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ECONOMIC ANALYSIS - RAJASTHAN MEDIUM IRRIGATION PROJECTI!
 

The general procedure for economic evaluation of Rajasthan Medium
 
Irrigation Projects follows that for all capital development
 
projects. 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 is related
 
to the strean. of capital outlays. Projects for which the projected
 
net benefits compare favorably with the projected outlays are deemed
 
to be economically feasible; those for which the relationship is
 

unfavorable are deemed to be infeasible. The larger the net benefits 
relative to the capital outlays the more beneficial the project to 
farm producers, to 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 in one of three vavs: 

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

2. B 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. By. determining the rate of earnings: relating the
 
net benefits to the outlay 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 outlays to those in the present. Discounting formulas
 
are used to determine 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 + j) n where i is the annual discount rate 

and n is the number of years into the future of each projected
 
outlay 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.
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the discount rate is 12 percent. These standards each imply that
 

the opportunity cost of capital outlay in Rajasthan is 12 percent
 
per annum. The Internal Rate of Return for any feasible project
 
should be equal to or greater than the opportunity cost of capital.
 
?roperly calculated, any of the three measures of project feasi

bility will yield important results for decision making. Each
 

depends on accur-ate projections of capital nutlays and net project 
benefits; accuracy both in total magnitude and transitior, (distri
bution) through time. Dependable assessment of NIP feasibility 
requires accurate simulation of future reality for project develop
ment and the response of the benefited fari producers to this 

development. No two individual MIs 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 done without excessive 
sacrifice of quality of result. The existing procedures used by 
the GOR Departments of Agriculture (Water Utilization Cell) and 
Irrigation .rovide a solid foundation for doin- so. Computer 
techniques are available for ex:tending the existing procedures to 
enhance the completeness and accuracy of project evaluation of 
alternative MIP candidates.
 

Ex:amples of three MIPs are evaluated. The three are chosen to 
represent varying conditions of soil, climate, water supply and 

farm population over the State. Mlore 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 command area
 

development type activities.
 

2. Current Methodology used by GOR and GOI 

The methodology currently used by GO and GOI for evaluation of
 
Medium Irrigation Prolects (and for Major and Minor Irrigation
 

Projects as well) is documented in the recent GOR Guidelines=-


The methodology is used widely throughout India, and fully
 

accepted by the Government 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 benefited. The with
 

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

Ratios of Irrigation Projects andiAhievementu1 to December 

1979. Government of Rajasthan, Department of Agriculture, 

Water Utilization Cell. Report No. 7. Jalpur, Rajasthan, 

India
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project net incomes are reduced by the comparable net farm incomes
 
under the existing aericulture 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
 
those years after the base year. If relevant for the project in
 
question, they include at least rough estimates of associated
 
capital outlays needed to achieve the targeted benefits. Common
 
examples of these "outside Project" associated capital outlays
 
include rural roads, on-farm development, marketing facilities,
 
accelerated agricultural extension and agricultural credit, and
 
improved facilities for agricultural fertilizers and pesticides.
 
If some of these relevant associated outlays 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 computing the benefit-cost ratio,
 
The computation is done uniformly for all MIPs by the following
 
steps:
 

1. Multiplying the adjusted total capital outlay by
 
10 perceTit (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 is used as the denom
inator for the B/C calculation.
 

The adjustment for a calculated water charge to the benefited culti
vators is subtracted from the nuMerator rather than added to the
 
denominator for the B/C determination. The calculated water charge
 
is established on a per hectare basis 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 tIculations 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) total hectorage to be served, (3) cropping and irrigation
 
intensities, (4) per hectare crop yields, (5) 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 ater Utili:ation Cell in the process 
of evaluating each candidate project, as expla :ed below. Since 
only average full development benefits are used in the calculation, 
the transition to full development is not reflected in the present 
GOR analysis (except for the inflation and/or interest during 
construction applied to the capital cost estimates, noted above). 

Total hectarage to be served by a given MIP is determined by the 
topography 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 suit-' 
able soil that can be reiached by gravity flow is not the limiting 
factor; the available water supply is limiting. Nonetheless, 
those areas within the calculated command of each project are 
reviewed as to crop production capability, existing land use, 
existing cropping patterns, existing yield levels, existing well
 
irrigation, existing markets, etc. Where necessary, the proposed 
area to be benefited is adjusted in the benefit-cost evaluation. 

Irrigation intensity, given the total hectarage to be benefited 
and the projected cropping pattern, is a direct funwtion of the 
available water supply. The hydrological and engineering calculat
ions of the irrigation Department are carefuily reviewed by the 
Water Utilization Cell. Calculated average supplies rather than 
normal supplies are usud for this purpose (see Section III C). 
Water requirement tables by season and by crop %re reviewed care
fully by the Cell. 'Where necessarv, adjuste:its are made in 
proposed irrigation intens4ties to meet the agronoinic require
ments of the crops included in the cropping pattern. 

Cropping intensity, given the projected irrigation patterns, are 
a function of agroclimatic factors and established farming practices. 
Often fields irrigated during the rabi season are left fallow 
during the kharif season, and vice versa, so that cropping inten
sities in Rajasthan rarely reach 200 percent, even in areas 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 analysis. Using historical experience 
in adjoining project areas, the Water Utilization Cell. reviews
 
proposed cropping intensitites for each project, and makes upward
 
or downward adjustments when they are indicated.
 

Crop yields 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 yields in the
 

command area and with those neighboring areas where projects have 
been developed. Separate estimates of projected yields 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 nut been reflected, as noted above. 
Likewise, separate projection: have not been made for well irrigation, 
for level of water course lining and on-farm devol1opment, etc. 

Farm prices, are projected for each crop and farm iinput in ceal 
terms. For the most part, standard sets of f,,rm prices are usedfor all candiiate MIPs !n the sane region of the State. Crop prices 

used by the Water Utilization Cell are based on actual prices received 
by farmers and, if anyth ing 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 (see 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 other variable inputs needed to achieve projected full 
development yield 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 from those already existing, particularly for 
projects in tribal ireas where customs change slowly. For example, 
irrigated as well as rainfed fodder is retained to insure adequate
 
forage for the famner's work and milk animals. Relatively low
yielding crops such as gram are retained because of their ability 
to produce something, even under adverse "famine" conditions. High
risk crops, especially during the hot zaid season, and crops high 
in water requirements (e.g., piddv 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 proreuisite for such crops as vegetables, sugar cane 
and groundnuts.
 

3. Recommended Modifications in Methodology
 

The major modification2 / in evaluation procedures recommended for
 

2/ Discussions with responsible GOR officials indicate a genuine 
interest in modifying the methodology of project evaluation to intro
duce workable improvement within the constraints of recources and 
workload. Likewise, USAID officials have indicated interest in 
technical assistance and training support to help COR 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 sunport more 

effective project pianning aid implemertation. In addition, they 

will meet the standards for outside donor support. They can be
 

the whole range of major, medium and minor Irrigation
applied to 

projects for whi.": GCR has responsibility. 

The principal requirements for implementing the recommended 

modification are (1) procedures for discounting outlay estimates
 

and projected benefits, (2) transition estimates for project
 

development and achievement of full production and (3) separate
 

estimates by major eloments such as farms with both well and
 

flow irrigation and those with lined water courses and full on

farm development. ;orkable discounting procedures needed
are 


were
for IRR and HPV determination. Computer programs used for 

doing this in the three prototype cases, but worksheets can be 

developed for doing s,7 by hand calculation and graphic deter

mination. This has been done by GOR analysists for some MIPs, 

including one of the prototype cases, Gudha Comand Area Develop

ment Project. 

Estimates of year-by-year transition to full project development 

and potential agricultural productinn are needed as input for 

the cash flow analysis. Such estimates can be developed by 

MIP pla,,,ers. Substantial progress has been made in the develop

reported
ment of standardized guidelines for this purpose, as 


in Section 4.
 

Separate esti.rt,.s are needed for additional dimensions of certain 

MIPs in order to evaluate them effectively. For those in which
 

complimentary
groundwater and surface water need to be managed as 


resources, farms with well plus surface irrigation need to be
 

analyzed separately. For those in which watercourse liniitg is
 

to be undertaken, the impacts on projected crop yields and 

cropping patterns need to be reflected. For t1iose in which 

additicnai :omm.nad area development activities ire to be under

planning. Revised guidelines andfor sensitivity analysis and project 

training far staff analysists
4,rrksheets, together with in-country 

represent a major thrust of the contemplated assistance. U.S.
 

training in computerized techniques of feasibility analysis is
 

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

around actual Rajasthan medium irrigation 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.
 

Discounted Cash Flow Analysis can be used to determine (1) the
 
Inter al or Direct Rate of Return, (2) the Impact or Associated
 
Rate of Return, and (3) the Economic Rate of Return, together with 
Lhe corresponding fully-discounted Benefit Cost Ratios and Net 
Present Values. The Kansas State University computer programs
 
now operating in New Delhi have full capability for direct dcter
minaticn of all three, and for simultaneous sensitivity analysis
 
for a series of alternatives with each of them. The differences 
among 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. It will measure the B/C ratio at the 10 
percent discount rate (or ar v other specified rate) simultaneously 
with the IRR or DRR solution. 3 / Thus, starting from the present 
analytical methodology used by GOR, it represents a more precise 
and versatile mechod of accomplishing the same type of analysis
 
now used.
 

The Associated Rate of Return is 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 employmnt during project construction, the resulting greater 
farm production, from the marketing and processing of the additional
 
farm products, from the economic aictivity stimulated by the additional
 
demand for farm input- and from the increased capital value of land 
and real property.. resalting from the stimulated economic 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 analysis on a rout e basis. As an interim 
step, it 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 YLIP. The ARR analysis presented, for the three 
prototype MIPs provides basis for judgment regarding the general 
magnitude of associated benefits that mav be expected by imple

3/ The IRR and DMR are identical except for the output format. The 
DRR represents more precise terminology for public projects such as 
MIPs where the direct benefits do not accrue to the same entity 
making the capital investment. 



-8

menting MIPs characterized by these prototypes in Rajasthan.
 

The Economic Rate of Return is a somewhat different measure; one 

that normally is e~mployed by international donor agencie. which 

must be ccncerned with alternative uses of development loan funds 

in many countries around the world. 1his measure requires estimation 

of "economic" prices for farm proucts and farm and product inputs 

in order that .IPs in RaJasthan would be feasible if all markets 
were based on free and unrestricted world trade. Precisely applied,
 

it also recuired pri,ing family labor and o thr "nu-n,-exchanged" 

inputs (and outputs) at their opportunity cost in a free world 

exchange. For thcir cwn internal needs the COh1 and C;OI have only 

marginal interest in the ERR. The Economic Rate of Return analysis 

made for the three proto type Rajasthan MIPs provide an adequate 

basis for determining an euivalent DRR level as a cutoff for 
project feasibili> y.
 

Transition Estimates: Full 3nd accurate application of the DRR
 

and other disccunted cash flow analysis requires estimating 

transition through time of the capital outlays and net project
 
benefits for each MIP. ,At least four transition schedules are
 

involved:
 

1. Construction schedule, and year-by-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 inother with the project; therefore,
 

appropriate 11IP evaluation is made by comparing "projections with 

Project" to "projections without project" rather than "projections 

with Piojecz ' to "present". 

The fir.: two types of transition usually are estimated by the GOR
 

in the course of lI? evaluation under current procedures. It is 

believed that the cther two will not be difficult to incorporate 

into the evaluation procedure on a regular basis. Preliminary
 

guidelines arc ncw wstablished for doing so. 

Estimates for Added Dimnsions: Separate estimates (including 

transitions) for added dimensins of concern, in varying degrees 

in individual MIP candidates can be incorporated into the stan

dardized evaluation procedures of the COR. The tentative estimates
 

used for (1) farris with wells F us surface irrigation and (2) farms 
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with 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
 

HMIPs involving complimentary use of surface and ground water
 
reaources.
 

The differential estimates and transitions developed with GOR
 

officials between the modernization prototype under Command Area
 

Development and that ..ith less complete and coordinated development
 
of the project comm.and area provide an example of what can be done 
to reflect this dimension. Similar differential estimates and 
transition patterns will be helpful 1n adequately reflecting the 
full potential benefits of watercourse lining, alternative degrees 
of land shaping and leveling, land reclamation and other dimensions 
of MIPs. 

It is recommended that differential estimates be developed and 
incorporated in the standard GOR project evaluation procedures for 
those dimensions ;hich prove to have definite merit in most MIPs. 
Unique dimensions with special merit in only a few MIPs can be 
incorporatEd on a casQ-bv-case basis. The present evaluation 
procedures of the Water Utilization Cell can accomodate the unique 
dimensions of individual projects, provided that those formulating 
such projects furnish the accompanying differential estimates and 

transition schedules.
 

4. Transition EstL-nates for Prototype MIPs 

The three Rajasthan prototype e.:Ps analyzed represent three distinct 
classes of candidate MIPs -- modei:rization projects with full command
 
area development (Gudha), modernizatLion projects with partial 
development (Morel), and new projects (Gosunda). Each prototype 
is distinct with respect to requirements for transition estimates 
and kinds of sen:sitivity analysis of most value. It is hoped that 
these three will serve not only as a representative base for
 
Rajasthan Mediu= Irrigation Project review, b'iw/as a set of models 
for other MIP candidates .,ithin each prototype-

Characteristics of the Prototypes 

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 aopendable water supply is a major problem 

in lower reaches. Farmers, agricultural leaders and agribusiness

men in the co:mmand area who were Interviewed are unanimous in their 

anxiety to see the project move forward. 'Te water table is 

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 is need
 

for the full dimensions of project modernization.
 

The Morel project is characrerized by less critical multi-dimensional 

problems, but large :,cxp loited pctential. Groundwater represents an 

important resource, aud i_ irrigation to sunp'leMrent surface supplies 

niust be considered. [nero is a need for and potential payoff from 
serious attention to ,.'aterco,.rses , on-farm deve.lopinent, rural roads, 

drainage, devela mont of .acoting and fisheric development ,,.long 

with exr.aded agricu.tural e:tc_nsion and fari, credit programs. Some 
b1s0 21ta transitions are not yetof zbe d needd fopr 01r17ctionof 


availabl, a::d the pre :rin.i v e.;timates used are subject to revision.
 

They prv-ide a re,, ab1 h is for t esiting' the prototype, however,
 

and indicate tat the reject is attr:ictive.
 

The Cosunda project represents a different stage in Rajasthan irri
gared agriculture -- that much carllier step of turning sparsely

cropped rainfed areaS into productive farming; that of exposing 

many very pcor farm families to the first itep on the track of 

potential for irrigated airi:'iture. A dependhle supply of life

giving waiter is the first ste,; perlhaps a stc,p even more spectacular 

than the Ligi p'o.v, L'. tcOe :.lldernizat ion poJect.'. 

The schedule 

of transition to full agricultur:al production pitential once water 

and land dove larent inave resnaed the farm u! Jer oach of the three 

protot:ypes is s vn in la;ie 1. It i: expected Chat the production 

potentials will faro te witin protot ype, 

Transition in Acr icultural ' rductioni: stndardizd 

rom MIP Mi? ,e:aci but 

that the transit ion attern Is a f'inc tion of the tpe of MIP. New 

projec t s r oj:re :o.t t noone St transitian in Uiia rega ':d ibecause of 
t ire rqui or i .rm-r and his land t, make the early4red b,-i. ti,,e 

transitica t: irriVaed a',rcut.re. The tristI ion under full 

mOlernlizutL :n is . ". :;'.'er ti-n tniat iuder cuier :.sodeiniz'tiotln 
projects bec'use .. c mini to existingor a-d it mod if icatioit.: the 

system that arc involved. 

2L,:; Deci:ent: 

develop.ent a e initque to each project but reflect the character

istics ,f the .ce i'nto) which it fails. The schedules for each 

Schedules cf Arua The schedules of land area 

of the thiree ptot tpes as used as input to the evaluation analysis 

are s L.m coro',sn7ponding ii ca-.es of'n Table 2. the Guidha and 

Morel asheduledeveloped for without as well as withare Fproj oct
project, * d th,-1 are as a be ..ddied by projectobtmined by subtraction. 

In the case t h-1e n:v project, osunda, tlhi:, [-;not necu.;sary 

because without , source of .,rface water simppl v little or no change 

will take place .the trunsfLtlon wit hIuIt projict i,.zelo). 

For each project the prjec ted laud use pattern for the rabi and 

kharif sea::.ns at full development is .,mrinarized in t,, lower section 

of Table 2. gudha i,; projected t( reccii irrigation Intensity of 
.9. 2% in rabi and 2. in kl:arif, .ith total cropping intensity 

http:sea::.ns
http:a',rcut.re
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Gosund, will achieve irrigation
of 158.2% 

in rabi and 22.9% in kharif, with total cropping
intensity of 73.9% 


intensity of 124%. The corresponding projections for Morel are
 

61.5% in rabi 	and 23.3% in kharif, with total cropping intensity 

of 158.5%.
 

It will be noted that rainfed hectarages for Gudha show a declining
 

-- a shift which is
 pattern as iore complete irrigution is developed 


not offset by the additional 3,475 hectares brought under irrigation
 

by raising the dam.
 

shown in the upper section ofareas 

Table 2 for Gosun-a and in Section C of Table 2 for the other two 

those needed for the estimation of net project 

The year-by-year development 

projects represent 
are based are taken frombenefits. The figures upon which they 

the GOR project reports.
 

Estimates of Farm Production Expense: Following the existing
 

the GOR Department of Agriculture
procedures and reference tables of 


the basic data for computing farm production
Water Utilization Cell, 
shown in Tables 3A and expenses both 	with and without project aie 

type, but rather apply
3B. These figures are not unique by project 


MiPs. Tihey include all projected production
uniformly to all 
labor, which is computed separately.expenses except farm 

sho'n in Table 3A represent a constant per-The variable e:xpense:; 

varying yield levels.
centage of the gross revvnue fnr each crop at 

for wheat atAn example of the correspcmding Rs. value is given 


the yield level of 25 quintals per hectare and farm price of Rs.
 

ar,, based directly
124 per quintal. T.he percentage figures shonm 


exception of chemical fertilizers.
upon the GO, tables with the 
-

en World Bank 	 projections.These include 	 ,pard adjustments based 

Table 311 are takenThe fixed productic expense estimates shown in 

of cultivation combination,
as constant for e c'i season-crop-type 


They include expenses for seed plu:

regardless o 	 yield level. 


" 
 well irrigation they includeland charges-,- I. the c'se of 

operating and maintenance expenses for supplemental 
irrigation
 

They represent

based on crop 	water requirements and well 

costs. 


pumping required in an average year; actual 
the anticipated 

the average, depending
costs in a given year will vary from upon
 

the supply of surface water available.
 

for each of the threeCrop yield estimatesCrop Yield Estimates: 
Table 4. The 	 projections

MIPs arc shown in the correspondingprototype 

5/ World 6ank Report 25?9a-IN, Vol. 1, Table 7021, Sept. 13, 1979
 

the GOR Revenue Dept. might be excluded as a
 6/ Land charges to 

the land they are
 transfer payment, but because GOR holds title to 


the nature of land 
rent rather than tax, per se. 
treated herein as in 
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with project and without project represent full development. They
 
are applied to the percentages in Table I to obtain the yield 
estimates for transition years. Note that in general, the projections 
are highest for Gudha1 and lowest for Gosunda, reflecting the type of 
MI? represented by each prototype. The relative yields by crop vary 
somewhat from .ne prototype to another, reflecting differences in soil 

and - limate Suitabi i'. 

The dlfferen>' between projected yield levels with project and without 
project is a "-ey idete-miliate affecting the magnitude of net benefits 
for any MIP. Note thit on this score Gosunda ranks very well, reflecting 
the relatively high incremental production when dry or partially well
irrigated lands are originally brought under surface irrigation. 

The bed cultivation category shoun for Gosunda represents a new type 
of cultivatir.r, brought in w'ith development of the dam -- rabi culti
vation of wtheat and barley around 1)e perimeter of the reservoir as 
water is drawvn out .fcr irrigationn,-

Projected Farm Prices: The projected farm prices used in the eval
uation of the three prototype MIPs are shown in units of Rs. per 
quintal in Table 5. The prices represent projected 1990 levels, 
indexed to :urrenit (1980) purchasing power. The figures in column 
(i) simulate actua! prices received by farmers in Rajasthan. Those 
for groups .f .nuie:;, vegetables and oilseed crops are weighted 
averages for ,he provail ing kinds of ttnese crops grown in the State. 
They are based on tie list of prices currently used by the Water 
Utilization Cell for evaluating MiPs. Note that prices are not 
included fEr straw a oother crop by products which are used 
dominantly for cattle feed on the farm where used. Such interme
diate products are reflected in the factor for net bullock expense 
included in Tabl.e 3A. 

The colum n (1) prices are used in determining the projected added 
net farm incomes attributed to each prototype project for the DRR 
analysis and for the farm budgets. 

In contrast, the economic 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 rather than as a negative benefit
 
from lost revenue.
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estimates of simulated free world market prices, "backed" to the
 
farm 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 designed t:o maintain :ow cost food in the country. The 
relationship insures that all '-IIPs 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 
yields 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 

deductin of the State tax (a transfer payment) 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 day 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 for each transition year are obtained by applying the
 
transiLion patterns from Table 1 to those shown in Table 6. As in
 
the case of yields the relevant labor requirements for project
 
evaluation are those with project minus those without project.
 
Those shoun under the "existing" cclumn are included for reference
 
only.
 

From the limited socio-economic data available by project area in
 
Rajasthan, about 10 percent of the totil 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 somewhere between Rs. 0.00 and Rs. 5.00. Maintaining 
the labor recuirement in man days facilitates sensitivity analysis
 
to determine the impact of alternative labor rates.
 

The 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 Cosunda (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 COR project reports for the three
 
prototypes.
 

The projected shifts in cropping pattern are relatively minor for
 
all three prejects. For the most part they reflect GOR and GOI
 
efforts to encourage certain crops and discourage others. The
 
projections indicate relative decreases in rice for all three
 
crops and decreases in sugar cane in Morel and Gosunda. They
 
indicate small relative increases in garden vegetables iu Morel
 
and Gudha, and in pulses and irrigated fodder in all t:hree. All
 
ef these reflect policies to decrease water requirements per unit 
of irrigated area, to improve the nutrition intake of rural families, 
to reduce the risk of crop lc:s in drought years and to take care 
of the cattle. None of them reflect attempts to maximize cultivators' 
net incomes and cash flows. Based on the projected yields, prices 
and production costs used in cne analysis herein, several of the 
projected shifts in cropFing pattern deciease 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 of high eorning 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 Prototypes
 

Each of the three prototype MIPs was subjected to the same analysis.
 
Kansas State University computer programs were installed in New
 
Delhi to 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 alternatives6/, (3) ERR (based on the economic prices
 

from column (2) of Table 5), and (4) ARR analysis 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 she by the accompanying reproductions of computer printouts
 
for the three MIPs evaluated. Two pages of printout are included
 
for each prototype. The first page of the computer printouts for
 
each prototype labeled "Investment Feasibility Analysis" shows
 
the results obtained. The projected total capital outlay is
 
summarized in the columns to the left, the projected operating
 
benefits and expenses in 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 orintout page. 'he fully discounted Penefit-Cost
 
Ratios at six alternative disccunt rates are shown in the lower
 
left sections of the printout table. The present values of the
 
schedules of benefits, capital outlays and balances (NPV) at the
 
corresponding disccunt rates are shova in the lower right section.
 
The second, labeled "A Listing of the Data" summarizes the support
ing schedules of capital outlay for (1) major irrigation and drainage
 
works, (2) on-farm development and (3) associated outlays, the
 
schedule of net benefits to producers; tne 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.
 

Economic 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 by 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 unpaid family farm labor of Rs. 3.00 per man day. Adjustment
 
has not been made for the 5 percent reduc'ion 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 it is the first step to he considered for com
puterization by the Water Utilization Cell.
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types are slightly understated.! / The results shown by the DRR and
 
ERR analysis are summarized in Table A and discussed below for each
 
prototype.
 

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. Adjusted 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
 
feasibility analysis 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
 

fully modernized except for watercourse lining
 
The Gudha project is 


a
 
and the GOR/ID proposed project yields a 

DRR of 9.761 which is 


Lining one-third of the watercourses, which
 
fully justified project. 


to 1,200 ha of rabi
 
would increase vields by five percent and add 600 


.52 to 1.1 per
and kharif irrigated Jrea, would increase the DRR by 


.- _:he base case.
centage points 

to both yields and farm
 are sensitive
Medium irrigation projects 

In the case of Gudha, reducing farm 

labor
 
labor costs assumptions. 


increases the DRR about one percentage
 rree (20%1)
costs by one 

For GCsunda, a similar reduction in 

farm labor costs increased
 
point. 
 Since full development farm
 
the DKR abcut one half percentage point. 


are comparable for the two projects, 
the
 

income and farm labor costs 

the delayed occurrence (9 years 

Vs 1 year)
 
difference results from 


the long construction period.
to 

of costs and benefits for Gosunda due 


case of crop yields with a 20
 
A similar relationship exists in the 


to the DRR for Gudha and only
two points
percent yield increase adding 


one for Gosunda.
 

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


of watercourses.
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Morel
 

The Morel project is partly modernized. As prepared by the GOR/ID,

the DFIR is 7.869. By adding lining to 1/3 of the watercourses,
 
yields on rabi and kharif surface irrigation would increase five
 
percent, resulting in an DRR of 3.260.
 

The GOR/ID report la,'s investment in roads - two years, market 
development - 5 ye-.rs, on-farm works  three years, and fisheries 
3 years from project initiation. Assuming that these investments 
were advance t .-years, and the net revenue stream advanced 
accordiny, headjusted DR would be 9.903 a fully
 
justified r,
A number of other -zonqitvitv tests were made, including various
 

ield aUSS .Dt.. ,nd alternative investment packages. Generally,
yield increase re..nts rf 5 percent raise the DRR about 0.3,
i.e. 20 percent hi'zher yields would increase the DRR by 1.2 percentage

points. Various a.ternitives that reduced on-farm investments re
sulted in lower PKP 's than the base case. 

The base case ERR of 10.630 increases to 12.886 with full modf rnization 
and a shortened construction period. 
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Gosunda
 

Gosunda is a new project. As proposed in the GOR/ID report it is not
 
an economically 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 projects in tribal and backward areas with a DRR of 
8.481.
 

Only main and branch canals are lined in the base case. Modernization
 
of the Gosunia project involveq lining of minors and distributaries,
 
and construct ion of :oderni::ed watercourses. This would more than
 
double t:e investment in land development. The resu ting more assured
 
water supply is expected to increase yields by 20 percent and water
 
savings from lining permits the expansion of 1,590 ha of irrigated
 
area in rabi and kharif. This increased the DKRR by 1.817. In addition,
 
with modernization, rainfed kharif is expected to increase from 2,365
 
ha to 4,730 ha, an adjustment similar to that expected on the Morel
 
project. This increased the DRR by 1.005.
 

A major problem in the economic feasibility of the Cosunda project
 
is the long construction period. kith a construction period of eight 
years and land development. yie!d, an'd cropping pattern transitions
 
assumed for the analysis, the full benefit stream is not achieved
 
until the l9th year after starting construccion. By reducing the 
number cf ncy starts and concentrating availa'le resources and staff
 
on fewer project t!~e GCR;'ID could accelerate the construction 
program for all pro ects undertaken, albeit a snall number. For
 
purposes of illustrati n it was a-istmed that t he zonst ruct ion period 
for Gcsunda could be reduced from eight to five vears, bringing the
 
benefit stream fr.c"atd three years. Tb is results in an increase of 
1.134 in the base case PRR. Combining al1 three aidjustments 
modernization, increased rainfed kharif, and rescheduling construction
results in a DRR of 9.700, a fully justified project. The combined 
ERR is 12.918. Whether the adjustments En construct ion schedules and 
the implied shifts in resource ailucation are fet<Ible is a matter for
 
the GOR to investigate.
 

Typically, MIP's are designed for extensive use of available water 
canal systems are 2onger 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 ,osunda sub-project was experimentally redesigned
 
in this fashion. (See 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
cial benefits to targeted farm families in the command area of
 
each prototype Medium Irrigation Project can he derived from
 
(1) the schedule of projected added net farm income for the 

cor~nd area as shown in the nRR computer output "Investment 
Feasibility Analyt-is", (2) Section C of the schedule of land area 
to be developed (Table 2) and (3) the distribution of farm size of 
the targeted faru..i families in the comrand area (! the prototype. 

The schedule of added net farm income for th, prototype as a whole 
is shown in the center section of the DRR computer cutput labeled 
"Investment Feasilbility Anivsis". No adjustr-,onts need be maide in 
this schedule as shown for the bas-e case of each prototype. 'The 
unpaid 	family labor cumponent of the labor cost (abcut 90 percent
 
of total farm labor in Rajasthan MIP command areas) is not added 
back. 	Instead it is assumed that this non cash comprnent offsets
 
the added farm household expenditures stimulated by the project. 
For more precision one would add back the annuil operation and 
maintenance expense for the project (an expenditure not incurred
 
directly by the benefited farmers) and subtract the annual water
 
charge for surface irrigation actually made to farmers in command
 
area of the prototype (not included in the budgeted expense of the
 
farm). Since the two are roughly offsetting, both adjustments can
 
be omitted.
 

When the schedule of added net farm income for the prototype is
 
divided by the schedule of total hectares added by the project with
 
totals from 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 properly weighted by the
 
cropping pattern, transitions in added yields, farm prices and mix
 

of types of cultivation for the total impacted area. This schedule
 
of per hectare benefits is multiplied by the number of hectares,
 
e.g. 0.5, for each farm size group of interest to estimate the 
added farm income to :a-mers of thnt size group as direct result 
of the project. Mhe 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 MTP. 

NOTE: 	 Insufficient time prevented the consultants from
 
completing this part of the analysis. See
 
Part III of the Project Paper for farm size discussion. 
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Economic Feasibilitv 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 every reason to believe that
 
the differentials obtained between ERR results and the DRR results
 

fcr the three prototypes are representative of
 
Rajasthan candidate MIPs in generai. Because of the additional 
analysis required, and in the absence of internal need for it by
 
GOR and GOI, it is recommended that the ERR analysis not be a 
general requirement. Rather it is recommended that a DRR of 9 per
cent qualify sub-projects for implementation. Following current
 
practice of the GOI/COR 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 associated rate of return on total
 
capital investment for each of the three prototype MIPs is shown
 
by the accompanying computer printouts. They 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
 
prototype. The schedule of net associated benefits is related to
 
the same schedule of project capital outlays as used in the DRR
 
analysis, so that soluticn ARR may be added to the solution DRR for
 
the pr)ject. 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)8/.
 

The estimated schedules of associated benefits by source are shown
 
by the "Listing of the Data" printouts. The estimates for employ
ment during construction are based on the project labor costs equal
 
to 70 percent of earth work outlays, 15 percent of concrete work out
lays and 20 percent of other outlays. 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 day (to approximate the existing
 
underemployment and employment in the lower paying jobs in
 
Rajasthan.)
 

The estimates of associated 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.
 



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 value. Actually, both components of
 
the factor vary by crop (Keing relatively high for sugar cane and
 
relatively low for pulses, for example), but 
it is believed that
 
the factor used is a realistic weighted average.
 

The estimates of associated benefits in the farm supply and service
 
sector shown in the computer printouts for the three prototypes 
are derived in similar fashion. The value of purchased farm inputs 
and services represent roughly 2C nercent of the 
gross farm revenue
 
added by the project (see Tahle 3) assuming rates for value added 
and income over fixed costs comparable tc those in the product
marketing sector, the pricino factor for t:is source is 0.032 of 
the projected tozal revenue added by the project (.20 x .4 x .40). 

Other associated benefits include thoca from such 
sources as increased
 
capital value of business and residential properties, and net income 
opportunities for service industries stimulated by the project.

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

No associated benefit is taken for 
the added tax base and additional
 
revenues 
to the State of Rajasthan and Government 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 indica'tors of economic benefit are derived
 
in the process of evaluation of economic feasibility of the proto

type MIPs. Using computerized techniques, a complete set of such
 
subordinate indicators were 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. Copies will be provided
 

to the GOR for their use.
 

Added Food Produc'ion: Pic annual volume of added food production
 
is shown in computer output . The added volumes of food production 
by crop are useful for a number 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 opti-mizing the timing, sizi. and location of godowns, 
processing facilities, and transport Eaciliti .s in the future. 
The projected volumes for specific co:a=odities (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 cf associated project benefits arising 
from linkages to the product marketing and farm supply sectors 
(see Section 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 correspondingI impact on average per capita incomes.
 

Added Demand for Fertilizer and Other Inputs: The added demand
 
for fertilizers, plant protection materials, high-yielding seed
 
and other technical farm inputs created by the prototype can be
 
derived 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 Section 6. Specific estimrates by crop and season can be
 

derived from the projections of physical volume of production or
 
from the added cropping intensities and corresponding cropping
 
patterns. These kinds of estimates often are needed to support
 
planning for production and distribution of specific technical farm
 

inputs.
 

Added Employment: As discussed in Section 6, added -nployment
 

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
 
associated 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 applying appropriate factors to the projected total
 
labor requirements in agriculture, in earth moving, in masonry work,
 
etc.
 

7. 	Suggested Approach to Standardizing Procedures for MIP
 
Evaluation by GOR
 

The 	desire of the Department of Irrigation and Department of Agri
culture to standardize MIP evaluation procedures is well founded,
 
and deserves attention and support. Standardization can enhance
 
comparability of analysis and findings from one MIP to another. It
 
can provide more orderly and timely procession of eoch MIP candidate
 
through the planning and analytical steps. It can help identify
 
the more important factors and relationships affecting the technical
 
and economic soundness of each project. It can help minimize gaps
 
and interruptions in the total HIP 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 is to standardize the needed input data and the for
mats in which they are presented (see Section 2). The organiza
tion of tabular input material shown by Tables 1 through 7 re
present a 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.
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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 they will facilitate the process, but not beyond.

As -'e1 the -, ire ....... ses, further thought should be given to what
 

should be computerized first, and ho' it should be done. Tt seems 

probable that final sensitivity analysis at the stage of DRR 

evaluation is the most logical startiirg point. If so the logical 

next step may be to use compairable ci::puterized procedures as a 

stage of project planning andplanning tool at a fairly early 

design. If the intermediate steps prior to DRR sensitivity analysis 

are standardized effectively and reduced to worksheet form, there 
may be little advantage in using computer analysis at these steps
 

for the for foreseeable future.
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TABLE 1 PERCENTAGE OF PROJECrED TOTAL INCR EASE 

IN AGRICULTURAL PRODUCTIVITY 

Year following 
Full Partialwater to farm New . 

gate Projects Modernization Modernization
 

0 0 0 

8 10 15 

0 

1 


2 20 30 40
 

75
3 40 60 


4 60 80 90
 

5 80 100 
 100
 

6 95 100 	 100
 

100
7 100 100 


100
100 


100
 

8 	 100 

100 


100
 

9 	 100 

10 100 	 100 


to each portion of the area ready for irrigation as per schedule
* Applies 


of construction (see CHAPPI Report, Chap. 6)
 

First determine the incremental change in present
Procedure for use of Table : 

= A and projected perIf presentto projected level.
hectare productivity level 


c - a = B.
= C, then the incremental will be 

to A for projection by


Transition to apply only to B (which then can be added 


year for the project benefits).
 
for the three types of projects.
The transition in B values are standardized 
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TABLE 2 SCHEDULE OF LAND ARE TO BE 
DEVELOPE) ANNUALLY FOR EACH USE 

ClDIL\ PROJECT 
(Hec tares) 

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 (year 1) 35 250 -156 22 360 -353
 

Second (year 2) 35 250 -156 22 360 -380
 

Third (year 3) 35 250 -156 22 360 -379
 

Fourth (year 4) 40 260 -165 27 368 -381
 

Fifth (year 5) 35 236 -156 24 360 -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 Ribi)
 

Projected Land Use at Full Development (Hectares)
 

Land Use 	 Rabi/ Kharif
 

Irrigated 11,003 3,588
 

Surface & Wells 1,655 1,780
 

Surface only 9,348 1,808
 
421 	 4,281
Rainfed 

--- 4,328
Fallow 


1 2 ,1 9 7-E' 12,197
Total 


Irrigation Intensity 90.2 	 29.4
 

Total Cropping Intensity 	 158.2
 

b/ Includes sugarcane as a rabi as well as a kharif crop
 

c/ Includes 10,860 ha CCA under flow irrigation.
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SCHEDULE OF LAND AREA TO BE 
DEVELOPED ANUALLY FOR EACH USE
 

GUDIIA PROJECT 
(Hectares)
 

Surface 	 Surface
 

B. 	Without Project / and Surface Rain- and Surface Rain-


Transition Yr Wells Only fed Wells Only fed
 

Base (year 0) 486 6,922 1,152 1,581 0 6,100 

First (year 1) -17 -74 -74 -7 170 -373 
Second (year 2) -17 -74 -74 -6 170 -401 
Third (year 3) -17 -74 -74 -6 170 -401 
Fourth (year 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
 

Added by Project--
C. 


Base (year 0) 

First (year 1) 

Second (year 2) 

Third (year 3) 

Fourth (year 4) 

Fifth (year 5) 


24 374 75 82 0 25 

52 324 -230 29 190 20 

52 324 -230 28 190 21 

52 324 -230 28 190 22 

58 335 -240 34 197 22 

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 SCH=TLE OF LAND ARFA TO BE DEMOPFI) ANNUALLY 
FOR EACH USE - FUREL PRoGTT 

(Hectares) 

K}qHAIFR3I 
Irriated 	 Irrigated
 

Surface a/ Surfa Surface Surface 

& Wells - nly Dryland & Wells Only Rainfed 

A. With Project 
Transition Year: 
Base (,ear 4) 
First (!,ear 5) 
Second (year 6) 
Third (year 7) 
Fourth (year 8) 

1,112 
38 
47 
56 
47 

7,322 
931 

1,164 
1,397 
1,165 

4,287 
591 
738 
886 
739 

2,053 
69 
87 

104 
87 

803 
368 
459 
552 
460 

5,812 
572 
715 
859 
716 

Totals 1,300 11,979 7,241 2,400 2,642 8,674 

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

at Full Deelopment (Hectares):Projected Land Use 

Rabi 	 KharifLand Use 

Irrigated _ / 	 13,279 5,042
 

Surface & Wells 1,300 	 2,400 
2,642Surface only 	 11,979 

7,241 	 8,674
Rainfed 

Fallow 1,080 7,884
 

21,600 21,600
Total 


61.5% b/ 23.3%
Irrigation Intensity 


Total Cropping Intenstiy 	 158.5% 

b/ 	 Including s-igar cane 
Estimated froin pielimrinary partial survey information; ccuple-tic/ 
well and ground water assessment not yet made. 
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TABLE 2 SCHEDULE OF 1AND AREA TO BE DEVELOPED ANNUALLY
 
FOR 	 EACH USE - MJREL PROJECT

(Hectares) 

RABI 	 KHARIF
 
Irrigated Irrigated 

Surface Surface Surface Surface 
& ells only Dryland & wells only Rainfed 

/B. 	 Without Project 
Transition Year: 
Base (year 4) 1,065 7,009 4,104 1,965 769 5,564 
First (year 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
 

C. 	 Added B,; Project b / 

Base (year 4) 47 313 183 88 34 248 
First (year 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 (year 8) 49 1,115 714 90 435 591
 

Iotals 243 4,770 3,037 447 1,773 2,610
 

a/ 	Reflects waterlogged area of 800 Hla 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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TABLE 2 SCHEDULE OF LAND AREA TO BE DEVELOPED 
ANNUALLY FOR EACH USE- GOSUNDA PROJECT 

(hectares) 

Rabi Kharif 
Without Project Irrigated Rainfed Irrigated Rainfed 

Base (Year 0) IU99 361 430 2163 
First (Year 1) -- -- --

All succeeding years ........
 
1699 361 430 2163 

With Project 
(Year 0) 1699 361 430 2163 

First (Year 1) to -- -- -- --
Seven (Year 7) - -- -- --
Base (year 8) -196 -39 -62 -236 
Ninth (year 9) 1178 3 384 88 
Te.,.th (year 10) 1178 3 384 88 

leventh (vear 11) 1178 3 384 88 
Twelth) (year 12) 1473 3 479 109 
Thirteenth (Year 13) 884a/ 2 287 65 

7394 338 2286 2365
 

a/ E-xcluding 352 hectares of sugar cane included in kharif which is also 
irrigated in rabi 

PROJECTED LAND USE AT FULL DEVELOPMENT (Hectares) 

Land Use Rabi Kharif 
Irrigated 7394 2286 

Surface and Wells 1564 483 
Surface only 5828 1803 

Rainfed 338 2365
 
Fallow 2268 5349 

Total excluding bed 10000 10000 
Bed cultivation 315 --

Irrigation Intensity (excluding bed) 73. 93o 22. 9% 
Total cropping intensity 12476 
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TABLE 3A ESTIMATED VARIABLE FARM PRODUCTION EXPENSE 
(Excluding Farm Labor) 

Example for 

% of Gross Irrigated Wheat 
Input Crop Revenue (Rs. /Hecatre)

1. 	 Organic fertilizer .5 201. 5 
a/
 

2. 	 Ch-mical fertilizer 8.9- 275.9 

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 (R-s. 3680/NIT to RE. 4580/MT) 

K 2 0 31 percent (Rs. 1410/MT to b1s. 1850/M'r) 

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 PRODUCTICN EPENSE 
TABLE 3B BY CROP 

(Rs. per Hectare) 

Type of Cultivation 
Flow Flow plus 

CROP Dryland Irrigatior- b l well irrigationc__ 

RABI: 
Wheat 132 253 793 

Barley 106 169 N. A. 

Pulses 115 145 657 
Vegetables N. A. 150 757 

Oilseeds 140 Z40 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 

expense for the crop (based on GOR, Dept of Agr. data) 

b/ 	 Includes average land charge of Rs. 20 plus seed and related 

expense for the crop 

c/ 	 Same as b, plus well and pump operating and maintenace 

expense for supplemental irrigation 



CROP YIELDS
TABLE 4 

GUDHA PROJECT 
(QQ/IHA) 

PROJECTED 
Without 

Season Category & Crop Existing Project, With Project 

I.. RABI
 

A. Irrigated. Surface & 
Wells 

1. Wheat 15. 0 20.0 30. 0 

2. Barley Not applicable 
8.0 9.0 18.03. Oilseeds 
8.0 9.0 14.04. Pulse s 

5. Vegetables 85.0 125.0 145.0 

o. Fodder 150.0 170.0 210.0 

7. Condiments 8.0 8. 5 12. 0 

B. Irrigated, Surface only 

12.0 18.01. Wheat 15.0 

2. Barley 12.0 15.0 17.0 

3. Oilseeds 6.0 8.0 9. 0 

4. Pulses 7.0 8.0 9.0 

5. Vegetables 65.0 75.0 100. 0 

6. Fodder 120.0 150.0 190.0 

7. Condiments 7.0 7. 5 8.0 

C. Dryland 

1. Wheat 8.0 9.0 10.0 

2. Barley 10.0 12.0 14.0 

5.0 8.03. Oilseeds 7.0 

4. Pulses 6.0 7.0 8.0 
4.0 6.05. Condiments 5.0 
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CROP YIELDSTABLE 4 
GUDHA PROJECT 

(QQ/HA) 
PROJECT ED 

Without 

Season Catergory & Crop Existing Project With Project 

2. KHARIF 
A. 	 Irrigated, Surface &
 

Wells
 
1. Maize 	 1Z. 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 	 Z7.0 37.0 40.0 

7. Sugarcane 	 300.0 500.0 700.0 

B. Irrigated, Surface onl, 

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 3Z.0 

7. Sugar Cane 	 200.0 250.0 400.0 

C. Rainfed 

1. Maize 	 8.0 10.0 1Z. 0 
2. Sorghum 	 8.0 10.0 1Z. 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 Exisin 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. Ccndiments 	 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/ Estimates, only, overall 1971-75 averages reported.
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CROP YIELDS, 	MOREL PROJECT (QQ/HA)
TABLE 4 


PROJECTED
 
Without With
 

Season, Category & Crop 	 Existingl/ Project Project
 

2. Kharif
 

A. 	Irrigated, Surface &
 

Wells
 

23
12 18
1. Maize 

18
ii 15
2. 	Sorghum 


8 9 
 10
3. 	Pulses 

80 100 120


4. 	Vegetables 

9 11 13


5. Oilseeds 

35
25 30
6. Paddy 


/. 	Sugar Cane 200 300 500
 

12 15 
 20
8. Cotton 


B. Irrigated, Surface only
 

17
10 13
1. 	Maize 

10 12 15


2. 	Sorghum 

7 8 9


3. 	Pulses 

60 
 80 100
4. 	Vegetables 

8 10 13
5. 	Oilseeds 


18 22 26
6. Paddy 

350
200 250
7. Sugar Cane 


10 12 17
3. Cotton 


C. Rainfed
 

11
6 8
1. 	Maize 

6 8 
 10


2. 	Sorghum 

5 6 
 7
3. 	Pulses 

6 8 
 10
4. Oilseeds 


12
10 11
5. Paddy 

7
5 6
6. Cotton 


100 100 110

7. Fodder 


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. Drvland
 

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. Oilseeds 7 8 10
 
5. Condiments 4 4 5
 
6. Sugar Cane 205 250 600
 
7. Cotton 5 7 15
 

B. Rainfed
 

.. Maize 5.5 6 10
 
2. Sorghum 4.5 5 9
 
3., Pulses 4 4 6
 
4. Oilseeds 5 5 6
 
5. Condiments 1.5 2 3
 
6. Cotton 3 3 3
 
7. Fodder 100 100 110
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TABLE 5 PROJECTED 1990 FARM PRICES FOR RAJASTHAN 
Rupees per Quintal in Real Terms (1980-1. 00) 

Commodity 

RABI 	CROPS: 
Wheat 
Barley 
Pulses 
Vegetables 
Oilseeds 
Fodder (irrigated) 
Condiments 

KHARIF CROPS: 
Maize 
Sorghum 
Pulses 
Vegetables 
Oilseeds 
Paddy 
Sugar Cane 
Fodder (rainfed) 
Cotton 

FARM INPUTS: 
N 
P 2 0 5 


K2 0 

Organic Fertilizer 

Farm Labor (hired) Rs/day 


For DRR For ERR (2)/(1)
 
124 164 1. 323
 
97 128 1. 320
 

180 194 1. 078
 
50 65 1. 300
 

280 287 1. 025
 
10 13 1. 300
 

416 473 1. 137
 

117 152 1. 299
 
130 166 1.277
 
180 194 1.077
 
50 65 1. 300
 

280 287 1. 025
 
160 173 1. 081
 
13 17 1. 308
 
10 11 1.100
 

400 470 1.175
 

499 474 0.95
 
458 435 0.95
 
185 175 0.95
 

3.23 2. 58 0.95 
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 LAOR REQUIREIMENTS 
GUDHA PROJECT 
(Man Days/Hectare) 

PROJECTED 

Season, Category & Crop Existing Without Project With Project 

RA BI 
A. Irrigated, Surface & Wells 

1. Wheat 
2. Barley 
3. Oilseeds 
4. Pulses 
5. Vegetables 
t. Fodder 

7. Condimrents 

125 
70 
65 
65 
50 

120 

55 

135 
80 
75 
70 
70 

130 

60 

150 
90 
85 
75 
80 

140 

65 

B. Irrigated, Surface Only 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

Wheat 
Barley 
Oilseeds 
Pulss 
Vegetables 
Fodder 
Condiments 

110 
65 
55 
60 
40 

100 
45 

120 
70 
60 
65 
50 

110 
50 

145 
80 
70 
70 
60 

130 
60 

C. Irrigated, Surface Only 

1. 
2. 
3. 
4. 
5. 

Wheat 
Barley 
Oilseeds 
Pulses 
Condiments 

80 
65 
30 
45 
30 

90 
70 
35 
50 
40 

105 
90 
40 
60 
50 
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6 LABOR REQUIPa1ENTS, GUDHA PROTTABLE 
(Man Days/Hectare) 

Projected
 
Without Project With Project


Season, Category & Crop Existiny 

2. Khrif 

A. Irrigated, Surface
&Wells 

1. Maize 70 75 90 

2. Sorghun 70 75 85 
70
60
3. Oilseeds 55 
80
70 75
4. Pulses 


5. Vegetables 50 60 70
 

6. Paddy 145 165 180
 
425
7. Sugar Cane 285 360 


B. Irrigated, Surface
 
Only 

1. Maize 
2. Sorghum 
3. Oilseeds 
4. Pulses 
5. Vegetables 
6. Paddy 
7. Sugar Cane 

60 
60 
50 
60 
40 

125 
240 

65 
65 
55 
65 
50 

145 
265 

70 
80 
65 
70 
60 

160 
310 

c. Rainfed 
1. Maize 
2. SorghuZn 
3. Oilseeds 
4. Pulses 
5. Fodder 

50 
50 
45 
45 
40 

55 
55 
50 
50 
45 

65 
65 
60 
60 
50 
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IABOR REQUIRMhENTS, DREL PMOJ=CPTABLE 6 
(Man Days/flectare) 

Projected 

Season, Catt-?ory & Crop Existing With ProjectWithout Project 

1. Rabi 

A. Irrigated, Surface 
& Wells 

1. Meat 125 140 150 

2. Barley 
3. Pulses 

80 
65 

N.A. 
77 

N.A. 
82 

4. Vegetables 
5. Oilseeds 

50 
65 

70 
77 

73 
82 

6. Fodder 120 130 136 
7. Condiments 55 62 64 

B. Irrigated, Surface 

1. vvheat 
only 

115 125 145 

2. Barley 
3. Pulses 

65 
60 

68 
65 

78 
68 

4. Vegetables 
5. oilseeds 

40 
58 

50 
70 

56 
76 

6. Fodder 100 110 125 
7. Condiitents 45 60 65 

C. Drvlanr 
1. ieat 90 105 115 

2. Barley 
3. Pulses 

60 
45 

65 
50 

68 
58 

4. Oilseeds 50 55 63 
5. Condiments 30 40 46 
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TABLE 6 LABOR REQUIREMENTS, MOREL PROJECT
 
(Man Days/Ilectare) 

Proj ec ted 

Season, Category & 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 
only 

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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LADOR REC IRMflT , GOSLNE PROJECTTABLE 6 
(Man Days/Hectare) 

Projected 
Season, Category & Crop Existing Without Project With Project 

1. Rabi 

A. Irrigated 
1. Meat 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
 
1. Ueat N.A. N.A. 105 
2. Barley N.A. N.A. 65
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TABLE 6 LABOR EQJEI1E , GOSMM PRAOE
 

(f.mDays/Hectare) 

Projected
 

Season, Category & Crop Existing Without Project With Project
 

2. Kharif
 

A. 	Irrigated
 

48 68
1. Mize 	 45 
2. 	 Sorghan 42 50 70 

65 803. Pulses 	 60 

70
4. Oilseeds 55 	 62 

40
5. Ccndiments 30 	 30 


395
6. Sugar Cane 230 	 265 

90 	 140
7. Cotton 	 80 


B. Rainfed
 
55
1. Maize 35 	 40 


2. SorqL.n 30 	 321 53
 
60
3. Pulses 45 	 45 


50 	 60
4. 	Oilseeds 50 

25 30
5. Condiments 20 


80
6. Cotton 60 	 60 

45
7. Fodder 40 	 40 
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TABLE 7 EXISTING AND PROJECTED CRC'PING PATTERN
 
GUDHA PROJE1T 

(ilectares/1000 Hectare cropped)
 

Projected 

Season, Category & Crop Existing Without Project With Project
 

1. Rabi
 

A. Irrigated, Surface
 
& Wells
 

780 655 	 385
1. Wheat 

2. Barley
 

10 	 10
3. Pulses 

4. 	Vegetables 15 50 100
 

65 135 265
5. 	Oilseeds 

100 100 150
6. Fodder 


100
7. Condiments 	 30 50 


B. Irrigated, Wells 

535
1. 	Wheat 780 667 


52 42
2. 	Barley 

158
3. Pulses 	 115 128 


4. Vegetab es 8 14 	 30 

7 64 	 134
5. Oilseeds 

76
35 57 


3 28 67
 
6. Fodder 

7. Condiments 


C. Dryland Cultivation
 

1. 	Wheat 96 256 285
 
20 26
2. Barley 


4283. Pulses 	 716 641 
4. Oilseeds 	 39 

5. Condiment3 	 129 77 287 

Transition from Existing to projected: Year 1 Year 2 Year 3
 

0 60% 100
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EXISTING AND PROJECTED CROPPING PATTERNS
TABLE 7 

GUDLA PROJECT 

(Hectares/1000 Hectares cropped)
 

Projected
 

Season, Category & Crop Existing Without Projet With Project
 

2. Kharif
 

A. 	Irrigated, 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. Paddy 	 77 37
 
7. Sugar Cane 542 542 	 542
 

B. 	Irrigated, Surface
 
only
 

1. Maize 90 146 	 171
 

2. Sorghum 71 103 	 103
 
3. Pulses 180 167 	 151
 
4. Vegetables 33 42 	 69
 

5. O'lseeds 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. Oilseeds 123 92 	 237
 
5. Fodder 399 381 	 144
 

TransitIon from 	exi3ting to projected: Year 1 Year 2 Year 3
 

0 60% 100%
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TABLE 7 EXISTING AND PROJECTED CROPPING PATTERN
 
MOREL PROJECT
 

(Hectares/1000 Hectares Cropped)
 

Proj ected
 
Season, Category & Crop Existing Without Prolect 
 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. Oilseeds 
 60 	 60 
 107

6. Fodder 
 10 	 10 
 20
 
7. Condiments 
 5 	 5 
 35
 

B. 	Irrigated, Surface
 
on1y


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 

2. Barley 206 206 	

118
 
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% 100%
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TABLE 7 EXISTING AND PROJECTED CROPPING PATTERN
 
MOREL PROJECT
 

(Hectares/lO00 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 

1. Maize 
only 

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% 
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TABLE 7 EXISTING AND PROJECTED CROPPING PATTERN
 
GOSUNDA PROJECT
 

(Hectares/1000 Hectares cropped)
 

Season, Category & Crop Existing 
Projected 

Without Project With Project 

1. Rabi 

A. Irrigated 
1. Wheat 
2. Barley 
3. Pulses 
4. Vegetables 
5. Oilseeds 
6. Fodder 
7. Condiments 

536 
122 
122 

122 
49 
49 

536 
122 
122 

122 
49 
49 

536 
122 
122 

122 
49 
49 

B. Drvland Cultivation 
1. Wheat 
2. Barley 
3. Pulses 
4. Oilseeds 
5. Condiments 

800 
33 

167 

800 
33 

167 

800 
33 

167 

C. Bed Cultivation 
1. Wheat 
2. Barley 

750 
250 

750 
250 

750 
250 
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TABLE 7 EXISTING AND PROJECTED CROPPING PATTERN
 
GOSUNDA PROJECT
 

(Hectares/lO00 Hectares Cropped)
 

Projected
 
Season, Category & Crop Existing Without Project With Project
 

2. Kharif
 

A. Irrigated
 

1. Maize 571 571 571
 
2. Sorghum
 
3. Pulses
 
4. Vegetables
 
5. Oilseeds
 
6. Paddy
 
7. Sugar Cane 143 143 143
 
8. Cotton 215 215 215
 
9. Condiments 71 71 71 

B. Rainfed Cultivation
 

1. Maize 450 450 450
 
2. Sorghum 220 220 220
 
3. Pulses 50 50 50
 
4. Oilseeds 200 200 200
 
5. Paddy
 
6. Cotton 20 20 20
 
7. Fodder 50 50 
 50
 
8. Condiments 10
10 10
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ANNEX A 	 INVESThENT ALTERNATIVES
 

TABLE A GU I - ALTERNATIVES FOR 
ECONOMIC ANALYSIS 

DRR
 

1. 	Base Case 9.761
 

2. Add lining to one-third of watercourses and assume
 

yield increases by 5% 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
 

ECONOMIL ANALYSIS
 

DRR
 
I. 	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'1 cost 2312 (21,600) = 16,646,000 Rs. 

3 
Add'l irrigated area = 2,100 Ha
 

(10 CFS/MSF seepage) 8.260
 

3. 	 Increase " itl Project" yiold in flow irrigated area to 

that for flow and well Irrigated. 	 9.008
 

4. 	 Assume withut Project" yields are the same as at present. 9.596
 

5. 	 Eliminate i:vestments in roads, markets and warehouses
 

and reduce add'l area by 50%. 6.222
 

Cos reduction = 30,800,000 Rs.
 

6. 	 Eliminate watercourse modernization. Reduce additional
 
area by 20%. Assume. yfeld at "without Project" level. 5.711
 

Cost reductiin = 7,093,000
 

7. 	 Eliminate drainage, field roads and land development.
 

Reduce total "with Project" area by 10% for irrigated
 

rabi 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 AITERNATIVES 

TABLE C GOSUNDA - ALTERNATIVES FOR 
ECONOMIC ANALYSIS 

DRR
 
5.059
i. 	Base Case 


2. 	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 watercour'es are modernized. 6.876
 

a. 	Add'l cost Rs. 21,480,000 Rs. w.o. escalation
 

b. 	Add'l irrigated area = 1590 Ha ave. 
(cropping pattern and transitions remain the same) 

c. 	Yield differential (with minus without) is increased
 
by 75%.
 

3. 	Assume rainfed kharif increases from 2,365 to 4,730 between
 
base year and ','ear 13. This is reasonable, for example, on
 
Morel rainfed kharif increased from 25.4% to 50% intensity
 
under irrigation). 6.664
 

4. 	Assume constr,'tion schedule is reduced to five years from
 
eight years. 6.193
 

5. 	Alternatives 2, 3, and 4 combined 9.700
 

6. 	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 irrigation 

intensity and 200 percent cropping intensity. Yields are 

increased comparable to 35 QQs/IHa for wheat and 706 QQs/la 
for sugarcane. Cropping pattern incr'ases arean; in high value 

commodities. Construction is completed in four years and full 

agricultural transition completed in four add Ltional years. 
Investment: 

Irrigation wurks, including 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(O)
 

1. 	Improvement of irrigation 16,410 same 
 16,400
 
system
 

2. 	Improvement of drainage 5,698 same 
 5,700
 
system
 

3. 	Farm Developmen> and
 
gully control 1 16,550
 

4. 	Credit Facility 16,200 OFD woii&s 17,600
 

5. 	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 same
6,870 	 6,900
 

8. 	Maintenance during const. 825 same 800 

9. 	Contingencies @15% 9,938 7,600
 

10. 	 Price increases @15% 11,428 8,800
 

11. 	 Interest during construction2/ 

at 12% 10,513 --

98,129 	 67,500
 

1/ 	Includes 1,000,000 Rs. for storage facilities. Remainder 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
 

Item Rs (000) Item Rs (000)!
 

1. 	Modernization of irrigation
 
same 65,240
syrstem 58,250 


same 24,640
2. Farm-Market Roads 	 22,000 


3. Fisheries Development 1,650 	 same 1,840
 

4. Warehouse (Gcdown) 2,500 	 Marketing
 

5. 	Harketing Facilities 3,000 Development 6,150
 

40,000 45,700
6. OFP Works 	 same 


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
 

I/ Includes 12% escalation for consistency with other projects.
 

TABLE F GOSUNDA INVESTMENT COST USED IN
 
ECONOMIC EVALUATION
 

1979 Project Report Used in Evaluation 

Ltem Rs (000) Item Rs (000) 
same1. 	Irrigation Works 70,900 a/ 70,900
 

1,000
2. On-Farm Development 	 1,000 

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


