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Executive Summarv
 
Objectves>> This analysis examines the direct and indirect income, employment and health impacts of 
4rrigation in Maharasntra through the evaluation of three projects, Mula (a major project in drought prone 
Ahemeanaqar district), Chulband (a medium scale project in the assured rainfall district of Bhandara), 
and Sidhanath (a minor scale project in the scarcity rainfall district of Sangii). The objective of this effort 
is two-fold, first to use control group surveys to estimate irrigation impacts, and seconaly to develop 
standardized computer models which can be used to replicate the analysis on other projects. This 
analysis and its methods grew out of an earlier review by the authors of exist irrigation impact studies 
Which suggested a scarcity of field survey basea evaluation studies on irrigation impact in India'. 

Two survey and analysis options were deveiopea, a Rapid Appraisal option wnich can be usea to 
evaluate a project in a period of six 
weeks, and a Comprehensive Evaluation 
option which will provide additional detail 'U PI t 
and reliability but requires approximately , 
six months to complete. 

Economic Rates of Return> > Figure one 
wit !.and Table I summarize the economic 


rates of return estimated from the Rapid Il
M[W.T. 
... .
The MulaAopraisal sample survevs. 

troject
ERR is a very favoraole 19.5%,:
more than seven percent above the fre- s-c" Dods
 
quently used international minimum tar
get of 12%. This ERR is higher than any 

of the 14 Major project ERR's reviewed in
 
the 1987 literature review (see footnote 11. _ _ - -_--

......
1)... 

.. .......
Chulband (the medium project eval-

uated) had the lowest ERR of the three,
 
at 9.77% which is well below the 12% fre - _________
 

quently used target rate and approxi- S ................
 

mately in the middle range of the four _______
 

medium project ERRs reviewed in 1987. ___
 

The minor project surveyed, Sidhan- - __-_- .......
 

ath had an-intermediate ERR at 15.9%. I
 

Direct & Indirect Benefit Contributions> > 
Figure one and Table I outline the rela- '
 

tive contributions of six major direct and l h 1 -]. .1 -1.
 
indirect benefit types to each of the pro-


ject's ERR's. By far the single most im- Figure 1: ERR Contribution by Type of Benefit 

portant benefit for the two projects with 
hign ERRs was derived from the introduction of new non-foodgrains crops under canal irrigation inside 
the Mula and Sidhanath commands. This factor is conspicuously absent in the case of the low ERR 
project, Chulband and may be said to be the determining difference between high and low returns. 

In order to understand the relative contributions of different kinds of associated with the introduction 
of irrigation, the analysis classified benefits into the six categories in Table I. These categories and their 
statistical basis are discussed in the body of the report, a simplified version of their definition is used 
here for purposes of brevity. 

See. S.Daines & J R. Pawar, Economic Returns to Irrigation in India. SRD Research Group Inc. Logan U&i for U.S. Agency for Inlemalional 
Develooment, New Delhi. 1987 95 Do. 
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Foodgrains>> This benefit category includes income increases resulting from improved yields and/or 
increased areas planted in foodgrains crops which existed In the region before irrigation was introduced. 
It is useful to note that yield improvement and stabilization and cropped area increases in foodgrains may 
be fairly said to be the collective raisonde etre of Indian irrigation, yet in both high return cases these 

The factfactors accounted for less than 15% of total benefits even if their indirect impacts are added in. 
that foodgrain yield improvement and area cropped increases were the only large contributing benefit 
factor in the case of the under-performing system suggests that foodgrain yield and area increases 
cannot pay for the level of investment required for these types of projects in Maharashtra. 

The last row in Table I outlines the ERR which would have resulted in each project if direct income 
from foodgrain yield and area increases were the only benefit. These estimates are usable without further 
adjustment in the cases of Mula and Sidhanath2 and indicate that the ERR would have been less than 
zero if based only on foodgrain yield and cropped area increases. Since the only significant direct bene
fit measured for Chu!band was in foodgrains, all indirect benefits must also have been derived therefrom. 
Thus the full 9.77% ERR should be accounted to foodgrains for Chulband rather than the 5.81 which 
results from the allocation formula used in Table I. 

Even after these adjustments are made, a basic conclusion emerges intact, that at least in these three 
projects the most often advanced raison de etre of for Indian irrigation was hardly reason enough. 

New Crops on Canals & Wells> > 
Table I: ERR Contribution by Benefit Type Crop diversification benefit of irri
Table__hERRCor,_tribution__yBenefitTypegation,defined herein as the in

come resulting from the intro-
Mule Chulband 

(Major) (Medium) 
Sidhanath 

(Minor) 
duction of non-foodgrains irrigated 
crops not present before irrigation, 

Health 
indirect/Landless 
Influence Areas 
New Crops WellsNew Crops Canals 
Foodgralns 

0.38 
2.05 

1.11 
2.7110.56 
2.33 

0.35 
2.16 
1.45 
0.00.00 
581 

0contributed 
1.53 
3.74 
1.07.00 
1.55 

13.27% or roughly 85% 
of the direct contributing factors in 
the Mula ERR. More than this pro
portion of the indirect employmentand influence area benefits came 
adifuneae eeiscm
from this factor making it clearly 

Total ERR 19.15 9.77 15.90 the dominant effect in the best per
formance case. A similar pattern 

Foograln ERR -1.50 5.81 -1.8is apparent in Sidhanath, but clear
ly not the case in the low-perform
ance case of Chulband where no 
significant benefits accrued from 
crop diversification at all. Thus an 
effect which some irrigation regula

tions and practices in Maharashtra have even sought on occasion to limit appears to be the income and 
employment engine of high system performance. 

A significant portion of the crop diversification benefit has come from wells inside the Mula and 
Sidhanath commands and also on wells outside the command which lie in the area where groundwater 
recharge from the systems directly affects groundwater supplies. 

2 
 This somewhat underesilimale the fair allocation of total benefits oduold Includewhich ,uld ho esulted from foodgins impasl.,hone since not 
the Indirect employment and health benefits correctly allocable to foodgilns. Eyen for thee benefits would hon ina .'diuin ia Increase the iFoodgrainERR' as 
Table ItorMula sUd Sidhath by more than I point. Thus, the basic tonculoln that bah at thene proe would hiae negatrve ERRs based only on foodgrsln 
benefits would be true even I d for indirect impacts. 

SRD Research Group Inc. 



This is particularly true of Sidhanath where 
roughly half of the income impact of diversifica-
tion has resulted from wells developed at least in 
large part from recharged groundwater supplies, 

Grounxwater, Lift &Economic Influence Area Bene-
fits>> The "Influence Areas" category in Figure 
I and Table I refer to income benefits associated 
with irrigation occurring to farms and families 
outside the commands in those close areas 
"influenced" by the irrigation project. The survey 
defined and sampled farms and families in three 
types of "influence" areas; (1) those located in 
the "groundwater" i:ifluence area where system 
recharge benefits well water supply; (2) those 
located in "lift" areas where canal or tank water is 
pumped for irrigation; and (3) those farms or 
landless families located in communities close to 
the command where family employment oppor-
tunities in sugar mills etc. exist because of irriga-
tion. The income benefit of irrigation to these 
"influence" areas is most significant in the case 
of the Sidhanath groundwater influence area 
which accounts for approximately 20% of total 
ERR. 

Indirect Employment and Landless Family Bene
fits>> The indirect and landless benefit cate
gory refers to those income benefits from irriga
tion which flow from indirect (non-crop) employ
ment of farm and laildless families living inside 
the command. These benefits include all 
livestock benefits which for accounting conven
ience were not considered as "direct crop" in
comes3 . While these impacts do not appear to 
have made large ERR contributions in any pro-
ject case, their importancei in an n equity sense isjectcaseporanceinth ir eq itysens island 
larger than their absolute size since most of 
these benefits flow to the unemployed and most 
disadvantaged group, the landless poor. In both 
of the high performance cases, these indirect 
impacts were larger than influence area impacts, 
and in the Mula project, the indirect benefits of 
this type were larger contributors to economic 
return than foodgrain yield and cropped area 
increases. The fact that indirect employment and 
processing benefits are much larger for the new 
crops than for foodgrains per unit of land AND 
per unit of water emphasizes the importance of 
diversification for the welfare of the disadvan
taged weaker sectors dominated by the landless. 

Health Impacts of Irrigation> > The sample sur
veys estimated the numbers of days of work lost 
through illness. Two contradicting irrigation 
effects appear to be at work. In the large Mula 
system it appears that proximity to standing 
water associated with tanks, wells and rivers 

appears to be associated with increased average 
Illness rates. However, most of this water proxi
mity associated problem apparently existed be
fore irrigation simply because of the nearness of 
perennial rivers and streams. The introduction 
of Irrigation appears to have had a substantial 
positive impact on reducing the illness gap bet
ween "dry landers" and "wet landers" before ir
rigation, in spite of the fact that the tank and 
wells have increased the vo!umes of standing 
water. Thus there is a significant reduction by 
almost half in the number of ill days associated 
with irrigation in the Mula, with a lesser but still 
noticeable effect in Sidhanath. To translate 
these benefits into economic terms for inclusion 
in the ERR arithmetic, we have valued the work 
days saved through illncss reduction at 1/2 the 
going wage on the assumption that 50% of these 
saved days would be unemployed and hence 
without economic v.alue lost. Viewed this way, 
health benefits account for 2-3% of the estimated 
ERRs. 

3/ Beyond accounting convenience, the convention we adopted Is reflective 
dthe field reality that many famliles with very small boue-yard sized plots of 

are ongaged In dairying and other Ilivestock activities based on for3g* 

grown undr Irrigaion. To keep t ccounts cleer wehe, accounted Wreincomes as=on-farm direct 'crop*Incomets and transferred the forage at markot 

prie to "ivetook" activie which are considered along wilth proceesig and 

mar*eting s 'Indirscr benefits. 

SRD Research Group Inc. ill 



A. Objectives & Methodology
 

1. IRIES Objectives. 
The IRIES system was developed to meet the needs of irrigation evaluation of the Irrigation Depart

ment of Maharashtra. The project has two objectives, lirst to make the most complete and reliable 
estimates possible given the limited time and resources allotted of direct and indirect impacts of three 
selected irrigation projects. The second objective was to develop re-useable computer models and 
survey formats and to field test these in the three project evaluations. Irrigation Department personnel in 
the Directorate of Irrigation Research and Development in Pune have been trained in the use of the Rapid
Appraisal survey methods and analysis models which have been completed and field tested. 

2. Methodology 

The project has developed two different options for conducting field survey based evaluation oi 
irrigation projects, a low cost "Rapid Appraisal system, and a more costly Comprehensive Evaluation 
alternative. Survey formats and analytical models have been developed for both of these systems. Field 
surveys and analysis model verification have been completed. The Irrigation Department with the assis
tr.nce of Mahatma Phule Agri
cultural University expect to Table I1: Overview of Rapid Appraisal &Comprehensive Evaluation Options 
complete field work on the _________________________________ 
comprehensive surveys by
mid-year. 7,:,e main dif- Rapid Appraisal Comprehensive 
ferences between these two 
survey systems and their ana- Survey Control Groups 14-18 per command 20-26 per command 

Survey Size 	 280-360 Families 700-900 Families
lyrical models is outlined in Survey Schedule Form 4 pages 80 pages
Table Hl. Each option has its 
strengths and weaknesses. Estimated Cost/Command US$ 3,000 US$ 15,000
The obvious benefit of theRai Apiosa meethod tha Time to Complete 	 Six Weeks Six MonthsRapid Appraisal method is that 

it Is relatively inexpensive and Analysis Models Utilized 	 Benefit/Cost Benefit/Cost 
quick to complete and could 	 Income Impact Income Impact 

Employment Impact Employment Impacttherefore be feasibly applied
to many projects in a short Health Impact Health Impact

Design & Management
period of time. The in-depth Decision Model 
character of the comprehen
sive survey and analysis will 
allow for examination of more 
issues with a higher degree of 
statistical reliability. For example the data and models designed for the comprehensive evaluation will 
allow for examination of larm size disaggregation, examination of management and design options 
integrating more detailed hydrological interactions. 

In the rapid appraisal surveys 18 control groups were separately sampled with 20 random observation 
units interview3d in each stratum. This gave nine final analysis weighted analysis groups with 40 
observations each. In Sidhanath and Chulband certain groups were not sampled due to their unimpor
tance in these smaller commands. The final sample included approximately 920 farms or households 
interviewed during the month of January 1989. A simplified 4 page questionnaire was administered by 
local personnel selected and supervised by SRD Research Group Inc. In addition to the farm/landless 
household survey, SRD personnel undertook a "crop" input/output purposive survey of fifteen farms for 
all crops which appeared in the farm surveys. The simplified farm questionnaire obtained four main 
parameters on each crop in the farm, area planted, area irrigated from canals, area irrigated from wells, 
quantities harvested, and purchased input totals. 

SRD Research Group Inc. 1 



These oasic farm specific data were then adjusted according to the data obtained in the crop surveys 

to provide the estimates used in the Rapid Appraisal evaluation models. The comprehensive survey 

schedule contains a complete recapitulatioru of detailed crop by crop input quantities and values, whereas 

the Rapid Appraisal gathers simplified area, yield and other indicators from one survey and combines 
them with per unit coefficients gathered from a second survey. The structure of the control groups for 

the rapid appraisal survey in each command was as follows: 

Command Farms Influence Area Farms Control Farms & Landless Families 

Head (40) Groundwater (40) Control Farms (40)
 

With Well (20) With Well (20) With Well (20)
 
W/O Well (20) Without Well (20)
W/O Well (20) 

Landless Families (80)Mid (40) Uft Area (40) 
With Well (20) Command (20)With Well (20) 

Groundwater Influence (20)W/O Well (20) W/O Well (20) 

Economic Irnluence (20) 
Control Area (20)

Tail (40) Economic Infl Area (40) 
With Well (20) With Well (20) 

W/O Well (20) W/O Well (20)
 

The results from the Rapid Appraisal survey were tabulated and the differences in arithmetic means 

for the sampled groups was utilized in the income, employment, health and benefit cost computer models 

whose results are reported in this document. 

Figure 2 is a black & white version of one of the water use model computer screens from the 
These comprehensive models have beencomprehensive analysis system for the Mula Command. 

partially elaborated based on the rapid survey data but their use is limited unless the fuller information
 

available from the comprehensive surveys is included. Figures 3 and 4 on the following page display
 

similar example screens, a water use "window" for Chulband and a labor use "window" for Sidhanath. 

S"T MTqMfRSF4-R IICIR'TICOH fPlRgThN" 
Fla" se' POC 

KJLR COHtfM0TITUN 

i D_64czilr M 

mrnw ipsia- 0 

IN~ TO 14K IIRM[ IN O]O TI" IJE 01 PROOYJl LJEI fR IRiWI (11410117111 

TRNK JFH4JLJRS:W0K 
EIIL.VE 

Figure 2: Example Screen from the Comprehensive Water Use Model of Mula 

SR Ruaswcn Grou Inc. 
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SM RoESFV4 QIW R4U 11E' WFTER ISE HDINOW 

CU.IZND CDHHND IDETONST1 M EBL OIIO SYSIThE ecembe= 
IMPRUZ DMX.OI CUBES 

KniTIUI IIG E 
HELLS IWSIEE A 
HELS OUXTMOE i 
D:I LS NHOOECr i 

I!01PE( HELLS 

rlIHK REELEFE ______________LUNE______3)UJZJf 

f~mll~h~hhllI-fflfninhSTU=-

Figure 3: Example Water Use Screen from Chulband Comprehensive Model 

The top part of these computerized design and management decision models displays information in 
scaled map format of the command and influence areas. The lower half of the screen summarizes scaled 
water, land and labor interactions in monthly bar graphs.( llillllliIl
Illlll IUAUll!l~lI I HIili)IRA 

311J1-E4RrH CO1$FEDf OEMHSTHTIQ1 EWRLEURTIO SYSTE3H 

LJU193 U72 HDUac 

Deccnber 

HOL Ii~r * 
HELLS IHSIDE
 
WELLS wrSIDE
 

U 

E1IR~~~~UNOLLfULLE UI Lff NtR
 
*HLJFUOI SWP LRflJL LFGSWJ TOT USE [)H GPRIHS US;F FM1UCU(5 FJUZH MW

LLUEEIILCLCW hnE LLMLULLWL 

M~H LFUM USE LSH13L LFB USE jr~AcN VXP:H (;tv"S CI]T1U IOG1 USE 

IHC HFTi REH LF]11 P 1rF1 U' UR]1. U . TU TFL IEi rLt 

Figure 4: Example Labor Use Screen from Sidhanath Comprehensive Model 

3PDO earcn Gou' Inc. 



B. Benefit/Cost Analysis 

1. The Mula Major Irrigation Project 

The Mula is a major project commenced in 1959 and beginning to irrigate significant areas by 1973. 

It has a culturable command area of 118,000 hectares but net areas irrigated seldom exceed 35,000 
area of over 13,000 hectares and there has been substantialhectares. There is a substantial lift benefitted 


investment in land levelling, roads and field channel construction. The project is located in a drought
 

prone district in Western Maharashtra where un-irrigated cropping patterns are dominated by jowar
 
(sorghum) and mil;ets like bajra.
 

Figure 5 presents the cost and benefit flows computed for the Mula project discounted at 12% to
 

reflect their net present values in 1986. The significant downturn in benefits observed after 1984 and
 

continuing after 86 is due to the combined influence of the persistent drought ending in 1988, AND the
 

effect of the 12% discount rate after 1986 which reduces benefits by 12% each year in the future. 

Figure 5 provides the appropriate "picture" for viewing the integrated results of the benefit surveys and 
In such a picture onethe project construction costs information provided by the Irrigation Department. 

jse
MU Irrisatin Prmject Beneiit 2 i 

1~ Its. ~O * Total Du t 

Canal Vield/Au'i 
Ieeits (ERR = 

___ 

- B= 

Total Costs 

Head/h iuiDist 

-o"" (Values Disci::inted at Zx) 

1 1N878 7Z 74 n 7H 138 01 N 6 

_
 

Figure 5: Mula Benefit Cost & ERR Summary 
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can see the relative weight of properly discounted cost and benefit flows and develop a visual sense of 
what a the costs and benefit flows of a "20% ERR" project look like. In addition to the small scale version 
of Figure 5 which is presented on this page, we have also included a full page version in Figure 6 where 
the smaller details relating to specific costs and benefits may be easily seen. 

a. Costs 

It is important to note the importance given by the discounting process to those costs which are 
incurred early in the construction process. For example, though the magnitude of expenditure on the 
headworks, main canals and distributories is not unlike the total spent on CADA and remodeling works, 
the discounted picture shows these early costs as dominating the cost side of the graphical ledger. This 
emphasizes the importance not only of controlling costs but also of controlling delays which imply lost 
opportunity value of sunk investments. 

b. Benefits 
Benefit flows for the Mula command are divided into six groups defined at pages ii & iii above. The 

relative contribution of each of these benefit types to Mula's impressive total ERR of 19.5% is given in 
Table Ill. 

Table Ill: Mula ERR Contributions by Benefit Crop Diversification> > The dominant benefit type is the 
Type income to command farmers resulting from the cultivation 

of new crops not present without irrigation in the area 
with water from canals. This single factor accounted for 

Health 
Indirect/Landless 
Influence Areas 
New Crops Wells 
Nw Cropanls 

0more 
2.05 
1.11 
2.71 

10.56 

than three fourths of the total direct benefits of the 
project and for 10.56% of the total 19.5% ERR. Though 
sugarcane was the largest single new crop contributor 
during the early years, a wide variety of other crops in
cluding fodder crops, groundnuts, perennial fruits andvegetables all made significant contributions more recen-

Total ERR 19.15 tly. 

Foodgralns ERR -1.50 As indicated in Table Ill, new crops grown with well ir

rigation inside the command was the second largest 
benefit contribution to the Mula ERR 3 with 2.71%. There 
is considerable overlap in irrigation on high cash crops 
like sugarcane, other perennial fruits, fodder crops and 
vegetables. The allocation made here was simply made 
based on the proportionate sh3re of area which the sur
vey farms reported having irrigated from each source. 

Indirect Income>> Income benefits from indirect employment and related processing and marketing of 
crop products to farm and landless households inside the command was the third most important ERR 
contributor benefit type in the Mula project case. Indirect and landless benefits accounted for Among the 
most important of these activities were livestock activities and sugarcane secondary employment and 
benefits. 

Foodgrain Yield and Cropped Area Increases> > Foodgrain yield improvements and increases in cropped 
area made only a 2.33% contribution to Mula's overall ERR. 

3 There is difference in the rankings given to this factor in Table Ill and In the grahs displayed In Rgures 5 & 6. The 
ason for ths differenc atei b traphs.m ol present discounted benefits in absolule . magnitudes graphed by year.oecohmputason ofreatve contruon toaER iore compcated because it does not start alzero but includes positvecontriutions from a negative position and reallocation of thitadsolute distance moved among the various factors. Inmakng 

this allocation, direct crop benefit contribution factors were given a higher weight thus favorin direct crop benefits from well 
over indirect employment. We would argue that for the purpose of ranking benefit contribution, Table Ill positions are more 
appropriate than th positions Inthe graphs. 

SRD Research Group Inc. 
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igure 6: Mula Benefit Cost & ERR Summary 
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__ 

Since this is the most frequently assumed central purpose of Indian irrigation this contribution is both 
disappointing and instructive. In particular it is Interesting to note that had foodgrain yield Improvements 
and area cropped increases been the only source of benefit on the Mula command, instead of having an 
impressive 19.5% estimated ERR, the ERR would according to our data have been slightly neqative. The 
ERR computed with direct foodgrain income benefits is only -1.5 and if indirect associated benefits are 
added in it is unlikely that it would increase by more than one additional percent leaving it slightly 
negative. 

Influence Area Indirect Benefits>> Income benefits to farms and families in the groundwater. economic 
and lift benefit areas associated with Irrigation accounted for a 1.1% contribution to Mula's ERR or just 
over a 5% share. Most of this impact came from the economic influence area where the increased pace 
of economic activity apparently created by the Mula command has opened significant opportunities. 

Health Benefits>> Health benefits are described above at page iii and are analyzed in more detail in the 
health section below. The health impact of the Mula project, while important in an absolute improvement 
sense, was relatively unimportant as a contributing factor to the ERR, only about 2% of the ERR was due 
to health improvements. 

2. The Chulband Medium Irrigation Project. 

Figure 7 presents the Chulband benefit cost analysis in graphic form. 

COmaband Iledim Irrigation Project Benefit Cost Analsis 
Iead its/co ts 

38M0 

Ittiect/LAine 

Benefits (ERR = 9.77W) TutI Costs 

_Head/lai./Iit 

F CB h n nt t R CRAiem 

SCosts (Valu Diseoantr at G) 

Figure 7: Chulband Benefit Cost & ERR Summary 
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The Chulband project is a medium project irrigating up to 3,000 hectares, mostly in Kharif paddy. 
There has been very little rabi irrigation with residual tank holdings being used for hot weather paddy. 
The tank is located in the Bhandara district which is in the assured rainfall agro-climatic region of Eastern 
Maharashtra. 

Chulband has an estimated ERR of 9.7% which is well below the frequently targeted minimum rate of 
12%. These benefit cost patterns and ERR are the logical conclusion of the above described situation. 
There has been essentially no crop diversification in the Chulband command. Paddy was essentially the 
sole crop before irrigation and it has persisted as the sole crop after. Yields and cropped areas have 
made reasonable sized increases but the incomes generated by these increases are overwhelmed by the 
costs o; the system. Before raising the specter of escalating costs, it should be noted that Chulband 
does not present such a case, its costs appear to be inside an average range for medium projects. 

The basic problem for Chulband as we assess it is not that its costs are too high, but simply that its 
benefits are impossibly low. Chulband appears to be an irrigation project without an income generating 
engine anywhere commensurate with its costs of construction. The almost total absence of rabi 
irrigation, and the apparently wasteful practice of holding water until hot weather for a relatively low value 
crop such as paddy add together to spell low performance. 

The cost of hot weather water is relatively high when 

Table IV: Chulband 
Benefit Type 

ERR Contributions by 
one accounts for evaporation losses. These higher costs 
may well be justified when it is used to "bridge" a high 
value perennial crop or produce a high value groundnut 
or vegetable crop, but it is unlikely that summer paddy 

Health 
Indlrect/Landles, 
Influence Areas 

0.35 
2.16 
1.45 

would create the kinds of returns required to pay for hot 
weather water and Chulband's low ERR appears to con
firm this concern. 

New Crops Wells 
New Crops Canals 
Foodgrains 

Total ERR 

0.00 
0.00 
5.81 

9.77 

The graph presented in Figures 7 & 8 for Chulband 
was discounted at 6% not 12% as was the case for Mula 
and Sidhanath. The reason for this alteration was purely 

Foodgrains ERR 5.81 presentational, but illustrates the low productivity of the 
Chulband project. When the graph was produced at a 
12% discount rate, the negative reach of the costs ex
ceeded the width of the computer forms used to print the 
graphs. Thus to obtain a graph for this report we had to 
either shrink the scale of benefits to the point that one 
could not distinguiczh any of the minor benefit categories 
or reduce the discount rate allowing the costs to corres
pondingly shrink and fit inside the computer form. 
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3. Sidhanath Minor Irrigation Project 

Sidhanath is a minor project located in the drought prone district of Sangli in South Western 
Maharasntra. The project was begun in 1974 and has been irrigating 100-200 hectares since 1980. The 
area actually irrigated has fallen far short of the hoped for 1,400 hectares which project planners thought 
could be irrigated by the system. There have also been problems of water logging in about 100 hectares 
of the command. 

In spite of these problems the data suggest that Sidhanath has a very acceptable ERR of 15.9%. 
Figure 9 (enlarged in Figure 10) indicate that this is due largely to crop diversification both inside the 
command and on wells in the groundwater influence area. 

A second reason for the relatively high ERR is the short time span involved from the start of 
construction to the beginning of benefits. Even though the benefits per hectare are about one third of 
those found in the Mula command, and nominal costs are higher, the shortness of time slice results in an 
ERR only one fourth less than Mula. 

The importance of well development inside and outside the command is reflected in the fact that wells 
inside the command irrigate more land on the average than do canals, and crop incomes derived from 
new crops on these wells (largely recharged by the system) is the basic engine of the income benefits. 
Relative contributions of the various benefit types may be seen in Table I above. New crops accounted 
for roughly 90% of all direct benefits and a larger share of indirect ones. If Sldhanath were to have 
depended totally on its foodgrain yield and area increases it would have had an ERR of -1.88. 
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Figure 9: Sidhanath Benefit Cost & ERR Summary 
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C. income impact Evaiuation
 

1. Mula Income Impact
 

Figure 11 indicates that the Mula project has been associated with an increase in income per hectare 

planted inside the command of over Rs. 12.000. Almost Rs. 10.000 of that increase has resulted from the 

introduction of new crops, with foodgrain yield increases accounting for the balance. Figure 12 shows 

these contributions to income improvement in percentage terms, new crops accounting for 81% of the 

increase. foodgrain yields 13% and foodgrain cropped area 5%. 

Figure 11 also illustrates the relative comparison of farms inside the command with and without wells 

in the last two bars. There is some small difference but not enough to suggest any overall conclusions. 

Figure 13 outlines the relative contribution of wells and canais to overall income increases for command 

and influence area farms. influence area farms made less than half the income improvement of 

command farms and largely from wells, though there was some increase due to lift influence area 

C4mWM&~ FuiMWu IM;W; 1"- I, hWAA IPJgSOMuou ftwMW 
kla IrrilatIon Project Impact Eialuaticn 

ft. Income trov' mm j Ha. Planted 
1219.U 

QA 4w) 

e.6u 

°.. U 

CPU"c Effioce
 

CnaRd Farmn Camand Vith Wei 

Indlune Area F Cmind Vitizut 

Figure 11: Mula Income Impact by Source Effect 
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Figure 12: Mula: Percent of Income Impact by Source 

rnprovemenis these were not nearly as large as would be expected from the large lift influence area 

3ssociated with the Mula project. It is interesting to note in Figure 13 that those command farms with 

Nells depend on them for more than half of their total income improvement. 
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Figure 13: Mula: Income Impact by Canals &Wells 
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Figure 14 presents a somewhat complicated cross-sectional control group comparison to assess the 

relative income impact performance of the Mula command in a good year (1988-89) with a drought year 

(87-88). The first bar in each comparison represents the difference in income per hectare planted 

between a test group and a comparison or control group in each of these years. It should be noted that 

the comparison is not in family income or farm income but rather in per hectare planted income. 

Command farm income per hectare planted minus control farm income was substantial in both the 

bad and good year. but the differr %cewas much greater between the two groups in the bad year. A 

Cemma" Farm Irrivation lucome Iympc-t isg Tcur (UitWitm= 
Mla Irrigation Froject

Hz. 1=m Difference / Ila. Planted 

2888.88ht v ear Bew It (87) 
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Figure 14: Mula: Comparison of Income Impact in Good & Bad Rainfall Years 

review of the underlying data suggest the reasons for this substantial difference in relative performance. 

The control group farms must make planting decisions before the rainfall year is known to be good or 

bad and are thus locked into large costs in a bad year which cannot be avoided. Irrigated farmers may 

wait for much of their investment in planting until the status of the rain year is known and hence may 

reduce planting risk to accord with the sustainable area they can hope to irrigate. 
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2. Chuiband Income impact Evaluation 

The total income impact of the Chulband project on command farms was approximately Rs. 1,100 per 

hectare planted. The mono-culture origin of this increase and the lack of well irrigation mean that this 

increase came essentially from improved paddy yields in Kharif and extended paddy area and yields 

during hot weather. This pattern is so simple that no detailed graphic analysis is necessary. It is 

important to note that the level of benefits produced by Chulband per hectare planted was less than 10% 

of that achieved by the Mula project and less than one fourth that of the minor project Sidhanath. 

3. Sidhanath Income Impact Evaluation. 

Figure 15 presents the income impact of the Sidhanath project. Impacts inside the command 

improved by just over Rs. 4,000 per hectare ;,:tanted with half of direct impacts coming from foodgrain 

area effect. Major gains were made in the influence area of nearly 
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Figure 15: Sidhanath: Income Impact by Source Effect
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Figure 16: Sidhanath: Percent of Income Impact by Source 

Rs. 10.000 per hectare underscoring the importance of wells ana new crops on wells to the overall 

performance of the project. Figure 17 illustrates this point by showing that a few high performance farms 

inside the command with wells are carrying the others. 

Cww Finwm pw i7 pwmm Ii IU1rw7 1 - Rom, -awEMfw" Q.~fuw-O'W 

SiJ4]anati Mhiuzr Irldatiorn Prokt Eualuatkiu 
ft. Incow Itqouemnt pe Ha. Plant d 

-~~ ...-tO0.OO~ 

M" -I- "-Q " _ . -

e.M 
Camd Fam Cmp.und U110 gel 

lofluev Afre% F CauMd Vitft 

Figure 17: Sidhanath" Income Impact by Canals & Wells 
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D. Employment Impact Evaluation
 

1. Mula Employment Impact 

Figures 18-20 outline the employment impact of the Mula project in terms of the numbers of person 

days of increased employment per hectare planted. Figure 18 indicates that the impact on farms in the 

command is over 100 persons days of increased labor per hectare planted. Influence area farms 

increased employment by roughly 40 person days per hectare. The sizeable difference between 

command farms with wells and those without may be seen both Figures 18 and 19. Employment 

improvement can be seen in Figure 18 to depend even more completely than income on crop diversifica

tion. 

Figure 20 assesses employment impacts of irrigation in the Mula for good and drought years. 

Drougnt year differences like income are stronger than good year differences and likely for the same 

reasons explained above. 

Employment impacts in influence areas are much weaker than inside the command and the difference 

between performance in good and drought years is essentially nil. This suggests the import level of 

drought defense which exists inside a command. 
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Figure 18: Mula: Employment Impact by Source Effect
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2. Sidhanath Employment Impacts 

Figures 21-23 present the employment impact of the Sidhanath project. Figure 21 indicates that the 

overall level of impact is roughly 35 person days per hectare planted in the command and 30 days in the 

influence area. There is a substantial difference in the employment impact of farms in the command with 

and without wells. In contrast to the Mula command where almost all employment impacts derived from 

new crop diversification, in Sidhaniath most employment impact inside the command came from 

foodgrains area cropped increases. In the influence area, however, the opposite was true, almost all 

employment impacts resulted from new crops. 

Figure 22 indicates the strong employment impact of well irrigation inside the command, and also the 

heavy dependance of the smaller employment generated outside the command on recharged wells. 

Figure 23 suggests that the higher variability of water supply in a minor tank fails to afford the kind of 

drought year protection and defense afforded by a major project like the Mula. 
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Figure 21: Sldhanath: Employment Impact by Source Effect 
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F. Health Impact 

1. 	Mula Health Impacts 

Figures 24-27 present the Rapid Ap- 3.U 

praisal survey data on health impacts in 

the Mula project. Health impacts are es- 15.3 

timated in the rapid appraisal system in 

terms of the number of work days lost to 

illness. These figures suggest that two 

somewhat contradictory effects are at 5.3 	 ... 

work in the Mula project area related to :V 

water and irrigation. V .1O 

Irrigation Effect> > When the with and gIjR i I' Rm IEi tI?nor 

without groups are combined into a Figure 24: Mula: Health Impact on Adult Males 

weighted average, Figure 24 exhibits a 3i d per &Kr e 

consistent pattern of sharply reduced ill- 4W 2Z 

ness rates for adult males after the intro

duction of irrigation. This reduction is by dlii 

more than half from roughly 20 days toi 

less than 8, or a gross savings of about 12 

days. During that same period the control 

group made only a slight improvement of U 
about 1.5 days savings. 8 y nettinG this 

control group improvement from the gross 

difference for the command group we get 

a net savings of 

a . 1. l E01LIlaI I 
Figure 25: Mula: Health Impact on Adult Males in Influence & 
Control Groups 
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uz up P iLm s 

4Capproximately 10.5 days. 

"Wet Lands Effect"> > There also ap- MM

pears to be a negative impact of proximity . 

to water which existed both before and 

after the introduction of irrigation. This 

can be noted before irrigation by corn- 1IB3 

paring the average days ill for the 

command groups of about 16 days with 

the control group of 6. Without more de- Ism 

tailed data on the incidence of malaria in 

these illnesses it is impossible to deter- H 

mine with certainty these effects. But the 

trends are sufficiently strong to suggest WI I No UME UT IM 1 UTN 

that this difference before the introduction Figure 26: Mula: Health Impact on Adult Females 

of irrigation was due to malaria and that 

the command farms were located before !
 

irrigation closer than the control groups to ,_m__ 

perennial streams and standing water. 

What is important for our purposes to 

note is that irrigation substantially reduces 

illness AND significantly narrows the gap 

between the lower illness rates of 

13 J -

"In
 

Figure 27: Mule: Health Impact on Children 
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those living near to and far 

from standing water. There 

has been considerable con-

cern that irrigation, since it 

involves increasing stand-

ing water areas, might in-

crease malaria. When ac-

companied by the type of 

control measures used in 

the Mula command this ap-

pears not to be the case, 

on the contrary, health lev

els improve significantly. 

2. Chulband Health 

Impacts 

Figures 28 and 29 pre-

sent a similar analysis of 

health impacts in the Chul-

band project. The data for 

Chulband indicate only a 

small part of the positive 

impact found in the Mula 

command. Health has im-

proved 
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Figure 28: Chulband: Health Impact on Adult Males in Command 
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Figure 29: Chulband: Health Impacts In Influence & Control Groups 
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after irrigation, but control 

groups also made signifi-

cant improvements over 

the same period. Thus 

when control group improv-

ements are netted from 

gross command farm im-

provement. there is little 

net benefit. 

Figure 30 presents the 

difference in access dis-

tance to drinking water for 

the Chulband families and 

control groups. All groups 

have mad e sig nifica nt im 

provement during roughly 

the same period which sug-

gests little or no irrigation 

im pact. 

SR RS ,archGrou Inc. 

111U=~ to m'anaaw Viuaoo 

-i

731 

W--il in 

-

1 -

-

31..
 

ZI
 
Te 
1 

i'r I o . I Th 1 

Figure 30: Chulband: Distance to Drinking Water in Command 
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Figure 31: Chulband: Distance to Drinking Water for Influence & Control 
Groups
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Figures 32 &33 examine kf".,-

FINthe distance issue with ref-

erence to washing water. 7M 

While command farms have 6K '.

a closer access after irriga- 5.U 

tion, that gross improve- :1 ..... 
4:4 " 

ment is not significantly dif- 3M . 

ferent from the improve- -- S 

ment made by control 

group farms and families iI j:J jJ I 

during the same period so M V? AID 1 11 VIT t RD 

there appears to be no net Figure 32: Chulband: Distance to Washing Water in Command 
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Figure 33: Chulband: Distance to Washing Water for Influence & Control 
Groups-
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3. Sidhanath 

Health Impacts 

Figures 34-38 present 

the health impacts data for 

the Sidhanath project. 

A review of figures 34, 

(when appropriately com

bined for weighted ave-

rages) suggests a signifi-

cant impact of irrigation 

similar in general pattern, 

but lesser in magnitude 

than the Mula. 

The command group 

make reductions by 

roughly half, while control 

groups improve only slight-

ly. However the absolute 

numbers are significantly 

less than Mula. This is 

consistent with the malaria 

hypothesis since all groups 

in the Sidhanath area were 

much "drier before 
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Figure 34: Sidhanath: Health Impact on Adult Males in Command 
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irrigation than comparable 

groups in the Mula corn

mand area since there were 

no perennial rivers and 

streams. 

Figures 37 and 38 pre-

sent data on access dis-

tance to drinking and 

washing water before and 

after irrigation. There is a 

slignt net improvement for 

irrigated farms during the 

period, but the difference is 

not large since control 

group farms also made 

sizeable improvement. 
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Figure 36: Chulband: Health Impact on Children 
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Figure 37: Sidhanath: Distance to Drinking Water InCommand 

27 



MA -

I, .....I1 

I.0 

U.8 

i~ m - u 
Figure 38: Sidhanath: Distance to Drinking Water for Influence & Control 
Groups 

-- , , o v€ 
28 


