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FOREWjJ) 

Although meeting the water requirement for sustenance of life and development, 
including irrigation, over time is a challenge, it is not because nature has been too 
niggardly in bestowing this valuable resource on us hut more because we have been 
wanting in using this resource with care and vision, So far we have been a bit sloW in 
our programmes and rojects for the development of this precious resource. The earlier we consb-

uct our irrigation structures the lesser would be the cost. Besides, every 
project involving count -

y's financial outlays has to be examined from the angle of 
economic viability before it is accepted for implementation The methodology for 
justifying or otherwise, the financial viability of irrigation projects, recOmmended by 
Prof. DR.Gadgil in 1964 is still in vogue by the Government of India, Now, time has 
come for tang a close view on the details of the procedure as also for modifying the 
yardstick evolved by Prof. Gadgil for computation of economic viability of Benefit Cost 
Ration for irrigation projects. A uniformity of procure can be expected only if 
standardized procedures are evolved after studying all related aspects. 

The sethng up of the commiee on "Methodology of Computation of Benefit Cost 
Ratio for Irrigation Projects" under the aegis of the Planning Commission, though a lithe 
late, it has now achieved its objective and suggested corrective steps which were earlier 
missing in Prof. Gadgil yardstick in computation of Benefit Cost Ratio. The report has 
suggested an approach for new methodology for computation of BC Ratio which would be flOW 

adopted by all the Irrigation Departments of the country, and Central 
Government for techno-economic approval of the projects. 

I extend my appreciation to Chairman, Dr. Sdurnitra Chaudhuriand al the 
Members of the Comrniee who put time and efforts with sincerity and contribLted substantially in 

finaliza':on of this report by the Planning Commission. 

(Montek Singh Ahluwalia) 
Deputy Chairman, Planning Commission 

Dated: 
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PRTFAOE 

• Since irdependence, irrigation sector has the pivotal role. in the economy of our 
country which is not only ensuring food security to the people of our nation but also 
helping in the overall development and employment generation to majority of persons 
There thrélarge numbers of Major & Medium irrigation project coming up in the country. 
The construction of the irrigation projects requires several pre-calculations in which the 
Benefit CostRãtio calculation is very much necessary. The computation of Benefit Cost. 
Ratio enb1es the project planners/engineers/economists/state and Central 

1Gercrents to understand the viability of the project as well as enables them to 
foresee the comparison of the cost involved in the project and expected benefit to 
accrue which must be higher than the cost involved in order to optimize the benefit 
from-  th€ investment made 

'Frlfè the methodology for calculation of Benefit Cost Ratio 'accepted in 1964 
for sanctioning irrigation projects was based on the recommendation of the Research 

:Connittee set up. under Prof. D.R.Gadgii. The' 'Government 'accepted this 
recommendation and since then the benefit cost criteria has been adopted. Now, as per 
the need of the shifting phase of the irrigation sector, the time has come that we should 
ièloriit tMcriteria of Benefit Cost Ratio earlier adopted by the Government of India 

I am sure that the strategies sLggested n this report of the Expert Committee on 
methodology of Computation of 'Banefit Cost Ratio for Irrigation Projects"would 
enable the decision makers and the project authorities in adopting appropriate 
measures and techniques required for irrigation project formulation in our country. 

.;',-' :.I IS: rd pleasure .aiid privilege to thank all the Members of the Expert Committee 
for their many important suggestions and for sparing their valuable time towards the 
finalization of this report. This report would also enable the Planning Commission to 
take appropriate basis in according invstrnent clearance to the irrigation projects in the 
country. 

(Dr. Saumitra Chaudhuri) 
Member, Planning Commission & 

Chairman, Expert Committee 
on methodology of Computation of 

Benefit Cost Ratio for 
Major and Medium Irrigation Projects 

Dated: 
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TIME VALUE OF MONEY 

Money has f/me value. A Rupee today is more valuable than a 

rupee a year hence. Why? There are se vera! reasons: 

Individuals, in genera!, prefer current consump f/on to fu tur 

consumption 

Capital can be employed productively to generate posit/v 

returns. An investment of one rupee today would grow 7' 

('2-P.) a year hence (r is the rate of interest earned on th 

m vestmen fJ 

In an inflationary period a rupee today represents a greate 

real purchasing power than a rupee hence. 

Mast of the financial problems involve cash f/c ws occurrir 

at a'ifferen if points of time. Far evaluating such cash flows a 

explicit consideration of the f/me value of money i' requirea 

• The criteria tttime value of money" has applications in >ariot 

areas of financial analysis. 
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CHAPTER 1 

INTRODUCTION 

1 .1 
Water is for the sustenance of life a human need and prime naturaL resource. While the 

endowment of water resources in the country may appear abundant, there is a great variation 

in the aialab.ility of frsh water over space & time. 

1 2 With the growth in the population and also economy the need for water will grow while 
planning or water resources projects it is essential to plan in such a way that the availability 
of utilizable water grows The demand for Water is projected to grow to about 1447 BCM in 
2050, wherein utilizable qiantum of water in the country is 

jus jj23 BCI mIyflg that all 

irrigation projects be constructed for achieving benefits commensurate with
actua' 

expenditure involved in their construction Here lies the concept of Benefit Cost Ratio The 
1tiipôteiitial (created and utilized) was of the order of 22.6 Mha (Comprising of 9.7C 
Mhaby Major and Medium Irrigation Projects (MMl) and 12.9 MHa by Minor project) in the 
preplan period which has risen tol2.53 Mha potential created (comprising of 47.41 Mha b 

MMI & 65.12 Mha by Minor Project) bythe XI Plan ut utilizatiofl.,!S.: re 9.0 Mha which does 

not seem to be judicious from engineering and economic aspects... -- 

i.3' 
The ecOnomic viability or economic effectNieneSS of variousàEterflates of the projct 

where benefits cannot be fully transformed into monetary terms is one of the criteria fo 
taking up any irrigation project It is invariably observed that the irrigation projects ar 
snctioned on the basis of BC Ratio exceeding 1 5 1 (or I I for special category States) bL 
none of the project is evaluated after it Tne Planning Commission while accordin 
tnvastment clearance to irrigation projects considers, amongst others, economic viability i 
the form of BC Rató, On the recommendations of the Ministry of Watr Resources (M/oWR 

a one of:thepararneter. Presently, the Mb WR does not considerthe effect of cost/tim 
overrun ,or effect of deferred irrigation benefits in their methodology for calculation of B' 
Ratio. Thus, a need was felt to relook the present MethodblgY of Benefit Cost Rath 

calculations. 
1.4 The Deputy Chairman Planning Commission while approvflg the Investment CLearanc 
of the revised estimate for Teesta Barrage Project (1st Sub Stage of..Stage I of Phase I), h2 
observed that there is 40 folds cost escalation at revised stag&aF1dJematked that desp 
huge cost increase the Benefit Cost Ratio (BCR/ BC Ratio) is practically the same 
expressed his worry about cost increase which does not affect the BCR and finally desirE 
for studying such issues by some experts and suggest more appr6priate Methodology whi 
can reflect the 03st and beeflt variation on time scale. In view of this cr1 Expert Committ 
on Methodology of Computation of Benefit Cost Ratio for Major and Medium Irrigathi 
Projects was proposed by the Water Resources Division to have a relook into U 
methodology adopted for calculation of BC Ratio and to suggest remedial measure 
corrective steps for establishing the economic viability of Major and Medium Irrigati 

Projects. 
1.5 The Planning Commission vide order no. 2(3)/2007-WR dated 17-01-2011 constitut 
an expert group under the Chairmanship of Dr. Soumitra Choudhury Member, Plar\ni 
Commission with Shri Avinash Mishra, Joint Adviser (WR), Planning Commission as Memt 
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Secretary. The constitution of the expert committee and its terms of reference are at A 
I. The committee was initially to submit its report in two months. Subsequently vide order 
dated 28th 

 September, 2011 the time for submission of report was extended by six months-
further i.e. up to 30th  November, 2011 (Annex.-ll) but due to the works of 12th  Plan the report 
could not be submitted in time. 

1.6 The committee was required to address the following issues: 

I. To have a thorough relook into the methodology adopted for calculation of the Benefit. 
Cost. atio for Major and Medium Irrigation projects by test checking of about 20 
roje.ts selected on the basis of random/stratified sampling 

Sügget corrective steps in the Methodology for establishing the economic viability of 
Major and Medium irrigation projects. 

n9ofher important issue relating to BC Ratio which the group may wish to consider 

1 7 Despite best efforts, the committee could hold only one meetinq on 09-08-2Qt'L 
(Annexure—Vlll) since many meetings were continuously postDoned because of unavailabi!it 
of the members of the committee Based on the deliberat'ons in the meeting and inputs 
prdbthe Members of the committee, the findings & recommendations of the 
commtteweje finalized and presented in the ensuing sections of this report 

EfI1izing this report BC Ratio computations of numerous irrigation projects of the 
countwrestudied Simultaneously, data was also collected from Central Water 
Commission who provided requisite data for 15 irrigation projects of the country viz: 

(i)Xhadak.Purna River Project (Major), Maharashtra 

(ii) Kanhar Irrigation Project (Major), Uttar Pradesh 

(iii) Bilgaon Irrigation Project (Medium), Madhya Pradesh. 

(iv) Mahuar Medium irrigation Project, Madhya Pradesh 

(v) Halon Major Irrigation Project, Madhya Pradesh 

(vi) Relining of Indira Gandhi Main Canal (Stage-I), Rajasthan 

(vii) Imphal Barrage Project (Medium), Manipur 

(viii) Rehabilitation of l Patiala Feeder and Kotla Canal, Punjab. 

(ix) Restoration of Western Gandak Canal System, Bihar 

(x) Hardoi Branch, Canal, Uttar Pradesh 

(xi) Minimata (Hasdeo) Bango Project, Chhatisgarh. 

(xii) Gumani Barrage (Major), Jharkhand 
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(xiii) Champamati Irrigation Project (Major), Assarn 

(xiv) Teesta Barrage (1st Sub Stage of Stage I of Phase 1), West Bengal; and 

(xv) Gumti Medium Irrigation Project, Tripura. 

However, for finalizing the newt suggested methodology for computation of BC Ratio, the B 
Ratio calculations for following 5 projects (representative projects of the eastern, westeri 
southern and northern regions of the country) 'Nere studied in detail: 

(I) Kanhar Irrigation Project (Major), Uttar Fradsh, 

(ii) Teesta Barrage, West Bengal 

(iii) Tembhu Irrigation Project (Major), Maharashtra 

(iv) Rajgarh Medium Irrigation Project, Rajasthan; and 

(v) Sri Rameshwara Lift Irrigation Scheme (Major), Karnataka. 

AccOrdingly, BC Ratio computations for these five projects havabeéncaFried out based. . 
discounted rate method (10%) i.e., by suggested methodology atong vith corresponding IR 
calculations as well as computations of BC Ratio with discounted rate method considerir 
cost overr.un:of 25%, time overrun of 3 years and benefits overrun of 3 years along wi 
corresponding IRR and the same are compared with BC Ratio computations based 
present methodology i e, calculation without any discount rate c .çomparing Annual Cc 

with Annual benefits. These detaiis are tabulated in Table 1 of the report. 

ii 
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Chapter 2 

HISTORY OF Benefit Cost RATIO 

2.1 Cost-Benefit Analysis (CBA) estimates the equi'ialent money vakie of the 
benefits and costs to the community of projects to establish whether they are 
worthwhile. These projects may be dams and highways or can be training 
programs and health care systems. 

2.2 The idea of this economic accounting originated with Jules Dupuit, a French 
engineer whose 1848 article is still worth reading. The British economist, Alfred 
Marshall, formulated some of the formal concepts that are at the foundation of 
CBA. But the practical development of CBA came as a result of the impetus 
provided by the Federal Navigation Act of 1936. This act required that the U.S. 
Corp&of Engineers carry out projects for the improvement of the waterway 
system when the total benefits of a project to whomsoever they accrue exceed 
the costs of that project. Thus, the Corps of Engineers had óreáted systematic 
methods for measuring such benefits and costs. The engineers of the Corps did 
this without much, of any, assistance from the economics profession It wasn't 
until about twenty years later in the 1950's that economists tried to provide a 
rigorous, consistent set of methods for measunng benefits and costs and 
deciding whether a project is worthwhile Some technical issues of CBA have not 
been wholly resolved even now but the fundamental presented in the following 
are well established. 

2.3 Principles of Cost Benefit Analysis: 

One of the problems of CBA is that the computation of many components of 
benefits and costs is intuitively obvious but that there are others for which 
intuition fails to suggest methods of measurement. Therefore some basic 
principles are needed as a guide. 

2.4 There Must Be a Common Unit of Measurement: 

In order to reach a Conclusion as to the desirability of a project all aspects of the 
project, positive and negative, must be expressed in terms of a common unit; i.e., 
there must be a "bottom line." The most convenient common unit is money. This 
means that all benefits and costs of a project should be measured in terms of 
their equivalent money value. A program may provide benefits which are not 
directly expressed in terms of Rupees but there is some amount of money the 
recipients of the benefits would consider just as good as the project's benefits. 

12 



Not only do the benefits and costs of a project hrve-to be expressed in terms of 

equivalent money value, but they have to be expressed in terms of Rupees of a 

particular time. This is not just due to the differences in the value of Rupee at 
different times because of inflation. A rupee available five years from now is not 

as good as a rupee available now. This is because a rupee avaIlàbF now can be 

invested and earn interest for five years and would be worth more. than a rupee in 

five years. If the interest rate is r then a rupee invested for t years will grow to be 

(1+r)t.  Therefore the amount of money that would have tobe. deposited now so 

that it would grow to be one rupee t years in the future is (1~r)Thts is called the 

discounted value or present value of a rupee available t years.Ffl, the future 

When the rupee value of benefits at some time in the future' is multiplied by the 

discounted value of one rupee at that time in the future th' ilt'is discounted 

prs'ent value of that benefit of the project. The same thing applies 'to costs. The 

net benefit of the projects is just the sum of the present valu? of,,the benefits less 

the present value of the costs. 

The choice of the appropriate interest rate to use for the thsounting is an issue 

'that needs to be decided considering the local condition. 

2.5 CBA'Valuations Should Represent Consumers or Producers 
Valuations As Revealed by Their Actual Behavior - 

The valuation of benefits and costs should reflect prefncè revealed by 
choices which have been made For example, improvements t transportation 

'frequently involve saving time. The question is how to methure th money value' 
of that time saved The value should not be merely what transportation planners 
think time should be worth or even what people say their tims worth The value 
of time should be that which the public reveals their time is.worth through choices 
involving tradeoffs between time and money. If people haie' a choice of parking 
close to their destination for a fee of Rs 50 or parking farther away and spending 
5 minutes more walking and they always choose to spend ths rrioney and save 
the time and effort then they have revealed that their tin rore' valuable to 

them than Rs. 10 per minute. If they were indifferent betieen the two choices 
they would have revealed that the value of their timer to therrt. was exactly Rs. 10 

per minute. 

The most challenging part of CBA is finding past choices: which reveal the 
tradeoffs and equivalencies in preferences. For exampIe,the. valuation of the 
benefit of cleaner air could be established by finding how much less people paid 
for housing in more polluted areas which otherwise 'was identical in 
characteristics and location to housing in less polluted areas. Generally the value 
of cleaner air to people as revealed by:the hard market choices seems to be less 
than their rhetorical valuation of clean air. 

13 
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2.6 Benefits Are Usually Measured by Market Choices 

When consumers make purchases at market prices they reveal that the things 
they buy are at least as beneficial to them as the money they, relinquish. 
Consumers will iticrease their consumption of any commodity up to the point 
where the benefit of an additional unit (marginal benefit) is equal to the marginal 
cost to them of that unit, the. market price. Therefore for any cqnsumer buying 
some of a commodity, the marginal benefit is equal to the market price. The 

.rnargnat benefit will decline with the amount consumed just as the market price 
:?stcLdecIine to get consumers to consume a greater quantity of the commodity. 

The relationship between the market price and the quantity consumed is called 
the demand schedule. Thus the demand schedule provides the information about 
marginal benefit that is needed to place a money value on an increase in 
Consumption. 

Benefits of an thcrease in Consumption is an Area Under the 
Demand Curve 

The Increase in benefits resulting from an increase in consumption is the sum of 
the marginal benefit times each incremental increase in consumption. As the 

:- ihOrernental increases considered are taken as smaller and smaller the sum goes 
to the area unde the marginal benefit curve. aut the marginal benefit curve is the 
same.as the demand curve so the increase in benefits is the area under the 

.dernand curve. As shown in Figure 1 the area is over the range from the lower 
limit ofconsumption before the increase to consumption after the increase. 

wjo oj 

When the increase in consumption is small compared to the total consumption 
the gross benefit is adequately approximated, as is shown in a welfare analysis, 
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by the market value of the increased consumption; i.e., market price times the 
increase in consumption. 

2.8 Some Measurements of Benefits Require the Valuation of Human Life 

It is sometimes necessary in OBA to evaluate the benefitof-saving human lives. 
There is considerable antipathy in the general public to. tJ1 idea of placing a 
Rupee value on human life. Economists recognize that it is impossible to fund 
every project which promises to save a human life and thát-sOté rational basis is 
needed to select which projects are approved and which,, are. turned down The 
controversy is defused when it is recognized that the benefW&fsuch projects ae 
in reducing the risk of death, There are many cases in w}ch people Voluntarily 
accept increased risks in return for higher pay, such as in theoil fields or mining, 
or for time savings in higher speed n automobile traveL These choices can be 
used to estimate the personal cost people place on increased risk and thus the 
value to them of reduced risk. This computation is equivalent to placing an 
economic value on the expected number of lives saved. 

2.9 The Analysis of a Project Should Involve a WtVersus Without. 
Corn pa riso n 

The impact of a project is the difference between what th ftitidn1n the std'd 
area would be with and without the project. This that whe.na project is being 
evaluated the analysis must estimate not only what the. s[tuation would be with 
thèproj.ect but also what it would be without the projectFor example, in 
determining the impact of a Metro transit system such atheDe[hi Metro Rail 
Corporation (DMRC) in the San Francisco Bay Area the rn.frber of rides that 
would have been taken on an expansion of the bus systernshould be deducted 
from the rides provided by DMRC and likewise the add oba costs of such an 
expanded bus system would be deducted from the cossotDMRC. In other 
words, the alternative to the project must be explicitly spôif(ed'nd considered in 
the evaluation of the project. Note that the with-and-without'comparison is not the 
same as a before-and-after comparison. 

Another example shows the importance .of considering tjrrpacts',of a project 
and a with-and-without comparison. Suppose an irriga proposes to 
increase cotton production in Maharashtra. If the Government of India limits the 
cotton production in the country by a system of quotas, then there might be 
reduction in the cotton oroduction cuota for the country ripftng that the impact 
or the project on cotton production could be minimeththereby giving an 
indication that the benefits even with the project would not b'eworthwhile. 

2.10 Cost Benefit Analysis Involves a Particular Study Area.- 

The impacts of a project are defined for a particular study area, be it a city, 
region, state, nation or the world. In the above example concerning cotton the 
impact of the project might be zero for the nation b'ut still be a positive amount for 
Arizona. 

15 
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The nature of the study area is usually specified by the organization sponsorin 
the analysis. Many effects of a project may !net out over one study area but not 
over a smaller one. The specification of the study area may be arbitrary but it 
may significantly affect the conclusions of the analysis. 

2.11 Double Counting of Benefits or Costs Must be Avoided 

Sometimes an impac.t of a project can be measured in two or more ways. For 
example, when an improved highway reduces travel time and the risk of injury 
she. value of property in areas seed by the highway will be enhanced. The 
increase in property values due to the project is a very good way, at least in 
principle', to measure the benefits of a project. But if, the increased property 
values are included then it is unnecessary to include the value of the time and 
lives saved by the improvement in the highway. The property value went up 
because of the benefits of the time saving, and the reduced risks. To include both 
the-icrease in property values and the time saving and risk reduction would 
involve double counting. 

2.12 Decision Criteria for Projects 

If the discounted present value of the benefits exceeds the discounted present 
value, of the costs then the project is worthwhile. This is equivalent to the 

• condition that the net benefit must be positive. Another equivalent condition is 
that the ratio of the pr sent value of tne benefits to tue present value of the costs 

::;.rn'Ust..be greater than one. 

lf..there are more than one mutually exclusive projeGt that have positive net 
present value then there has to be further analysis. From the set of mutually 
exclusive projects the one that should be selected is the one with the highest net 
present value. 

If the funds required for carrying out all of the projects with positive net present 
value are less than the funds available this means the discount rate used in 
computing the present values is too low and dos not reflect the true cost of 
capital. The present vtlues must be recomputed using a higher discount rate. It 
may take some trial ei'nd error to find a discount rate 'such that the funds required 
for the projects with a positive net present value is no more than the funds 
available. Sometimes as an alternative to this procedura people try to select the 
best projects on the basis of some measure of goodness such as the internal 
rate of return or the bnefiUcost ratio. This is not valid for several reasons. 

The magnitude of the ratio of benefits to costs is to a degree arbitrary because 
some costs such as operating costs may be deducted rom benefits and thus not 
be included in the cost figure. This is called netting out of operating costs. Ths 
netting out may be done for some projects and not for others. This manipulation 
of the benefits and cysts will not affect the net benefits but it may change the 

* benefit/cost ratio. However it will not raise the beefit cost ratio which is less than 
one to above one. For more on this topic see Benefit! :ost Ratio Magnitude. 
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ORAPTER3 

PRESENT METHODOLOGY OF CALCULATION OFBC [ J1) 

AtYOPTED BY TIlE MINISTRY OF TAniJER p&;cES 

31 U-i 
1958 the Planning Commission initiated studies of some of the-major projects to 

assesS the overall benefits and to find a better criterion These- studies showed large 

enéfits accrued from irrigation in terms of double 
cropping esrftcatT0fl, better 

:quàitof cOs, higher yields, Iarèr income and greater employ ento.pP0
tieS for 

hird labour. Indirect benefits included estblishmeflt of proceSSiflg industries, retail 
trade, transport and communication The tbtal benefit was thus fat tar:gr than financa 
returrI accruing to the Government It was therefore recommended that benefit-COSt 
ratio should be used for assessing the ieasibility of new projects instead of traditional 

criterion of the direct financial return. - 

3:2 The benefit was to be worked out as the difference betvveei 

annual agricultural production and the cost of cultivation bfre and after: the 

introduction of the irrigation The cost would comprise the
capital 

depreciation1 and expenditure on the operation and maintenance- Foc simphcity it was 
also considered that indirect or secondary benefits need not be takerr tnto account This 
methodology was formally accepted in 1964 for sanctioning irrigatiQfl projects based on 

the recommendation of the Research Committee set up
0fDRGadgIt The 

Government accepted this recommendation and since then th eteficcOS11tefl5 has 

been adopted; - 

3 31n November 1980 the Fifth Conference of Irrigation 
M1fllS pfeda resolution 

calling for review by a High Level Committee of the currentC
baed on actual 

performance of irrigation systems necessitated on account of riiri cost of irrigation 
projects due to cheaper sites having already been

The- Planning 

Commission accordingly set up the Nitin Desal Committee ifl çfeVtew the current 
criterion for working out the benefit cost ratio based on actua'

nana of irrigation 

projects and to review the norms for evaluation of direct ad fridirect benefits to be 
considered in the analysis The Committee in its report has covered a wide range of 

issues viz realistic data on crop yields1  valuation of outpUtS
tient for social cost 

of agrcultural inputs or-agnicu'tre benefits estimation
'ertng on rrfl 

development works, employment effects etc The committe
ot however apply 

recommended methodology to any specific project data
and for this 

reason no action was taken to implement its 
recommendatio iit-became difficult to 

monetize the indirect benefits, so the methodology remaineathe0tiCaI suggestion 

away from practical considerations - - 

3.4 In 2001 MoWR adopted the single windoW clearance t
nend the project for 

investment approval of the Planning Commission fralsO accepted the 

recommendation of the Nitin Desal Committee However no
in the calculation of 
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the BC Ratio methodology •'is adopted by the MoWR because of absence of r€ 
data and absence of standardization of related benefits including projection a 
employment effect and non-agriculture benefits. The Nitin Desal Committee Reporiii 
iidicated valuation of out puts i.e. wheat production should be valued at the cost of 
rnports (adjusted for a foreign exchange premium) since a short fall will lead to higher 
imports. Other cereals should be valued at the opportunity cost of wheat plus any 
premium or discount implicit in the prices which domestic consumers are prepared to 
pay. Similarly variety of cereals i.e. basmati rice which are exported to a significant 
nxtent should be valued at the relevant export price. 

Subsequently there ae various indicators for he cost calculation; data 
consideration was indicated in the report of Nitin Desal Committee. In brief the 
methodotogy suggested by Shri Desai was complicated and theoretical. The BC Ratio 
'alcuIaton as suggested by Prof D R Gadgil is still being followed, however these 
calcuItioF ignore the direct benefits like Rural & Urban DrinKing Water, indistrial 
water, and hydro power (the general international Practice is to include the cost of the 
alternative (thermal) as the benefit of the project) and also the flood control benefits. 

3.6; Iri.short the existing Methodology for BC. Ratio Computation of Irrigation Projects 
carbeümñiarized as under: 

STIMATION OF NET ANNUAL COST PART 

interest @ .10% of the Total Cost of the Project. 
Total Cost of the Project also includes cost of land development which is presently as 
Rs. 20,000 per ha as decided by the Advisory Committee of Ministry of Water 
Resources.. 

ii) Annual Depreciation of thi. project based on assumed life of the project. (@ 1% if life 
is IQO years & 2% if life is !0 years) on cost of the project only i.e. excluding cost of 
land developnent, the life isecided with the rate of siltation in Reservoir. 

ii) Annual Maintenance of head works @ 1% of its cost 

iv) Annual Operation & Maintenance Rs. 11751- per ha of OCA or annually, irrigated 
area whichever is more (as per the recommendations of 13th Finance Commission) 

i) In case of Lift Irrigation Schemes, annual cost also includes: 

a) Depreciation of the pumpirg system @8.33% of its cost (Life being 12 years). 
b) Depreciation of the raisint mains @ 3.33% of its cost (Life being 30 years). 
c) Energy Charges for lifting water at prevailing market rate. 

B. ESTIMATION OF ANNUAL NET BENEFIT PART: 

i) Monetary increase in net agricultural produce valye 'after" introduction of 
irrigation over the net agricultural produce value before' irrigation 
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ii) Net agricultural produce value is Gross produce value minus Cultivation 
charges. 

iii) The cost of cultivation and other expenses are deducted from the gross receipts 
to compute the net benefits in pre and post project conditions. 

iv) The net procedure value of increased dung and husk beQ .1se,Qf irrigation is-
also added in net annual benefits. 

The State Agriculture Department furnishes the crop wise yieldsidr pre and 
post project conditions and rates of the produce to be adopted The cost of cultivation 
and other expenses are also furnished by the State Agriculture Departrnnt 

B. Ratio = Annual Net Benefits I Annual Net Cost 

Criteria of acceptable BC. Ratio- 

3.7 BC Ratio considered acceptable is of the order of 1.5:1.0 fprojctin General 
category States and 1 0 1 0 for the projects benefiting drought porieareas and / or 
special category States 
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CHAPTER 4 

EFFICACY OF THE PRESENT METHODOLOGY: 

4.1 Investment in irrigation, like any other investment, produces economic benefits 
and social impact, an assessment of which is required to determine the usefulness of 
any particular project from the point of view of the society as a whole. In India the 
criteria of BC Ratio is in use since 1964 for determining the economic viability of. 
projects. Benefits are calculated in terms of net increase in agricultural productivity due 
to irrigation as per the methpdology mentioned in Chapter 3 which is presently 
approved by the Government. This methodology in present era is considered 
preliminary/obsolete as it does not permit a comprehensive and realistic appraisal and 
accordingly the deficiencies should be removed requiring modification in the present 
methodology. Some of the discrepancies along with their preventive, measures are 
listed below- 

4.2 Accuracy of Benefit Cost Estimates: 

The oriteria.of 8CR is sometimes applied in a ritualistic manner without realizing that its 
purpose is.to ensure the selection of the projects which make a net contribution to the 
growth-of economy. The data and assumptions used in the computations often turn out 
to be unrealistic resulting in substantial cost and time overruns of projects under 
execution Sometimes, even deliberate attempts are made to overestimate the benefit 
part and under estimate the cost part. At other time, reQuisite investigations are not 
done properly or done in a haste, data collection and analyses are inadequate for 
determining hydrology which drastically affect water availability/planning. Soil survey 
are frequently not carried out properly which lead to defective cropping pattern. 
Uniform figures of delta / duty are used over wide areas which are not in harmony with 
local conditions and consequently an element of unrealism enters into the estimate of 
inigation potential itself. Other unrealistic assumptions relate to the estimates of 
utilization of irrigation potential and of increase in agriculture productivity due to 
irrigation. Unless adequate care is observed, it is easy to make mistakes in estimating 
cropping pattern, crop yield, and quantity and costs of inputs. There is no mechanism 
to ensure that correct data are in appraisal reports. Evaluation studies which provide 
one such source of data are seldom carried out. 

4.3 Therefore there is need for post facto evaluation of projects so as to get a feed 
back for their formulation and appraisal. Problem related to inadequate investigations 
and deliberate manipulations of costs benefits would become less acute if a sample of 
projects are appraised by in independent agency outside the close fraternity of the 
project formulating departments at the Centre and the States. 
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4.4 Assessing the Benefits: 

Rise in agriculture productivity is the most important benefit from the irrigation which is 
determined as the difference between value of agriculture products' net costs after 
irrigation and a similar value before irrigation incorporating related aEF other inputs like 

cost of fertilizers, pesticides, better farming practices etc 

4.5 Time Value of Money: 

th eáluation of benefits and costs of projects which spread pvr number of year 
ignores completely the consideration related to time value af rnociy as refiectea 

through the rate of interest. It is therefore essential that all the fiUiéOf cost and 
benefits of products having life span of more than one year arpresente&On a time 
scale and added by discounting them with prescribed intérestrate Such an 

arrangement would also result in an in-built mechanism for penalizing delays in 
ohsttictibn of projects which are so chronic in the field of irrigation. Hence use of 

dicounted cash floi method need to be used for evaluating BC. The rate of interest 
to be used for this purpose should be social rate of discount or rate prescribed by the 

Governthent for this purpose. - 

4.6 Price Factor: 

The appraisal of socio economic impacts of irrigation is carrieb I money terms. 

This requires evaluation of inputs required by a project and out p.aduced by it in 

nionetary terms The price factor is tnerefore, is an important 
of economic impacts of irrigation projects There are iwo aspecf& On relates to price 
changes over a period of time and other being the selection of apprdpt prices at 

any point of time. 
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CHAPTER 5 

SENSITIVITY AND RISK ANALYSIS 

5.1 The purpose of tbese  analyses is useful in improving understanding of the nature 
and working of the project, increasing NPV by improving design of the project, reducing 
risks by suggesting precautions to be taken, evaluating the effect of uncertainty 
elements in computing 3CR by considering parameters like output price, crop-yield 
rat?s) cQnstruction costs, and development of irrigation. The economics of the project 
are very sensitive to delay in construction and consequent delay in the development, 
ncreae. in the construction cost and deferred benefits (in short cost, time and benefits 
overrun). Any change in these parameters would change the BCR to switching value, 
By NPV analysis method the future performance of the scheme could be visualized by 
chcging.any of the parameter. The discounted cash flow method and corresponding 
NPV a6a1ysis would give a transparent evaluation of the proct as againsfconventionai 
version or BC Ratio calculation being followed now By this methodology one can a1s0 
rorecast the situation when ner is cost overrun, time overrun or deferred benefits and 
take requisite remedial measures since all projects are sanctioned on the basis of BC 
Ratio.Annualizing the bene9ts and costs and use Net Present Value (NPV) method for 
ascertaining the economics of the projects give a sense of of project benefits over the 

of ttie project since the rigatio projects have iong getatior period 
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CHAPTER 8 

SOCIAL IMPACTS 

6.1 India is a land of villages and agriculture is predominant economic activity in a 
village. Irrigation, which has emerged as the most important factor injrnprovement  of 
agriftde, is, therefore bound to have a significant impact on social condiionsin the 
countrj. The advent of irrigation increases economic prosperity and rajs marketable 
surplus which results in increasing urban contact 01 the rural people with the 
consequent change in their life style The consumption pattern gets drversified, the 
level of education goes up and modes of entertainment affected. ThfrTfUrnead to 
changes in ideas and attitudes Irrigation leads to double or multiple cropping as a 
result of which the farmer becomes more busy during the so called off season This 
reduces his leisure which in turn affects his centuries old social and cultural life. 
Sometimes, the sharing of irrigation water results in formation of farmers' cooperative 
societies like the pani panchayats in Orissa and other parts of the country with various 
names. 

6 2 Irrigation however increases social economic inequality and social tensions The 
construction of dams results in uprooting of poor tribal s in the 6f the 
river. They become homeless ad landless while the benefits of irrigatfbrimàrily to 
the landed peasantry in the plains The alignment of canals is decide&inter-alia by 
pressures from influential farmers who try to get the lion s share of irrrgation and 
minimize the possibilities of acquisitions of their land for canal consf .lrr many 
areas, it is the rich and politically powerful farmers who get canal watéOn priority 
basis. Finally, the benefit of irrigation goes in direct proportion to those-who have the 
land. The bigger farmers benefit more than the smaller farmers. And.frmers as a 
whole get benefit more than the landless labourers and others who. have no land. 
Moreover the irrigation based modern farming is a highly capital intensive. As a result, 
it is the rich farmers who derive the maximum benefits from irrigation. Apart. from using 
their own funds, they are in better position to get credit from financiãJ institUtion 
because they are more credit worthy. It is1  however, admitted that tlj.por, specially 
the landless farm workers also get miniscule benefit from irrigation. The increases in 
agricultural activity consequent to irrigation raises the demand for labotxr and the level 
of wage rate both of which tend to raise the earnings of the workers families As a 
result, the intensity of poverty is less ri well irrigated areas like Punjyahand 
western UP, But the income of those who have farms, increases mp.rerapidly which 
results in widening disparities. 

6.3 Social impacts of the project have other indirect benefits also i.e benefits steaming 
out of the system as well as induced by the system. For example, if cotton is produced 
in plenty lot of workers who make clothes / quijts etc. get earnings steaming out of the 
system. Induced benefit is in the form of increased earning of people who sell fertilizers! 
pesticides, since more the irrigation more would be the need of fertilizers! pesticides 
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etc. Others indirect losses could be sentimental. in case of dipIacement of persc 
(PAP or DP) the situation would be more complex. Invariably displacement 
impoverishes and marginalizes most persons who are deprived of their sustenance 
without physical relocation, The situation further deteriorates since displacing agency s 
itself in charge of rehabilitation. It is true for persons from weaker section:. Even among 
them women and children pay a higher price. Most OP's are voiceless.. In addition the 
project authorities attends mainly to the financial aspect and ignores the related soda 
aspects such as alienation from there, community and as a result many OP's are unable 
to deal with: the work culture and economy they are forced into and fall into bondage or 
bad activities as a coping mechanism. In short compensation and resettlement are not 
the main' is•ues rather beginning life in a new environment with no preparation for it is 
more complex than it appears at the first Sight. This is not feasible to convert into 
monetary terms. Conversion of indirect loses in monetary values is not feasible by any 
mathematical tool. 

6.4. These social implications of irrigation are usuaUy ignored. The prescribed 
appraisal methodology does not indude these aspects. ft is therefore needed that the 
distributional implications of an irrigation project may be brought out in the appraisal 
report so 'that suitable changes in aHgnment of canals and their management may be 
brcght about as to have a better distributional impact. This can be done by giving 
details" about: people in different categories who are affected (either favorably or 
adversely) by irrigation. ' ' '. ' ' 
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OHAPTiiiR 7 

SUGGESTED NEW MIflTHODOLOGY 

7.1 At the outset the committee noted the deficiencies in the conventional method 
(being adopted by MoWR) for computation of BCR i,.e. the conventional method. The 
day lightening deficiency is that the present procedure works ou coSt. nd benefit at 
rates collected at the time of project formulation In actual practice the construction cost 
would have been raised by the time the project is completed. The fuft bèiefit assumed 
in the analysis would accrue only after a few years after the project got into operation 
and ther value would be therefore considerably different from what has been assumed 
in the project report In short in present practice, interest 10% of capital cost and 
other related cost part like depreciation, O&M charges for CCAIAI, O&M charges ot 
head works are considered uniformly throughout the project life SimilarEy for benefit part 
Net Annual Benefit after deducting or adding other related receipts or expenditure like 
dung receipt, expenditure on seeds, manures, labour, fodder, land revenue etc are also 
consider uniform In view of this the committee lay emphasis on discounted cost and 
benefit criteria over the life or the project followed by NPV analysis artd ser).sittynyinsk 
analysis to take care and evaluation of uncertainties' associatéd with oasic 
ffnancial/production like cost/time/benefits overrun deferred maintenane costs So as 
to assess future perrormance of the irrigation project including viabitty of invesiment 
everi after costltime/benefit overruns as also to assess the potential of1 the project with - 
optimum input The procedure has been explained in detail in Annexu-7 and can be 
followed as new methOdology. 

7.2 The deliberations of the meeting virtually amount to that there is .a ncessty for 
annualizing the benefits and costs and use Net Present Value (NFV): method for 
ascertaining the economics of the projects as it gives a sense of projc enefit over 
the life of the project. NPV analysis would give a transplant evaluatEoftheproject 
instead of the simplified version of the BC ratio now being used, since the irrigation 
projects have long gestation period This would also take care of thejnterest cost of 
capital Members of the committee also opined that social impacts of théjraject aeed to 
be considered instead of mere agricultural production, indirect benefits, faótored cOst of 
the land, indirect losses/benefits to ecosystem, loss of livelihood etc. IibJ Chairman 
of the Expert Group Dr Soumitra Choudhury Member, Planrrft mmisSiort, 
emphasized for modifying the methodology and correct deficiencies. - 

7.3 As regard consideration of social impacts, both, positive 4iegative; in 
computations of BOR, the positive and negative social impacts may baEà?cëeach Other, 
however, to what extent, could be difficult to elaborate here. Adv e'effects are 
specially consideed by the planners. For DP's/PAP, there is R&Rbit, while the 
forest, environment and ecolçgical aspects are cdnsidered by Ministry of Envirqnment 
and Forest and the project authorities have to take all safeguard fOr mitigating 
environmental hazards etc. as directed by the Ministry of Environment and Forests. As 
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already indicated earlier social impacts, both: positive, and negative, could not b 
transformed into monetary terms, and he1ce some leverage, in the form of lesser BC 
Ratio, would be proper as compensation to the areas who have considerable indirect 
oases. The Planning Commission has already defined the values of minimum BC Ratio 
which should be more thanl.5:1 for general category states and 1:1 for special category 
states, DPAP nd Tribal area. 

7.4There are few volatile parameters, not directly related to methodology, but have 
switching value, for calculating both, cost part as well as benefit part of the project, 
which ould affect BC Ratio calculations (calculated by any available method) if these 
parameters. are not adopted uniformly. For example, from the data of 5 projects referred 
above, it is noted that for computing cost part of Teesta Barrage rate of land 
development and rate of annual O&M charges for CCA/Annual Irrigation are Rs. 2000 
and Rs. 8.00 per ha respect. while those for Kanhar Project are Rs. 6000 and Rs. 800 
per ha as against existing rate of Rs. 20.000 (approved by the TAC of the Mb WR) and 
Ra 1175.per ha approved by the 13th  Finance Commission It is Turther noted that 

:tV,ePtQ Engineers of the States are adopting different parameters (referred 
above) for the reason known to them only and surprisingly CWC/ .TAC of the M/oWR 
has been accepting such nonuniform parameters while approving BCR. Similar is the 
ate of crop rates or computing benefit part, which is to be 'fipalized by the States' 
AgricuJtue.-.Department. Need of the hour is that these parameters. are to be 
.$t?,.?IdZ&by the Central Govt. so that BC Ratio calculations may. Lead to logical end. 
Tnis standardization a from engineering considerations only and for calculating BC 
Ratio only. and may not be taken in other' way like infringement in the powers of the 
States. For purposes other than BC Ratio States should have free hand. 

7.5Lastly, for modification of the present methodology for calculation of BCR, the 
committee lay emphasis that there is a necessity for annualizing on discounted rate the 
net benefits and costs and use Net Present Value (NPV) method for ascertaining the 
economics of the projects as it gives a sense of project benefits over the life of the 
project. NPV analysis would give a transpint evaluation of the project instead of the 
simplified version of the BC ratio now being used. This would also take care of the 
interest cost of capital, 

7.6 The committee also rioted the BCR calculations of five nos. of irrigation projects, 
Tembhu Major Lift Irrigation Scheme (Maharashtra), Rajgarh Irrigation Project 
(Medium), Rajasthan, Kanhar Major Irrigation Project (UP)', Sri Rameshwara Major Lift 
Irrigation project (Karnataka) besides, Teesta Barrage, recently examined in the Mb 
'AIR and accorded investment clearance by the Planning Commission. The tabular 
details giving BCR computaions by discounted rate method, IRR, effect of cost/time 
!benefit overrun and corresponding BCR computed by the 'conventional method being 
used presently for aforesaid five projects can be seen in Table - 1. For detailed 
calculations relevant Annexure lIt to VII attached with the report may be seen. The BCR 
computations calculated by annual discounted rate mehod are more or less in 
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agreement of BCR calculated by conventional method of Mb WR considering interestS  

rate as 10% ut in discounted rate method additional 
verrffi are also included Clearly, this method i e annual discounted rate method gives 

a picture of future performance which is not feasible while computing '8CR by 
conventional method In view of this committee recommends discounted rafe method 

for computing the 8CR as explained in the Annexure Ill-Vil. 
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CHAPTER S 

SUL1ARY AND RECOMMENDATIONS 

The &ements for successful computations of BC Ratio can be as foflows - 

8.1. There is a necessity for annualizing on discounted rate, the net benefits and costs 
and use Net Present Value (NPV) method for ascertaining the economics of the projects 
as it gives a sense of project benefits over the life of the project. NPV analysis would 
give a transplant evaluation of the project instead of the simplified version of the BC 
ratio flow being used. This would also take care of the interest cost of capital. This 
method i.e..nnual discounted rate method gives a picture of future performance which 
is not feasible while computing BCR by conventional method. The methodology 
explained, in annexure 3-7 can be followed. The rate of interest to be used for this 
purpose should be social rate of discount or rate prescribed by the Government fo' this 

purpose. 

82 The parameters, padicur!y, rate of land development, yearly O&M charges of CON 
Al for computing project cost and yearly yield and crop rates forcomputing benefit part, 
are to be standardized by the Central Govt. so that BC Ratio calculations may lead to 
cgicaN:end: This standardization is from engineering considerations only and for 
calculàting BC Ratio only and may not be taken in other way like infringement in the 

powers of the States. 

8.3. Transformation of social impacts, both, positive and negative, in monetary terms is 
not feasible for arriving at 3CR. Practically,' it may be prudent to consider that they 
balance eachother as explained in earlier paragraphs. Accordingly, some leverage, n 
the form of lesser BC Ratio, would be proper as compensation to the areas who ha'e 
considerabk indirect losses. The Planning Commission has already defined the values 
of minimum BC Ratio which should be more thanl.5:1 for general category states and 

1:1 for special category states, DPAP and Thbal area. 

8.4 Sensitivity and Risk analysis is useful in improving understanding of the nature and 
working of the project. The economics of the project are very sensitive to cost, time and 
benefits overrun. Any change in these parameters would change the 3CR to switching 
value. By NPV analysis method the future performance of the scheme could he 

visualized by changing any of the parameter. 

8.5 There is need for post facto evaluation of projects so as to get a feedback for their 

formulation and appraisal. 

8.6 Problem related to inadequate investigations and deliberate manipulations of costs 

benefits would become leSS acute if samples of projects are appraised by an 
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independent agency outside the close fraternity of the project formulating departments 
at the Centre and the States. 

8.7 These recommendations should be considered for implementation at the earliest 
since delay in the matter could spell crisis of a much larger scale than has been 
experienced so far. 

8.8 The'Cornmittee lays special emphasis on the fact that since investment in irrigation 
projects ar substantial, it would be worthwhile to spend some money on research and 
other related activities so that the planners may get reflection of all other aspects either 
positive or negative conncted with the economy of the country. 

Brief details of computation of Benefit Cost Rat o by new Methodology 
S.No. 

• 

Name 
Of the project 

BC Ratio at 10% 
interest rate! 
IRR & no cost! 
time over run 
usng NPV 

BC Ratio 10%! 
IRR with 25% 
cost overrun! 3 
year 
time/benefrt 
over run using 
NPV 

BC Ratio by 
CWC Method 
(Conventional 
method) 

Remarks 

.1 

I 

Tembhü Lift 
Irrigation 
Scheme 
(Maharashtra) 
Major Project 

• 

BCR=1.161 
NPV=Rs. 764.69 
Cr. 
IRR=12.1 % 
NPV=Zero(app.) 

BCR=0.973 
NPV=(-)141.7 Cr. 
IRR=NA Since 
Project 
failed 10% rate 

1.22 accepted 
by CVVC . 

1. Discount 
factor =10% 
2.Land 
development 

Rs. 
20000/= per 
ha 
3. O&M 
charge ( Rs. 
1175/ha of 
CCA or Al 
4.Life=1 00 
years 

2 Rajgarh 
Irrigation 
Scheme (Raj) 
(Medium) 

BCR=i.620 
NPV= Rs.128.23 
Cr. 
IRR=26 % 
NPV=Zero(app.) 

BCR=1.432 
NPV= .. • 
Rs.77.42 Cr, 
IRR=17% 
NPV=Zero(app.) 

1.557 accepted 
bi CVVC 

1Discount 
factor=10% 
2.Life=100 
Years 
3 land 
development 

Rs. 
20.000/ha 
4. . O&M 
charge @ Rs. 
1175!ha of 
CCA orAl 

3 Kanhar 
Irrigation 
Project(Major, 
UP) 

BCR=i16 
NPV= 
Rs. 96975Cr. 
IRR=12 % 
NPV=Zero(app.) 

BCR=0.985 
NPV(-)Rs. 
10.067 Cr. 
IRR=NA Since 
Project Failed at 

1.17 accepted 
by CWC 

, 

1.Discount 
factor=10% 
2.Life100 
Years 
3 land 
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10% interst. - developmen 
Rs. 

6,000/ha 
4. . O&M 
charge 
Rs. 1175/ha 
of CCA or Al 

4 Sri 
Rarneshwara 
Lift Irrig. 
Scheme, 
Kárnstaka 
(Major) 

BCR=i.28 
NPV= 
Rs.144.59Cr. 
lRR=16 % 
NPV=Zero(app.) 

BCR=1.24 
NFV=Rs.127.069 
lRR15.5% 
NPVZero(app.) 

1.11 accepted 
by CWC 

1.Dscount 
factor=10% 
2.Life=100 
Years 
3 land 
development 

Rs. 
20,000/ha 
4. . O&M 
charge @ Rs. 
1175/ha of 
CCA or Al 

5 Teesta Barrage 
MajOr , West 
Bengal, 
Ufe=100 years 

BCR=2.758 
NPV=Rs.2878Cr. 
RR=37 % 
NPV=Zero(app.) 

BCR=2.444c 
NPV=261 1 Cr. 
IRR=35% 
NPV=Zero(app.) 

..55 accepted. 
by CWC 

1.Discount 
factor=1 0% 
2.Life=100 
Years 

3

Land 
Development 
@Rs. 
20,000Tha 
40&M 
charge c Rs. 
600/ha of 
CCA or Al ............................................. i w ecnn cal .avlsory 'ornminee i A) 01 MrnlStry of Water Resources 

Notes: 
6CR —. Benefit Cost Ratio 
NPV—Net Present Value 
IRR — lnterna Rate of Return 
CCA — Cultural Command Area 
Al —Annual Irrigation 
O&M — Operation and Management 
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