6 

Monthly ,urtace Viater Avialabi' ity 
(75y. depot fable) 

S. No forth Designed canal Canal flow Monthly avial abi 
Capacity ,users cosecs , surface water 

Ha.m 

1.  JAN 223.0 114.6 $68.6 
2.  FB 223.0 99.8 683.8 
3.  MAR 223.0 104«$ 788.3 

4.  APR 223.0 14805 10890 3 

5.  MAY 2.23.0 195.2 1479.6 

60 JUN 223.0 195.2 1419.6 
7.  JLY 223.0 195.2 1479.6 

8.  AUG 223.0 195.2 147 9.6 

9.  SEPT 223.0 195.2 1479.6 

100 0c 223.0 293.1 1463.7 

11.  NOV 223.0 155.8 1142.8 

12.  DEC 223.0 126.0 955.1 
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Table 3.8 

Net Returns and Yield per hectare 

S• No. Name of the Yield/hi. Not returns/ he  
crop (QtI ss) [Rupees 

1.  Sugar Cane 500.0 3238 
2.  Rice 30.0 1087 
3.  Maize 30.0 850 
4.  Jowar Fodder crop (250) 881 
5.  Bajra Fodder crop (200) 890 
6+ Arhar 10.0 1340 
7.  Urd 10.0 1607 
8.  Moong 9.0 632 
9.  Ground nut 12.0 170 

10.  Wheat 35.0 1670 
11.  Mustard 10.0 1009 
12.  Berseem Fodder crop (27 0) 1642 
13.  Barley 20.0 823 
14.  Gram 20..0 779 
15.  Peas 20.0 2291 
16.  Potato 300.0 2500 
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Table 3.9 

Employment generated per hectare by various 
cropping activities 

(Manday5)  

S. No. 	 tae of the crop 	 Bmpl oymeat generated 
a a a . 

1 • sugar cane 330 
2. Rice 76 
3• Maize 12,0 
4• ' Jowar 140 
5.' bra 120 

6.  ha a 110 
7.  t d 92 
8.  tloong 92 

9.  Ground gut 12C 
10 wheat 76 
11.  Mustard 105 
12.  B, 	eon 62 
13.  Wiley 135 

14.  Gram 115 
15.  Praa 110 
16.  Potato 205 
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GOAL PROGLAMMX MODE, FORMULATION 

4.1 Goal Programming 

A recent trend in system analysis has been the 

consideration of problems which have more than One objective 
motion. This is especially important In the study of 
large scale systems, where there tend to be several corMicy. 
ting and ncncammensurable objectives, that the aye ten 
m odu.i er can identify, Mme,: t .objective analysis is technique 
has been applied to such problems. Goal programming is a 
multiobjective analysis technique. 

If it is decided to use linear programming. to solve 
decision problems with multiple objectives 0  it is required 
to introduce other objectives (other than the objective 
functi as model co train # The linear programming, 
however, requires that the eta burl solution must satisfy 
all the constraints. Further more it is assumed that all 
constraints have equal importance in solving the prcbl ema. 
However, in reality such assumptions are not always valid. 
It Is quite p Qhs, bl a that all constraints of the problem 
can not be satisfied* Such a problem is called infeasible• 

But the very important management problem which can not be 
solved by linear programming technique can not be abandoned. 

TWO goal programming technique has been developed to solve 

decision problems that involve multiple conflicting objeo.. 
tives and infeasible problems can also be cptimis ed in the 



beet possible way by this technique. 

The concept of goal programing vas first introduced 
by At Charnas and W.W. Co9per (1961) as a tool to resolve 
infeaas ibl e linear programming probl, . This technique has 
been further refined by Y. Xziri (1965) 0 SeM. Lee (1972) 
and others. Goal programmingwhofz a special extension 
of linear programming , is capable of solving decision pry 
blocus with a single  goal or multiple goals. The objective 
function of goal programing is not un4imezionai, as In 
linear programming. The 	 limens to " objective function 
models can handle only the problemswhich re composed of 
a single goal with a ing1e or multiple subgoals. The 
multidimensional objective action models of goat pro. 
griming can handle decision making problem consisting 
of either a single goal with multiple subgoals or multi- 
pie goals with mus tips a subgoals. 

The basic assumption to goal programming le whether 
goals are attainable or not, an objective may be stated 
in which optimization gives a result which comes as close 
as possible to the indicated goal# 

The heart of goat * programming is the objective funo..
tion which + on*ist8 of at least two of the three vectors,* 

1 deviationsi vaviabl es 
2. ordinary priority factors 
3. weighted factors. 

UN 
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Objective Function, 

The objective tbnctiori is composed of either a pair 
of or asi ngl a deviate. omni variable for each goal constraint. 

If overachievement is acceptable, the positive deviation 
(di*'i can be eliminated fro® the objective function. On 
the other hand it underachievement means a satisfactory 

solution#  the negative deviation (dj) should not be inctu. 
dad in the objective function. Exact achievement of a goal 

requires both negative and positive deviations be repreSen 

ted in the objective function to achieve the ordinal solu . 

tion. 

Deviatioflal Variabi es 

The matrix used in the goal programming is composed 

of two types of constraints. They are goal and nor-goal 
cots tra ,nts• Each goal constraint may be assigned a poli 
tive or negative deviational variable or both* An optimal 

solution is obtained when the sum of non.atai scent of goals 
is minimized according to the priority structure established 

by the decision maker. 

Priority Ranking: 

To achieve the goals according to their importance, 

goal programming provides a moans by which the negative and 

positive deviations about the goal may be ranked according 

to an ordinal priority ranking scale in order of preference 

of each goal level. 



Weighted JactorB $ 

These values are a$f ign d to priority factors for 
minimizing the devistionel verinbies. They are only assigned 
to the deviational variables which have been assigned the 
some priority levels, . 

The deviational variables and the ordinal priority 

factors are always 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 multicrop 
planning in Salawa Ccxnmand, Meerut (U.P.).  

4.2 Goal Programming Mode. 

The steps in the formulation process is given below 

1) Develop the base line model 
2) Specify aspiration levels for each 

and every objective. 

3) Include negative and positive 
deviation variables for each and 
every goal and cons traint. 

4) Rank the goal in terms of importance. 

5) Establish the achievement function,. 

The general form of liner goal programming model is 

find X w 	x1, X2  .... xm) so as to 

minimize 	d♦  + c 
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Subject to 	BX + d"' - c ' a h 

AX C b 

X, t `, t 	0 

where, 

B 	(1x11 	row vector of objective function 
co-efficients • 

X + (nxl) 	coloumn vectors of real variables. 
b = (mxl) 	colouwn vector of right hand, aide 

constraint. 
A 0 (mxni 	matrix of technological cor.efficienta. 

n 	 deviational variable in positive 
direction. 

C 	deviotional 'variables In the negative 
direction. 

h im 	 Goal level set by the decision maker. 

The expression A x , b Is the environmental cors.. 
trait tz and the expression BX + C -. & . h is the goal 
constraint of the probl ern« The objective function (z) IC 
to minimize the deviation values of C and d+  to as near 
the desired goal as possible. When d j and df are mini 
mized, the optimal attainment of goal hi will be achieved 
for a certai:a value of X. The deviational variables are 

complementary to each other. It d j"' takes a nonzero value, 

di will be zero and vice versa. Since at least one of the 

variables will be zero, their product will arrays be zero 
(i.e. dj+. dj : 0). 
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4.3' Goal Prog,re~mming Mod+ Forilation 

The matrix used in the goal programming Is composed 
of to types of constraints, 	They are goal and nongoal 
constraints. Each goal constraint may be assigned a pos #... 
tive or negativees de9iattonal, variable or both. Three 
possibilities exists for each goal cr constraint equation* 
The left hand, side can be less than or equal to$ greater 
than or equal to or exactly equal to the right hand ewe. 
These three poss ibil tti es and ho they are handled in goal 
programing for :ulation are given In the following table ? 

Table 4.1 
Goat or 	P or cess g l 	Deviational 

Type 	Constraint 	or constraint 	variable to be 
type 	 minimized In the 

objective function 

1. fi(X) J bi 

2. 4(X) , 'bi 

fl(x)+d1 .. d ., b j 

4(X)+ df'- 4 

4(X) + di ~•d a bi 

de 

df 

3. 4(x) 

4.3.1 Goal constraints 

The objective of the study is, to allocate irrigated 
area to alternate crops (3) and quantity of water released 
in a unit time (i) through canals (Ci) and pumped ground 
water (tai) to meet the necessary water requirements for all 



the cry j (j -- 	2;-_- i) dun n! ith period in the year 
of operation (I = 	. l,2#-~. - n) 	s that the system gives 
Max benifit, cMp?oyment and at the sametime local nutrition 
regairement5 should be 1fil1r-d. Hence the goal cox traint 
wi .i be 

( I) The net return constraint 

The not return for a l the crops, has been estimated. 
The equation for this goal constraint v.ith both Side devia. 
tion variables con be written as 

i AB +dl,»ci in B 

or in expanded form  

biei + b2Q2 + *.. * # blbs.6 ♦ 	= B 

where 

B •• Not return per year aspired from the 
command area In Rupees. in our CSO this 
is 9 crore rupees. 

B j .• Net benifit per hectare from jth crop 
activity in Rupe:'s, 

A3 	Area ,allocated to jth crop in hectares. 

dl ,• Overachievement of Not return. 
Underachievement of Net return, 

3 stands for different cropping activ.t ty. 
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Her? 

r 1 for Pager cane 
g 2 for PLIOP 

Cx 3 for  
j m 4 for 

a 5 for Ba,1ra 
w 6 for Arm 

7 for trrd 

9 for Grout. zit 
10 for. Whest 
11 for Mus terd 
12 for ` 

13 for Wiley 
14 for Gran 
15 for Peas 
16 fGr Pototo 

(11)  Employment eneration constraint  

Labour requirement for d i f eront crops Der hoe.» 
tare haB been eatImated. Our goal it to pro ez do 3Oba 
to the 2$ of the population for 200 days In a year. 
This goal coitt'aint can be written a. 

+ 	4 - TI. 	*. (2) 

or 	li  ai  + ,2a2 + 13a3  + ....  + 116$6 + d-4 - IL 
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where 
► j . Labour requirement per hectare 

for jth crop in mandaya. 
Total mandays aspired* We aspired 8250000 mandaya« 

43.2 Non..goal con ttraints 

(1) 	Na tritlonal requirement  ca'e traint 

We aspire to allocate the cropping area in such a 
way that local *attrition requirements are fulfilled. The 
projected population of Salawa command area. for the year  
1988 will be 117680. For food requirement purpose 75 of 
this or 133260 person is taken as equivalent adult 
population. Now as per 'Social and preventive medicine' 
books the balanced diet/day for an Indian adult met contain 
450 grams of *areal$ and 80 grams of pulses. hence to meet 
anmal, to al c 'eais and pulses requirements we must 
produce 23LO4000 and 3900000 Kge of cares ►s and pulses 
respectively, 

In our crop list we have only Four. careala namely Barl ey 
Rice, Maize and Wheat. Hence cereal requirement constraint 
can be written an 

- CR 	•• (3) 

where 
Y30 Y30 Yio. Y13  are yield per ha+ for rice, maize, 

wheat and barley respectively, in kg/hectare. 



820 a3 4100 ata ar'e area allocated to "COO 
matt* wheat and barley respectively in hactaraa. CR 
total cereal requirement in Mcg and should be 
squat to 2 104000 Kgs. d a Ct 4 are underachievement and 
overachievement van ,ables, 

Again pulses which are cropped in the area are 
arhar, moong acrd and gram* Hance the pulses requira~renti 
constraint can be written es. 

where 

'' V Y8 # Y1 are the yield for arhar, urd„ moeng 
and gram respectively in Kg/hectare, ad, a7, e3, ai 4 are 
the area allocated to the iarhar, urd, moong and gram raepeo. 
tively in hectares. 

PR o total pulse requirement in kg. This ah old 
be equal to ' 3900000 kg. 

and ` are underachievement and overachievement 
variables.  

( II) Production constraints 

In the night of self sufficiency In food# l o . 

practices and practical limitations, it is necessary to 
impose a maximum and mid limit to the area devoted to 
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aU the craps. The consideration may be Dacal require. 
merit, marketability, land +spabilitjr, topography etc. 
Theo constrains in general l can be expressed as 

X1j iA,<X23 	 .. (►) 
where 

Xl J  w, minitmim area allocated to the jth gip{ 

X2 j  - maximum area allocated to the jth crop. 

The minimum and maximum, 1 imits are given in table 
4.2 given belts. 
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Name of 
Crop. 
Sugarcane 
Rica 

'ewer 
Bajra 
Arhar 
Urd 
Moo g 
Ground n at 
Wheat 
Mustard 
BeNeen 
Bar1ey 
gram 
PeU  
Potato 

Mid area 
(ha) 
10000 

500.00 
400.0 
200.0  
L00.0 
20.0 

150.0 
50.0 
20#0 

1000.0 
300.0  
600.0 
20..0 

o 
15000 
600.0  

maximum area 
(ha) 

4©00.0 
4000.0 
1500.0 
1000.0 
1000.0 
2000.0 
4000.0 
1500.0 
1000.0  
4000.0 
2500.0 
1500.0 
1500.0 
2000.0 
1000.0 
4000.0 

Si. 
Na. 
I* 
2.  
3.  
4« 
50 

6 
70 

8. 
9* 

10. 
110 
12. 
INS 
149 
15.  
16.  
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(Ifi)  Land constraints► 

These constraints apecify that the total cropped 
area in any month or soon should not exceed the total 
land of the command area ,t. to 16520 hectares* Crop calander 
given in table 3.7 is of great help here* In general 
land constraints can be written as 

12 16. 

iai 
EL 
	► TA 	 (6) 

where 

'i 	* Land use co-efficient for ,nth crop. 
in the I th month. 
Not ofmontsi..at12 

;  — No. of crops i.e. 16. 
TA r Total, oA Uzrsble command area 

i.e. 1620 ha. 
In matrix form the above constraint can be written as 

"itIai  + 11v2*2  + # t.. + 
1i,1616i 

 TAM 

2#1t3 + 12,2 	+1v16 + 	TA. 

i 

112431. + 112 282  + «.. + 112, l6al6 i TA. 

( 	Water availability constraints 

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



ground , 'water mined in the some month. These constraints 
put the above-s aid argument In the Logic of the maths. 
tical modal,, 

The availability of ground water is specified over 
a year. To optimize the achievement or obSectivo ñznctton, 
no ground water constraint Is put In any month. However, 
It 19 necessary to impose On additional ground rater cont. 
traint specifying that the sum at the utilization of ground 

water In one year should be lass than or equal to total 
estimated safe vith-dxawal of ground water in one year. The 
safe with drawal of ground water In one year is to be taken 
as 2466.7 ha. The amount of surface eater available in 
any month is given in table 3.6, n general water availability 
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constraint can be written as 
12 16 
z E 

14 j4 
where 

Wi  j  U r 

W1*4 Aj "0  Gj . Ci 
	r* (7) 

Water requirement of , th crop in 6th 
month ► in "m. 	. 
The values of W 	is given  in table 3.5 

01 	Tatal ground water pumped in ,tb month 
Inhorn. 

Ci 	Surface or canal water available In ith  
month In ba.a. 



The matrix for the above constraint can be 
txpar4ed  

+ 	+ r*»•a + '* ...1 1*16 ~` 91, SI C1 

w2vl4i + w2,2a2 + ..... + V 	- 92 
r 

211 + X2,252 + . *...~ *12'PI441b ~"' 912 

The constraint for anmal ground water use can be 
written as 

g1 + g2 .►Nor• + '"3i2 
	

G 

Where 
G 	total anal ground water with drawal 

limit in Wim. 

4.3, 3 The madel objective function 

In goal progranaive have to assign priority to 
different goals. Here two major goals are considered. 
Based on subjective .judgonent, priority b the goal are 
assigned* Tho assigned priorities are P, P2,,.. etc• 
from highest to the lo!3 lo! t priority in the rank is as 
fo .lowt • 

Cl.  
eafal I.abTUTQ un~rers~t~ of 

tnork  
a 
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Pi 	The highest priority is assigned to the 
maximization of the net return. Here a very 
high value of not return is taken, which can 
not be achieved, from the available re o*arcee 
and management practices. So the negative 
dearietional variable of the net return cons. 
traint is included iA the objective function. 

P2 

 

The second hit priority is assigned to the 
maximizeton of the +epioyment generated by 
the cropping activity. In this Study we aspired 
to generate empl byment for one fourth of the 
total. population, (which is app. equal to the 
working male and female adults) for 200 days 
in a year# Again this can not be achieved 
and hence negative de*i*ttonal variable of the 
employment generation constraint will appear in 
the objective fUnot .on. 

Eased on the above priority structure the 
objective function of the modal is formulated as follows 

Min, Z on Pit , + PA. 



CR4Pt 5 

5.1 

Goat programming zed in the Study for aoivi 
Lnu1hobj0ctjf►0 goals for allocation of limited water different ar r~ 	to

aP. Baee i on the prioritt structure of 
modal,, the analysis has bei done under a set off` 
When'the priority of the goals are Changed, the solution 
and trade.off betw.9t2 the 90018 have been determ 

The form' Oed Problemhas been Solved for 
wa ter S'I~~tfl a~'l1~, .~, 	 '~hrA~ 

	

~CfE 9 	Its* Thee are . 
(1) Actual Water 5va,3 abi,1 j 'in d , i'lerant months 
(2) The maximum monthmontij3, diScharge of the canal  at 

Present is made Unite throughout the year. This 
W moD --  	- 	wifl be I460.0 8, 

(3) The canal is made to run Ott Its dens 

	

'k~.ighODt ~~8 year', This 	
'~"BD~ld cBpaC~' 

~P~~ tltoY~thj X' Miter 

	

evai1,bil f y w$jj 	1690.0 p 

Each of this pian Contains two different sets, 
In the one ca sa l first priority is assigned to the 

	

returns and a ecoz~ to ~,~ 	 ~̀ at 
employment graDeratjvn, In the other r aas ® first prlorltyis aa8i n 

	

g 	to the employment generation and the second to the, net returns. The goal 



programming model for all these case have been formulated 

and solved* Based on the subjective judgement, the 

optimal plan for the Salawa command arm have been proposed* 

5*2 !.!*t Plan 

in the first plan water available in different 
montbo from all the sources have been estimated and used 
for allocationto different and crops. The area allocated 
to 16 crops and total net returns are s hoe n :j table 5.1. 

too to the limited water available, only 13366 ha. of Iand 
s 

has been allocated. The availabi . ity a td ellooaation of 

water In different months are shown in table 5.2. 'It is 

observed that the water ° ° available In the Rabi season has  

been fUlly utilized, 	s in Kherit season some mar'. 

plus water is available, 	Th* production of cereals an 

pulses are shown in table 5.3 and table 5.4 respectively* 

The 	p10 fl n ration Is shown in table 5.5. 

As clear from table 5.2 the water constraint in 
certain period is getting tight. The oroppIng Intens tty 

comes out to be 81 	(Table 51) which is very low and is 

an indicator of surpive land. The satisfactory  i. evel of 

cropping intensity weld have been about 150$ as we or* 

considering two crops I. a zabi and kharif, R The not 

returns, with the propose, cropping pattern 30 1.93 croro 
rupees (tabic 5.1) which Is 7.2$ higher than the net 

returns with existing cropping pattern which is 1.83 craze 
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rupees. The total employ ent generated by the proposed 

cropping intern ity is 1397 345.0 mandays (Table 5.5) which 
i.e 17$ of the aspired value, (8250000.0 mandays) for 
enpioyment generation# 

To satisfy the Cereals and pulses requirements of 
the local population#  more allocations have been made for 
wheats, urd, maize and rice crops (4000.0, 2178.0 , 1500.0 
and 1331.2 hectare r spectively) & These crops have used a 
bigger share of available water* So in a water scarcity 
s i atien(which is the case now) less water is left for 
other crops. This is the reason why only 534.6 hectare 

has been allocated for to sugar cane (water consumption 
3.33 m) crap, which Is l+pis than the minimum limit of 
1000.0 ha specified for sugar cane. 

The Interesting point of the analysis Is that with 
the extéting availability of the water, for higher not 	2  
returns and more employment generation, we should decrease 

area under sugar cane to a minim and ideally to zero* 

This point is highlighted by the fact that for sugar cane 

crop only allocation Is below the prespecified minimum 

limit. 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 agrit l.. 
tural practices a higher minimum limit of 1000.0 ha .vas 
specified for sugar care. 
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Wheat and maize is allocated 4000.0 ha. and 1500 ha 
of land respectively, (Table 53) which Is quite high and 
happen , to be maximum specified limit for these cra, ts. 
Although wheat needs a high dose of water (1,045 meters) , 
but it is pretered as its yield d per hectare ( 3500 kg) sad 
return/hectare (Re 1670..0) is very high and labour require. 
meat of 76 ma aye is moderately high. 

For maize crop yield per ha Is 3000.0 O kg and labour 
requirement per ha. Is 120 mandays which is quite high and 
return per hectare Is Re 850.0  which Is moderately high. 
Again water requirement for maize Is 0.421 meters which 15 
very low and that In why maize ia a prefered crop in water 
scarce a .ttetie 

These are the mart why maxim possible allocation 
ia made for wheat and maize*-  In cereals third preference goes 
to rice and 1337.2 ha• It allocated for this crap, -as for -rice 
crop yield,#  labour requirement and net return per hectare 
Is 3000.0 kg, 76.0 mandeys and 1007.0 ripees respectively. 
Each of them Is at higher $ ide but water requirement of rice 
3a 2.45 meter which Is very high and home a lower silo. 
cation has been made for tis. in case of Barley only labour 
it ut (135 mandays) is high. Yield and net return per  
hectare to 2000.0 kg and 823.0 rupees which is at the lower 
aides For above said rea ons barley in made a low all oca. 
tion of 	296.13 ha il. 
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To most the local needs of pulses a positive bias 
has been for Urd and 'Moong• The reason why a large allow 
cation of Z78.0  he (Table 5.4) ia made for Urd is that its 
yield and net return per ha. i.e 1000.0 kg and 16(17.0 rupees 
respectively. Not return for urd is highest among the 
pulses and yield is next to gram only. Again It requires 
min. water (0a i8 4 motor) and can be harvested with in two 
and half month t For moong maximum specified 1500.0 ha is 
allocated. The reason for this preference is that it 
occ.api the field from April to July which happor to be 
low cropping ping Intensity months* The water requirement for 
moon Is 1..354 meters which is not ve27 high. For gram and 
arhar allocation is So. o and 20.0 ha respectively, this is 
the min spocitisd limit for these crops. The reason 
that for gram net return per hectare is Re 779.0 which is 
Second lowest. For arhar the occupancy of .e, d. is in the 
intense robs, cropping 5ea5L, IIie to these r says dot ate o 
tip for these crops are bare minim. 

with the present allegationso fodder position is 
also quite oaafortabl e. A good )iundred hectare Ise ,l000ted 

to jowar and bajra each. Again 600,0 ha Is allocated to 
Hsr6eeca which is very nttitizs fodder. Tho less allocation 
to sugar cane 534.7 ha (canparod to 3417.0 Imo, in exis.tizig 

cropping pattern) in tezns of fodder i.e mad* good by more 
allocation to wheat 4000.0 ha (3292.0 he in t e existing 
cropping pattern) • 
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for all the other craps they allocation is bare 
miniazm as specified*. 

The estimation of a ta, ization of avøilable 'weter, 
made by using table 5.2. The surface water utilization is 
$2.'l•. and grourxi water utiizatjo is 100,. 

In the months of Ja2*aary, February, March,, September 
and Noveaber, the surf ace water utilization Is 100% and 
in they months of Ja 	r* February, March and s p tember to 
mast the increased irrigation  d a 	the ground water is 
needed. The reason being that in above said months, +app; 
intr ity Is very high a exocpt september- monthly rainfall 
is very scanty# The maximum surplus water (693 b ) is in 
the month of August Which is due to the heavy rai * Again 
325.$, 328.06, 329.1, 347.0, :416.7 and 83.2 hai.m surplus 
surface water is there in the months of April, May, June, '.. 
July$  October eM Desember. 

The ground water mining Is required when surface 
water is tailing Short. The total ground water used In this 

plan is 2466.6 he which Is the safe limit of ground water 
withdrawal* The wsz1ima ground water Is pumped out in the 
month of Feb (1011.3 he u.*) Ike the mantra of Jamaryo  
February and March ground water 3s putp+rd out to the tAno of 
428.1, 1011.3 and 503.7 ha ..a respectively. The reason for 
withdrawal is lower canal flow and high Irrigation tem of 
rabi crgas# - 
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5.3  eccn4TR1afl 

In the previous Analysis voter is becoming short 
In certain months. Now a constant monthly surface water 
availability of 1480.0 	cons id ed which is the 
aaximum monthly discharge of the canal in a normal year* 
The formulated problem is solved in two sets. 

5.3+ 1 prst Lse t 

Here first priority auu,igned to the not rem 
and second to tht employment generation. 

Table 5.6 shows area allocated to different crops 
with increased surfaae water availability. Table 5.7 shorn 
voteravailability and water use in different months. 
Table 5#13 and 5#9 gives the ceras and pull o production#  
while table 5.10 gives tot.. employment grn ration#  and 
employment generated by different cropping activities as 
well* 

Asi ear from the saris on of table 5.1 and 
table 5.6, when water availability is increased,  the total 
area under cultivationIs increased by 3O.284 

•The phenomenal enol cha in here 10 that with more water 
available for irrigation#  crops requiring heavy Irrigation 
like sugar' can* (3.33 meter) and riot (2* 4 ►5) muter) but 
with higher re #urns (sugerrnr 3238.0 Rupees/ha 	 rice 
1087.0 rupees/ha) are given preference over 	crops 
requiring loss Irrigation like soong €1.354 meters- ..) and 
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barley (0.827 meter) with loin not rem (moong 632.0 
rup$ /he and barley 823.0 rupees/ha). The allocation 
for sugarcane and rice is increased from 534.6 and 1337.2 ha 
to 1044.6 and 1521.3  ha resp ectivel yr(Tebl a '., 5.6). The 
allocation for moong and barley is decreased from 1500.0 
and 296.13 ha to 1495.0 and 20,0 has This is due to the 
first priority as singed to the uetreturns. Again the 
allocation for eug 	* (1044#6 ) Ia more than the 
mm. specified limit of 1000.0 ha. ?Tearn that if crater 

is more„ it 10 economical ecOnomical to grow sug jr Vie, 

For urd allocation Is raised from 2178.0 ha to 
4000.0 ha which is the specified max* limit for this coup. 
This - to increase net returns 

I For maize and wheat crops, max* epeoifie d aria of 
1500.0 and 4000.0 ha Is allocated. For erher and gram min 
specified area Of 20.0 and 50.0 he Is allocated which Is 

the some ae in the first plan* 

In the second plan also local requirements of 23104000.0 
kgs of cereals and 546,5500.0 Kgs of pulses - are fUl fill ed. 
In fact now 1817500.0 kgs of pulses is more, than th. local 
pi 	.± reV *€ent (table 5.9) which can be sold. 

In the second plan allocation for pees and potato Is 
raised from 150.0 and 600.0 ha to 1000.0 and 2542.0 ha rem 

p eetivei y (Table 5.6) • For pear 1000.0 ha 3e specified as 
upper limit. The reason for more allocation Is that net 
return per ha for potato and pees Is 2500.0 rupees and 



3291# 0 rupees  respectively s  which is Second and third 
highest not return per ha in the list of ■ ixteen ores. 
so this is dory purely for oconcmic reasons. 

By the examination of table 5*7 it is quite clear, 
that water use is very uniform, About 92.3% of available 
Surface water is used and 100 of ground water is util *d 

In this plan not returns works out to be 3.06 c r`a * 
rupees (Table 6) and totel employment oyment generated is 
2.199 million manda (Table %i0). Again due to scarcity 
of water 6918.8 he of Ian, resained unøltivate4. 

Here first priority Is given to the employment 
generation and second to the net retrns. The land and 
water allocati on sri to elated and the results are 
c cpawed and shown In Table bll* 

C arts ion of table 5.6 and table a 5.11 gives an 
`- l ing how the land +a l motion Is changing when the 
priorities are interchanged. In second set first priority 
Is given to the employment generation. 

It is observed from Tab) a 5.11 that for crops J+ wary 
baa, barley and sugar came more allocation have ham risde. 
For ,orad bajra#  barley and sugar cane crops allot abees 
have ben raised from 200. 0, 100.0, 20.0 and 1044.6 hat. to 
100Q0, 1000.0, 1540..0 and 1092.9 has respectively. The 
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reason is aimple that for these crops labour input Is 

higher. Although labour Input for potato is higher 

(205 mandays/ha) compared to j owar, barley and bajra 

(140.0, 135.0 and 120 mandays respectively) but for 

potato water requirement is more than these crops (0.8 m) 

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 allocations are 

reduced from 1521.3, 1000.0 and 1499.0 ha to 534.7. 150.0 
and 1431.0 ha respectively. 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 reduced. Zn case of peas although 

labour input is 110 mandays per ha. but its water requirement 

is higher (.84 m) compared to other crops, and secondly It 

occupies the field in the intense cropping rab3 seas on and 

hence the allocation 30 reduced. 

When the first priority Is assigned to employment 

generation, the labour :input is 2.339 million rnandays and 

net re' urn is 2.89 crore rupees. So compared to first set 

labour input have increased by about 0.14 million mandays 

and net returns have decreased by 0.17 crore rupees. 

In the second plan, when first priority is assigned 

to not returns, the not returns are 3.06 crore rupees and 

total employment generation is 2.199 million mandays. These 

are 58.590 and 5'f. 4;t higher than the first plan. As with 

more water the difference in net returns and employment 
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generation Is quite, high so there Is a strong ceo. for 
increasing water avail a'bil ity. In the third plan monthly 
surface water availability is taken as 1690.0 ha, which 
Is the designed cacity of the cast* 

5,4 Ted Plan 

The month' y water availability 	 taken 1690.0 h 
whish is the designed cacit of the canal.. 

5.4. T  

Xn this Me the first priority Is assigned to the 
net returrs and second to the mployment generation. The 
a11ocattor of land and water to different crepe, cereals 
and pulses production and employment generation, with this  
water availability are Shawn in tables %12 to 5.16. 

With monthly water availability of 16190.0 hs.a 
the cropping Intensity obtainod 10 U8.019 (Table 5.12) 
which Is 6.?3 more than the plan 2 (table 5.6)• The total 
net returns are 3.4 crore s which 10 I4;4 more than the 

plan 2. The enpio went generation Is 2.606 million ma c 
(Tabl a 5.16) which Is abut 14;4 more than plan 2. The 
surface water used for plan 3 for one year is 18471.1 
which In about 12.6 more than plan 2* These stetietio 
shows that output per unit water ir,ut Is not saturated at 
this point also. 
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The ma3ar changes (compared to second plan) in 

the allocation are made in the ease of sugar cane and 

potato crops. For both the crops the allocation is 

increased from 1044.6 and 2542.0 ha to 15529. d 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 1495.0 ha to 

1301.4 ha. This is due to the lower net returns/ha 

(632.0 rupees/ha) for moong. lnspite of lower allocation 
for moong, surplus or marketable pulses will be to the 

tune of 1643260.0 kgs (table 5.1t). 

to change is made in cereal allocations. The cereal 

availability w ill 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 91$ of available surface water (20280.0 ha»m) is 

utilized. Again 100 ,$ of the grand water is also used. 
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5.4.2 S e cord Set 

In the Second part priorities are interchanged. First 
priority is assigned to the employment generation and second 
to the net returns. The change in land allocation and employ-

sent generation due to changing the goals priority are shown 

in Table 5.17. 

5. 	an 3a ion of the hr a Pians 

The comparSs ion of various plans 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 77$ and employment generation by 80$. 

This shown that by increasing the per unit input of mater, the 
increament in output 3a much higher. As grater availability 
for irrigation is more (Plan 3) p the cropping intensity has 

increased from 81;% to 118.01$, which is an indication of 
better land utilization. But at the enhanced canal flow of 
1690.0 ham per month as assumed in plan three#  5432.4 ha of 

land still remains incu1 ti rated, due to the shortage of water. 
In all the three plans, the needed quantity of cereals 
(23104000.0 kg) and pulses (3648000.0 kg) are produced. In 

plan two and three, the pulses production is more than local 

needs. 

The water utilization is very efficient in all the 

plans. The surface water utilization ranges between 81$ to 

92$. The ground water utilization is 100$. 



The area all orated to different crops in different 
plant is given 	 table 5.18. In land allocation, maximum 
area is all coated to wheat, maize and urd crops* The ale. 
cation for wheat er*1 maize in all the plan ► are maxim= 
specified i. e. 4000.0 be and 1500.0 he respectively. For 
urd in first plan allocation is 2178.0 ha and in the second 
and ted pl , the allocation is 4000.0 ha which La the 
upper specified limit.  

AS the utter avail ab .1 ity is more in second and 
third plan the crops which get more area are peas, potato, 
sugar cane and rice. The area allocated for peas Is 150.0 he 
in the first plan and 1000.0 ha in the second and third 
plan (I000.o ha Is the max. ape of fied limit for p aaa) . For 
potato (net return 2500.0 rupees/ha) the, area allocated  
in the first, send and third pIers are 600.0 '  •„ 2542.0 and 
331.0 ha respectively.  Fear sugar cane (net returns 32.O 
rtV ee ha) the area allocated In 'tip first* second and third 
plans are 534.6, 1044.6 and 129.6 ha respectively. In case 
of rice allocation Is raised from 1331.2 he In the Fitt plan 
to 121 ha in the second and third plan. The increes od 
allocation,  rill max iz. the not returns. 

In cane of moo* and Barley (Met returns 632 rupees/ha) 
(not returns 823 rup / ) v  the allocations are, reduced. For 
moong allocation is 1500.0,, 1495.0 and 1301.4 he in -the 
first second and third pias respectively. Again allocation 
for barley is reduced from 296.13 ha In the first plan to 20. ohs 
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in the second and third plan. The main reason for reduced 
aUocation Is thei' low net return/ha. 

The crops which have not taken oft, are 5owar, 

baçra,  arbor, ground tet, mustard, berseem and gram. AU o. 
catoXrn for these crops are bar* minimum. 

When first piity is assigned to the employment 
generation#  a positive bias is shown f+ crops which h 
higher labàur requirement/ha.  Vic. more area have been 
allocated  to sugar cam. (32r7.0 mandays/ ha) , jower (140.0 
mand*ys/ho) , ba $a (120.0 mane / ) and barley (135 zuanckYaf hi) 

For potato (205.0 monk/ba) and pass. (220 mar a / ha) r  the 
labour requirennt is high„ but in a waw tight position,  
it ganerat more nploent to grow oar cropo like jowar, 
bajz's etc# 
5.6  Sensitivity Analysis. 

The area all ocatLah to the different crops for 
different surface water avail abil i 	shown in table 5.20. 

At the initial s # + when water ava , abl a for irrig... 
tics is low, the prefered crops are rdalsep urd, moong and 
what. In the first plan when water availability An the 

real water avail abil &ty,N the area allocated for the above 
crops are 15000, 2178.0, 1500.0 and 4000.0 ha respectively. 
These crops are Dret+red as the net returns and yields for 
thee craps are higher. Again these crops are cereal and 
pulse craps„ so to fulfil local requirement& of cereals and 
pul$ es # allocation to therm a crops has to be higher. 
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As water avail abil ityR Is increased the allocation 
for sugar cane increases gradually. The allocation for 
sugarcane have increased from 534..6 ha In the first trial 
to 4000.0 ha in the 8th trial (table not 5.20) . 

Zn the case of potato#  the allocation increases 
fr an 600.0 ha in the first trial to 4000.0 ha in the fourth 
trial. 

In this study cereal crape are rice„ maize wheat 
and bar l ey« The allocation to maize and wheat are 1500.0 
and 4000.0 ha which is maximum possible allocation specified 

for these crops, right from the first trial • As local cereal 

requirement is just fulfilled and hence the allocation to 
the rice and barley are inter rel ated i.e. if allocation to 
the barley is inures ed,, allocation to the rice is decreased. 
This is clear from table 5.20. This Is the reason#  why 
allocation to rice is increased in the a econd and third trial 
to 1521.3 ha from 1331.2 ha in the first trial and a locition 
to barley is decreased in second and third trial to 20.0 ha 
from 296.1 ha in the first trial. Frain third plan and 

onwards, allocation to the rice decreases and allocation to 
barley increases gradually. The reas an for p eculair variation 
of land allocation 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 Rabi 
scarcity. As water availability 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 from 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 fourth 
trial. 

In this study cereal  crops are rice, maize, wheat 
and barley. The allocation to maize and wheat are 1500.0 
and 4000.0 ha which is maximum possible allocation specified 
for these crops, right from the first trial. As local cereal 
requirements is just ful fi l ed and hence the allocation to 
the rice and barley are interrelated is s. if allocation to 
the barley is increased#  allocation to the rice 13 decreased. 
This is clear from table 5.20. This is the r eas on,, why 
allocation to rice is increased tn the $ econd and third trial 
to l2..3 ha from 1337.2 ha in the first trial and allocation 
to barley is decreased in second and third trial to 20.0 ha 
fran 296,1 ha in the first trim.. From third plan and 

onwards, allocation to the rice decreases and allocation to 
barley increases gradually. The reason for peculair variation 
of land allocation 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 Rabi 
scarcity. As water availability is increased further more 
allocation is being made to sugar cane (which occupies field 



both during Rabi and Khari . Jowar and urd. Again 
for maize madimur allocation of 1500 ha. is made. The 

cumulative effect of all these cropping activity Is 

that there is a s carelty of grater in the month of 
September,, October and November. Again at this stage 

water situation in rabi cropping season is confortable. 

The objective Of the st*dy is to maximize net returnsand 
employment generation#  to achieve this more allocation 

is being made to sugar cane (It is having maximum net 

return/ha and maximum employment generatioha) at the 

expense of rice. To make up the cereals loss more 

allocation is being made to barley, as it is rabi crop 

and caring this season water is surplus, so more allocation 
Is leas ibl a here.  

When surface water us is Increased by 238% In 

ninth trial compared to the ' first tri.,, the net 'returns 

and employment generation is increased by 244.5$ and 272$ 
respectively. Again. ' cropping intensity rises from 81$ 

In the first trial to the 152$ in the ninth trial. This 

l eve], of cropping intensity is desirable. 
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Surface Water Availability 
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TABLE 5.3 

C ereal Production 

Si. 1 ame, of ,eld, ha 	Area Allocated Tota. Yield 
No. Cereal (Es) 	`Vi=i (Kg) 

1. Rice 3000.0 137.2 4011600.0 
2• Maize 3000.0 1500.0 400000. 0 
3.  Wheat 3500. 0 4000.0 14000000.0 
4.  Barley 2000.0 296.13 55 2260.0 

Grand Total 	 23103860.0 , 

`ABLE %. 4 
Pulse Production 

SI. Name of Yield/ he Areal Allocated 	Total Yield d 
No. HBe (1(g) (ha),  (K } 

1.  Arher 1000.0 20.0 20000.0 
2.  Urd 1000,0 2178.0 2178000.0 
3.  Moong Moo  900.0 1500.0 1350000.0 
4.  cram 2000.0 50.0 _100000» 0 

Grand Total 	 36i8 000.0 
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Cr-ea]: Pr'oduotlem  

$1. Name of Yield/ha Area A11ocatIO 	Total Yield No. cereal (Kg) (ha) 

1.  Rice 3000.0 1521.3 4563900.0 
2.  Maize 3000.0 1500.0 4500000.0 
3.  Wheat 3500.0 4000.0 14000000.0 
4.  Barley 2000.0 20.0 40000.0 

Total 23103900.0 

TABLE 5#9 
Pulse Production 

Si. 	Name cf 	Yield/ha 	Area Allocated 	Total Yield 
No. 	Pulse 	(Kg) 

1.  A rhar 1000.0 20.0 20000.0 
2.  Urd 1000.0 4000.0 4000000.0 
3.  Moons 900.0 1495.0 1345500.0 
4.  Gram 2000.0 50.0 100000.0 

Total 	 5465500.0 
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TABLE 5.14 
	 CZ 

Cereal. Prodaetton 

31. 	Name Of 	Yield/ha 	Area Allocated 	Yield 
N.©. 	Cereal 	(Kg) 	(ha) 	(Kg) 

1.  aloe 3000.0 1521.3 4563900.0 
2.  )IaiZO 3000..0 1500.0 45O0000. o 
3.  Wheet 3500.0 4004.0 14000000,0 
4.  B 	ley 2000.0 20.0 4 0000, o 

Total 	 23103900.0 

BLB 5.15 

Pules Production 

31. Name of Yield / he 	Area Allocated Yield 
No. Pulse (Kg) (Kg) 

1.  Irhar 1.000.o 
2.  Urd 1000.0 
3a Moofg 900.0 
4, Gram 2000.0 

20,0 20000.0 
4000.0 4000000.0 
1301.4 1171260,0 

50d0 100000.0 

Tota . 	 5291260.0 



Ai 
TABIE 5.16 

Employment Generation 

81. 	'Name of 	Area Allocated 	1anda -e 	Tota. Employment 
No. 	Crop 	 Generated 	Generation 

per he 	(mande" ) 

1. Sugar Cane 1529.6 ' 27.0 5001..79.2 
2, Rine 1521.3 76*,0 115618:8 
3. Maize 1500.0 120.0 180000.0 
4 . J owar 200.0 140.0 28000.0 
5,  BajMS 100.0 120.0 12000.0 
6,  Arhar 20,0 11000 2200.0 
7.  urc 4000,.4 92.4 368000.0, 
8.  Noong 1301,}4 9240 119728.0 
9.  Ground nut 20.0 120.0 2400.0 

10.x.. Wheat 4000.0 76.0 304000.0 
11.  . Rasta. 300.0 105.0 31500.0 
12.  Berseem 600.0 62.0 37200.0 
13.  Barley 20, 0 135.0 27OO. O 
1.4,E Gram 50.0 115.0 5750.0 
15.  Fees 1000.0 110.0 110000.0 
16.  Potato 3357.0 205,0 688185.0 

Total 	 2506236.0 
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C71~CLUS IONS 

in the present study an Attempt has been made to 

develop an optimal cropping pattern for Salawa comrand 

area by optimizing land and water res vurces 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 fulfilment and upper and 

lower land limits to a particular crop+ A goal programming 

model has been formulated taking above mentioned considers.. 
tions Into account in chapter four # and optimum allocation 
of land to different crops has been alculated and tabulated 
(In table 5.19). 

The trade offs between different objectives by 

changing the goal priorities have been ascertained and 

are given in the chapter on ' `°esults and ai&cussions'. 

AS is clear from table 5.20 the cropping -Intensity 

with the present water availability is 81 only, which is 
very low. Again 9989.3 Hectares of land are still uncropped. 
Hence there is a strong e s e for increasing water for 

Irrigation. As ground water already being mined to the 

safe limit of 2466.7 F .m. We can Increase water availa-

bility of by increasing surface water util izeri o~nr 
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Accordingly the availability of surface water has been in. 

creased in Steps, the reallocation of land, net returns and 

employment generation for the new conditions are calculated 
and tabulated in tables 5.19 and 5.20, The increase in net 

returns and employment generation with increase in water 

availability are also shown in figures 5.1 and 5.2, respective• 
iy. 

as is clear from figures 5.1 and 5.2, the most 

spectacular gains in net returns and employment generation Is 
in going from firit plan to second plan# From second plan and 
onwards the gains are increasiz at a sl over pace. When the 

Surface water use is increased by 142$ in the second plan 
compared to first plan,, the increase in net returns and employ... 
ment generation are 158 y. and 157 ;$ respectively. when 
monthly surface water availability of 1480.0 Halm in the second 
plan is lnereRsed to 2680 Ha..m in the laett plan (increment of 
181$) the increase in the net returns and employment generation 
is 154 ;( and 172 ; 	This shows signs of saturation. As net 

returns and employment generation is having maximum forward 

linkage, so surtaee water avail abi . ity should be increased to 

a level where social returns are maximized for a reasonable 

capital investment. 

U gtigxs for inniementation 

1. 	As the net returns and employment generation is 

increasing with increasing water#  so more surface 
water should be made available for irrigation. This 
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should be economically viable and should give mexL 
mum economic and social r*Wrm to the $ e r. 

2. The surface water is not bei.r made aveilabi a as the 
crop requirenent. In the rabi season when water 
requirement to more, available water is I.e. This. 
loophole Should be plugged. 

3. The areas under pulses 3 oil $ ees 4a 'Very low. 
While they gives better profit and nem less water. 
The problemis that theme crops  are prone to posts 
and diseases. so appropriate seeds and technology 
aid be developed and supplied to the farmers, This 
way we can put more area under these a crops* 

1. The monthly effective falnfftLi is calculated ,-,Aet 
m vis ti c ally by considering average monthly rainfall. 
To got a more realistic value of effective rainf l #  
one can use stochastic methods 

2. It ,0 being assumed that Standard dozes ligation, 
frrtit isere,, pesticides and labourmate avail obi e 
at the app'o iet. time,,. ben** standard yield per 
bectere 3s considered. Practically it is not true. 
The availability , ity of all the inputs at appropriate 
times can not be assured* This way the yield will be 
less than the standard yield taken .tn the analysis. 
This can also be included in the model formulation. 
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3« 	To maintain the fertility and nitrogen level of 
the sail►  cropping pattern tbrAald be such that 
leguminous crops should be followed by other crops. 
This is Vert uaefA in for run strategies * In 
ft t ore this can also be ineorp orated to the model 
is stion. 
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A. 2 	E `FEC I IV RAAINF. . 

If monthly ET crop for any crop in a month, and 
mean monthly rainfall In the sane month is known, than 
from table As-1 'tie  can cal cz. me effective rainfall. 
Mean monthly rainfall for different months in Salawa 

command is given in table 3.1. Et crop is  calculated 
and tabulated in the table 3.4. With the help of table 

A4 effective rainfall is estimated and given in table A•2. 
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