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Abstract

The paper looks at the impact of water harvestirggpems in ground water recharge through the case
of the Sujalewatershed in Karnataka. On comparison with areasoof sujala watershed and non watershed
cases in one normal rainfall and one drought yeawas revealed that Sujala has been successfednarging
groundwater, improving farmers' incomes and inising crop production. Further the program is inckesiand
the benefits were accrued even to the small and im&rfarmers. In fact the net return for small and giaal
farmers was higher that that for large and medium faen€he study concluded tl there is potential for
expansion of Sujala pattern of watershed developm@gram in other parts of Karnataka and la.

1. INTRODUCTION

Water harvesting for groundwater recharge baen a major objective of Sujala initiatey
Goveinment of Karnataka with the assistance of \terld Bank. This is a community driven gram
implemented by Watershed Development Department wijtartite cos-sharing arrangements. The Sujala project
is being implemented in 5 districof Karnataka covering 5.11 lac hectares of lanéapiover 77 sub-water-
sheds, 741 micro watersheds and 1270 villages himgedibout four lac beneficiary households inclgdianc-
less spread over three phases during -07. The overall Sujala watershed project cost is6RR8.73 crore, of
which Rs. 540.83 crore is financed by the World Ba®k 72.51 crore is borne by the government of &iatka
and Rs 64.38 crore contributed by the beneficidrms the watershed communities. This study air assess
the economic impact of Sujala watershed programrdeNam-Sujala watershed in Karnataka on groundwater
recharge, agricultural productivity, and equitydistribution of benefits among different classe$avfers.

2. REVIEW OF LITERATURE

Study on appraisal of watershed development prognahree agroclimatic regions of Maharashtra
conducted by Deshpande and Narayanamoorthy (198@pied that there was a definite improvemer
fodder, fuel and food availability. Watershed araith degraded and fragile natural resources would takeg |
gestation period to recover the natural losseglzen the incremental returns follow. Watershedsssueed ani
moderate rainfall zones perform better than thé&wnrainfall zones. Farmers hadequate understanding of
ongoing watershed activities and all farmers exgebsiseir satisfaction for extension support reai{i2eshpand
and Narayanamoorthy, 199!

Another study by John Kerr (2001) on watershed ptgedormance in India indicated that participa-
tory watershed projects are successful in protectpmer catchments to promote water harvesting hHisihias
come at the expense of landless farmers whosehoatdis are dependent on such ar
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3. METHODOLOGY

In this study the contribution or impact of Sujalatershed is quantified explicitly by comparing
economic performance with (i) n- sujala watershed program and (ii) non-watersheaksa® sample of 30
farmers each was drawn from Sujala watershec-Sujala watershed and non-watershed area, totaling 90
(Table A). The data were collected for two croppingrge2004 and 2005, of which 2004 was a drought
and 2005 was a normal ye

The purpose was to analyze the economic performafn8ajala watershed in normal as well as in
drought year. While the economic performance of vghied project in normal year is expected, perfocaan
drought year is crucial and hence the comparis@n ime. The prices of input and output have almoshbee
uniform for both these cropping years in the stadya. Recharge of groundwater is a crucial comparfe
watershed impacts. Therefore the impact omdas who possess irrigation wells farmers who don't
possess irrigation wells is also discerned along thighoverall impact of the watershed progr

TableA: Distribution of sample farmers in Sujala wakerd, No-Sujala watershed and Non-watershed Chitradurga
district, 20005

Sujala watershed Area -Sujala (DPAP) watershed area -Watershec

Sample village No. of sample Sample village No. of sample Sample village No. of

farmers farmers sample
farmers

Shivanekatt 7 Srirangapur: 12 Nagenahall 15

Sankainahat 10 Kalkere 18 Honnekere 15

Yalakappanahat 11

Chinnapure 2

Total 30 30 30

In this study the results for drought year are carag with that of normal year across Sujala, non-
Sujala and nc-watershed areas (using analysis of variance).diVédariver sub-watershed of Sujala water-
shed in Hosadurga taluk, one micro watershisdn8katte-1 with villages Shivanekatte, Sankainahatti,
Yalakappanahatti and Chinnapura were selected faile@tsudy. For the non-Sujala (DPAP) watershed in
Hosdurga taluk, Srirangapura and Kalkere were seldotecomparison with Sujala watershed to estimad
differential impact.Another sample of 30 farmersfiroon watershed area in villages Nagenahalli sonnekere
were selected for comparison all totaling 90 farnfiershis study

In order to measure the impact of water harvestimjgroundwater recharge with equity implications,
primary data were collected with structured-tested schedules both for the drought year 200d4A@5normal
rainfall year 200-06. Secondary data from the NGO as well as from Sajataorities have been collected
regarding expenditure on different activities ie thatershed (Table B) and thematic maps. Data weilgzau
using weighted averages, ratio measures, percerdaggsroportions. In order to estimate the impéectater-
shed program on irrigated and rainfed farms, fasmaee classified based on those possessing ioigatlls
and those not possessing iation wells (classified as rainfed).

4. BASIC OUTPUTS
4.1 Per Acre Expenditure of Watershed Program

An investment of Rs.216.84 lac was incurred on thal&(veda river bank) sub-watershed during
2002z-05 (Table B. Major portion was spent on soil and water consemgRs. 156.94 lac or 72.37%) followed
by drainage line treatment (Rs.35.33 lac or 16.2966¢stry (Rs.9.8 lakh or 4.51%), livestock (R$17lac or
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3.28%) and horticulture (Rs. 7.09 lac or 3.27%) damonstration (Rs. 0.57 lac). The total expenelitvas
Rs. 45.74 lac in Shivanekatte micro watershed trgdtie total area of 1028 acres. The amortizedprsacre
of treated area per year was R¥@7 considering the differential of different
structures and a social discount rate of 2%, aisdghncluded while calculating the net contriloatiof the
watershed program. Thus all expenditures crmp-crop and others on watershed program inctudhe
amortzed cost of watershed program are considered imga@table B).

Table B: Amortized cost of watershed treatment inronigatershed Shivanekatte in Veda river bank
sub-watershed, Chitradurga district, 2004-05

SI.No Particulars Expenditure (Rs.
1 Entry point activity 171806.0
2 Soil and water conservatic 2564663.0
3 Drainage line treatmel 529234.2
4 Forestry 31089.4
5 Horticulture 148761.0
6 Livestock 283850.0
7 Demonstratior 52800.0
8 Common land treatme 167484.9
9 Income generating activit 625000.0
10 Total expenditure (Rs 4574689.0
11 Area treated (he 415.7
12 Compouid cost 5576520.0
13 Total amortized cos 620814.6
14 Amortized cost per treatable area in hectares 1493.4
15 Amortized cost per acre of treated area per acrg 597.4

Small and marginal farmers formed 66% of the sarnmpfujala watershed, 53% in the non-Sujala
watershed (DPAP) and 67% of the sample-watershed area. Medium farmers formed 33% in tmeSwgala
watershedDPAP) 26% in Sujala watershed, 27% in the non-wateraheal Large farmers formed 13% of the
sample in No-Sujala watershed (DPAP), 6% in both Sujala watersimeidhon-watershed area. The number of
farm equipments was higher in the Sujala watershagpared to Non-watershed area. In the Sujala watershed,
the total number of bullock carts, tractors angjation pump sets in the sample were 11, 4 and h8e\n the
nor-Sujala watershed (DPAP) they were 10, 3 and 16 ragpbctin the non-watershed area, the total number
of bullock carts, tractors and irrigation pumpseése 17, 0 and 8, respective

Regarding the livestock of the sample farmerstaled number of local cows, crossbred cows and
she-buffaloes were 15, 13 and 22 in the Sujala watershedl1, 7 and 32 in non-Sujala watershed (DPAP),
while it was 9, 7 and 24 in n-watershed area respectively. In the Sujala waterdteetbtal number of oxen,
sheep, poultry and goat were 16, 225, 60 and 30namalr-Sujala watershed (DPAP) they were 20, 150, 37 and
40 while it was 24, 300, 28 and 45 in ~watershed area

4.2 Cropping Pattern

In drought year 2004, Ragi was grown in an area di5fcres in Sujala watershed, 52 acres in non-
Sujala and 49.75 acres in -watershed area, an formed 22.89% of gross cropeedia Sujala watershed and
27.45% in no-watershed area. Sunflower formed 13.16% of grogspe area in Sujala watershed while it
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formed 7.61% and 10.34% in non-Sujala watershed (DRAB)on-watershed area respectively. Sesamum
formed 9.79% of gross cropped area in-watershed area while it was 3.70 and 5.99 per ceBtjala
watershed and n~Sujala watershed (DPAP) respectively. Groundnut for6%cbf gross cropped area and it
was 2.84% and 0.55% non-Sujala watershed (DPAP) and non-watershed areectegdy. Green gram
contributed to 4.57% of gross cropped area ir-Sujala (DPAP) watershed and 3.17% in non-watershexd are
while it was not grown in Sujala watersh

In Rabi Jowar formed 1.39% of gross cropped area in Sujatarshed while it was 2.48% in non-
watershed area. To Rabicrops formed 2.77% of gross cropped area in Sujatarshed which is lower as
compared to 4.87% and 6.34% in -Sujala (DPAP) and non-watershed area.

Arecanut and coconut were major plantation cropajal& watershed and formed 8.41% and 30.72%
of gross cropped area and coconut formed 41.028C4 in nor-Sujala (DPAP) and 25.93% in non-watershed
area.

4.3 Cropping Pattern fully dependent on Rainfed Agriculture

The major rainfed crops in the area were ragi, gilauty sesamum, sunflower and jowaKiharif.
The proportion of gross cropped area under ragiosagparable in Sujala watershed (36.49%),-Sujala
watershed (34.72%) and r-watershed area (35.22%). Sunflower was the secorat crajp after Ragi and
formed 21% in Sujala watershed which is higher coegbém Noi-Sujala watershed (DPAP) (12.52%) and non-
watershed area (13.27%). Groundnut formed 9.57%oassgrropped area in Sujala wshed and was higher
compared to nc-Sujala watershed (DPAP) (4.67%) and non-watershed@gt6). The proportion of area
under Jowar was uniform across different groupsSugala (9.02%) and n-Sujala watershed (10.18%) and
nor-watershed area (9.91%). Green gram formed 7.5%osEgropped area in non-Sujala watershed and
4.07% in no-watershed area while it was not grown in Sujala wagetsh

4.4 Water shed Contribution to Groundwater Irrigation

Considering the crop pattern of sample farmers, gittundwater irrigation, in drought year, 2004 the
major share of gross irrigated area was by Cocontt %i.87% in Sujala watershed, 78.57% in- Sujala and
92.5% in no-watershed area. Arecanut formed 22.55%, while it veagrown in non-Sujala watershed (DPAP)
and nor-watershed area. Other crops which were grown undendvaater irrigation were sunflower, onion,
groundnut and chilli in nc-Sujala watershed (DPAP) and were not grown in Sujalanan-watershed area in
Rab. In summer, crops like brinjal (0.31%) groundriid8%) tomato (0.31%) leafy vegetables (1.24%) and
sunflower (1.24%) were cultivated in Sujala watershecdor-Sujala watershed (DPAP) Groundnut formed
3.06% of gross irrigated area, followed by cotto6.42%, and in on-watershed area, onion (7.5% of gross
irrigated area). Cropping pattern on those farmh gibundwater irrigation and rainfall in normal y@&05 was
almost the same as compared to the previous crgpiar drought year 200

5. RESULTSAND DISCUSSION

5.1 Economics of Crops

In drought year 2004, among rainfed crops, Suglmérs realized the highest net returns per acre;
129% higher net reruns in Ragi, 110% higher in gdmut, 207% higher in sesamum, 21% in sunflower, .
higher in gren gram and 26% in coconut as compared to non&wjtershed (DPAP) farmers while Sujala
watershed farmers realized 147% higher net returnagi, 288% in groundnut, 327% higher in sesaniiLéfp
higher in jowar, 211% higher in green gram and 8ghé in coconut compared to non-watershed area farmers.
However farmers of n-watershed area realized 30% higher net returngrifiaver from farmers in Sujala
watershed area in the cropping year 2(

Among the irrigated crops in drought year 2004 faswé Sujala watershed realized higher net returns
of 95% in coconut which was almost similar to -Sujala watershed (DPAP). However, Sujala watershed
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farmers realized lower net return per acre by 8graundnut. They realized 76% higher net returnsiconut
as compared to n-watershed farmers (Table 1).

In normal year 2005, among rainfed crops Sujalanshesl farmers realized 124% higher net return
per acre in Ragi, 4% higher in groundnut, 11%eisasnum, 23% higher in sunflower, 150% higher in joavat
31% higher in horse gram. Howe they realized 3% lower net returns in coconut aspared to non-Sujala
watershed (DPAP). They realized 189% higher in ra&&fp Bigher in Sesamum, 26% higher in jowar, €
higher in navane, 39% in horse gram and 4.56% ¢omat. However they realize19% lower in Groundnut as
compared to nc-watershed area (Table 2).

Among irrigated crops in normal year 2005, Sujalaensited farmers realized higher net return of 90%
in coconut as compared to - watershed; and 33% in coconut as compared to ng@aiaSvatershed (DPAP)
farmers. However they realized lower net return peg by 45% in groundnut. N-Sujala watershed (DPAP)
farmers realized net return per acre of Rs. 6,604 fcotton, which was not cultivated in Sujala watedshnc
nor-watershed area (Table 2).

5.2 Well Irrigation Benefits

It was observed that 11 farmers (37%) owned irrigatvells in Sujala watershed, 10 farmers (33%) in
nor-Sujala watershed (DPAP) and eight farmers (27%) mwatershed area.

The net irrigated area of sample farmers was higheon-Sujala watershed (DPAP) (57.5 acres) by
21% as compared to Sujala watershed (45.35 acrdgharsame was higher by 111% compared t-
watershed area. Gross irrigated area among samplerfawas higher in n-watershed area (96 acres, 13%)
as compared to Sujala watershed (83.45 acres, 1@8d4)orwatershed area (40 acres). However the gross
irrigated area per farm was lower in Sujala watergheg#l acres), lower by 23% as compared tc-Sujala
watershed (DPAI (6.0 acres) and 7% as compared to non-watershadafeacres).

Groundwater pumping per well in Sujala watershed wad858cre-inch, lower by 21% compared to
Non-Sujala watershed (DPAP) (69.94 acre inch) and highe&®26 when compared to non-watershed area (53
acre-inch). Net return per rupee of irrigation cost was 89 in Sujala watershed lower by 2% as compared to
Non-Sujala watershed (DPAP) (Rs. 3.98). It was higher.BY0las compared to non-watershed area (Table 3).
Amortized cost per wewas lower by 6.5% in Sujala watershed (Rs. 6,818)satinost the same in non-
watershed area (Rs. 6,856). However amortized codupetioning well in Sujala watershed (Rs. 9,470)"
lower by 5.5% as compared to I-Sujala watershed (DPAP) (Rs. 10,027) and lower by 48%ompared to
nor-watershed area (Rs. 11,140he annual externality cost was lower by 38% in Bujatershed (Rs. 2,654)
compared to Nc-watershed area (Rs. 4,285) and lower by 3% as ceuipamon-Sujala (DPAP) watershed
(Rs 2,735) (Table 3).

5.2.1 Irrigation benefit for farmers not possessimgyation wells but having water harvesting sttures

Out of 19 sample farmers, small and marginal farrtres acres) formed 89.5%; medium farmers (5
to 10 acres) formed 10.5% the total sample in Sujala watershed. Total exgarelper farm was higher for
medium farmers (Rs. 14,948) compared to small aadjimal farmers (Rs. 8,149). However, the total egf-
ture per acre of gross cropped area was highenfall and marinal farmers (Rs. 2,796) compared to medium
farmers (Rs. 1,708). Considering the net returmfrainfed crops, medium farmers realized highereteirns
per farm (Rs. 41,386) compared to small and marf@ammers (Rs. 7,948). The net return per adf gross
cropped area was higher for medium farmers (Rs 0} ,@@mpared to small and marginal farmers (Rs.7),
However, incremental net return per rupee of pubNestment is higher for small and marginal farn{Bs
2.52) compared to medium faers (Rs. 0.47). The overall net return per rupgaublic investment worked to
be Rs. 1.95 (Table 4

5.2.2 Distribution of benefits among land holdingssias

In Sujala watershed, small and marginal farmers éari7.3%, medium farmers formed 54.5% and
large farmers formed 18.2% of the farmersspssing irrigation wells and watershed strestuifota
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expenditure on Sujala watershed structures perihigher for large farms (Rs. 3, 02,221) compacesimall
and marginal farms (Rs. 9,596) and medium farms IB$50). However, expenditure per gross croppesl
is higher for small frms (Rs. 1,745) compared to medium farms (Rs. },d466 large farms (Rs. 836).

Table 4: Benefits accrued to sample Sujala farmetpossessing irrigation wells but having water asting

structures in Chitradurga district, normal year2

Sl. . Small and Medium
Particulars . Overall
No marginal farmers Farmers
1. | No. of farmers in each categc 17 2 19
2. | Size of holding per farm (acr 2.7 8.5 3.3
3. | No. of water harvest structures per fe 1.6 2.0 1.7
4. | Water harvest structures construc Earthen bund, Earthen bund Earthen Bund,
on the farn boulder outlet, boulder outlet boulder outlet,
boulder bund, boulder bund, boulder bund,
farm pond, strer- farm pond, farm pond,
thening of existing strengthening
bund, boulder of existing bund,
bund repair boulder bund repa
5. | Total expenditure on water harvi
structure on sample farms (F 138532 29895 168427
6. | Sujala Expenditure per farm (F 8149 14948 8865
7. | Sujala expenditure per water harv
structure (Rs 4948 7474 5263
8. | Sujala Expenditie per acre of gross
cropped area (Rt 2796 1708 2512
9. | Gross cropped area per farm (ac 2.91 8.75 3.53
10. [ Net return from rainfed crops per farm ( 7948 41386 11468
11.] Net return from rainfed crops per a
of Sujala Gross cropped area (RS) 2727 4730 3250
12.]Incremental net return per acre of gi
cropped area in Sujala over non-watershed
area (Rs) 7048 796 4907
13.| Net return per rupee of Suji
expenditure(12/8) (Rs) 2.52 0.47 1.95

Medium farms realized higher net return from irtiga per farm (Rs. 84,777) compared to large farms

(Rs. 65,156) and small and marginal farms (Rs.33),INet returns per acre of gross irrigated areahigieer
for medium firms (Rs. 6,280) compared to small and marginal éasr{Rs. 2,210) and medium farmers (Rs.
1,802). Considering the net return per rupee ofréimaal cost of irrigation, medium farmers realizeégher net
returns (Rs. 8.8) and were same for small ance farms (Rs 2.5). The net return from irrigatiom pgpee of
Sujala expenditure on watershed structure was highmedium farms (Rs.4.3) than small farms (Rs.arg)
large farms (Rs.2.2). Considering the incremengaketurn per rupee of expende on watershed structures,
medium farmers (Rs. 3.7) realized higher net rec@mpared to large farms (Rs. 2.6) and small arndjimel
farms (Rs. 1.5) (Table £
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Table 5: Benefits accrued to Sujala sample farpessessing irrigation wells and water harvestingaires in
Chitradurga district, normal year 20

Sl. Small and Mediun Large
No Particulars marginal | farmers farmers overall
farmers

1. Number  farmers in each category 3 6 2 11
2. Total number of well: 6 10 9 25
3. Number of functioning well 3 8 8 19
4. Number of non functioning wel 3 2 1 6
5. Size of holding per farm (acr 4.7 8.5 23.0 10.1
6. Number water harvesting structures per fi 1.7 2.2 3.0 2.2
7. Total expenditure on water harvest structure ( 28789 117898 60442 | 207129
8. Expenditureper farm (Rs.) 9596 | 19650 30221 18830
9. Expenditure per water harvest structure (I 5758 9069 10074 8630
10. | Expenditure per acre of gross cropped area 1745 1456 836 1220
11. | Gross cropped area per farm (ac 5.5 13.5 36.2 15.4
12. | Netreturns from irrigated crops per farm (F 12153 | 84777 65156 61403
13. | Netreturns from irrigated per acre of Gri

irrigated aea (Rs.) 2210 6280 1802 3978
14. | Net return per acre inch of groundwater (F 783 1504 215 681
15. | Netreturn per rupee of amortized groundwater-

ationcost (Rs.= NRs per Rupee of private investment) 2.5 8.8 2.5 5.4
16. | Net returns from irrigation per rupee of expenditoin

water harvesting structures (.) (=NRs per rupee of

public or Sujala investmen 1.3 4.3 2.2 3.3
17. | Netreturns from rainfed crops per farm (F 7201 34930 83582 36213
18. | Net returns from rainfed crops per acre of Gi

cropped area (Rs 1309 2587 2312 2346
19. | Incremental net returns per acre of gross croj

in Sujala over nc-watershed area (Rs.) 2640 5407 2159 3808
20. | Synergistic role of Sujala WDP (=-18) 1331 2820 -153 1462
21. | Net returns per rupee of expenditure or

watershed structure (Rs.) = (19/. 15 3.7 2.6 3.1

Note: Synergistic role of Sujala WDP = Incrementalneéurns per acre of gross cropped area ove-
watershed area (R« Net returns from rainfed crops per acre of graepped area (Rs.)
Net returns per rupee of expenditure on all watedsktructures: Incremental net returns per acre of gross
cropped area in Sujala over I-watershed area (Rs.) - Expenditure per acre okgnapped area in Sujala

(Rs.) NR: Net returns

5.3 Incremental Net Return due to Sujala Watershed in Drought Year, 2004

backdrop, the incremerl return in Sujala watershed has been positivelfersample farmers who do not
possess irrigation wells. However, barring the medammers, for all sample farmers possessing irrige

This analysis on incremental net return due to|8ujatershed pertains to a drought year. With this
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wells, the incremental net return per acre is negalihis is because, in Sujala watershed, arecarstitliin
establishment stage. Once arecanut crop beginsgethris difference would be positive. When the émeenta
net return is computed between Sujala watershed @mevatershed area, it turnst to be positive for sample
farmers possessing irrigation wells as well as fos¢twho are totally dependent on rainfall. Here toe
incremental returns are relatively higher farmers not possessing irrigation wells tHan farmers not
possessing irrigation wells. This reiterates thaal8uwvatershed program has contributed substanfiiifarn-
ers who are totally dependent on rainfall comparet thiose farmers who are dependent on irrigations.

(Table 6).

Table 6: Incemental net returns due to Sujala watershed over Slgjala watershed area and Non-watershed
area in Chitradurga District, drought year 2(

Sujala WDP over Sujala WDP over
Type of farm Non -Sujala (DPAP) WDP Non-watershed area
= Rs. 8375-Rs. 5689 = Rs. 2686 = Rs. 837:- Rs. 5309 = Rs. 3066
For sample For sample For sample For sample
farmers farmers not farmers farmers
possessing possessing possessing irrigation wells
irrigation wells irrigation wells not possessin irrigation wells
Small and marginal farme -3782 5863 3618 7714
Medium farmers 2184 7765 3461 6739
Large farmer: -1672 NA 1195 NA
Overall -65 7798 614 7354

Note: NA: There were no large farmers in the sampteossessing irrigation wel

Incremeital net return in Sujala over Non-Sujala watershe@treturn per acre from all sources in Sujala
minus that in No-Sujala watershed Incremental net return in Sujeda blon- watershed = net return per
acre from all sources in Sujala minus that in-watershed area

5.4 Net Return per Farm from Different Sourcesin Normal Year, 2005

Considering net returns per acre of net cropped @&lized from all the sources in normal year 2005
in Sujala watershed, small and marginal farmersrmaedium farners with irrigation wells realized higher return
of Rs. 8,693and Rs. 13,081 respectively as comparkge farmers (Rs. 7,536). Small and margiaghgrs
without irrigation wells realized a net return (R8,922) higher than medium farmers (Rs. 8). The overall
net return per acre of net cropped area for safapieers without irrigation wells (Rs. 12,203) was tagthan
that of sample farmers with irrigation wells (Rs.99)L(Table S, since Sujala program amply supported these
farmers throgh wage employment to a large extent and througbniecgenerating activity to some extent. The
wage employment was the single largest contributonifty 38% of the net return per farm here (Table

Those farmers not possessing irrigation wells in Matershed area in normal year 2005 are realizing
a net return of Rs. 6,094 per acre while those psgsgirrigation wells are realizing a net returrRsf 5,370
Farmers not possessing irrigation wells realized 52%eir income from wage employmt and livestock while
those possessing irrigation wells realized only I8%heir income from livestock and wage employmédihiey
realized the remaining 87% from agriculture andibolture (Table 9)

5.5 Incremental Net Return due to Sujala Watershed in Normal Year, 2005

The incremental net return due to Sujala watershe@ad rainfall year (normal year 2005) was positive
for the sample farmers who should not possess tiwigavells in comparison to n-Sujala watershed (DPAP).
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When the incremental net return was computed betBegia watershed and non-watershed area, it tutims to
positive for sample farmers possessing irrigatiotisngs well as for those who are totally dependentanfall.
Here too, the incremental returns were relativelhaigor farmers possessing irrigation wells (Rs.5, 326) than
for farmers not possessing irrigation wells (Rs56)0This reiterates that Sujala watershed prograsnchr-
tributed substantially for farmers who are totakgpdndent on rainfall as compared tose farmers who are
dependent on irrigation wells (Tablel

Table 10: Incremental net returns in Sujala watetgher No- Sujala (DPAP) watershed area and Non-water-
shed area in Chitradurga District, normal year, 2

Sujala WDP over Sujala WDP over
Non -Sujala (DPAP) WDP Non-watershed area
= Rs. 1074¢Rs. 8246 = Rs. 2500 = Rs. 1074¢Rs. 5779 = Rs. 4967
Type of farm sample sample sample sample
farmers farmers not farmers farmers
possessing possessing possessing irrigation wells
irrigation wells irrigation wells not possessin irrigation wells
Small and marginal farme -4745 4292 2785 7630
Medium farmers 5063 4020 7183 883
Large farmer: -3462 NA 3112 NA
Overall -361 6173 5056 5326

NA: There were no largarmers in the sample not possessing irrigation wells

5.6 Contribution of Watershed Program for Farmersnot Possessing Irrigation Wells

Farmers who are totally dependent on rainfall artcpnssessing irrigation wells form an important
class of benefiaries in a watershed program. They are far moresedgto the vagaries of weather and market
uncertainties. The contribution of Sujala waterspeajram for these farmers totally dependent orfalliis
thus a serious equity issue, since these farwith relatively low endowment, will have been benefited
most, compared with farmers who have irrigation wdllge contribution of Sujala and r-Sujala (DPAP)
watershed in a drought year (2004) as well as inmmalorainfall year (2005) for thesarmers was therefore
estimated using the net returns (as enunciatedliteI1).

The estimated contribution of watershed institigiand community participation in the drought year
(2004) as well as in normal rainfall yea©@3) for farmer:totally dependent on rainfed agriculture was
Rs. 7,798 and Rs. 6,173 respectively. The oveasiiribution of Sujala watershed program to farmetally
dependent was Rs. 7,354 in the drought year (208#HRa. 5,324 in the normal rainfall y¢(2005). Thus,
Sujala watershed program has greatly benefitedatimeers dependent on rainfe

In corroboration of these findings, the ANOVA performmdcomparing the net returns per acre for
farmers dependent on rainfall in a drought yea®f@s vell as in normal rainfall year (2005) in Sujala wate
shed, no-Sujala watershed and non-watershed were, indicagédhth net returns per acre from all sources for
farmers totally dependent on rainfall in Sujala wstted were significantly higher in those in non-Sujala
(DPAP) watershed and in n-watershed area. Thus, the contribution of Sujalemshed to farmers totally
dependent on rainfall is both statistically andremuically significant
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Table 11: Estimated contribution of Sujala waterstiegelopment program exclusively for farmers whaltpt
depend on rainfed agriculture (and not possessiiggiion wells) in Veda river bank in Chitradurgatriict,
2004-05 (Rs per acre)

. Drought Normal rainfall
SI.No Particulars year (3004) year (2005)
Contribution of (No-Sujala) DPAP Watershed program (= 4405- 4849) (= 524¢- 6094)
1 (= net returns in Non-Sujala WDP minus net returns in =-444 =-849
Non-watershed area)
Contribution of Watershed institutions and commy (=1220%- 4405) (=11418- 5245)
2 participation (= net returns in Sujala minus Netires in =7798 =6173
Non-Sujala WDP)
3 Contribution of Sujala Watershed (= net returns in Sujala (= 1220 4849) (=1141&6094)
minus Net returns in N watershed area)= (1) + (2) =7354 =5324

5.7 Contribution of Watershed Program for Farmers Possessing Irrigation Wells

Considering the contribution of watershed progranfdomers possessing irrigation wells, the results
indicated that the contrition of Non-Sujala (DPAP) watershed on the farmers ss&sg irrigation wells is Rs.
680 in a drought year (2004) while it rose to R413,in a normal rainfall year (2005). However, thie iaf

Sujala watershed institutions and community parditgnin watershed program is negative in 2004 and 2005
indicating that the institutions have to have difeg and better strategies exclusively for farnparssessin
irrigation wells. This does not mean that watershetitutions and community participan haven't performed
well. The watershed institutions and community pgoéittion in watershed program have done their lre
augmenting incomes of those depending totally oxfed farming. Their role in augmenting incomedtuise
having wells has - improve. Discerning the contribution of Sujala wakerd program, it is apparent that the
overall contribution of Sujala watershed progranfataners possessing irrigation wells is Rs. 614qoee in €
drought year (2004) and Rs. 5,056 per acre in al rainfall year. Thus, the contribution of Sujalatershed as
well as no-Sujala (DPAP) watershed is uniform for the farmerssgssing irrigation wells (Table12).

While considering whether the net returns per aaréarmers possessing irrigation wells in Sujala and
nor-Sujala watershed are different from that of thetimrarea through ANOVA, it was found that these net
returns per acre are not statistically significanifferent. However, this result is not true foe ttarmers totall
dependnt on rainfall as already discussed. Thus, whilectiv@ribution of Sujala watershed program is statist
cally significant for farmers not possessing irtiga wells, it is not statistically significant féarmers posse-

ing irrigation wells.

Table 12: Estimated contribution of Sujala watershecetigpment program exclusively for farmers who are
possessing irrigation wells in Veda river bank int@durga district, 20(-05 (Rs per acre)

. Drought Normal rainfall
SI.No Particulars year (2004) year (2005)
Contribution of (No-Sujala) DPAP Watershed program (= 661%- 5935) (=1078% 5370)
1 (= net returns in Non-Sujala WDP minus net returns in =680 =5417
Non-watershed area)
Contribution of Watershed institutions and commy (=654¢- 6615) (=10426- 10787)
2 participation (= net returns in Sujala minus Netires in =-66 =-361
Non-Sujala WDP)
3 Contribution of Sujal Watershed (= net returns in Sujala (= 654¢ 5935) (=10426-5370)
minus Net returns in N watershed area)= (1) + (2) =614 = 5056
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5.8 Overall Contribution of Watershed Program for Farmers Dependent on Rainfall as well as for
Farmers Possessing Irrigation Wells

Considering the overall contribution of r-Sujala (DPAP) watershed on farmers possessing ioigatells and
those not possessing irrigation wells was Rs. 38@gmrin a drought year (2004) and Rs. 2,467 peria@
normal rainfall year (2005). The contributions loé¢ {Sujala watershed institutions and the conity in a
drought year was Rs. 2686 per acre and in a goadwgesaRs. 2500 per acre. For farmers, the contdbugf
watershed institutions and the community was nog aniform irrespective of the ac-climatic conditions, but
also higher than theontributions of non-Sujala (DPAP) watershed prograab(@ 13).

Table 13: Estimated contribution of Sujala waterstiedelopment program in Veda riverbank in Chitraet
district, 20005 (Rs per acre)

SIN Particul Drought Normal rainfall
N0 articulars year (2004) year (2005)
Contribution of (No-Sujala) DPAP Watershed program (= 568¢ 5309) (= 8246¢5779)
1 (= net returns in Non-Sujala WDP minus net returns in =380 = 2467
Non-watershed area)
Contribution of Watershed institutions and commy (=8375-5689) (=1074¢-8246)
2 participation (= net returns in Sujala minus Netires in = 2686 = 2500
Non-Sujala WDP)
3 Contribution o Sujala Watershed (= net returns in Sujala (=8375-5309) (=1074¢5779)
minus Net returns in N watershed area)= (1) + (2) = 3066 = 4967

The contribution of Sujala watershed program in amab rainfall year (2005) was Rs. 4967/acre. This
is higher than the contribution of Sujala waterspexjram in a drought year (2004) (Rs. 3066/acreisT the
contiibutions of Sujala watershed program in both goatidnought years are higher than the contributidns o
Non-Sujala (DPAP) watershed as well as the contributiér®ugala watershed institutions and community
participation. Upon performing ANOVA, it w found that the net returns per acre from all sesiin Sujala
watershed is significantly different from that inn-watershed area in a drought year (2004) as wefi agyjpod
year (2005). Thus, the overall contribution of $apaatershed program farmers not possessing irrigation
wells as well as farmers possessing irrigation weliatistically significan

5.9 Contribution of Watershed Program for Farmers Possessing Irrigation Wells

The economic contribution in terms of incremen&t returns per acre, which is exclusive of income
from wage employment and which considers watersheenaliqure in (i) Sujala over n-watershed area (in
drought year, normal year) to be as contributioBwjfalla watershed is Rs. 1726, Rs. 3650; (ii)la over
nor-Sujala (DPAP) watershed to be equal to the contobuwif Sujala watershed institutions and community
participation is Rs. 1067, Rs. 898; (iii) N&@ujala (DPAP) over n-~watershed area, as contribution of
Non-Sujala or DPAP watershed was Rs. 133 and Rs. 2226inkticates the economic supremacy of Sujala
watershed program (Table ..

The economic contribution in terms of incrementt returns per acre without deducting watershed
expenditure, including wage income ir Sujala over non-watershed area in drought yeamaloyear was
Rs. 3066 and Rs. 4967 respectively; (ii) Sujalerowor-Sujala (DPAP) watershed is Rs. 2686 and Rs.250; (iii
Non Sujala (DPAP) over n-watershed area was Rs. 380 and Rs. 2467) (Table 15).

The economic contribution in terms of increment&t returns per acre after adding watershed expen-
diture, adding wage income in (i) Sujala over-watershed area (in drought year, normal year) i2R89 and
Rs. 4370; (ii) Sujala over n-Sujala (DPAP) watershed is Rs. 2089 and Rs. 1908N@n Sujala (DPAP) over
nor-watershed area was Rs. 146 and Rs. 1941 (Table 16).
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The economic contribution in terms of incrementt returns per acre excluding income from wage
employment, exusive of watershed expenditure in (i) Sujala over-n@atershed area (in drought year, normal
year) was Rs. 2323 and Rs. 4247; (ii) Sujala ove-Sujala (DPAP) watershed was Rs. 1664 and Rs. 1495;

(iii) Non Sujala (DPAP) over n-watershed area was Rs. 659, Rs. 2752 (Table 17).

Table 14: Estimated contribution of watershed dgualent program in Chitradurga district, 2-05
(Excluding income from wage employment and addingevehied expenditure) (Rs per ac

SI. No

Particulars

Drought year 200.

Normal year 200!

1

Contribution o (Non-Sujala) DPAP Watershed
program(= net returns in Non-Sujala WDP minus
net returns in Nc-watershed area)

(= 4877- 526- 4218) (3
=133

7505 - 526 - 4753)
= 2226

Contribution of Watershed institution anommunity (=64
participation (=net returns in Sujala minus NR:
Non-Sujala WDP)

41 - 597 - 4877) (=90
= 1067

00 - 597-7505)
= 898

Contribution of Sujala Watershed (= net return
Sujala minus Net returns in N-
watershed area)= (1) + (

(=6541- 597 -4218)
= 1726

=9000 - 597 -4753)
= 365(

Effect of rainfallon (Non-Sujala) Watershed program
=(contribution of NS watershed in normal year 2!
minus contribution of NS watershed in drou

year 2004

(=2226- 133) = 2093

Effect of rainfall on Watershed institution a
community participation (=contribution of watersk
institution and community participation in normal year
2005 minus contribution of watershed institution .
community participation in drought year 20(

(=898- 10

67) = -169

Effect of rainfall on Sujala Watersh

(= contribution of Sujala watershed in normal y
2005 minus corribution of Sujala watershed in
drought year 2004 is also equal to (4) +

(=3650- 1726) = 1924

Net contribution of non Sujala (DPAP) waterst

= 2226-2

093=Rs. 133

Net contribution of Sujala watersh

Rs. 365(- Rs. 1924 = Rs. 1726

738




Table 15: Contribution of Sujala watershed develaptmpeogram, in Veda river bank in Chitradurga distr
200405 (Without deducting watershed expenditure, Bgldvage income)

(Rs per acre)

Sl. No Particulars Drought year 200. Normal year 200:

1 Contribution of (Nor-Sujala) DPAP Watershed (= 5689- 5309) (= 8246-5779)
program= net returns in Non-Sujala or DPAP WDP =380 = 2467
minus net returns in N-watershed area)

2 Contribution of Watershed institution and commui (=8375-5689) (=1074¢-8246)
participation (=net returns in Sujala minus NR: = 2686 = 2500
Non-Sujala WDP)

3 Contribution of Sujala Watershed (= net retun (=8375-5309) (=107465779)
Sujala minus Net returns in N- watershed area) = 3066 = 4967
=(1)+(2)

4 Effect of rainfall on (No-Sujala or DPAP) Watershed
program = (contribution of NS watershed in nori
year minus contribution of NS watershec (72467- 380) = 2087
drought year

5 Effect of rainfall on Weershed institution and
community participation (=contribution of watersk
institution and community participation in norn (=250(- 2686) = -186
year minus contribution of watershed institution
and community participation in drought ye

6 Effective of rainfall on SujalWatershed
(= contribution of Sujala watershed in normal y
minus contribution of Sujala watershed in drou (74961~ 3066) = 1901
year, is also equal to (4) + (

7 Net contribution of non Sujala (DPAP) waterst = 2467-2087 = Rs.380

8 Net contribution of Sujala watersh (4967- 1901) = 3066
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Table 16: Estimated contribution of watershed, fugtins and rainfall in Veda river bank in Chitragardistrict,
2004-05 (after adding watershed expenditure, adding Wwageme) (Rs per acre).

Sl. No | Particular Drought year 200 Normal year 2005

1 Contribution of (no-Sujala) or DPAP Watershed (5689- 526-5309) [ (=8246-526 -5779)
program (= net returns in N-Sujala WDP minus =-146 =1941
net returns in Nc-watershed area)

2 Contribution of Watershed institution and commui (=837:-597-5689) (=1074¢597-8246)
participation (=net returns in Sujala minus NRs iml =2089 =1903
-Sujala or DPAP WDP)

3 Contribution of Sujala Watershed (= net return (=8375-597-5309) | (=1074¢597-5779)
Sujala minus Net returns in N- watershed = 2469 =4370
area)= (1) + (2

4 Effect of rainfall on (No-Sujala) Watershed program

I . . =[1941-(- 146)]
= (contribution of NS watershed in 2005 mir — 2087
contribution of NS watshed in 2004)

5 Effect of rainfall on Watershed institution a
community participation (=contribution of watersk
institution and community participation in 2005 g (= 1903- 2089)
contribution of watershed institution and commui =- 186
participation in 2004

6 Effect of rainfall on Sujala Watershed (= contribution
of sujala watershed in 2005 minus contributiol = 43_7(1);93‘1167)
sujala watershed in 2004 is also equal to (4) -

Note: 2004- drought year. 2005 - good rainfall year; Expendé in Sujala watershed programme = Rs 597

per acre Expenditure in Non-Sujala (DPAP) watershed programnis 526 per acre, ;
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Table 17: Estimated contribution of watershed dgwelent program in Chitradurga district, 2004-05
(Excluding income from wage employment and withowtwa#ing watershed expenditure) (Rs. per a

Sl. No Particulars Drought year 200. Normal year 200!

1 Contribution of No-Sujala (DPAP )Watershed (= 4877- 4218) (= 7505-4753)
program(= net returns in N-Sujala (DPAP) =659 =2752
WDP minus net returns in N-watershed area)

2 Contribution of Watersed institution and community (=6541-4877) (=900(-7505)
participation (=net returns in Sujala minus NR: = 1664 = 1495
Non-Sujala (DPAP) WDP)

3 Contribution of Sujala Watershed (= net return (=6541-4218) (=900(-4753)
Sujala minus Net returns in N- watershed area) =2323 = 4247
=)+ (2

4 Effect of rainfall on (No-Sujala) Watershed program

= (contribution of NS watershed in normal year 2

minus contribution of NS watershed in drought (=2752- 659) = 2093

year 2004

5 Effect of rainfall on Watershed institution a
community participation (=contribution of watersk
institution and commnity participation in normal
year 2005 minus contribution of watershed (71495 1664)= -169
institution and community participation in droug

year 2004

6 Effect of rainfall on Sujala Watersh
(= contribution of Sujala watershed in norr
year 2005 minus contribution Sujala watershed (=4241- 2323) = 1924

in drought year 2004 is also equal to (4) +

7 Net contribution of non Sujala (DPAP) waterst = 2752-2093 = 659

8 Net contribution of Sujala watersh (4247-1924) = 2323

The net return per acre is hypothesized to reflecjuintessence of farm efficiency in using the
resources and opportunities optimally. Considesimgll and meginal, medium and large farmers together, the
net return in Sujala is Rs. 10,426 per acre. Fallsamd marginal farmers, net return is Rs. 8,683 far
medium farmers, net return is Rs.13, 081. For L&éag®mers, net return is Rs 7,536 per acre. T are the
direct impacts of Sujala on farmers possessingation wells. For these farmers, 56% of the netneivas
obtained from the cultivation of crops or agricuétu22% from horticulture, and 9% from income gatiag
activities, 7% from liverock and 5% from wage employment.

5.10 Economic Impact on Rainfed Farmers

For farmers who are totally dependent on rainfafials, marginal and medium farmers together in
Sujala, the net return per acre was estimated Rsb&1418. For small and rginal farmers, the net return was
Rs. 12922 and medium farmers Rs.7199. Considentigrainfed and irrigated condition the overall regtirn
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per acre from all the sources was Rs. 10746. hoiechfarmers, 28% of the net returns were fromiaititon
of field crops, 3% from horticulture, 24% from Isteck, 8% from income generating activities and 38%n
wage income

Considering small and marginal, medium and largeéas with irrigation in non watershed area, the net
return per acre as Rs.5370 per acre, for small and marginal farmerseturn was Rs. 5908 and medium
farmers Rs.5898 and for large farmers it was Rs 4424de farmers realized 61% net returns from adrice
26% from horticulture and 13% from livestos

Considering small, marginal and medium farmers unaiefed conditions in non watershed area, the
net was Rs. 6094. For small and marginal farmersatetn was Rs. 5291 and medium farmers Rs.6316.
farmers realized 44% of the net returns from adtice, <% from horticulture, 22% from livestock and 33%
from wage employment. Considering both rainfed aridated condition the overall net return per gooen all
the sources was Rs. 57°

5.11 Economics of Groundwater Recharge

Economics of groundwater recharge for small and mar@armers is measured as the difference in the
net returns between farmers with irrigation wells ijaa and farmers with wells outside Sujala. Accorbjin
farmers with irrigation wells in Sujala realized a return ofRs. 10,426 while those outside the watershed
realized Rs. 5,370 per acre as net return. Thesywkrall contribution of groundwater recharge beeaaf
Sujala is Rs. 5,056 per acre, which is 94% highan tet returns outside the watershed. Thusrecharge
contribution of Sujala watershed through groundwegeharge was Rs. 5056 per acre to which agricul
horticulture and livestock contribute substantie

5.12 Assessment of Equity in Benefits

There is equity in distribution of benefits in Sajfor farmers possessing irrigation wells. Heredarg
farmers realized net returns of Rs. 7,536 perwabite small and marginal farmers realized net retfrRs.
8,693 and Rs. 13,081. Small and marginal farmenstéate around 80% in the ‘ala watershed and as they
realized 15% higher net return than large farmepsints towards equity in the distribution of bete

Under rained category, the net returns obtainedialland marginal farmers (Rs. 12,922) are 80%
higher than the rern obtained by medium farmers (Rs. 7, 199). Heiafed small and marginal farmers enjoy
two types of equity. First, the net return of snaaltl marginal farmers under rainfed condition (R5922) is
almost 50% higher than the net return of smal marginal farmers with irrigation (Rs. 8,693). Sedpotihe net
return of small and marginal farmers (Rs. 12,92®)aus rainfed is 80% higher than medium farmers
7,199).

5.13 Sustainability

The equity impacts of watershed program on raindechérs are largely owing to incremental wage
employment offered by Sujala which is contributiogt0% of net returns. Thus, after the Sujala ptag@ofed
farmers are deprived of wage employment, they wilkthis net return. Hence, incomes for far possess-
ing irrigation wells in Sujala will be more sustait@than farmers without irrigation wells. The rainfadmers
in Sujala received Rs. 7019 per acre while theatdd farmers in Sujala received Rs. 10,426, thi8% highel
than the nereturns realized by Sujala rainfed farmers. Thins,averall contribution of Sujala to groundwater
recharge is 48% on sustainable basis (Tables 112n

5.14 Estimation of Synergies

The economic benefit owing to synergistic rolesezhinical support by Sujala authorities, watershed
structures, NGOs, SHGs, waters sanghasarea group, executive committee and the particigdarmers
was estimated by deducting net return obtained m-Sujala watershed (DPAP) from the net return obtained
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Sujala watershed. This works out to Rs. 2500 per, adrieh forms 50% of the total contribution of Sajal
watershed. Thus, the synergistic benefits contriamtend 50%. The synergistic effect here was coneiptat
reflect the interaction efcts of technical support (Table 18).

5.15 Policy Implicationsfor Sustainability of Sujala

Considering the synergistic contribution of 50%he success of Sujala watershed program, the role
NGO improvement, peoples' participation and the peiyatperty rights for watershed structures, would con-
tinue to contribute towards the sustainability af 8ujala watershed program. Hence, the transact&trot
eracting watershed institution and evolving commupdrticipation needs to be either boby farmers them-
selves or subsidized in part or full by the goveeni Thus, Sujala pattern of watershed developmegram
holds promise for future Watershed Development @nogn the country and has potential for emulatioother
parts of Karneaka and India. While this paper was being writtereaaly the World Bank approved extension of
Sujala program to other five districts of Karnate

Table 18: Economic benefits due to synergistic aflsurface water bodies, in situ conservation ¢ and
institutional innovatior (Rs per Acre)

SI.No Particulars Contribution / Effects in 200
1. Contribution of (No-Sujala) DPAP Watershed program
_ . . . . (= 8246-5779)
(= net returns in Nc-Sujala WDP minus net returns in
= 2467
Non-watershed area)
2 Synergistic effect (=net returns in Sujala miNRs in Non- (=10746-8246)
Sujala WDP! = 2500
3 Contribution of Sujala Watershed (= net returnSijala (=.2467 + 2500)
minus Net returns in Nc«- watershed area)= (1) + (2) = 4967

The resus and findings along with objectives and methodolagysummarized in Table 19.
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6. SUMMARYAND CONCLUSION

In this study, economic impact of water harvesting groundwater recharging was analyzed in the
context of Sujala watershed equity anficiency in the distribution of benefits in Chitnadja district, Karnataka.
Field data for 20C-05 (drought year) and 2005-06 (normal year) frdhs8mple farmers in Sujala watershed
form the data base for the study. Another sampROdarmers from Nn-Sujala (or DPAP) watershed, and 30
from outside watershed area form the control. Fasmere further classified as: (i) those who had bk
irrigation; and (ii) those who had no borewell irtiga in order to assess the impact of waters

It was found that the amortized cost per functignirell and cost per acre inch of groundwater in
Sujala watershed is lower than that in -Sujala watershed and non-watershed area. The ecowcomtribution
in terms of incremental net returns per acre) Sujala over non-watershed area (in drought ysamal year)
as the contribution of Sujala watershed ase R26 and Rs. 3650; (ii) Sujala over -Sujala (DPAP)
watershed (as the contribution of Sujala watershstitiions) is R. 1067 and Rs. 898); (iii) Non Sujala
(DPAP) over no-watershed area (equal to contribution to Non-SigalaPAP watershed) is Rs. 133 and Rs.
2226. These indicate economic supremacy of Sujalersfeed progran

The incremental net returns of Sujala over non-vgatet area in drought year and in normal year
for farmers possessing irrigation wells were Rs. &id Rs. 5056 respectively; for farmers not possg:
irrigation wells is Rs. 7354 and Rs. 5326; for disses of farmers is Rs. 3066 and 4967 are the prima facie
indicators of economic contributions of Sujala wsltexd program. The negative externality per wellygar in
Sujala was Rs 2652, in N-Sujala watershed was Rs. 2735, and in non-watersbadas Rs. 4285. It shows
that thenegative externality in groundwater irrigation haduced by 38% in Sujala over non-watershed area.

Sujala watershed program had a higher expenditucerapared to non-sujala watershed. Still the B-C
ratios were higher in Sujala watershed during brought and normal year.
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