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ECONOMIC ANALYSIS - RAJASTHAN MEDIUM IRRIGATION PROJECTL/

The general procedure for aconomic evaluation of Rajasthan Medium
Irrigation Projects follows that for all capital development
proiects. Estimates are developed for the projected stream of net
economic benefits and for the projected stream of capital outlays
required to achieve the benefits. The stream of benefits 1is related
to the streamn of capital outlavs. Projects for which the projected
net henefits compare favorably with the projected outlays are deemed
to be economically feasible; rthose for which the relationship is
unfavorable are deemed to be infeasible. The larger the net benefits
relative to the capital outlavs the more beneficial the project to
farm producers, tc Rajasthan, to India and to the world economy.

For purposes of economic evaluation, the schedule of projected net
benefits can be related to the schedule of capital outlays and
expenses 1In one of three wavs:

1. By division: dividing the benefits by the outlays
and expenses to obtain the well-known Benefit/Cost Ration (B/C).

2. Bv subtraction: subtracting the outlays and expenses
from the benefits to obtain the net value of the project, commonly
called the Net Present Value (NPV).

3. Bv determining the rate of earnings: relating the
net benefits to the outlav to measure the earning power of the total
capital investment required for the project. This measure is commonly
called the Internal Rate of Return (IRR).

Each of the three measures requires a procedure for relating future
benefits and outlavs to those in the present. Discounting formulas
are used to detecmine equivalent current values for future benefits,
and/or for determining future annualized values of '"lump sum'
capital expenditures. Annual compound discounting formulas normally
used are of the type (1 + 1)™™ where i is the annual discount rate
and n is the number of vears into the future of each projected
outlavy and benefit.

Use of the discounting formula permits specification of minimum
standards, or cut-off points, for project feasibility. For example,
one may specify that the IRR be 12 percent or higher for project
feasibility. This is equivalent to B/C standard of 1.0 to 1 or
greater {(and NPV equal to or greater than zero) when

1/ This report was prepared, basically, by R. Phillips and R. Borsdorf
of Kansas State University under Contract No. AID/TA-C-1162, and
USAID/India staff.



-2-

the discount rate is 12 percent. These standards each imply that
the opportunity cost of capital outlay in Rajasthan is 12 percent
per annuan. The Internal Rate of Return for any feasible project
should he equal to or greater than the opportunity cost of capital.
Properlv calculated, any of the three measures of project feasi-
bility will vield important results for decision making. Each
depends on accurate projections of capital outlayvs and net project
benefics; accuracy both in total magnitude and transition (distri-
bution) through time. Dependable assessment of MIP feasibility
requires accurate simulation of future reality for project develop-
ment znd the response of the benefited farm producers to this
development. No twe individual MIPs are identical so that each
must be simulated and evaluated separately.

There are a large number of alternative candidate MIPs for imple-
mentation in Rajasthan, and limited time and resources for evaluating
them Procedures and guidelines must be standardized so that the
candidates can be appraised fairly within the analytical resources
available. It is believed that this can be donc without excessive
sacrifice of quality of result. The existing procedures used by
the GOR Deparrtments of Agriculture (Water Utilization Cell) and
Irrigation provide a solid tfoundation for doinz so. Computer
techniques are available for extending the existing procedures to
enhance the completeness and accuracy of project evaluation of
alternative MI? candidates.

Excamples of three MIPs are evaluated. The three are chosen to
represent varying conditions of soil, climate, water supply and
farm povulation over the State., More relevant to the evaluation
procedure, the three are selected as prototypes of the three major
categories of MIPs. These are new or on-going projects and
modernization projects at two levels of investment comma:nd area
development type activities.

2. Current Methodologyv used by GOR and GOI

The methodology currently used by GOR and GOI for evaluation of
Medium Irrigation Pro‘ects (and for Major and Minor Irrigat107
Projects as well) is documented in the recent GOR Guidelinesd
The methodology is used widely throughout India, and fully
accepted by the Covernment of India. Benefit cost ratios are
calculated, following standardized procedures for all projects.
Average annual net incomes at full project development are
calculated for the target farmers to be benéfited. The with

1/ Dr. U. R. Mehta. Guidelines for Evaluation of Beneflt Cost

" Ratios of Irrigation Projects and Achievement up to December
1979. Govermment of Rajasthan, Department of Agriculture,
Jater Utilization Cell. Report No. 7. Jaipur, Rajasthan,
India -
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project net incomes are reduced by the comparable net farm incomes
under the existing asriculture in the project command area to
estimate the annual net project benefits.

The total capital outlay for project development is taken from the
Department of Irrigation engineer's estimates. In most cases,
these estimates include an annual acceleration factor for inflation
and/or interest during construction for outlays to be incurred in
these years after the base vear. If relevant for the project in
question, thev include at least rough estimates of associated
capital outlayvs needed to achieve the targeted benefits. Common
examples of these "outside Project" associated capital outlays
include rural roads, on-farm development, marketing facilities,
accelerated agriculctural extension and agricultural credit, and
improved facilities for agricultural fertilizers and pesticides.
If some of these relevant associated outlavs have been overlooked
in the engineer's estimates, they are added by Water Utilization
Cell at the time the benefit-cost analysis is made.

The adjusted total capital outlay for each project is annualized
by the Water Utilization Cell for ccmputing the benefit-cost ratio,
The computation is done uniformly for all MIPs by the following
steps:

1. Muletiplying the adjusted total capital outlay by
10 percent (capitalizing the outlay at 10 percent simple interest).

2. Dividing the adjusted outlay by the projected useful
life of the project to determine an annual straight-line depreciation
charge.

3. Sum the results of steps 1 and 2.

4. Add an annual charge for administration and maintenance,
calculated at a standard per hectare rate applied to the total hectarage
in the project command area at full development.

The final sum as determined by these four steps 1s used as the denom-
inator for the B/C calculation.

The adjustment for a calculated water charge to the benefited culti-
vators 1s subtracted from the numerator rather than added to the
denominator for the B/C determinacion. The calculated water charge
is established on a per hectare basls for each crop by the GOR,

and until revised is applied uniformly for all candidate MIPs under
evaluation. Currently these calculated water charges range from

Rs. 30/ha for such kharif crops as maize and sorghum to Rs. 100/ha
for the combined-season crop, sugar cane.

The benefits obtained for purposes of the B/C SLlculations are
affected by a number of factors, but the most crucial include the
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the projected (1) pattern of transition to full development,

(2) totzl hectorage to be served, (3) cropping and {rrigation
intensities, (4) per hectare crop yields, (%) farm prices,

(6) production inputs and costs and (7) cropping patterns (crop
mix). With the excep:ion of the first one. each of these is
reviewed carefully by the Water Utilization Cell in the process

of evaluating each candidate project, as explained below. Since
only average full devclepment benefits are used in the calculation,
the transiticn to 7ull development 1s not reflected in the present
GOR z2nalvsis (except for the inflaticn and/or interest during
constructica applied teo the capital cost estimates, noted above).

Total hectardge to be served by a given MIP is determined by the
tepography of the area and the available water for irrigation,
through the interdependency with irrigation Intensity, cropping
intensity and cropping pattern. For most MIPs, the area of sult--
able scil that can be resached by gravity flow is not the limiting
factor; the available water supply 1s limiting. Nonetheless,
those areas within the calculated command of each project are
reviewed as fo crop production capability, existing land use,
existing cropping patterns, existing yvield levels, existing well
irrigation, existing markets, etc. Where necessary, the proposed
area to be benefited 1s adjusted in the benefit-cost evaluation.

Irrigation 1intensity, given the total hectarage to be benefited

and the projectad cropping pattern, 1is a direct fun:tion of the
availlable water supply. The hvdrological and engineering calculat-
ions of the Irrigation Department are carefuilv reviewed by the
Water Utilization Cell. Calculated average supplies rather than
normal supplies are used fer this purpose (see Scction ITI ),
Water requirement tables by scason and by crop are reviewed care-
Zully by the Cell. Where necessary, adjustments are made in
proposed irrigaticn intensities to meet the agrenomic require-
ments of the crcps Included in the cropping pattern.

Cropping intensity, ziven the projected irrigation patterns, are

a function of agroclimetic factors and established farming practices.
Often fields irrigated during the rabi season are left fullow
during the harif season, and vice versa, so that cropping inten-
sities in Rajasthan rarely reach 200 percent, even in aveas where
rainfed crops are regularly grown. Rainfed ~ropping does increase
as areas are developed for irrigation, however, and this fact is
reflected in the feasibility analysls. Using historical experience
in adjoining project areas, the Water Utilization Cell reviews
proposed cropping intensitites for ecach project, and makes upward
or downward adjustments when they are indicated.

Crop vields projected for the project area also are reviewed for
each candidate MIP by the Water Utilization Cell, and adjusted

as needed. Comparisions are made with existing vields in the
command area and with those neighboring areas where projects have
been developed. Separate estimates cf projected vields are made
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for each MIP, and within each MIP by rabi or kharif season and for
irrigated, unirrigated and bed cultivation. To date transitions

in yields after development have nui bheen reflected, as noted above.
Likewise, separate projections have not been made for well irrigation,
for level of water course lining and on-farm devalopment, etc.

Farm prices, are projected for each crop and farm ieput in real

terms. Ttor the mest part, standard sets of farm prices are used

for all candidate MIPs in the same reglon of the State. Crop prices
used by the Water Utilization Cell are based on actual prices received
by farmers and, if anvthing are conservative. Farm prices in Rajasthan
average about 30 percent below economic prices based on world markets,
introducing additional conservatism in the B/C ratios for projects
submitted for International donor support (sce Table 5).

Production inputs and costs are computed directly by the Water
Utilization Cell, following standard guidelines and worksheets

as well as specified input levels of fertilizer, plant protection,
seed and cther variable inputs needed to achieve projected full
developzment vield levels. Hired farm labor (but not family labor)
is included as a production cost in determining projected net
benefits.

Cropping patterns used by the Water Utilization Cell represent
minimal deviations {rom those already existing, particularly for
projects in tribal areas where customs change slowly. For example,
irrigated as well as rainfed fodder is retained to insure adequate
forage for the farmer's work and milk animals. Relatively low-
vielding creps such as gram are retained because of their ability
to produce scmething, even under adverse "famine'" conditions. High-
risk crops, especially during the hot zald season, and crops high
in water requirements (e.g., paddy and sugar cane) are discouraged.
The sequencing of crops in the cropping pattern is reviewed care-
fully to insure that practical planting and harvest dates and
growing seasons have been projected. Acceptable close-by markets
are used asa prereguisite for such crops as vegetahles, sugar cane
and groundnuts.

3. Recommended Modifications in Methodology

.2/
The major modification® in evaluation procedures recommended for

2/ Discussions with responsible GOR officials indicate a genulne
interest in modifying the methodoleogy of project evaluation to intro-
duce workable improvement within the constraints of recources and
workload. Likewise, USAID officials have indicated interest 1in
technical assistance and training support te help GOR achieve the
desired result. Computerized evaluation techniques are to be
considered to the extent feasible for India and Rajasthan, primarily



GOR involve moving toward fully discounted cash flow analysis in
order to measure the IRR and net present value (NPV) as well as
the B/C for candidate MIPs. Once institutionalized, the modifi-
cations will permit more complete analysis and support more
effective project planning aad implemertation. 1In addition, they
will meet the standards for outside donor suppert. They can be
applied to the whole range of major, medium and minor Irrigation
projects for which GOR has responsibility.

The principal requirements for implementing the recommended
modification are (1) procedures for discounting outlay estimates
and projected benefits, (2) transicion estimates for project
development and achievement of full production and (3) separate
estimates bv major elements such as farms with both well and
flow irrigation and those with lined water courses and full on-
farm development. Workable discounting procedures are needed
£or IRR and HPV determination., Computer programs were used for
doing this in the three prototypz cases, but worksheets can be
developed for doing sa by hand calculation and graphic deter-
mination. This has been dene by GOR analysists for some MIPs,
including one of the prototype cases, Gudha Command Area Develop-
ment Project.

Estimates of wear-by-vear traasition to full project development
and potential agricultural production are needed as input for

rhe cash flow analysis. Such estimates can be developed by

MIP planuers. Substantial progress has been made in the develop-
ment of standardized guidellines for this purpose, as reported

in Section 4§,

Separate estimates are needed for additional dimensions of certain
MIPs in order to evaluate them effectively. For those in which
groundwarer cnd surface water need to be managed as complimentary
resources, farms with well plus surface irrigatlon need to be
analyzed separately. For those in which watercourse liniig is

to be undertaken, the impacts on projected crop yields and
cropping vatterns need to be reflected. For thoese in which
additicnal command area development activities are to be under-

for sensitivity analvsis and project planning. Revised guidelines
worksheets, together with in-country training for staff analysists
represent a major thrust of the contemplated assistance. U.S.
training in computerized techniques of feasibility analysis is

and

proposed for two or three key GOR officials, and would be structured

around actual Rajasthan medium {rrigation projects.
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taken, the incremental response of farmers must be anticipated.
Substantial progress, has been made in the development of
standardized guidelines for these purposes also, as reported in
Section 7.

Disccounted Cash Flow Analvsis can be used to determine (1) the
Internal or Direct Rate of Return, (2) the Impact or Associated
Rate ur Return, and /3) the Economic Rate of Return, together with
the correspending fully-discounted Benefit Cost Ratios and Net
Present Values. The Kansas State Unlversity computer programs

now operating in New Delhi have full capability for direct deter-
minaticn of all three, and for simultaneous sensitivity analysis
for a series of alternatives with each of them. The differences
amcng the three are in the requirement for data and the purpose
for which the results are used.

The Internal or Direct Rate of Return requires essentially the

same set of input data as that now used by the GOR for B/C analysis,
It is used for the same purpose -- to measure the net benefits and
appraise the project in terms of impacts upon the farmers the MIP

is designed to serve., 1t will measure the B/C ratio at the 10
percent discount rate (or anv other specified rate) simultaneously
with the IRR c¢r DRR solution.z/ Thus, starting from the present
analytical methodology used by GOR, it represents 4 more precise
and versatile method of acconplishing the same type of analysis

now used.

The Assoclated Rate of Return 1s used for an additional measure of
project benefits -- that of development Impacts upon the total
economy of the project area. The use of this measure requires
estimation of the impact benefits such as those arising from

added employuent during preject construction, the resulting greater
farm producticn, from the marketing and processing of the additional
farm products, from the economic activity stimulated by the additicnal
demand for farm Input- and from the Increased capital value of land
and real property resalting from the stimulated cconomic activity.
The GOR has expressed interest in this kind of analysis, but those
responsible for MIP evaluation feel that resources are not available
presently for making such analys!s on a routine basis. As an interim
step, 1t may be possible to present measures of a few of the more
important linkage benefits, such as that of added employment to be
created by each MIP. The ARR analwvsis presented. for the three
prototype MIPs provides basis fer judgment regarding the general
magnitude of associated benefits that may be expected by imple-

3/ The IRR and DRR are identical except for the output format. The
DRR represents more precise terminolegy for public projects such as
MIPs where the direct benefits do not accrue to the same entity
making the capital Investment.
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menting MIPs characterized by these protocypes in Rajasthan.

The Econocmic Rate of Return is a scmewhat different measvre; one
that normally is employed by international donor agencie. which

must be ccncerned with alternative uses of development loan funds

in many countries around the world. This measure requires estimation
of "economic" orices fer farm progucts and farm and product inputs
in order that MIPs in Rajasthan would be feasible ir all markets
were based on free and unrestricted world trade. T[recisely applied,
it also required pricing familvy laber and other "non-exchanged"
inpuzs (and outs ) at their opportunity cost in a free world
exchange. For their cwn internal needs the COK and GOI have only
marginal irterest in the ERR. The Economic Kate of Return analysis
made ror the th prozotype Rajasthan MIPs provide an adequate
basis ermining aa equivalent DRR level as o cutoff for

Transition Escimates: TFull and accurate application of the DRR
and other disccunted cash flow analyvsis requires estimating
transition through time of the capital outlays and net project
venefits for each MIP. At least four transition schedules are
involved:

1. Construction schedule, and year-byv-year identification
of capital expenditures, including associated expenditures which
are '"outside" the project for financial purposes.

2. Farm irrigation system and land development schedule.

3. Schedule of transition to full farm production poten-
tials, starting from the time each irrigated farm is completed.

4. Schedule of transition in cropping patterns from those
at present to those projected at full development.

The last two of these may be expected to undergo one type of transi-
tion without the project and another with the project; therefore,
appropriats MIP evaluation is made by comparing 'projections with
Project" tn "projections without project' rather than "projections
with Pirojec.' to "present”.

The firs:c two tvpes of transition usually are estimated by the GOR
in the course of MIP? evaluation under current procedures. It 1s
believed that the other two will not be difficult to incorporate
into the evaluation procedure on a regular basis. Preliminary .
guldelines arv new wstablished for doing so.

Estimates for Added Dimensions: Separate estimates (including
transitions) for added dimensions of concern in varying degrees

in individual MI¥ candidates can be incorporated intc the stan-
dardized evaluation procedures of the GOR. The tentative estimates
used for (1) farms with wells j us surface irrigation and (2) farms
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wich surface irrigation only in the Gudha and Morel prototypes
have been developed jointly with GOR officials and appear to be
reasonable. Certainly they provide a means of more completely
and accurately reflecting the full potential direct benefits of
MIPs involving complimentary use of surface and ground water
resources.

The differential estimates and transitions developed with GOR
officials between the modernization prototvpe under Command Area
Develcprment and that with less complete and coordinated development
of the project command area provide an example of what can be done
to reflect this dimension. Similar differential estimates and
transition patterns will be helpful In adequately reflecting the
full potential benefizs of watercourse lining, alternative degrees
of land shaping and leveling, land reclamation and other dimensions
of MIPs.

It is reccmmended that differential estimates be developed and
incorporated in the standard GOR project evaluation procedures for
those dimensicns which pruve to have definite merit in most MIPs.
Unique dimensions with special merit in only a few MIPs can be
incorporated on a case-byv-case basis. The present evaluation
procedures of the Water Utilization Cell can accomodate the unique

imensions of individual projects, provided that those formulating
such projects furnish the accompanying differential estimates and
transition schedules.

4. Transition EZstimates for Prototype MIPs

The three Rajasthan prutotype MIPs analyzed represent three distinct
classes of candidate MIPs -- modersization projects with full command
area development (Gudha), modernization projects with partial
development (Morel), and new projects (Gosunda). Each prototype

is distinct with respect te requirements for transition estimates

and kinds of sensitivicy analysis of most value. It 1s hoped that
these three will serve not onlv as a representative base for
Rajasthan Madium Irrigation Project review, bup as a set of models

Ly

for other MIP candidates within each prototvpe—
I yp

Characteristics of the Prototvpes

The Gudha project is characterized by the full potential for
improvement under CAD. Lack of drainage, seepage from canals

and watercourses and salinity are major problems in the upper
reaches and lack of acpendable water supply is a major problem

in lower reaches. Tarmers, agricultural leaders and agribusiness-
men in the command arca who were fatervicwed are unanimous in thelr
anxiety to see the project move forward. The water table 1s

4/ Selection of the specific examples under each prototype is
arbitrary and implies no preference among candidate MIPs., Each

of the GOR Irrigation Department Reports supplied to USAID represent
promising candidates, as do many others on the total list.
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relatively shallow and irrigation wells are common. There 1s need
for the full dimensions of project modernization.

The Morel projec: is characterized by less critical multi<dimensional
problems, but large unexploited potential.  Groundwater represents an
impertant resource, and weil drrigation to supplement surface supplies
mus: be considered. There is a need for and potential payoff from
sarious arttention to watercourses, on-farm development, rural roads,

)

drainage, Jdevelorment of marweting and fisheries development along

)

with expanded :WFL::h ural excension and farm credit programs. Some
0f zhe basc duata 2d for prnjcction of transitions are not yet
availabla, and :hc WruLlﬁiﬂJ{V estimates used dre subject to revision.
They provide a veasonable hasis {or testing the prototype, however,
and indicate that the project is attractive.

The Cosunda project represunts a different stage in Rajasthan irri-
gated agriculture -- that much carliier step of turning sparsely-
cropped rainfed areas into productive farming; that of expos sing
many very pcor farm families to the first step on the track of

porentisl for irrigated ajricuiture. A dependable supply of life-
giving wazer is the first step; perhaps o step even more spectacular

o the muderHLL,LXOn rrojects.

than the oigh paves

Transizion in Avriculetural Production:  The stendardized schedule
of rransition to full agricultural production potential once water
and land development have reached the farm under cach of the three
protocvpes 1s shown in Table 1. Tt is expected that the production
petentials will wvary from MIP to MIP witihin each prototype, but
that the transirtien pattern is a function of the tvpe of MIP,  New
profects represent the loagest transition {n this vegard because of
time raocuired for hozh the tarmer and his land o make the early

<4

i

aved agriculture.  The transition under full
iv 3 =it slower then that wnder otoer modeinization
ause of the additional modifications to the exlsting

Schedules c¢f Lant Area Develeopment: The schedules of land area
development ave unique to vach preoject but reflect the character-
istice of the tvpe into whick 1t falls. The schedules for each

of the three prototypes as used as input to the evaluation analysis
are skown in the corvesponding Table 2. In the cazes of Gudha and
Mcrel schedules are Jdeveloped for without project as well as with
project, and hc areas to be added bv preoject obtained by subtraction.
In the case o the new preoject, Gosunda, thin (s not necessary
because without o source of surface water supply littie or no change
will take place ‘the transition without project is zero).

(‘W

rt

For each project the projected land use pattern for the rabi and
kharif seasons at full development is summarized in the lower section
of Table 2. Cudha is projected tc reach lrrigation ifntensity of
9).2% 1in rati and 29.49 {n kharif, «ith total cropping intensity


http:sea::.ns
http:a',rcut.re
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of 158.2% Gosunda will achieve irrigation
intensity of 73.9% in rabi and 22,97 in kharif, with total cropping
intensity of 124%. The corresponding projections for Morel are
61.52 in rabi and 23.3% in kharif, with total cropping intensity

of 158.5%.

It will be notad that rainfed hectarages for Gudha show a declining
pattern as wore complete irrigation is developed -- a shift which 1is
not offset by the additional 3,475 hectares brought under irrigation
by raising the dam.

The vear-by-vear development areas shown in the upper section of
Table 2 for Gosunla and in Section C of Table 2 for the other two
nrojects represent those needed for the estimation of net project
berefits. The figures upon which they are based are taken from
the GOR project reports.

Estimates of Farm Production Expense: Following the existing
procedures and reference rables of the GOR Department of Agriculture
Water Utilization Cell, the basic data for computing farm production
expenses boch with and without project are shown in Tables 3A and
38. These figures are not unique by project tvpe, but racher apply
uniformly to all MiPs. They 1include all projected production
expenses except farm labor, which is computed separately.

The variable expenses shown in Table 3A represent a constant per=
centage ¢f the gross revenue for each crop at varving yield levels.
An example of the correspending Rs. value is given for wheat at

the yield level of 2% quintals per hectare and farm price of Rs.
124 per quintal. The percentage figures shown ar» based directly
tpon the GOR tables with the exception of chemical fertilizers.
These include wpword adjustments based cu World Bank projections.é/

The fixed productici expense estimates shown in Table 3B are taken
as constant for e season-crop-type of cultivation combination,
regardless of ,vicld level. They include expenses for seed pluc
land charges+’ 1: che case of well irrigation they include
operating and maintenance expenses for supplemental irrigation
based on crop water requirements and well costs. They represent
the anticipated pumping. required in an average year; actual
costs in a given year will vary from the average, depending upon
the supply of surface water available.

Crop Yield Estimates: Crop yield estimates for each of the three
prototype MIPs are Shown in the corresponding Table 4. The projections

5/ World sank Repurt 2529a-IN, Vol. 1, Table 7021, Sept. 13, 1979

6/ Land charges to the GOR Revenue Dept. night be excluded as a
transfer payment, but because GOR holds title to the land they are
treated herein as in the nature of land rent rather than tax, per se.
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with project and without project represent full development. They

are applied tu the percentages in Table 1 to obtain the yield

estimates for transition vears. Note that in general, the projections
are highest for Gudha and lowest for Gosunda, reflecting the type of
MIP represented by each prototvpe. The relative yields by crop vary
somewhat from one prototvpe to another, reflecting differences in soil
mate sultabilinow,

The difference tetween rrojected vield levels with project and without
project s a vey determinate affecting the magnitude of net benefits
for anv MIP., Note that on this score Gosunda ranks very well, reflecting
the reiativelv high incremental production when dry or partially well-
irrigated lands are criginally brought under surface irrigation.

The bed cultivation category shown for Gosunda represents a new type
of cultivaticn brought in with development of the dam -- rabi culti-
vation of wheat arnd bariev around ghe perimeter of the reservoir as

water is Jdrawn cut for irrigation.t’

Projected rFarm Prices: The projected farm prices used in the eval-
uation of the three prototvpe MIPs are shown in units of Rs. per

quintal in Tabkie 5. The prices represent projected 1990 levels,
indexed to current (1980) purchasing power. The figures in column
(1) simulate actua!l prices received by farmers in Rajasthan. Those

for groups of puises, vegetables and oilseed crops are weighted
averages Ior the provailling kinds of these crops grown in the State,
They are basced on tite 1lst of prices currently used by the Water
Utilization Cell for evaluating MIPs. Note that prices are not
included for straw

dominant!yv for catt
diate products are

included in Table 32A.

le feed on the farm where used. Such interme-
reflected in the factor for net bullock expense
\

The column () prices are used in determining the projected added
nat farm inceomes attributed to each prototype project for the DRR
analysis and feor the farm budgets.

In contrast, tne eceonomic prices in column (2) are World Bank

7/ Following usual procedure in India and elsewhere, the costs
of compensation and resettlement within the lake bed are included
in the capital cost estimate yather than as a negative benefit
from lost revenue.
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estimates of simulated free world market prices, "backed'" to the
fara gate. - They were developed in the recent World Bank report on
Maharashtra II Irrigation Project of September 1979 so that they
may be considered applicable for Rajasthan. The only adjustment
made was to convert them from U.S. dollar values to rupee values

at Rs. 3.00 = §1.00. Note that the resulting economic prices are
higher than the corresponding actual prices for all of the crops
(column 3). This reflects the impact of Indian food and agricultural
policies desigred to maintain low cost food in the country. The
relationship insures that all MIPs meeting feasibility tests by
Direct Rate of Return analysis will show enhanced feasibility by

the Economic Rate of Return analysis. The magnitude of the positive
differential will vary somewhat from one MIP to another depending
upon the relative weights of the individual crops and the increased
vields achieved.

Corresponding prices for fertilizers and hired farm labor are shown
in the lower section of Table 5. In the case of chemical fertilizers
the relationship between actual farm prices and economic prices is
reversed. In this case the -5 percent differential represents

deducticn of the State tax (a transfer pavment) reflected in the
actual farm price of fertilizer materials.

Projected Farm Labor Requirements: The projected farm labor require-
ments for each of the three prototype MIPs are shown in units of
man dav per hectare in the corresponding Table 6. The format of
these tables follows that of the crop yields (Table 4). The labor
requirements listed represent projections at full development; the
requirements [or each transition year are obtained by applving the
transiiion patterns from Table 1 to those shown in Table 6. As in
the case of vields the relevant lahbor requiremants for project
evaluation are those with project minus those without project.
Those shown under the "existing' celumn are included for reference
only,

From the limited socio-economic data available by project area in
Rajasthan, about 10 percent of the total labor requirements is
supplied by hired labor. The other 90 percent is supplied by the
cultivator and his family. Thus, only 10 percent of the crop labor
requirement represents a cash production expense to the cultivator.
The economic cost of unpaid family labor depends upon the opportunity
cost of such labor. Compared to the prevailing rate of Rs. 5.00
per day for hired labor, the opportunity cost of family labor in
Rajasthan lies somewnere between Rs. 0.0G and Rs. 5.00. Maintaining
the labor reaquirement in man days facilitates =ensitivity analysis
to determine the impact of alternative labor rates.

Tne labor requirements illustrated in Table 6 may be expected to
vary from one MIP to another. The figures shown for the three
prototypes reflect differences by class of projects, however. The
requirements for the most part are highest for Gudha (full modern-
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ization) next highest for Morel (partial modernization) and
lowest for Gosunda (new project).

Transition in Cropping Pattern: The existing and projected with
and without cropping patterns for each project by type of culti-
vation and cropping season are shown in units of hectares per 1000
hectares cropped in Table 7 for each prototype MIP. The figures
are based directly upon the GOR project reports for the three
prototvpes.

Tke prejected shifts in cropping pattern are relatively minor for
all three prejects. For the most part thev reflect GOR and GOI
efforts to encourage certain crops and discourage others. The
projections indicate relative decreases in rice for all three

creps and decreases in sugar cane in Morel and Gosunda. They
indicate small relative increases in garden vegetables in Morel

and Gudha, and in pulses and irrigated fodder in all three. All

of these reflect pelicies to decrease water requirements per unit

of irrigated area, to improve the nutrition intake of rural families,
to reduce the risk of crop loss in drought vears and to take care

of the cattle. None of them reflect attempts to maximize cultivators
net incomes and cash flows. Based on the projected ylelds, prices
and production costs used in the analysis herein, several of the
projected shifts in cropping pattern decrease rather than increase
the projected incomes of cultivators. At least the reviewer may

be confident that the feasibility of the three prototypes is not
overstated because of unrealistic balances cof high earning crops.

The information presented in Tables 1-7 represents the full set
of input data needed to complete economic evaluation of Rajasthan
Medium Irrigation projects. The analytical methodology outlined
in Sections 2 and 3 is applied to these input numbers to obtain
the results summarized in the following section.
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5. Feasibility Findings for the Three Prototvpes

Each of the three prototvpe MIPs was subjected to the same analysis.
Kansas State University computer programs were installed in New
Delhi te make the analysis. The primary evaluations made include
(1) DRR and B/C ratios (based on the farm prices from column (1)

of Table 5, (2) analvsis of sensitivity of the resulting DRR and
B/C ratio to alternatives8/, (3) ERR (based on the economic prices
from colunn (2) of Table 5), and (4) ARR analvsis of economic

impact to the command area and the market area of the MIP.

Direct Rate of Return: The results of the DRR and B/C ratio analysis
are shown by the zaccompanying reproductions of computer printouts
for the three MIPs evaluated. Two pages of printout are included
for each prototvpe. The first page of the computer printouts for
each prototype labeled "Investment Feasibilitv Analysis' shows

the results obtained. The projected tctal capital outlay is
surmarized in the columns to the left, the projected operating
benefits and expenses Iin the center section, and the present

values in the columns to the right. The "bottom line'", the

Direct Rate of Return on Total Capital investment, is shown at the
top of this printout page. The fully discounted Penefit-Cost
Ratios at six alternative discount rates are shown in the lower
left sections of the printout table. The present values of the
schedules of benefits, capital outlays and balances (}PV) at the
corresponding disccunt rates are shown Iin the lower right section.
The second, labeled "A Listing of the Data" summarizes the support-
ing schedules of capital outlav for (1) major irrigation and drainage
works, (2) on-farm development and (3) assoclated outlays, the
schedule of net benefits to preducers; tune schedule of farm labor
costs; and the schedule of operation and maintenance costs projected
for each project. All figures are in units of Rs. 1000.

Econonic Rate of Return: The economic rate of return together with
corresponding B/C ratios and net present values for the three proto-
type MIPs are shown bv the accompanying reproductions of computer
printout. The tables follow the same format as those for the

direct rate of return, but the results are based on the economic
prices shown in column (2) of Table 5 and average opportunity costs
for unpald family farm labor of Rs. 3.00 per man dav. Adjustment
has not been made for the 5 percent reduction in economic prices

for fertilizers (see Table 5), so that ERRs for all three proto-

6/ This step is done simultaneously with the original DRR
solution by the computer program, but if conducted by hand re-
quires completely new solution for each alternative considered.
For this reason 1t 1is the first step to be consldered for com-
puterization by the Water Utilization Cell.
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types are slightly understated.Z/ The results shown by the DRR and
ERR analysis are summarized in Table A and discussed below for each
prototvpe.

Table A Economic Feasibility Indicators
Gudha Morel Gosunda

1 DRR

A. Base case 9.761 7.869 5.059

B. Full modernization 10.822 8.260 8.481

C Advanced construction 9.903 6.193

D. Adjusted DRR (B and C) 10.822 10.294 9.700
2 ERR

A. Base case 14.055 10.630 7.668

B. Adjusted ERR 15.116 12.886 12.918
3. ARR

A. Base case 5.498 3.116 2.616
4, SRR (Social Rate of Return)

A. Adjiusted DRR + ARR 16.320 13.241 12.231

Investment Alternatives: A number of investment alternatives were
analyzed for each project. The more interesting ones are discussed
below. The DRR for the base case and each of the alternatives
analyzed are presented in Tables A, B, and C, Annex. The economic
feasibilitv uanalysis required minor adjustments in the investment
costs prepared by the GOR/ID, primarily to provide consistency
between the three sub-projects. These adjustments are in Tables D,
E, and F, Annex A.

7/ The magnitude of the ERR statement is less and 0.5 percent,
however.
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Gudha

The Gudha project is fully modernized except for watercourse lining
and the GOR/ID propesed project yields a DRR of 9.761 which is a
fullvy justified project. Lining one-thicd of the watercourses, which
would increase vields by five percent and add 600 to 1,200 ha of rabi
and kharif irrigated area, would increase the DRR by .52 to 1.1 per-
centage points cv.: Ihe Yase case.

Medium irrigation projects are sensitive to both vields and farm

labor costs assumptions. In the case of Gudha, reducing farm labor
costs bv one rupee (20%) increases the DRR about one percentage

point. TFor Geosunda, a similar reduction in farm labor costs increased
the DKR abcut one half percentage point. Since full development farm
income and farm labor costs are comparable for the two projects, the
difference results from the delayed occurrence (9 vears vs 1 year)

of costs and benefits for Gosunda due to the long construction period.

A similar relationship exists in the case of (crop yields with a 20
percent yield increase adding two points to the DRR for Gudha and only
one for Gosunda.

The base case ERR of 14.055 increases to 15.116 with full modernization
of watercourses.
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Morel

The Morel project is partly modernized. As prepared by the GOR/ID,
the DER is 7.869. Bv adding lining to 1/3 of the watercourses,
vields on rabi and kharif surface irrigation would increase five
percent, resulting in an DRR of 3.260.

The GOR/ID report lazs {nvestment in roads - two years, market
development - 5 ve:rs, on-farm works - three years, and fisheries -
3 vears from project initiation. Assuming that these investments
were advanced two vears and tha net revenue stream advanced
accordingl~, the resuicing adjusted DRR would be 9.903 a fully
Justltfied troieon,

A number of other sensitivity tests were nade, including various
vield cssumprisne =nd alternative i{nvestment packages. Generally,
vield increase inaremants of 5 percent raise the DRR about 0.3,
i.e. 20 percent higher vields would increase the DRR by 1.2 percentage
peints. Varlous alternitives that reduced on-farm investments Te-
sulted in lower DR¥'s than the base case.

The base case ERR of 10.630 increases to 12.886 with full modernization
and a shortened censtruction period.
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Gosunda

Cosunda is a new project. As proposed in the GOR/ID report it is not
an econcmically viable project. The DRR is 5.059. However, when
modernized according to the criteria agreed upon between GOR and USAID,
the Gosunda project is economically feasible at the lower standard
accepted for projfects in tribal! and backward areas with i DRR of

8.481.

Only mair and branch canals are lined in the base case. *Modernization

of the Gosunda project involves lining of minors and distributaries,

and construction of modernized watercourses.  This would more than

double tiie investmen: in land development. The resulting more assured
e

water supply is expected to increase vields by 20 percent and water
savings from lining permits the expansion of 1,590 ha of irrigated
area in radil and kharif. This increased the DRR bv 1.817. 1In addition,

with medernization, rainfed kharif i{s expected to increase from 2,365
ha to 4,730 ha, an adjurtment similar to that expected on the Morel
project. This incrghded the DRR bv 1.005.

A major problem in the economic feasibility of the Cosunda project

is the leng comstruction period. With a construction period of eight
years and laond development, vield, ard cropping pattern transitions
assumed for the unalvsis, the full benefit stream i{s not achieved

until the 1%cth vear after starting construction. By reducing the

number cf new starts and conceatrating available resources and staff

on fewer projects, the GCR/ID could accelerate the construction

program for all projects undertuken, albeit a small number. TFor
purpuses of {1lus tion it was assumed that the construction period

for Gesunda could be reduced rfrom eight to Uive vears, bringing the
benefit strean furward three vears. This results In an increase of
1.134 in the base case DRR. Combining all three adjustments -
modernizaticn, increased rainfed kharif, and rescheduliag construction -
resulcs in & DRR or 9.700, a fullwy justified project. The combined

ERR is 12.918. khether the adiustments in construction schedules and
the implied shifts fu resource ailoeation are feusible is a matter for
the GOR to investigat

[

Tvpically, MIP's are designed tor extensive use of available water -
canal systems are longer and serve a larger area. Higher rates of
return can be achieved by reducing the distribution system and the
area served but increasing available water per ha, cropping intensity,
and yields. The Gosunda sub-project was experimentally redesigned

in this fashion. (Sce Annex A, Table C for details). The resulting
DRR is 17.279, more than three times the base case DRR. The ERR is
22.615. However, teh number of beneficiaries was reduced by about

30 percent.
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Financial Benefits to Targeted Farm Families: The budgeted finan-
clal benefits to targeted farm families in the command area of
each prototype Medium Irrigation Project can be derived from

(1) the schedule of projected added net farm income for the
cormand area as shown in the DRR computer output "Investment
Feasibility Analvsis', (2) Section C of the schedule of land area
to be developed (Table 2) and (3) the distribution ol farm size of
the targetad farn families {in the command ares of the prototvpe,

The schedule 0f added net term income for the prototvpe as a whole
is shown in the center section of the DRR computer ocutput labeled
"Investment Feasibilizv Analvsis'. Yo adjustments need be made in
this schedule as shown for the base case of each prototype. The
unpaild family labor coempornent of the labor cost (abcut 90 percent
of total farm labor in Rajasthan MIP command areas) 1s not added
back. Instaad it 1is assumed that this non cash component offsets
the added farm household expenditures stimulated hv the project.
For more precision cne would add back the annunl operation and
maintenance expense for the project {an expenditure not incurred
directly bv the benefited farmers) and subtract the annual water
charge for surface irrigation actually made to farmers in command
area of the prototvpe (not included in the budgeted expense of the
farm). Since the two are roughly offsetting, both adjustments can
be omit:ed.

When the schedule of added net farm income for the prototype is
divided by the schedule of total hectares added bv the project with
totals frem Section C of Table 2), the result is the schedule of
additional net farm Income per hectare resulting from the project.
The resulting per hectare figures are properlv weighted by the
cropping pattern, transitions in added vields, farm prices and mix
of types of cultivation for the total impacted area. Thils schedule
of per hectare benefits is multiplied by the number of hectares,
e.g. 0.5, for each farm size proup of Interest to estimate the
added farm income to farmers of that size group as direct result

of the project. The incremental net income Is then added to the
existing average net income for farmers of that size group to
obtain before and after comparisons for the MIP.

NOTE: Insufficient time prevented the consultants from
completing this part of the analysis. See
Part II1 of the Project Paper for farm size discussion.



Economic Feasibility Criteria: The increase in relative feasibi-
lity as measured by the ERR analysis compared to that measured by
the DRR analysis is significant for all three of the prototype
medium irrigation projects. There is everv reason to believe that
the differentials obtained hetween ERR results and the DRR results
fcr the three prototvpes are representative of
Rajasthan candidate MIPs 1n general. Because of the additional
analvsis required, and in the absence of internal need for it by
GOR and GOI, it is recommended that the ERR analvsis not be a
general requirement. Rather it i{s recommended that a DRR of 9 per-
cent qualify sub-projects for implementation. Following current
practice of the GOI/GOR of accepting lower levels of feasibility
for projects in disadvantaged areas, a lower DRR of 7.5 percent should
be acceptable in tribal and backward areas.

Associated Rate of Return: The assoclated rate of return on total
capital investment for each of the three prototype MIPs is shown

by the accompanying computer printouts. Theyv follow the same
general format as that of the Direct Rate of Return output, but
represent an independent measure of additional benefits through
direct linkages to the total economy of command area served by each
prototvpe. The schedule of net assoclated benefits is related to
the same schedule of project capital outlays as used in the DRR
analysis, so thzat soluticn ARR mav be added to the solution DRR for
the project. The sum so obtained provides for total development
rate of return on the capital investment in the project. This rate
of return for total economic development of the area is sometimes
called the Social Rate of Return (SRR)S8/.

The estimated schedules of assoclated benefits by source are shown

by the "Listing of the Data" printouts. The estimates for employ-
ment during ccnstruction are based on the project labor costs equal
to 70 percent of earth work outlavs, 15 percent of concrzte work out-
lays and 20 percent of other cutlavs. The estimates for employment
in farming are taken at the added total farm labor requirement due

to the project. Both types of labor benefit are valued at an incre-
mental rate of Rs. 2.00 per man Jay (to approximate the existing
underenployment and emplovment in the lower paving jobs in
Rajasthan.)

The estimates of assoclated benefits in the marketing sector for
farm products are based on the total added farm revenue for the
prototype, multiplied by a factor of 0.16. The factor is obtained

8/ It will be noted that the SRR is not the same measure as the
ERR; the two provide different indicators. Furthermore, the
ARR can not be added to the ERR because of the element of
duplication involved.
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by an estimate applying a fraction of added net income over fixed
costs of 0.4 to value added through marketing and processing of
40 percent of the farm-gate valne. Actually, both components of
the factor vary by crop (helny relatively high for supar cane and
relatively low for pulses, for example), but it is believed that
the factor used is 2 realistic weichted average.

at enefits in the farm supply and service
mputer printouts for the three prototypes

fa on. The value of purchased farm inputs

ro v 20 percent of the eross farm revenue
te 3) assuming rates for value added
cmparable te those in the product

The estimates of asso ed b
t

are derived in s
and services repr
added by the proj
and income over ¢
marketing sector,
the projected to:a

N

ric factor for this source is 0.032 of
revenue added by the project (.20 x .4 x .40).

Other asscciated benefits {nclude tho<e from such sources as increased
capital value of tusiness and resideatial properties, and net income
opportunities for service industries stimulated by the project.

The combined value of such additicnal assoclated benefits are taken at
one percent of the annual gross farm revenue added by the project.

No associated benefit 1s taken for the added tax base and additional
revenues to the State of Rajasthran and Covernment of India through
sales, excise, license, Income and other taxes. These represent
transfer payments, and as such duplicate associated benefits reflect-
ed in the other measures,
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6. Subordinate Indicators of Economic Benefit

A number of subordinate indicetors of economic benefit are derived
in the process of evaluatiocn of economic feasibility of the proto-
type MIPs. Using computerized techniques, a complete set of such
subordinate indicators ware derived for Gudha. The computer output
presenting these indicators is on file at USAID, New Delhi. It is
far too voluminous to be reproduced here. Copiles will be provided
to the CGOR for thelr use.

Added Food Produciicn: The annual volume of added food production
is shown ir computer output. The added volumes of food production
by crop are useful fer a numher of purposes. They can be related
to projected consumption requirements of the area to estimate the
net surpluses or deficits. They can be reduced to projected flow
patterns for optimizing the timing, sizing and location of godowns,
processing facilities, and transport facilities in the future.

The projected volumes for specific cowmodities (Sugar cane, for
example) provide the basis for more accurate planning of industry
development (of the sugar industry, for example)

Added Gross Farm Revenue: The schedule of added gross farm revenue
is shown in the computer output. These schedules provide the basis
for developing the estimates of associated project benefits arising
from linkages to the product marketing and farm supply sectors

(see Secticn 5). They also provide the basis for other uses, such

as impact on the gross economic product of the command area and the
state, and the correspondiny impact on average per capita incomes.

Added Demand for Fercilizer and Other Inputs: The added demand
for fertilizers, plant protection materials, high-yielding seed
and otter technical farm inputs created by the prototype can be
derivaed from supporting tables developed when making the project
evaluation. Aggregate estimates can be made from the projections
of gross revenue and unit farm Input requirements, as indicated
in Sect:ion 6. Specific estimates by crop and season can be
derived from the projections of pnvsical volume of production or
from the added cropping intensities and corresponding cropping
patterns. These kinds of estimates often are needed to support
planning for preduction and distribution of specific technical farm
inputs.

Added Employment: As discussed in Section 6, added :2mployment
created by the project can be estimated for both the construction
phase and the agricultural production phase of each MIP. Such
estimates provide the basis for estimating a major source of
assoclated benefits to the MIP.
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If needed, more specific estimates can be developed for classes of
laborers of interest, such as hired farm laborers, skilled and
unskilled construction workers and women laborers. Such estimates
are made by applving appropriate factors to the projected total
labor requirements in agriculture, in earth moving, in masonry work,
etc.

7. Suggested Approach t¢ Standardizing Proccdures for MIP
Evaluation bv GOR

The desire of the Department of Irrigation and Department of Agri-
culture to standardize MIP evaluation procedures 1is well founded,
and deserves attention and support. Standardization can enhance
conparability of analvsis and findings from one MIP to another. It
can provide more orderly and timely procession of each MIP candidate
through the planning and analvtical steps. It can help identify

the more important factors and relationships arfecting the technical
and economic soundness of each project. It can help minimize gaps
and interruptions in the total MIP planning, approval and implementa-
tion process. It can add to the effectiveness and efficiency of the
Water Utilization Cell and others with responsibility for economic
evaluation of candidate MIPs.

Starting with the foundation of present procedures, one of the

first steps {s to standardize the needed input data and the for-
mats in which thev are presented (see Section 2). The organiza-
tion of tabular input material shown by Tables 1 through 7 re-
present z solid step in this directicn (See Section 4). Similar
standard input data formatting is needed for technical and engineer-
ing information regarding each MIP candidate.

Another early step that deserves attention and standardization is
the sequential phasing of the needed steps in MIP planning and
evaluation. For example, more effective planning (and more
productive MIPs) can be achieved if some of the sensitivity analysis
can be done early in the total process. Attention needs to be

given to specific points in the process for most effective inter-
action between those of the different disciplines and responsibili-
ties involved. The more nearly the whole process can be reduced

to formal critical path planning, the more rewarding the end re-
sult will be.

Perhaps the next step will be to develop a manual of procedures,
complete with easy to follow worksheets and specific guidelines
for each procedural step. Such a manual can be the vehicle for
finalizing and documenting previous steps, for structuring sequen-—
tial flows through the process of project planning and evaluation
and for design and conduct of training workshops on the procedures.



-59-

It will be helpful to focus on the content and details of the final
analysis and reports for MIPs, and then determine the most effi-
cient way to get there. Computerized techniques should be considered
to the extent that thev will facilitate the process, but not beyond.
As with the entire process, further thought should be given to what
should be computerized first, and how it should be done. Tt seews
probable that final sensitivity analvsis at the stage of DRR
evaluation is the most loglcal starticg point. TIf so the logical
next step may be to use cemparable cowputerized procedures as a
planning tool at a fairly early stage of project planning and
design. If the intermediate steps prior to DRR sensitivity analysis
are standardized eifectivelv and reduced to worksheet form, there
may be little advantage in using computer analysis at these steps

for the for foreseeable future,



-60-

TABLE 1 FPERCENTAGE OF PROJECTED TOTAL INCREASE
IN AGRICULTURAL PRODUCTIVITY

Year following

water to farm New . Full Partial
gate Projects Modernization Modernization
0 0 0 0
1 8 10 15
2 20 30 40
3 40 60 75
4 60 80 90
5 80 100 100
6 95 100 100
7 100 100 100
8 100 100 100
9 100 100 100
10 100 100 100

* Applies to each portion of the area ready for irrigation as per schedule
of construction (see CHAPPI Report, Chap. 6)

Procedure for use of Table : First determine the incremental change in present
hectare productivity level to projected level. If present = A and projected

= C, then the incremental will be ¢ - a = B,

Transition to apply only to B (which then can be added to A for projection by
year for the project benefits).

The transition in B values are standardized for the three types of projects:
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TABLE 2 SCHEDULE OF LAND AREA TO BE
DEVELOPED ANNUALLY FOR EACH USE
CUDHA PROJECT
(Hectares)

Surface Surface

A. With Project and Surface Rain- and Surface Rain-
Transition Yr Wells Only fed Wells Only fed
Base (year 0) 510 7,296 1,227 1,663 0 6,125
First (vear 1) 35 250 ~-156 22 360 -353
Second {vear 2) 35 250 -156 22 360 =380
Third (year 3) 35 250 ~156 22 360 -379
Fourth (vear 4) 40 260 -165 27 368 -381
Fifth (vear 5) _35 236 -156 24 350 =351
Totals 690 8,542 438 1,780 1,808 4,281

a/ Excluding 965 ha and 806 ha, respectively, of sugarcane included
in kharif data (which also is irrigated in Ruabi)

Projected Land Use at Full Development (Hectares)
b/

Land Use Rabi Kharif

Irrigated 11,003 3,588

Surface & Wells 1,655 1,780

Surface only 9,348 1,808
Rainfed 421 4,281
Fallow -, 4,328

Total 12,197~ 12,197
Irrigation Intensity 90.2 29.4
Total Cropping Intensity 158.2

b/ Includes sugarcane as a rabi as well as a kharif crop
¢/ Includes 10,860 ha CCA under flow irrigation.
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SCHEDULE OF LAND AREA TO BE
DEVELOPED ANNUALLY FOR EACH USE
GUDHA PROJECT
(Hectares)

Surface Surface
B. Without Projectﬂ/ and Surface Rain- and Surface Rain-
Transition Yr Wells Only fed Wells Only fed
Base (vear 0) 486 6,922 1,152 1,581 0 6,100
First (vear 1) ~-17 -74 -74 -7 170 -373
Second (year 2) -17 -74 -74 -6 170 -401
Third (vear 3) -17 ~74 ~-74 -6 170 =401
Fourth (yvear 4) -18 -75 =75 -7 171 -403
Fifth (year 5) =17 -75 -75 -6 170 =374
Totals 400 6,550 1,549 1,549 851 4,150

C. Added by Projectg/

Base (year 0) 24 374 75 82 0 25
First (year 1) 52 324 =230 29 190 20
Second (year 2) 52 324 -230 28 190 21
Third (year 3) 52 324 -230 28 190 22
Fourth (vear 4) 58 335 -240 34 197 22
Fifth (year 5) 52 311 -231 30 190 21

Totals 290 1,992 -342 231 957 131

a/ Reflects 667 ha of waterlogged area to be reclaimed, with
corresponding savings over transition period.
b/ Section a minus section b.
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TABLE 2 SCHEDULE OF LAND ARFA TO BE DEVELOPFD ANNUALLY

FOR EACH USE - MOREL PROJECT

(Bectares)
RABI KHARIF
Irrigated Irrigated
Surface Surfa@ Surface Surface
& Wells — Only = Dryland & Wells Only Rainfed
With Project
Transition Year:
Base (year 4) 1,112 7,322 4,287 2,053 803 5,812
First (vear 5) 38 931 591 69 368 572
Second (year 6) 47 1,164 738 87 459 715
Third (vear 7) 56 1,397 886 104 552 859
Fourth (year 8) 47 1,165 739 87 460 716
Totals 1,300 11,979 7,241 2,400 2,642 8,674

a/ Including raspectively 25 Ha and 53 Ha of sugar cane included in kharif
data (which also is irrigated in Rabi)

Projected fand Use at Full Development (Hectares):

Land Use Rabi Kharif

Irrigated 2 13,279 5,042
Surface & Wells — 1,300 2,400
Surface only 11,979 2,642

Rainfed 7,241 8,674

Fallow 1,080 7,884

Total 21,600 21,600

Irrigation Intensity 61.5¢ 23.3%
Total Cropping Intenstiy 158.5%

b/ Including sugar cane

c/ Estimated from preliminary partial survey information; completa
well and ground water assessment not vet made.
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TABLE 2 SCHEDULE OF IAND AREFA TO BE DEVELOPED ANNUALLY
FOR EACH USE - MDREL PROJECT

(Hectares)
RABI KHARIF
Irrigated Irrigated
Surface Surface Surface Surface
& wells only Dryland & wells only Rainfed
. . a/
Without Project—
Transition Year:
Base (vear 4) 1,065 7,009 4,104 1,965 769 5,564
First (vear 5) -2 40 20 -3 20 100
Second (vear 6) -2 50 25 -3 25 125
Third (year 7) -2 60 30 -3 30 150
Fourth (year 8) -2 50 25 -3 25 125
Totals 1,057 7,209 4,204 1,953 869 6,064
Added By Projec >/
Base (year 4) 47 313 183 88 34 248
First (vear 5) 40 891 571 72 348 472
Second (year 6) 49 1,114 713 90 434 590
Third (year 7) 58 1,337 856 107 522 709
Fourth (vear 8) _49 1,115 714 90 435 591
Totals 243 4,770 3,037 447 1,773 2,610

a/ Reflects waterlogged area of 800 Ha to be reclaimed by project, and
comparable continued loss of productive land without project
b/ Figures with project minus those without project.
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SCHEDULE OF LAND AREA TO BE DEV ELOPED

ANNUALLY FOR EACH USE - GOSUNDA PROJECT

{hectares)

Rabi o

Without Project Irrigated Rainfed
Base (Year 0) lo99 361
First {Year 1) -- --
All succeeding vears -- -
1699 361

With Project

(Year 0) 1699 3ol
First ffear 1) to -- --
Seven (Year 7) -- --
Base (year 8) -196 -39
Ninth (vexr 9) 1178 3
Te..ith (year 10) 1178 3
EFleventh {vear ll) 1178 3
Twelth) (year 12) 1473 3

Thirteenth (Year 13) 884 / _2
7394 338

Kharif
Irrigated Rainfed
430 2163
430 2163
430 2163
-62 -236
384 88
384 88
384 88
479 109
287 65
2286 2365

a/ Excluding 352 hectares of sugar cane included in kharif which is also

irrigated in rabi

PROJECTED LAND USE AT FULL DEVELOPMENT (Hectares)

Land Use
Irrigated
Surface and Wells
Surface only
Rainfed
Fallow
Total excluding bed
Bed cultivation

1564
5828

Irrigation Intensity (excluding bed)
Total cropping intensity

Rabi

7394

338

2208
10000
315

73.9%

Kharif
2286
483
1803
2365
5349
10000
22.9%
124%
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ESTIMATED VARIABLE FARM PRODUCTION EXPENSE

TABLE 3A
(Excluding Farm Labor)
Example for
% of Gross Irrigated Wheat
Input Crop Revenue (Rs. /Hecatre)™
lI. Organic fertilizer 0.5 201.5
a/
2. Chemical fertilizer 8.9 275.9
b/
3. Bullock expense 7.0~ 217. 0
4, Implement expense 2.7 83.7
5. Farm maintenance and improvement 3.0 93.0
6. Plant protection measures 1.0 31,0
Total 29.1 902.1

a/ Reflects anticipated increases in real 1990 chemical fertilizer prices
over those currently used by the Department of Agriculture, GOR as
follows:

Nitrogen 41 percent (Rs, 3540/MT to Rs., 4990/MT)
P,0¢ 24 percent {Rs, 3680/MT to Re, 4580/MT)
K,0 31 percent (Rs. 1410/MT to Rs. 1850/MT)

b/ Net of manure credit of 3 percent of gross revenue, which is included
in item 1.

c/ Based on an average projected yield of 25 quintals per hectare and
projected real price of Rs, 124 per quintal,
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ESTIMATED FIXED FARM PRODUCTION EXPENSE
TABLE 3B BY CROP
(Rs. per Hectare)

Type of Cultivation

af Flow Flow plus
CROP Dryland® Irrigation?/ well irrigation -/
RABI:
Wheat 132 253 793
Barley 106 169 N.A.
Pulses 115 145 657
Vegetables N.A. 150 757
Oilseeds 140 240 570
Fodder N. A, 350 630
Condiments 98 126 633
KHARIF:
Maize 40 80 427
Sorghum 35 92 300
Pulses 115 145 390
Vegetables N.A. 150 557
Oilseeds 140 240 388
Paddy N. A, 80 680
Sugar cane N.A. 670 1955
Fodder 10 N. A, N.A.
Cotton N.A. 270 710

a/ Includes average land charge of Rs., 10 plus seed and related
expensc for the crop (based on GOR, Dept of Agr. data)

b/ Includes average land charge of Rs, 20 plus seced and related
expense for the crop

¢/ Same as b, plus well and pump operating and maintenace
expense for supplemental irrigation
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CROP YIELDS

PROJECTED

TABLE 4 GUDHA PROJECT
(QQ/HA)
Without
Season Category & Crop Existing Project
. RABI
A. Irrigated, Surface &
Wells
l. Wheat 15.0 20.0
2, Barley Not applicable
3. Oilsceds 8.0 9.0
4. Pulses 8.0 9.0
5. Vegetables 85.0 125.0
o. Fodder 150.0 170.0
7. Condiments B.O 8.5
B. Irrigated, Surface only
1. Wheat 12,0 15.0
2. Barley 12,0 15,0
3, Oilseceds 6.0 8,0
4. Pulses 7.0 8.¢C
5, Vegetables 65.0 75.0
6, Fodder 120, 0 150. 0
7. Condiments 7.0 7.5
C. Dryland
1. Wheat 8.0 9.0
2, Barley 10.0 12,0
3. Oilsceds 5.0 7.0
4, Pulses 6.0 7.0
5. Condiments 4.0 5.0

With Project

30.0

18.0
14.0
145.0
210.

12.
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17.
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190.
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CROP YIELDS

TABLE 4
GUDHA PROJECT
(QQ/HA)
PROJECTED
Without
Season Catergory & Crop Existing Project With Project
2. KHARIF
A, Irrigated, Surface &
Wells

1. Maize 12. 0 19.0 25,0
2, Sorghum 13.0 17.0 20,0
3. Oilseeds 6.0 9.0 10.0
4, Pulses 7.0 8.0 9.0
5. Vegetables 80.0 110.0 130.0
6., Paddy 27,0 37.0 40,0
7. Sugarcane 300.0 500, 0 700.0
Irrigated, Surface only

1. Maize 12,0 15.0 19.0
2, Sorghum 12,0 14,0 18.0
3. Oilseeds 5.0 7.0 9.0
4, Pulses 6.0 7.0 8.0
5. Vegetables 60.0 80,0 100. 0
6. Paddy 21,0 27.0 32,0
7. Sugar Cane 200.0 250, 0 400.0
Rainfed

l. Maize 8.0 10. 0 12. 0
2. Sorghum 8.0 10,0 12,0
3. Oilseeds 4,0 5.0 6.0
4, Pulses 4,0 6.0 8.0
5. Fodder 100. 0 110, 0 120.0
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TABLE 4 CROP YIELDS, MOREL PROJECT (QQ/HA)
PROJECTED
1/ Without With
Season, Category & Crop Existing— Project Project
1. Rabi
A. Irrigated, Surface &
Wells
1. Wheat 15 20 30
2. Barley 13 N.A. N.A.
3. Pulses 8 10 13
4. Vegetables 85 125 140
5. Oilseeds 8 10 12
6. Fodder 150 170 200
7. CGCcndiments 8 9 11

B, Irrigated, Surface only

1. Wheat 13 15 18
2. Barley 12 14 16
3. Pulses 7 8 10
4. Vegatables 65 75 90
5. Oilseeds 7 8 10
6. Fodder 120 150 180
7. Condiments 7 8 9
C. Dryland
1. Wheat 9 10 11
2. Barley 9 9 10
3. Pulses 6 7 8
4. Oilseeds 6 8 9
5. Condiments 4 5 6

1/ FEstimates, only, overall 1971-75 averages reported.
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TABLE 4 CROP YIELDS, MOREL PROJECT (QQ/HA)
PROJECTED
Without With
Season, Category & Crop Existingl/ Project Project
2. Kharif

A. Irrigated, Surface &

Wells
1. Maize 12 18 23
2. Sorghum 11 15 18
3. Pulses 8 9 10
4. Vegetables 80 100 120
5. Oilseeds 9 11 13
6. Paddy 25 30 35
7. Sugar Cane 200 300 500
8. Cotton 12 15 20

B. Irrigated, Surface only

1. Maize 10 13 17
2. Sorghum 10 12 15
3. Pulses 7 8 9
4, Vegetables 60 80 100
S. Oilseeds 8 10 13
6. Paddy 18 22 26
7. Sugar Cane 200 250 350
8. Cotton 10 12 17
C. Rainfed
1. Maize ] 8 11
2. Sorghum 6 8 10
3. Pulses 5 6 7
4. Oilseeds 6 8 10
5. Paddy 10 11 12
6. Cotton 5 6 7
7. Fodder 100 100 110

1. Estimates: only overall 1971-1975 average reported.
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TABLE 4 CROP YIELDS, GOSUNDA PROJECT (QQ/HA)
PROJECTED
Without With
Season, Category & Crop Existing Project Project
1. Rabi

A. Irrigated

1. Wheat 11.25 12 20
2. Barley 12 13 18
3. Pulses 7 8 10
4 Oilseeds 8 9 12
5 Condiments 8 8 10
6. Fodder 150 160 200
B. Dryland
1. Wheat 7 8 10
2. Pulses 5.5 6 8
3. Oilseeds 6.5 7 9
4. Condiments 3.0 4 6

C. Bed Cultivation

1. Wheat N.A, N.A. 10
2. Barley N.A N.A. 10
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TABLE 4 CROP_YIELDS, GOSUNDA PROJECT (QQ/HA)
PROJECTED
Without With
Season, Category & Crop Existing Project Project
Kharif

A. Irrigated

1. Maize 7 9 18
2. Sorghum 6 8 16
3. Pulses 6 7 9
4. Ollseeds 7 8 10
5. Condiments 4 4 5
6. Sugar Cane 205 250 600
7. Cotton 5 7 15
B. Rainfed
1. Maize 5.5 6 10
2. Sorghum 4.5 5 9
3. Pulses 4 4 6
4. Ollseeds 5 5 6
$. Condiments 1.5 2 K]
6. Cotton 3 K] 3
7. Fodder 100 100 110
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TABLE 5 PROJECTED 1990 FARM PRICES FOR RAJASTHAN
Rupees wer Quintal in Real Terms (1980-1, 00)

Commodity

RABI CROPS: For DRR For ERR (2)/(1)
Wheat 124 164 1,323
Barley 97 128 1. 320
Pulses 180 194 1.078
Vegetables 50 65 1. 300
Oilseeds 280 287 1. 025
Fodder (irrigated) 10 13 1. 300
Condiments 416 473 1,137

KHARIF CROPS:
Maize 117 152 1. 299
Sorghum 130 166 1,277
Pulses : 180 194 1. 077
Vegetables 50 65 1. 300
Oilseeds 280 287 1. 025
Paddy 160 173 1, 081
Sugar Cane 13 17 1. 308
Fodder (rainfed) 10 11 1.100
Cotton 400 470 1,175

FARM INPUTS:
N 499 474 0. 95
P.Og 458 435 0.95
K,O 185 175 0.95
Organic Fertilizer 3.23 2,58 0.95
Farm Labor (hired) Rs/day 5 6.5 1. 30

Column (1) prices Water Utilization Cell, Dept. of Agriculture, GOR
Column (2) World Bank Report 2529a-IN, Vol. 1, Table T-20, Sept. 13, 1979,
adjusted to Rs 8,00 - $1.00
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TABLE 6 LABOR KEQUIREMENTS
GUDHA PROJECT
(Man Days/Hectare)

PROJECTED
Season, Category & Crop Existing Without Project With Project
RABI
A. Irrigated, Surface & Wells
l. Wheat 125 135 150
2. Barley 70 80 90
3. Oilseeds 65 75 85
4. Pulses 65 70 75
5. Vegetables 50 70 80
o. Fodder 120 130 140
7. Condiments 55 60 65
B. Irrigated, Surface Only
1. Wheat 110 120 145
2, Barley 65 70 80
3. Oilseeds 55 60 70
4, Pulses 60 65 70
5. Vegetables 40 50 60
6, Iodder 100 110 130
7. Condiments 45 50 60
C. Irrigated, Surface Only
l. Wheat 80 90 105
2, Barley 65 70 90
3. Oilseeds 30 35 40
4, Pulses 45 50 60
5. Condiments 30 40 50
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TABLE 6 LABOR REQUIREMENTS, GUDHA PROJECT
(Man Days/Hectare)

Projected
Season, Category & Crop Existing without Project With Project
2. Kharif

A. Irrigated, Surface
& Wells

1. Maize 70 75 90

2. Sorghum 70 75 85

3. Oilseeds 55 60 70

4. Pulses 70 75 80

5. Vegetables 50 60 70

6. Paddy 145 165 180

7. Sugar Cane 285 360 425
B. Irrigated, Surface
Only

1. Maize 60 65 70

2. Sorghum 60 65 80

3. Oilseeds 50 55 65

4. Pulses 60 65 70

5. Vecetables 40 50 60

6. Paddy 125 145 160

7. Sugar Cane 240 265 310

C. Rainfed

1. Maize 50 55 65

2. Sorghum 50 55 65

3. Oilseeds 45 50 60

4., Pulses 45 50 60

5. Fodder 40 45 50
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With Project

TABLE 6 IABOR REQUIREMENTS, MOREL PROJECT
(Man Days/Hectare)
Projected
Season, Catecory & Crop _Existing Without Project
1. Rabi
A. Irrigated, Surface
& Wells
1. wWheat 125 140 150
2. Barley 80 N.A. N.A.
3. Pulses 65 77 82
4, Vegetables 50 70 73
5. Oilseeds 65 77 82
6. Fodder 120 130 136
7. Cordiments 55 62 64
B. Irrigated, Surface
only
i. Wwheat 115 125 145
2. Barley 65 68 78
3. Pulses 60 65 68
4. Vegetables 40 50 56
5. Oilseeds 58 70 76
6. Fodder 100 110 125
7. Condiments 45 60 65
C. Dryland
I. Wheat 90 105 115
2. Barley 60 65 68
3. Pulses 45 50 58
4, 0ilseeds 50 55 63
5. Cordiments 30 40 46



-78-

TABLE 6 LABOR REQUIREMENTS, MOREL PROJECT
(Man Days/Hectare)

Projected
Season, Categerv & Crop Existing Without Project With Project
2. Kharif
A. Irrigated, Surface
& Wells
1. Maize 60 64 80
2. Sorghum 55 70 80
3. Pulses 75 80 85
4, Vegetables 50 58 68
5. Oilseeds 65 75 80
6. Paddy 140 150 160
7. Sugar Cane 240 285 360
8. Cotton 125 140 180
B. Irrigated, Surface
onlv
1. Maize 55 62 67
2. Sorghum 50 60 65
3. Pulses 65 70 75
4, Vegetables 40 50 60
5. Oilseeds 60 70 75
6. Paddy 115 128 135
7. Sugar Cane 240 265 300
8. Cotton 105 125 150
C. Rainfed
1. Maize 45 53 58
2. Sorghum 42 50 55
3. Pulses 48 50 55
4, Oilseeds 60 65 70
5. Paddy 70 80 90
6. Cotton 90 100 110
7. Fodder 40 40 45
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TABLE 6 ILABOR RECUIREMENTS, GOSUNDA PROJECT
(Man Days/Hectare)

Projected
Season, Category & Crop Existing Without Project With Project
1. Rabi
A. Irrigated
1. Wheat 100 110 135
2. Barley 65 75 90
3. Pulses 50 60 80
4, Oilseeds 60 70 90
5. Condiments 60 60 65
6. Fodder 110 125 135
B. Dryland
1. Wheat 70 80 105
2. Pulses 40 45 55
3. Oilseeds 50 55 70
4., Condiments 30 40 50

C. Bed Cultivation
Wheat
Barley

105
65

N

A4
A
B 3
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TABLE 6 LAFOR REQUIREMENTS, GOSUNDA PROJECT
(Man Days/Hectare)

Proijected
Season, Category & Crop Existing Without Project With Project
2. Kharif
A. Irricated
1. Maige 45 48 68
2. Sorghum 42 50 70
3. Pulses 60 65 80
4. Cilseeds 55 62 70
5. Candiments 30 30 40
6. Sugar Cane 230 265 395
7. Cotton 80 90 140
B. Rainfed
1. Maize 35 40 55
2. Sorchum 30 3 53
3. Pulses 45 45 60
4, Oilseeds 50 50 60
5. Condiments 20 25 30
6. Cotton 60 60 80
7. Fodder 40 40 45
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EXISTING AND PROJECTED CRrITPING PATTERN

GUDHA PROJEA'T

(llectares/1000 Hectare cropped)

Projected
Season, Category & Crop Existing Without Project With Project
1. Rabi
A. Irrigated, Surface
& Wells
1. Wheat 780 655 385
2. Barley
3. Pulses 10 10
4, Vegetalbles 15 50 100
5. Oilseeds 65 135 265
6. Fodder 100 100 150
7. Condiments 30 50 100
B. Irrigated, Wells
only
1. Wheat 780 667 535
2. Barley 52 42
3. Pulses 115 128 158
4, Vagetables 8 14 30
S. 0Oilseeds 7 64 134
6. Fodder 35 57 76
7. Condiments 3 28 67
C. Drvland Cultivation
1. Wheat 96 256 285
2. Barley 20 26
3. Pulses 716 641 428
4, Ollseceds 39
5. Condiments 129 77 287
Transition from Existing to projected: Year 1 Year 2 Year 3
0 607 1007
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EXISTING AND PROJECTED CROPPING PATTERNS

7
TABLE GUDHA PROJECT
(Hectares/1000 Hectares cropped)
Projected
Season, Category & Crop Existing Without Project With Project
2. Kharif
A. lrrigared, Surface
§ Wells
1. Maize 120 140 180
2. Sorghum 96 76 50
3. Pulses 100 60 28
4., Vegetables 50 75 100
5. Oilseeds 15 70 100
6. Paddv 77 37
7. Sugar Cane 542 542 542
B. Irrigcated, Suriace
only
1. Maize 90 146 171
2. Sorghum 71 103 103
3. Pulses 180 167 151
4, Vegetables 33 42 69
5. 0i{lsecds 7 42 60
6. Paddy 77
7. Sugar Cane 542 500 446
C. Rainfed Cultivation
1. Maize 431 413 345
2. Sorghum 35 45 57
3. Pulses 12 69 217
4. Oilsceds 123 92 237
5. Feodder 399 381 144
Transition from existing to projected: Year 1 Year 2 Year 3

0 60% 100%
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EXISTING AND PROJECTED CROPPING PATTERN
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(Hectares/1000 Hectares Cropped)

MOREL_ PROJECT

Projected
Season, Category & Crop Existing Without Project With Project
1. Rabi
A. Irrigated, Surface &
Wells
1. Wheat 712 712 605
2. Barley 57 57 0
3. Pulses 144 144 201
4. Vegetables 12 12 32
5. Odilseeds 60 60 107
6. Fodder 10 10 20
7. Condiments 5 5 35
B. Irrigated, Surface
only
1. Wheat 712 712 497
2, Barley 57 57 134
3. Pulses 150 150 201
4, Vegetables 6 6 13
5. Oilseeds 60 60 107
6. Fodder 10 10 13
7. Condiments 5 5 35
C. Dryland Cultivation
1. Wheat 118 118 118
2. Barley 206 206 206
3. Pulses 483 483 483
4, Oilseeds 150 150 150
5. Condiments 43 43 43
Transition from existing to projected; Year 1 Year 2 Year 3
0 60% 1007

Ol
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EXISTING AND PROJECTED CROPPING PATTERN

MOREL PROJECT

(Hectares/1000 Hectares cropped)

Season, Category & Crop Existing Without Project With Project
2. Kharif
A. Irrigated, Surface
& Wells
1. Maize 17 17 117
2. Sorghum 174 174 174
3. Pulses 116 116 116
4. Vegetables 5 5 75
5. Oilseeds 155 155 113
6. Paddy 228 228 100
7. Sugar Cane 235 235 235
8. Cotton 70 70 70
B. Irrigated, Surface
oni
1. Maize 17 17 0
2. Sorghum 174 174 316
3. Pulses 116 116 175
4, Vegetables 5 5 35
5. Oilseeds 155 155 421
6. Paddy 228 228 35
7. Sugar Cane 235 235 18
8. Cotton 70 70 0
C. Rainfed Cultivation
1. Maize 4 4 4
2., Sorghum 246 246 246
3. Pulses 108 108 108
4, Oilseeds 624 624 572
5. Paddy 2 2 0
6. Cotton 16 16 0
7. Fodder 0 0 70
Transition from existing to projected: Year 1 Year 2 Year 3
0 60% 100%



TABLE 7

-85~

EXISTING AND PROJECTED CROPPING PATTERN

GOSUNDA PROJECT

(Hectares/1000 Hectares cropped)

Season, Category & Crop

Rabi

A.

Irrigated

SNV BN
« o . .

Wheat
Barley
Pulses
Vegetables
Oilseeds
Fodder
Condiments

Dryland Cultivation

1. Wheat

2. Barley

3. Pulses

4, Oilseeds

5. Condiments
Bed Cultivation
1. Wheat

2. Barley

_ Projected
Existing Without Project With Project
536 536 536
122 122 122
122 122 122
122 122 122
49 49 49
49 49 49
800 800 800
33 33 33
167 167 167
750 750 750
250 250 250
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EXISTING AND PROJECTED CROPPING PATTERN

GOSUNDA PROJECT

(Hectares /1000 Hectares Cropped)

TABLE 7
Season, Categorv & Crop
2. Kharif
A. Irrigated
1. Maize
2. Sorghum
3. DPulses
4. Vegetables
5. Oilseeds
€. Paddy
7. Sugar Cane
8. Cotton
9. Condiments
B. Rainfed Cultivation

Maize
Sorghum
Pulses
Oilseeds
Paddy
Cotton
Fodder
Condiments

OO W N
-

Existing

571

143
215
71

450
220

50
200

20
50
10

Projected

Without Project

571

143
215
71

450
220

50
200

20
50
10

With Project

571

143
215
71

450
220

50
200

20
50
10
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ANNEX A INVESTMENT ALTERNATIVES

TABLE A GUDHA - ALTERNATIVES FOR
ECONOMIC ANALYSIS

DRR
1. Base Case 9.761
2. Add lining to one-third of watercourses and assume
yield increases by 57 for surface irrigation for
rabi and kharif.
Add'l cost 2250 (10,860) = 8,145,000 Rs.
3
a. Add'l area = (3.77)(.64)(10.860)(75)(.31)/1000 10.278
(CFS/MSF) = 600 ha
b. Add'l area - 1,200 ha 10.822

(seepage and leakage loss)
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ANNEX A INVESTMENT ALTERNATIVES
TABLE B MOREL - ALTERNATIVES FOR
ECONOMI{ ANALYSIS
DRR
1. Base Case 7.868
2. Add lining to one-third of watercourses and assume yield
increases by 5% for surface only irrigation for rabi and
kharif.
Add'l cest 2312 (21,600) = 16,646,000 Rs.
3
Add'l {rrigated area = 2,100 Ha
(10 CFS/MSF scepage) 8.260
3. Increase "with Troject” yvield in flow irrigated area to
that for f{.ow and well irrigated. 9.008

"
4, Assume without Project' vields are the same as at present. 9.596

5. Eliminate investments in roads, markets and warehouses
and reduce add'l area by 50%. 6.222

Cost reduction = 30,E00,000 Rs.

6. Eliminate watercourse mcdernization. Reduce additional
area by 20%. Assume yield at "without Project' level. 5.711

Cost reduction = 7,093,000
7. Elilminate drainage, field roads and land development.
Reduce total "with Project" area by 107 for irrigated
rabl and 20% for all other cases. Assume yield remains
at "without Project" levels. 6,872

Cost reduction = 38,491,000 Rs.

8. Advance the OFD investment and net income streams by
two years. 9.903

(\\
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ANNEX A INVESTMENT ALTERNATIVES
TABLE C GOSUNDA - ALTERNATIVES FOR

(8]

ECONOMIC ANALYSIS

DRR
Base Case 5.059
Only main and branch canals are to be lined. Assume that
distributaries and minors and 1/3 of w.c.s. are also lined
and that all watercourses ave modernized. 6.876

a. Add'l cost Re. 21,480,000 Rs. w.,o., escalation
b. Add'l irrigated area = 1590 Ha ave.
(cropping pattern and transitions remain the same)
c. Yileld differential (with minus without) 1s increased
by 757%.
assume rainfed kharlf increases from 2,365 to 4,730 between
base year and vear 13. This 1is reasonable, for example, on
Morel rainfed kharif increased from 25.4% to 50% intensity
under irrigation). 6.664
Assume constr-.tion schedule is reduced to five years from
eight years. 6.193
Alternatives 2, 3, and 4 combined 9,700
Ideal Case 17.279

Command area is consolidated to 7,000 hectares. One-third
watercourses are lined and drainage and full on-farm development

.pruvides 100% percent rabi and 75 percent kharif frrigation

intensity and 200 percent cropping intensity. Yields are
increased comparable to 35 QQs/Ha for wheat and 706 QQs/Ha

for sugarcane. Cropping pattern increases areas in high value
commodities. Coustruction is ccupleted in four years and full
agricultural transition completed in four additional years,
Investment:

Irrigaticon works, fucluding watercourses Rs. 80,000,000
Land development, drainage, farm roads,
increased extensior 11,500,000

Markets, warehouses, off-farm roads 7,000,000
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ANNEX A GUDHA INVESTMENT COST USED IN
ECONOMIC EVALUATION
TABLE D
1979 Project Report Used in Evaluation
Item Rs (000) Item Rs (000)
l. Improvement of irrigation 16,410 same 16,400
system
2. Improvement of drainage 5,698 same 5,700
system

3. Farm Developme97 and

gully coeatrol = 16,550
4. Credit Facility 16,200 OFD woixs 17,600
S. Farm Market Roads 2,400 same 2,400
6. Bldgs/ & equip. for Ag.
Extension and Research 1,297 .same 1,300
7. CAD Project Admin 6,870 same 6,900
8. Maintenance during const. 825 same 300
9. Contingencies @15% 9,938 7,600
10. Price increases @15Y% 11,428 8,800
11. Interest during construction?/
at 127 10,513 o
98,129 67,500

1/ 1Includes 1,000,000 Rs. for storage facilities. Remalinder is operating
credit to farmers and is not an investment cost.

2/ Interest during construction is not an Investment expense in IRR
analysis,
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ANNEX A MOREL INVESTMENT COST USED IN
ECONOMIC EVALUATION
TABLE E
1979 Project Report Used in Evaluation 1/
ltem Rs (000) Item Rs (000)-
1. Modernization of irrigation
svstem 58,250 same 65,240
2. Farm-Market Roads 22,000 same 24,640
3. Fisheries Development 1,650 same 1,840
4. ‘Warehouse (Gedown) 2,500 Marketing
5. Marketing Facilities 3,000 Development 6,150
6. OFP Works 40,000 same 45,700
a. Land Development (17,600)
b. Watercourses (5,700)
c. Drainage system (11,000)
d. Field roads (6,500)
7. Price Escalation @ 25% 32,000 -
160,000 143,600

1/ Includes 127 escalation for consistency with other projects.

TABLE F GOSUNDA INVESTMENT COST USED IN
ECONOMIC FEVALUATION
1979 Project Report Used in Evaluation
[tem Rs(000) Item Rs_(000)
1. Irrigation Werks 70,900 al same 70,900
2. On-Farm Development 1,000 1,000

a/ Includes 10% allowance for expected increase in labor costs.



