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TANK IRRIGATION IN SEMI-ARID TROPICAL INDIA
PART 11: TECHNICAL FEATURFES AND ECONOMIC PERFORMANCE

. M. von Oppen and K,y.,Sybba Pao’

I. INTRODUCTIOR

" Small water reservoirs behind earthen dams are called tanks in India. Tanks
a@ply many villages with drinking water, but their primary purpose is to pro-
vide water for irrigation. Tank irrigation is an old, established practice

in most of the svemi-av.rid“ tropical parts of India. Here the monsoon rains fall
" erratically during a few months in the year, and irrigation tenks serve to
atoré and regulate the flow of water for agriculturai ﬁae. * In tHe southern
states .of Indiea this water is used primarily for the production of rice.

The present study was underf.aken to gainv a better unde:standing of the
historical and institutional influences, the econamic forces, and the technical .
conditions that have 1ntgra.c:ted to bring about tank irrigation in 1lndie as it
is §ractised todsy. An understanding of these forces will be valuable to
ICRISAT in its efforts to improve the water /soil management systems in the
semi-arid tropics of the world, which 16 ohe of its mandates.

. The study is presented in three parts. The first part .gives a brief
review of historical records docmenfing the developmént of tank irrigation
~ over fime, and discusses the relstionship of population density and physical .'
.fal.t.:toi's to the development of tank irrigation (see von Oppen and Subba Rao
19808). The second part (presented here) is an attempt to determine the

economic performance of irrigation wanks. The third part (von Oppen and

+ Economist and Research Technician, respectively, in the Economics Program
of th¢ International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT), ICRISAT Patancheru Post Office, Andhra Pradeqh 502 324, India.



Suhba- Rao ‘1980a.)' discusses the drawbacks in terms of instability and low
water use efficiency of'tanlif‘irrigaticn‘ as it is graetised today. Suggestions |
are made for imprcvements through better water control and reorganization of
tank management. An epproach for judging the possibilities and limitations of
transferring India's\tank technology to other places in the BAT is proposed.

1T. TECHNICAL FEATURES DETERMINING ECONOMIC PERFORMANCE
OF IRRIGATION TANKS

The analysis presanted in Part I of this study of the regional distribution

| of tank density in India documents the importance of environmental conditions
and population density in determining the existence or absence of irrigation
tanks in different regions over time. Similarly, individual ‘irrigation tanks
differ in their economic performance because locel environmental conditions
favor one site over another and thereby predetermine the technical details of
e tank's constructicn._ An understanding of some of the technical aspects

" of tank construction is required i’or understanding the apnroach of the econo-
mic analysis; this is necessary because some gaps in the data base on some
aspects compel us to generate synthetically some of the required information.
'l‘able 1 gives a stmary of the various data sets avsilable on individual
tanks and the type of analysis for which they vere used.

. The 1argest set (No. 1) with ’45 tanks provides information to show the
relationship betveen tank sizes measured in different ways to settled command
eres and bund lemgth. | )

Another set (l‘!o. h) of 16 tenks contains data on the costs of cons-
truction together vith settled commeng, area and length of bmd.

- ﬁ‘inall;r, two sets (Nos. 2 and 3) of 32 tanks together have 'been ,.



Tabie 1. Jinformstion avaiiabie from ¢ifferent dats sats on irrigation tenks .
: Datza Sets
-+
Infoermaticn T 5 3 5
Rurber of tanks 45 28 b 16
uc*catlon (District, State) Anantapur, AP Medak, AP Akole, Meha- Cuddapsh, AP
Mahbutnagaer, AP rashtra Anantspur, AP
Anantapur, AP s Kiurnool, AP
Kurnool, AF Medalk, AP
Snclapur, Maha- Mehba bnaga.. AP
rashtra .
Va.rlab4\
_.'Subme*'ged area * - - -
Storag,e ca.pac_lty * - - -
Length of buni » # * *
Settled cammand erea * b * *
Bainfall & command ares - A - -
utilization
Costs - - - =
Benefits - * * -
Size distribution - ¥ * -
'.;Cropplng patterns - * * -
Source “of inzormation Pwpe, InCh TCRISAT survey TCRICAT TCRISAT
S o ~ survey survey

’ .Lndl"' ates information: 'availa.ble

Ind:.cates information not avanable

a.
b.

Public Works Department

Irrigat;on Development Corporation .



compiled from own surveys to assess farmers' benefits due to jrrigation from.
tanks, for which again settled command area snd -length of bund are the only
technical date known. |

Thus the three data sets are overlapping in the information on two
varisbles, i.e., settled command area" and "length of bund" for each tank.

Fortunately, es shell be shown below, these two variables contain
g-fficient information because of their measurable relationships to other
variebles. Most importently, they are significantly related to various types
of construction costs so that on the basis of "length of bund" and "settled
command area" an estimate of the cost of an irrigation tank can be synthesized.

It is the objective of this chapter to explore the relati~nships bet-
ween length of bund and gettled command aren; tank size and utilization of
rainfall; and other variables. With the help of these relationships the
three sets Qf.data on irrigation tanks can be used for econqmic.analysis.

A Length of Bund and Size of Command Area

An irrigation tank is a water reservoir behind an earthen dem constructed
neross the slope of a valley to catch and store running rainwater for the
purpose of irrigating agricultural land.

The dam or bund that holds the water varies in size and shape
‘according to the topograpny of the valley. As the bund constitutes a major
“part of the costs of an irrigation tank system, it is 1mportant that the
‘bund be built in a location and with a shape such as to safely hold a maximum

of water with a minimm of earthworks required.

The steeper a valiej, the cheaper can vunds be built. Across a nerrov .

"gofge between two rocks or hillocks & relatively ghort end tall bund can be



'built in a straight line, or if very tall e convex line, to hold a certa.in
amount of water; this type of tank could be called a gorge-valley tank. 1
On the other hand, where the topography is such that elevetions are low and
slopes are less steep, a long and not very high bund would be built in a
concave line to hold the same amount of water; this type of tank could be
celled & flood-plain tenk.’

Thus the éame amount of water to irrigate the same sammand area can
‘be stored either behind a short (end tall) bund or behind & long (and low)
bund. Since length of bund and cameand area are the only two technical
variables on vhich we have information for all ta.nks (including those for
which we waut to derive the benerit/cost analysis) it is ithporté,nt that we
exemine the nature (and costs) of tanks in view of their relationship té
length of bund end commsnd area. As Figure 1 shovs, the length of bund
per unit of settled command ares decreases 8s tank size increeses, i.e.,
lérger tanks gengrally have taller bunds. |

Figure iwas pvlott'edvus:lng 'data of all three sets of tanks; as
statistical analysis confirms, all three gets show the seme relationships,’
‘thus indicating thet the data sets are homogeneous in this respect.

This provides the basis for ue to assume that certain relationéhips
observed between specified variables within cne date get would also hold
frﬁe. Por these variebles within enother data sct. These reletionships are |

presented in the following séctipn.

1. Nomenclature suggested by Mr. T. Hanumanthe Reo



" Figure 1. RELATIONSHIP BETWEEN TANK SIZE AND LENGTH OF BUND PER UNIT Of -
30+ SETTLED COMMAND AREA "
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B Other Measures of Tank Size

The emount of water stored and the number of f£illings a tonk generally gets
during phe rainy season sre the major determinants of the aree that can be
irrigated from it. The size of & tank is generslly expressed by its irriga-
ted area, the so-called "command aren.” At tke time of construction (or
rehab;litation) engineers determine the command area on the basis of expected
runoff and storage capacity of the tank. This "settled command ares" is
generélly reported and it serves as & measure in official staxistigs to
classify tenks according to size.

The storsge capacity of a tank per unit of "settled" command area is
more or less constant across averages of different sizes (see Teble 2,
column 8) and on an average it amounts to 1.5 meters of water. Héwevér,
_within size groups this measure varies between_.35 to 2.9 meters according
to the variations in number'of fillingg,ﬂamount of runoff, etc.

If for a paddy crop, 1.5 meters of water ere required for oneicrop
the average tank requires just about one filling, plus the emount: of 1nf1qﬁ.
required to off-set losses of pe;colation and (negligible) losses of‘
evaporgxion during the rainy scason. For a second crop, & second filling
preferably towards the end of the rainy season is needed. After the .
rains are over no additionel inflows can be expected to off-setl the consi-
derable losses of percolation and especially evaporation. Theréfore,
even a full tank at the end of the rainy season will not bve sufficient
to irrigate the full comand aréa but only a pértion corresponding to the

amount not lost.



For instance, _loss_es"of an ave'raftle"of"j 'nm;z a dey over 120 da&s of
froydng seeson would imply that a.pproii.mateiy about 60 cm or 140’i of the
tored water would be lost so that the remaining quentity would be Jjust
ufficient to irrigate a 1itt1e more than half the command area in the '~
econd season. Th:ls in fact, is the assumption made by the Public Works
bepartment in the design of small-scale irrigation works. ‘As we shall see |
n the following gsection, the utilization of the comnand area varies but
ls generally considersbly below 150% | |

| Another economically 1mporba.ntA measure related to tank size is the |
submerged area, i.e., the area tha.t i3 covered with wa.ter when the tank 13'
full. The value of the submerged arpa 1s & factor in the costs of tenk
construction. |

As can be seen from Table 2, column 5, the ratié of settled commend.
ares per unit of submerged erea increases w:lth.increases in tenk size.'_
This sh_ows_tha.t iarger tanks with taller bunds are generally stori_ng more
water per uhit of submerge& area. I For our sample in the group of small .
tenks (below 100 acres) this rétio is 9, for laxge tanks above 1000 acres
it is 1.5; the average ratio for all tanks studied is 1.2. in thé larger
tanks the coma.nd grea mey go up to ‘t':hrée or four t:lnies the submerged -arvea
but in emaller tonks bhe retio rarely exceeds two. On the other hand, -An
the sample for all size groups the commend area mey £211 as low as‘ half.the
submerged ares, but not beiow that._l |

¢ Ubilizetion of Tank Commond Area’

The settled command 'area is determined on the besis of engineering date;. -

2. Assumi_hg a command area of about cne to two times the submerged ares. °



- Pable 2. Technical relationships of different tark siges {(averages for ﬁanks)

 8igze of Tanks Ho.of B8e tled Cqmand IFSutmerged Storege ca- Length of : - , o
(in Acres) Tanks < Ares (SCA) in Area (SMA) rpacity (STC) bund in VSCA/SMA STC/SMA LBISCA _S‘I‘C/SCA

scres ir. acres in miltion feet
cublc feet

Above 1000 9 196k 1545 33 | 11330 1.46  0.24k 6.8  0.204
 Between 500~ -8 . T 786  1ihb B 6177 1.29 o.2a& 9.2 - 0.201
‘etweem 200- 13 318 316 ss.s 3906 1.2s 0.8 128 - 0385
7 se0 ’ S o -

Between 100- s . 150 . 197 325 2593 -, 0.95  0.162 7.7 - 0.299

w10 - -6 w8 | 125 108 0.90 0.akh - 29.1 0.173

A1l Terks us o651  se1 .. 1324 - 5266 ‘3.2 0.192 1ba 0.395
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bhus it reflects the Judgment of the engineers ‘at the time of complzation of
the work about water inflows, storage capacities losses, etc. Howerer, in
sases where it later turns out that the runoff from the catchment is more
than anticipated, that the water losses are less than estimated, and that

the pattern of water ‘use is more efficient than originally assumed, the '
"gettied command area" will be less than the "area actually irrigated." In
that'case either a 1arger area oan be'irrigated:by expanding the canal system
or the area under a second crop will be. larger than assumed, or both.

In the'opposite case of an overQestimated gettled command area, the
reverse will be true; Where siltation £ills up the tank bed and thus
reduces the storage capacity of the taak, the aree actually irrigated may
gradually drop even below the settled command ares.

For the econamic analysis the area actually jrrigated -- the degree
to which the settled command area is being used -- is the relevant measure
upon which we must base our calculations of economic performancebrather than
the settled commend area.

Consequently, it is important to investigate factors affecting the
utilization of the command area, particularly rainfall, local conditions,
‘and tenk-specific informetion.

For meny tenks the information on srea actually irrigated rrom a‘
particuler tank is not aveilable for every year, esoecially not for years
earlier than 10 years ago, because in many taluka headquarters such recordsA
normelly are no* kept for more than 10 years. |

For en economic eveluation, a time series of the area actually irri-

gated for about 20 years without gaps is preferable. This estimate can.be.‘
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steblished vith the help of en explenatory model, expressing ﬁtiiization'-
1s'a function of rainfall, loeal conditions (soils, slopee, topography)
and}tank-specific infermatien. By inserting data on rainfail an estiﬁate
aan be made of the approximately irrigated area. |

The deta for this analysis comprise 10 years of rainfall observatione.v
They were collected as part of the survey of 28 tanks (set 2 in Table 1).
The estimation model used wns as folloﬁs:

2

AI/SC a + b, RN - RN~ + ciDi

_ 1 2
where AI/SC =.the utilization ratio of area actually irrigated over settled'
command area, RN = annual rainfall Di = are dummy variables to represent
locel and tank specific conéitions at tank 1 and a, bl, b2 and ¢y are esti-

ﬁation coefficients. The estimation was done-separately on data from:

a. two sets of five tanks each in Medak and Mahbubnagar
districts,

b. five tanks in Anantepur /Kurn ‘ol districts,

c. three tanks in Sholapur district,

d. eighteen tenks from all the above districts.

The estimated coefficients are tebulated in Table 3 The results -
ehow that in Medak/Mahbubnegar and also in Sholapur districts rainfell
significantly determines the percentage utilization of the command area.
The higher the rainfall, the higher the perceptage of settled command.areau
actually irrigated; however the increasé is non-linear and follows a |
decreesing rate (see also Fig. 2). The high t-values on most of the
dummy variebles in all equations show the significance of the impact of

16cal and tenk-specific conditions on utilization of settled commend area.
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The coefficient of the dummy varisble on & partiéular tank gives the
amount by vhich the utilization of this tank deviates from the average (1.e.,
frm the intercept plus the coefficient of the leftout duw) In order to
extrapolate, with the help of these coefficients, the settled command area
utilization for those years for which data on rainfall only are available,
the following procedure was used:

Insert values of meen rainfall into the estimated equation and compute
unadjusted percent utilization. Then for every individual tank take difference
between "sctual mean utilization" for pest 10 years and "unadjusted percent
utilization" over past 10 years to esteblish adjustment coefficient for this
tank. This adjustment coefficient is then used to adjust annual estimates of
utilization percentege for those years for which the date are not available.

In this way, from time series data of 10 years of actual a.réas 1rf’iga—
ted ancther 10 years of estimeted ereas irrigated could be created for all 28
tanks. These 20 years time series are needed to derive the benefit streams
of tank irrigation. We are now in o positicn to prepare a comparison of bene-
fits and costs of tank 1rrigation.

III. ECONOMICS OF TANK IRRIGATION

A Methodology and Data Sources

As shovn in Teble 1 and explained above the date for establishing the
benefit/cost esnalysis of tank irrigation gystems had to be gathered from
different sources.

| Information on presenf construction costs of tanks in Andhra Pradesh

was available from the Public Works Department (PWD), Minor Irrigation in



L)

'Byderdbad.B These cosﬁ figures on a total of 16 tenks constructed during

1974-76 could;be used to derive estimntea;on the relationships between length
of bund, command area end different types of coéts. By measuring these
relationships, a basis wes prévided for pynthesizing the costs of construction
of 32 tenks surveyed to meesure irrigation benefits; this approach 1s presented
below in subsectien C.

The cholce of the 16 tanks was precluded by their availabilify; we
nave to essume that they are representative of tenks elsewvhere. As shown
in Figure 3, they are located in generally the same areas as most of the 28
tanks surveyed in Medak, Mahbubnagar, Anantapur, and Kurnool districts.
However, it is possible that a tank built now will be located at a less
favorable site than another tank built, say, 70 years ago when far fewer
tanks existed, because the better sites are likely to have been teken first.
To the extent that this is true, our cost estimates derived from tanks located
in relatively unfavoreble places would tend to over-estimate the cost compo-
nent of tenk irrigation and thus provide a conservative benefit/cost ratio.

To obtain information on utilization of irrigation tanks and benefits
of tank irrigation, a survey ves car:ied out in 32 tanks (for their location,
see Fig. 3). These tanks were pufposely gelected in order to have: (1) onme
or two tanks within a 15 km rodius of & taluke raingauge; (2) technical dé@g
and revenue records available at teluke heandquerters; (3) tanks that supplied
water at least one seaaon.during the study year; (4) tanks outside the

{mmediate vicinity of a lerge township, so that the environment is represen-

3.> Through kind cooperation of Mr. T. Hanumantha Reo, Superintending Engi-
neer, Andhra Pradesh State Irrigation Development Corporsation (ApsIDC),
7-1-46, Begumpet, Hyderabed 500 n16, A.P., India.
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tatifeifor fufal conditione,’i.e., limited market access, villagelwage ratee,'
ete. | | |

The approach teken (as descrited-in subsectiono‘B todD) 1s: (1) to compute
fbenefit datakfor the 32 tanks.for vwhich primary farm survey date have been

obtained; (2) to synthesize the cost data for those tanks; (3) to calculate
| internei rates of return and benefit/cost ratios for the 32 teanks.

The comparison of costs and tenefits of tank irrigation follows &
scheme presented in Teble 4. Thus, an attempt will be mede to estimate the
financial ieturns to farmers, rinancial ieturns to the "project authority”,
and economic returns to the notion. Teble b elso'showe the data aveilability.

To the degree that there are data gaps, the analyses remein inconm-
plete; however, these gaps are only of minor order and. can be compensated for
by sultebly qualifying the resulta. - |

The "project authority" is & hypothetical body introduced here in
order to assess what vould be the benefits end costs in caee ‘a private
corporation undertcok tank irrigotion on a commercial basis. As slall be

seen 1ater, there nmey be & case for actually creating such & body. However,
at this stage, this is not our concern.

Benefits of tank irrigation were calculated on the basis of informa-
'tion collected from farmers on returns from crops with tank irrigation
versus returns from crops without irrigation (rainfed crops) In addition,
~secondary information vas coilected on water charges, command area utiliza-
tion, rainfall, etc. |

~1. Selection of farmers

A list of beneficiariee under the command area of the selected tank with



‘Teble k4. - Comparisons .of fnpx,ietijt.ig..ap
- erent participants o
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d costs of '1ri‘1¢étion'.tanks' aceruing to. diff~

Comparison

Pax't.i‘cipanta Benefits Costs Criterie
~I. Farmer 1.Private net returns. 1 .Irrigation charges®® Finencial
' at villages prices due 2.,0bligaticns to con- - cost foenefit
to irrigation*®’ tritute 3labvorf ratio
2.Increase in land 3, Uncertainty of vater
value®# availability® '
3.Reduction in Risk* o
1. Project 1.Irrigation fees®* 1.land acquisition®® Financial
Authority | 2.Income from fish- 2.Construction*® cost/benefit
eries, brick ma.king’v 3 Maintenance®® ratio
L. Weter fee collection? '
, : NP R :
III. Nation 1.Additional production 1.0ppartunity cost of - "Beonoric.,
C : at average prices®? capital invested internal
2 .Additicnel employ- (Intereat)® rate of:
mant*® ' 2,8ubmerged land® return
3 .8afety in food - '
- production®
Y ,Higher wvater teblef
5.1less 201l erosicn

®indicates informstion
*04ndicates survey dat
#indicates data or information

are not available

fram other sources is svailable
a are available ‘
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thelr respective holding was obtained from the patwari (village record
keeper). In some cases where the commend eree had not been regularly
cultivated, a list of cultivators who got water during 197&-75 was prepnred.v
Those farmers who owned less thnn 1 acre of lend were omitted: if somebody
owns & very small irrigated nrea, it ‘often is the onry lard that person
‘may possess.L' Our study aimed at compering the returns from irrigated
versus unirrigated land cultivated by the some fermers, so that the sample
was drawn‘fran farmers with irrigated areas above 1 ncre; elght farmers
were selected at random from the remaining list for detailed investigation.
If e farmer was not aVaiiable, thc néxt farmer on the list was selected.

2. Method of data collection

Primary dats from the respondents on cropping activities, land utilization,.
input—outputc, etc., were collected on a recall basis through personal
interview with the help of a pretested structured schedule. SecondarY'data:
on reinfall, command area utilizaticn, ete., were obtained from the frri-
gation and revenue departments. |

The data obtained from farmers included: land'utilization, croppiog
’pattern, input-output information on crops,‘prices, weges and land velues.
These data were used for calculating farmer net income from tankfirrigated,
well-irrigated end rainfed crops.

The date obtained from secoudary sources included: daily rainfall

~ for last 10 years for thz selected 1 .luks, water levels_dnd actual area

irrigated from tanks, cropping pattern of the viliagc, land revenue rates

4. For information on size distrivution of forms in our selected tanks;
gee Appendix II.
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and irrigation charges.collected and details on thé pfactices-of the wﬁtér.;
distribution system. These date together with farmer benefits were used in
Atan bepnefit calculetions. Unfortunately, we could not get fpr the Akola :
tanks all the data required since neither patwari nor ﬁhe offiéials at PVD
there had képt the neceséary records. All the selected tanks are PWD surfacg
- storage tanks sbove 100 acres of ccmmend area under'gravity flow irrigation.
| Appendix i gives the list of'viliages in wﬁich:tanks were surveyed.

B Benefits of Tunk Irrigation

The benefits of tank irrigation will be elaborated at the levels of (1)
fermers, (2) project authority and (3) state and nation. '

1. Benefits to farmers

o) Financial benefits due to irrigation

, In computing the financiel venefits to farmers, the net returns dueité
irrigation were derivéd by computing diffgrences betvéen net returns from
tank irrigated lend and weighted average ﬁet returns from all rainfed crops.
This_méthodallows minimizing fhe "diffefences-in-farmer-effect" as the same
farmers were reporting'on their irrigated as well as rainfed land. The
procedﬁre requires the following steps: |

° Collect input-output date cn all crops, for all tank
irrigated and rainfed crcps. :

“e Compute gros¢ returns from all tank irrigated p16ts
by adding mein product value plus by-product value
at village prices.

. Compute variable ccsts of cultivation per plot inclu-
ding costs of human labor, bullock lebor for all ope-
rations, seed, cuemical fertilizers and farm yard me~:
nure, insecticides and pesticides, custom charges and
irrigation fees.
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« .. Compute net returns for plots by subtracting total
vyariable costs from gross returns for all plots.

'_f“ The sum of all returns on ell irrigated plots, di-
: vided by the sum of all irrigated plot sizes, gives
the weighted average net returns from tenk irrigation
per tank.
«  TFollowing steps 2 to 5 for all rainfed plots, the
weighted averange net retwns from unirrigated land
are computed. :
o  Farmers' net benefits due to tenk irrigetion are
obtained es the difference between weighted net
returns from tank irrigated crops and weighted net
returns from unirrigeted crops.
. The same procedure can be repeated for a compari-
gon of the economics of tanks across regions within
a country, but average prices and costs should be
used instead of village prices and costs. '
' The results of these calculations are presented in Table 5,
colums 13 and 14. It is seen that at villege prices, tank irrigation
produced average net benefits of Rs. 330 per acre for ten tanks studied in
. Medak district, of Rs. 380 per acre for ten tenks studied ih Mshbubnegar
district, and Rs.265 per acre for five tanks studied in.Anantapur/Khrnool '
aistricts. For three out of 4 tanks in Akola district, there were no N
benefits due to tank irrigation, while in Sholapur district the three tanks'
studied averaged a benefit of Rs. 290 per acre. Thus at village prices,
 tanks in Telengana and Rayalseema are highly beneficisl to fermers and
benefits there are more than in tanks in Anentapur /Kurnool.
However, the Sholapur tanxs produced higher benefits at villege prices
than did the Apantapur/Kurnool tanks. The picture changey somewhat if

average prices insteed of villege prices are used to compute the farmers'

benefits. In that case the average tanks in Telenganse, and Rayalseema
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sble '5. Faimar's privete/direct bencfits, cosis and benefit-cost ratiocs (Ra/acre) in selected tanks of selected districts in India
B ' Increase in Land Benefits Costs :
Bettled : _Jet_Retumns ¥alue Wet benefit Wet bemefit One eeason Benafit-Cost
Taok code command At _vill rices At _average prices Lend-value ..., dus to tank due to tank ' irrig. fee AL =
N ares Tank Ruin- Tank Rain- (C) {Bs.fécre) T irrig. st irrig. st per ecre vild ave
{Acres) irrig. fed (¥) 4irrig. fea (T) Tamk Esin- (9] vill.prices .av. prices excl. dry m": Pﬂ?::
' irrig. fed (10) (Rs) (Rs) assessment ace ?
{1} (2) {3) (x) {s) (6) {n (8) (9) (20) (1) (12) (13) (1k) (15) (16).
AA 363 241 -19 2u1 ko9 42 ko9 5400 1183 b, 260 k51 16.5 15.8  27.3
AR 1719 206 186 1.11 3% 186 2.12 6175 2010 3.07 20 208 12.5 1.6 16.6
BA k65 . 309 225 1.37T 559 26k 2.12 5340 1500 3.56 8% 295 1k4.5 z._s 20.3
BB 161 5k6 61 8.95 794 113 7.03  S5Te0 1670 3.43 k85 681 1k.1 -3k 8.3
ca Log 328 62 5.29 527 60 8.78 k200 1320 3.20 266 467 16.0 16.6 29.2
ch 257 650 1 650 82h 9 91.5 8500 1750 .90 649 816 15.0 . 6.3 58.3
DA 307 k96 189 2.62 59 212 2.78  hT50 koo 3.k0 307 318 13.3 - 23.1  28.h
Dp 2h2 8o 207 4.06 922 228 h.ob  W3T5 1350 3.20 633 694 15.8 - kol k3.9
EA 223 329 5 1,00 L2 . 332 1.2b 5000 . 20h0 2.05 5 8o 1h.b 0.3 5.6
" 163 174 iy 4,55 832 160 - 5.20 5250 2050 2.56 604 . 6T2 13.0 %6.5 51.7
WEDAY. ke 4712 141 3.35 626 1h2 4. b0 5h81 1628  3.37 331 NTh 1k.h 25.0 32.0
FA 102 121 2713 2.68 T3T 228 3.29 kh1T 1667 2.65 348 513 1.9 30.1 3h.b
GA 290 960 329 2.92 953 276 3.hS 5215 2125 2.L5 631 677 1h.7 k2.9 k6.0
CE 398 657 134 h.90 598 110 5.k 5500 2050 2.68 523 %87 16.3 2.1 2.9
HA 136 531 %0 3.79 609 ss  11.7 1330 1820 2.38 391 55k 12.2 32.0 hS5.k
KR 107 " 550 103 5.3t 56T 79 T.18 3832 1T 2.2k k47 A88 13.0 3.4 37.5
Sh . 103 705 s2  13.6 BBk 57 1.55 5125 2025 2.53 653 826 13.9 37.0 63.5
X 1ko 268 11 1.48 285 165 1.73 5165 1670 2.%9 67 . 119 11.5 5.8 10.3
B 161 - 380 102 3.73 506 103 bL.91 w420 1870 2.36 o k03 1h.5 19.2 21.8
© LA 1k 32k 80 u.05 hSh 99 k.59 hooo 1875 2.iJ an 355 : 11.8 20.7 30.1
153 b7 325 174 1.87 620 183  3.39 4060 1720 2.3% 151 537 10.9 14.8 N1
" MARRYEBAGAR 233 536 153 3.50 621 135 k.60 k506 1854 2.13 383 486 13.% .28.6 %%6.3
n - 12 587 307 1.91 691 336 2.06 9500 2000 L.75 280 355 16.8 16.7 21.1
XA 921 409 163 2.51 622 193 3.22 5000 1500 2.33 24k k28 16.0 15.3 26.8
an Lh2 w02 © 202 1.99 669 191 3.50 5500 1610 3.h2 200 k79 16.5 32.1 29.0
. ARABTAFUR a2t 466 228 2.08 661 2% 2 1.7 25.6

95 6661 1103 3.9 211 h21 16.h

contd...
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(8

" (16)

) - {2) (3 ) () (6 - (T) (100 () (2) (13) () (15) -
A 29 k39 1 321 650 © IN6 . B.A5  S000 150 3.55 298 504 13.5 2.1 313
QA 1067 665 a8y 1.1 812 M35 187 6600 2100 . 3.1% 276 317 13.5 20.h 21.9
KURIOOL 633 552 265 2.08 . 29N 2.52 580 1TT5 3.27 287 ¥b1 13.5 21.2 3.6
RA 1001 103 88 1.17 13% ‘93 1.4 1000 1000 1.00 15 W 21.3 0.7 ~19.2
1] 1100 . 88 k9 0©.9%59 16 116 0.65 31063 na e -61 - -k0 - 25.2 0 o
8A 159 33 25 0.78 35k %1 0.98 2500 2500 1.00 ok -7 2k.5 P o
24 w25 348 . 348 1.00 353 38 -1.01 5000 ns pa () 5 21.3 0 0.2
AROLA 821 217 253 0.86 229 23 1.00 2390 1750 1.37 -35 o 231 o -0
T m 593 M6 95 bh.69 39 - T9 M2 na ns na 351 260. 34,7 10.3 1.6
YA _ h8h 53 -11k  0.53 8 -1 8.00 as na ns 53 8 13.5 3.9 0.6
VB 1779 517 s9 3,80 531 . ¥ 15 ns ne as © %58 a85 18.8 2k.h 25.8
EROLAFUR 952 1 T3 s ea na 287.3 251 22.1 1.7 110

o

“I& oﬁhnhlg
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prcduce benefits of around Rs.:hBO-per acre while in Sholapnr only Rs. 250 per
acre are reached, and in Akola there are no benefits. | |

b[ Increase in land value

The increase in land value'due to 1rr1gation was measured oy aweraging values
reported of 1rr1gated and non-irrigated land Such data conld be collected
only in Medek, Mahbubnagar, and - Anantapur districts., These figurea are also
presented in Table 5. They show that on the average 1rr1gated land 1is valued
from 2. 5 times (in Mahbubnegar) to 3.4 times (in Medak district) the velue of
dry land. In three tanks, two in Medak district, one 1n Anantapur, the value
of irrigated land was reported to be more than L times that of unirrigated
land. The lowest ratio of irrigated land value over umirrigated was 2.1
eported for one Mshbubnagar tenk. There is not much difference in land
_values of tank-irrigated and nonirrigeted land in districts of Meharashtra.
We tried to compare the ratios of 1rrigated over nonirrigated land .
~ velue with net benefits. A correlation enalysis does not show any relation->
shtp,Apossibly because the benefits reflect on;y one year's observation
while the land vaiues take into account'the long=-run productivity and yield

risks of the land.

vc) Reduction in yield risk .

Tank irrigation generally reduces the yield risk in- comparison to rainfed
cropping, but this implies an increase in the uncertainty of the ereas -
irrigated' the irrigated area is'adjusted.to the water available and thus
~ yield stability is achieved at the cost of area 1nstab111ty. The farmer

benefits from the lower variab;};ty of yields in tank-irrigated paddy in

the sense that his inputs are more likely to return & profit. This is the
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reason vhy tank-irrigated paddy is given more inputs than rainfed crops.
_Table 6 shows the average levels of yield, area, end production and their
variability for two rainfed crops -- sorghum and pigeonpea -~ and the maJor
,tank-irrigated crop, paddy, in three districts where tank irrigation is the
major source of irrigation. It is seen that the coefficient of yield
variations for rainfed sorghum, and especially for pigeonpeas, are far
higher than for paddy, while for variabiiity of area the opposite is true,
i.e., rainfed areas are more stable than tank-irrigated areas. An exceptionr
is found in the case of paddy yields in Medak district which shows an
.'unusually high coefficient of variation. Upon verifying the data to
'explain this phenomenon it was found thaet in fact in 1972-T3 very lov‘
paddy yields (about 300 kg/ha) vere reported for this district while in all
vother years and all other districts yield did. not deviate much . from an
average of about 1000 kaz/ha.

In this particular case, the low yields must have been caused by an
»unusual rainfall distribution, the tanks were filled and planting was done
" at the beginning of the season over areas that later could not be irrigated
when the tanks, lacking replenishment from rains, ran dry, and most of the
paddy crop was spolled. In this particular year in Medek district, the
'uncertainty of reinfall had not only affected the variability in |
area irrigated (as is usually the case) but. it also drastically reduced
‘ yields. ‘ . ’
o Normally, however, as seen for the other districts individually‘and o
for the three districts combined tank irrigation reduces yield risks

" while it involves a high degree of aree variability.



reble 6. Variability in area, production and yields in selected.
districts of Andhra Pradesh .

o _ Area Production Yield/ha. in

District Crop ('000 ha.) ('000 tons) kilograms
_ Mean  #CV  Mean %CV ~ Mean qcv
Medak Sorghum - 152.3 15.4 79.6 19.9 532 22.0
- P. pea 9.0 19.3 2,7 26.4 309  3k.1
Paddy 88,1 24.9 111.4 b5.7 1195 31.7

Mhhbﬁbnagar 'Sérghum 333.5 10.1 13L.9 25.2 Lo7 26.H
.~ P.pea 2.9 1T.2 6.0 37.1 296 52.5
' Paddy 102.4 17.6 121.7 2hk.2 1183 13.2

Warengal  Sorgmm 1864 6.9  95.6 23.3 514  23.6
P. pea 8.9 15.9 = 2.9 29.1 331 25.5
Paddy  11b.0 27.9  147.3 33.4 1286  13.6

Casbrned Sorghum 672.2 8.2 310.0 17.9 k62 - 17.8
' ’ P. pea  39.8 13.6 11.6 2v4.9 309  38.4
Paddy 304.6 22.2 380.4 30.8 1223  1h5

Source: Estimates of Area and Production of Prineipal Crops in
India, Govermment of India, Period: 1965-66 to 197h-T5.
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The net effect on rroduction is often a higher variability of tank~
irrlgaueulx;»e 10 caapariscon to rainfud crops; put this varies from region
to region and also over time with an apparent trend towarde increasing
instabiiity of tenk irrigation (for more details see von Oppen and Subba
Reo 1980b). B

2. Benefits to Project Autho ~ity

In India, at preseht tenks are being planned and built by the Public Works
pepartment (WD), opérated by the Panchayat; irrigation charges are collec-
ted by the revenue depertment Therevis.no Tank Irrigation Authority as yet.
If there was such an Authority it would have to operate on the busis of irri~
gation fees as majar income, but it might be able to generate same additional
inccme by renting the tank for fish production or by selling the silt for
bricﬁmaking.

Information was available fraﬁ“the Patwari's taunk records -about the
revenue collected ovar the lest 10 years. This jnformetion is presented in
Table 7, column 9. The re.enue collected per jrrigated acre in Andhra Pradesh
was 14 Rs on average, varying slightly from tank to tank between 11 Rs and
16 Rs. in Maharashtra, & system prevaiis of ratesvscaied according to

wvater congumption of the differeqt crops. On average & rete of Rs. 23 per

1

irrigated acre was found to be cherged.

3. Benefits to the State and National Economy

g) Additional food production

The major benefit of tank irrigaticn ~~ as well as any jirrigation project
-— is the additional production of food grains it generates. ‘The campu-

tation of farmers' net benefits at average prices (see Table 5) reflects



e P a4

Jent= T. (s 2 i sena®ite o the nroj=zct eu:thoriuy
. Cost - Benel it
Total Coet All cther Totel zost Cost/ Preseat value Total cost! Reverue co- Banelit
Fomk Code SCA of mwmd costa - of the Acre per zcrz ¢cst  alre iacl. 1llected pnr Cost Hatio
~ {fores) iRs) (Rc) project of easuming 22 Re.10/ecre Bocre (9Y/(8)
(Rs) SCA  yeavs life at maint. end ‘Es}
(Rs) 10% interest repairs
rate (Ra)
1 2 3 L S 6 T - 8 ) 10
313 363 1244320 57h992 . 1819312 5012 615.7 625.7 16.5 0.026
AB 719 1243520 80125 2044308 2843 349.3 259.3 12.5 0.035
BA LES 1127776 6h0z70 1768046 3802 LéT 477 1k.5 0.030
BB 161 us3k99 285706 739205 4591 56k ST4 1.1 0.025
CA k93 £13200 66£913 1480113 2966 364 374 16 0.0L43
CB _ 357 622300 421082 10LL382 Lo63 Log 509 ik c.028
DA 307 655780 y@oTLZ 135582 3720 Ls7 L&7 13.3 0.028
DB 242 762300 4G1265 11583586 L8od 591 6u1 5.8 0.026
EA 223 5L008¢ 3758€1 915947 k107 50k 51k ik 4 0.028
EB 163 8658C0 282852 1154652 7083 870 889 13 0.015%
HEDAX WO 835358 403849 1327208 4300 528 538 1k.h 0.027
4 ' 102 25376L 1303k7 Whu1il 4354 535 sk5 1k.9 0.027
GA - 290 792009 461752 1253752 h323 531 541 ik.7 G.027
GR - 398 T72k0CO 576655 1303666 3276 ho2 432 16.3 0.039
HA . T36 - 1297611 806352 2104173 2859 351 361 -12.2 0.034
HB _ 107 266256 198972 465238 %348 534 shkh 13 0.02k
JA 103 256254 191958 448212 k352 535 sLs 12.9 0.025
KA 1k0 - g3k11l 252905 947516 €762 831 841 1.5  0.014
XB 161 585360 285574 87093k 5409 664 67L 1h.5 0.022
LA b1 456200 25402 710602  S0LO 619 629 11.8 0.019
LB ThT 157792 264379 722171 4913 603 613 10.9 0.018
MAHBUBKAGAR 232.5 578555 3L48L52 927607 k56l 560 . 570 13.L 0.02k
MA 1112 - 2258060 888960 3147026 2830 348 358 16.8 0.04T
NA $27 290kLsk. 865725 3770179 067 500 . 510 16 0.031
NE ‘L2 9832k2 619905 1603147 . 3627 Lk6 k56 16.5 0.036
" ARANTAPUR g21 . 208585 791530  28ko115 3508 431 LL3 16.k 6.C37
FA ’ 319 79002k Loc685 1286109 LO3L 495 505 13.5 0.627
@A 1067 179361k 887317 2678931 2511 308 318 13.5 c.0k2
XOIRNOOL -~ 693 1290819 691701 1982520 3271 L01.5 %13.5 33.5 ¢.033

ge



Table 7 continued ...

1 z 3 k- 5 6 7 8 9 10
RA 1001 1237330 881981 - 2119311 2117 260 210 21.3 0.079
RB 1100 1324865  888Lk2 2213307 2012 W7 ‘ 257 5.2 0.098
SA. 759 . 1274724 81778k 2092508 2757 339 349 24.5 - 0.070
A 425 713471 604628 1318299 3102 381 391 21.3 0.05k
AKOLA 821 1137597 798259 1935356  2L97 307 317 3.1 0.073
UA 593 1004000 732859 1736859 2929 1360 370 .1 0.092°
UB L8l 822558 655251 1k77809 3053 - 375 385 13.5 0.035 "
VB 1779 2263168 820430 3083558 1733 213 223 18.8 0 .ggha

22.1 c.

SHOLAFUR §52 136322 736180 2099422 2572 316 326

62
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this benefit. In 1975, the year of the survey, & hectare uﬁder tanks produced
about three times as much in terms of value of food grains as did an unirri-
gated'hectare.

b) Additional employment

Another important national or social benef;t of tank irrigation accrues fram the
employment it generates. Table 8 zives & comparison of the number of hours of
labor per acre spent in the various tanks. It shows that the fanks in Rayal-
seeme end Telengana employ an additional 300 to 400 labor hours per'acre or
sbout tour to five times the emount used on nonirrigated land. Interesfiugly,
this is not true for thé tanks surveyed in Akole and Sholapur districts,

vhere there was found to be hardly any difference Between the amounts of labor
used on tank-irrigated in comparison to nonirrigeted land. In these two black
goil districts of Maharashtra, the absolute amount of lebor uséd on’rainféd.
1and is more snd the absolute amount of labor used on.tank irrigaﬁed land is
lese then is the cese in the red soil districts of Medak, Mahbubnagar, Kurnbol,
and Anentapur, where rainfed lend requires léss but irrigated land employs

more labor.

¢) Safety in food production

Irrigaxion is generally associated with safety 1n food production. However,
as will be shown ‘in the lest part (von Opben and Subba Rao 1980b) - of this
study, not all tanks have been equally safe in irrigating the seme command
area over the past ten years. In fact, it appears for some régiona as if
there is a general increase in the instdbility in tank-irrigated food

production, at least over the pest 10 to 15 years.



fable O. Socis: benefit-cost ansiysis of tank -irrigation projects to the nation

, At Village At Average Emplcymert - Addl. Bmploy- Proportionm of Tank Jet Present Worth
menk Code Prices Prices M ment due to Trrigated Employ- Villege Average
& BCE = IRR "BCR  IRR- Tank paynted tank lrrign. ment over rainfed Prices Prices
(%) (%) Irrig. 1€¢ . (@rs/acre) - (6 /1 (T) ~ (in '000 Rs)
s 2 3 L] 5 6 T -8 9 . 16 5S N
AA o2 0.9 .71 5.5. * 527 “187 340 . 2.8 . =10TT -537
AB e e ‘0.68 5 ° (¢ k6 - k2% 3.9 - - . R -
BA 02T .- - 09 8.k 488 64 424 7.6 , ~-13LL -189
BB 1.1 11.5 (1) 3.5h 1T.7 (8) 587 ekl k6 2 11 - bo9
CA 0.96 9.% 1.68 13.5 (8) 8h1 326 - 515. 2.6 -59 10k1
CB 1.91  22.8 (6) 2.36 29.2 (5} 750 - 230 520 3.3 9Tk 145
DA © 0.21 . 0.1 eon 626 126 - 500" 5 ~-915 -815
DB 0.55 2.5 0.59 2.9 €01 k2 459 h.2 - =532 -L87
FA ve . S 0.1k . L2 139 . 263 2.9 e -799
EB 0.46 0.8 0.52 1.% 729 1o - 589 © 5.2 _ -627 56T
MEDAK _ - 602 s 428 3.9 w
- FA 0.81 6.9 0.9 8.k - ¥y1 - 160 251 2.6 -£8 ]
GA 1.03 10.4h4 (20) 1.1 11.6 (16) 36 - 162 219 . 2.k ; .36 - 132
GB 1.2 13.4 (11} .12 12 (ak) 386 . 12b - 262 31 268 158
HA 0.95 9.22 1.3% 15.3 {10} 326 - 81 2hs "k S -1 Thh
HB - 0.91 8.5 0.99 9.8 wyt - 115 0 332 3.9 L -6
JA 0.88. 8.1 1.12 11.5 (17) 473 73 ko0 6.5 . =56 436
KA 0.04 . . 0.08 .. 492 - 6T 425 723 - -8 -885
KB - 0.1 . 0.15 .- 395 . 9 340 T2 -7195 = <155
1A - 0.3h4 0.h9 1.26 13 . TT 236 55 S 479 -367
1B 0.19 0.5 2.3 L87 6l 423 7.6 - -585 -341
MA j.57 - 18.3 (8)  2.04 2b (6) 506 159 347 - 3.2 1957 3359
HA o2 .- 0.7 5.3 329 96 . 233 3.h S -2221 -1097
. E®B - . 0.32 Coe 0.7T7T 6.2 354 a0 26h 3.9 oo --mae -379
ANARTAFUR -, o 356 115 -5 3.5 :
PA . 0.2 . 0.35 e 620 . 112 508 5.5 -1043 =854
QA 0.5 0.9 0.68 k.S vg7 , 139 - - 358 - 3.6 - -1388 -€79
KOOL : 558 . 125 432 k.S B




Pavie B continned |

RA . . . . 267 276 -9 - 0.97 . .
"RB . . . . 230 3LL ~11k% 0.6€7 . .
- 8A . . . . k23 368 55 1.2 . .
o TA A ' . - ° [ 271 . 337 "66 0 . 5 . o‘ .
A’KOM _. V . . Coe - -: 298 _ 332 -3)" o . 9 s O

- UA .43 043 0.32 .. 2 197 48 1.2 ~1005 - - =1212
Vﬁ. : .. ) .e . . 230 260 -30 0-9 . . [
VB ' 0.66 4.9 0.67 L.7 2h2 175 67 1.k . .

: - 239 28 1.2 -10L6 - . =1079

. SHOLAPUR

211

Fote: Social rate of .discount = 10%

iife period = 22 years

Figures in parentheses d
',t-= Data nol aveilable

'..% = Negligible.

encte the P

a:y‘-b_ack -peiiba .
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d! Environmegtal effects

In ‘addition to the econamic aspects discuqaed above, there would be beneficial
effects such es increase in water tahles, and reduction in soil erosion asso-
ciated with tenk irrigation. Unfortunately, the measurement of these more
technically relevant variables could not be included in this study. (However,
the need for research in this direction was recognized in the course of this

study and measurement 18 undevrway on six tanks).

C. Costs, of Tank Irrigation

As in the previous section on benefits, we shall alsovsummarize theicoats of
tank irrigation in the same sequence of 1..costs to farmers, 2. costs to the °
"Project Authority" and 3. costs to the State and Kation (see Table k).

1. Costs to farmers

a) Water rates

Farmer water fees for thnk-irrigated Jand are presented in Table 9. In
Andhre Pradesh, the amonnt for the first geason ‘is around 11 to 16 Rs/acre
while for the accond séason, half that amount is charged, i e. on double
cropped lend the annual revenue charge is between 1T to 26 Rs/ecre. In

. comparison the fee forlnonirrigated land is between 1 and 3 Rs/ecre. The
net amount charged for water only would be the difference between revenue
‘for irrigated minus nonirrigated land, i.e. ebout 11 to 16 Rs/acre for one
.season, and- 17 to 26 Rs/acre for two seasons. The water feec have the

character of a tax to the farmer vho pays them together with his other land o

revenue tax to the same department.



Teble G. Weter rates/acre of tenk irrigation

Settled Actual Tenk Total revenue Water fee paid Average Irrig. Unir i '
_ Tank Code pomand Irrig. Area recd. during bvy the farmers charges pa.ig 1zndrr§-.- Iqﬁt;::dygmg
Area 197’*-75. 197L-T5 per acre by the farmars veme/acre Unirrigated
(Acres) (Acres) . _ One Tvo One oo
' season seasons ‘ _season seasons
A 33 B/LS . 6ub1 16.9% 18z 1
AB 19 817.5 10908 3.3 - 1 21 1:2 ig:g i3:§
BA 4os. © 5T1.9 9148 16 16 2b 1.5 1k.5 22.5
. BB 161 ~ 191.6 - 2946 15.37 16 24 1.9 .1 2z.1
CA nge  ~ 600.8 10529 - 17.52 8 - 7 2 16 25
CB 257 - 365.9 5994 16.38 16 2L 2 YN 22
DA 307 121.3 - 1613 13.3 15 22.5 1.7 13.3 20.8
DB a2 - 11 : . 2228 15.8 18 27 2.2 - 15.8 2L.8
EA 223 164 - 2362 1190 S 17 25 2.6 1k.h 22.4
uzbfg 163 97.5 1267.5 13 1 2y 3 13 21
FA 02 ~906.3 © 1345.5 1.9° 16 2k 1.1 1k9 229
GA 290 208.5 3065 1.7 16 2 1.3 1L.7 22.7
GB f 398 231 - 3863 16.3 18 2L 1.7 16.3 22.3
HA 136 - W90.2 5980 12.2 13 19.5 0.8 12.2 18.7
HB 107 . 96.5 -~ 1255 13 1L 21 1 13 . 20
JA : - 103 65.6 .92 13.9 15 22.5 1.1 - 13.9 ra
LA Lo 12.7 836 11.5 14 21 2.5 11.5 18.5
KB 161 38 551 14.5 16 24 1.5 1L.5 22.5
1A 1 117.5 1387 1.8 13 19 1.2 11.8 17.8
LB 1Y S -101.9 , 1111 10.9 12 18 1.1 10.9 16.9
MA 112 - 2191 41039 18.7 18- 27 1.2 16.8 25.8
HA - - T51 12016 16, 18 2t 2 16 . 25
AnA:gApun W2 . 345 - 5520 16 18 27 1.5  16.5° 25.5
_PA _ 319 o 13 - 1965 15 16 2k 1.5 13.5 22.5
: xungSOL : 1067 501.5- 7523 . 15 16 2k, 3.5 13.5 2.
UA . sg3 . e8hs5. . TH2 0, o5 . 35.6 1.5 3h.1
VA L84 72.6 1815 25 . 15 1.5 12.5
VE 1779, 533.7 133k2 25 20.3 1.5 18.8
SHOLAPUR . R »

e 0 2 G S P P e o T S S - v T - - T - G T S

t __t = data not availsble.

he
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In Meharashtra, e different system is being followed. Here the
voter charges are fixed for different irrigated crops to represent the water
consumption of these crops. The rates reported to havé been chrged during

the survey are given in Table 10.

b) Uncertainty of water availability

Even though the farmer has the benefit of reduced yield risks he faces the
uncertainty abcut the amount of.water available for tank irrigation. The
prevailing water manngement systems ere niming to adjust the areas irrigated
to the actual or expected quentity of weter evailable at a.partiCU1°f time;
consequently, from year to year the area irrigated veries considerably.
This wes slrecdy shown in Table 6 end in subsection B.1.C for three districts
in Telengana where tank irrigntion is the major source of irrigation. The
combined effect is probebly a higher variability of peddy production than
for rainfed crops.

Our tenk survey provides data on the area irrigated by individuel
tanks over ten years. The coefficients of variation computed from these data
show how this variability differs across tenks, depending upon the local
climate, topography, 1myout of the catchment and the command area,
wvater management and maintenance of hhe tank.

We have attempted to get a better feel for the impact of these:
variables with the help of & simulation model. This exercise shows that
at given rainfail distribution (Hyderabed, 1901-1970) a tank operated
without water control -~ i.e;, the outlet is open throgghout the yeer as is,

in fect, freqpently-the caée in tanks north of Hydergbad -- totel aresa
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Table 10. Water rates/scre in Meharashtra State

Crop Water rate 7(R§/a;cre)
Rice | 30
Sugax_-ca.ne : A ‘ 200
Growndmst s
st %
Cotton ' s
Pulses o | 15

Sorghum 15 :
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irrigated by tanks varies between 48 800 ha and TO 300 ha with a CV of 2k.6.
During the 70 years under this type of management the tank ran dry during the
season 31 times.

As soon as limited water control was introduced, opening the outlet

only at the moment the tank was filled, the tank ran dry only 11 times.

2. Costs to the Project Authority

a) Construction costs

As explained. above, data on costs of conetfuction of tenke were made atailablev'
on 16 tenks recently constrncted by the PWD. For these data, cost estimates
and technical relationships hed to be derived with the help of which it was
possible to synthesize the costs of construction of the 32 tanks for which
farm surveys had been made; 80 that costs and benefits could be compared.
The. following describes the steps taken to arrive at the synthetic estimates
of costs, tovthe tank building authority.

Details of the construction costs of 16 tenks are presented in Table.
11. iThe total coste of eonstruction wene reported separately for five |
comnonents -~ bunds, sluices, weirs, canals, end land acquisition. On
average, the costs of the bund constitutes 57% of the total cost of
construction. |

Since all tanks er: located in similar topographic environments,
there would be little variation in the distance of earth movements required,v
eo that the bund cost largely depends upon shape and height of thre bund.
The height and shape of the bund is approxinately determined by the length

of bund per unit of settled command area. Therefore, it was hypothesized



Tahl= . Lyeak L 3 e IR E T T U = f e < A s o .
Taklz I1. Yraakdown of cost of fank counstruction in recent FCars for selscted districus, 167Th-72
|' ' ) . . - -

{in '00000 Bs).

_ | Settlied fe—- Cost of Cest of Cost of Cosz-;;-";;;;—;;—ggggf-agz;;
Village District - pmend Arvew Bund Siunices  Weirs  Canrls equisirien  Cosis
: {Wet Acres! : +nd Misc.

Lax jabunda Xurnocl 435 N.61 0.2 0.53  1.h7 2. 725
Maganantapurem Kurnool b1k 14 k2 0.01  3.99° 5.62 2.08 27.02
Penumadi " Kurnool 508 .16.8 6.2 é.66 3.26 1.28 2k.3
Vengeladoddi Kurnool 525 10.2 c.26  L.0T  5.05 o172 - 22.3
Knumbelampadu | VKnrnoci 525 11.62 0.63 8.31 3 3.0 26.56
Dertharvenipentsa Kurnool . 1125 ‘ T.01 0.58 ic.7r .77 1,08 21.15
Jalvenur Kurnool 1650 120.88 0.32 - 2.3 €. 0.53 3G.Lk
Jeediprili . -  Anantepur R 1+ 2.35 6.2 1.03  0.91 0.88 5.37
Pinnepalli . Anentepur 165 5.06 ‘0.13 1.81 0 .36 0. 8.75 .
Baglyakinepalli  Ansotapur 195 .45 0.19 2.2 1.3 1.7 .35
Chitraseedu - Anantapur : 3%0 9.36 0.51 2.27 1.0 2.& 15.62 -
Nandyalampete .- cuddspeh 573 o 13.85 0.29 7.75  3.06 0.0 . 2L.48
Kotulsbanda  Cuddapah 500 L8y - 0.6k 2.5 15 c.5 2998
Gengaveru | Medek 200 2,56 0.65  G.43  0.68 0.86 5.8
zdakulapelly - Medsk . gzs . 9.9T - 0.91 501 b.21 - 3.5 20.98
Chinnansduie Mahbubnager 320 11.8 0.29  3.k3  1.02 4.9 20.54

Source: Mr. T. Hanumantha Rao, APSIDC,
and Public Works Department {pwD)
Mipor Irrigation Eranch,’ﬂyderabad.
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that the‘cost per unit length of bund.ﬁqﬁldibe related to length of bund'per :
unit of settled commend area. | |

In a test of this hypothnsis the following functional form was found
to fit:

Yl = 154.7 + 10LO.7T xl' where Y is cost of bund per length of bund

(3.5)

(rupees per foot) and X, = length of bund/settled command area (foot/acre).
The R2'is 0.h6 and with the t-value of 3.5 this relationship is statistlcally
highly significant. This reletionship is plotted in Figure L4, Based on this
result 1t is possible to defive the Eosts of bund for all those tanks in the
same region, for which information on length of bund and command area exists;i
‘These derived costs of bunds are presented in Tdble 7.

The remgining cost items if expressed per unit settied command area

| were'found to fit a semi-log function of gettled commend erec:

log Y, = 7.8 - .000839 X5 whe'e Y, is the remaining cost per settled
- (e 8) ' _

command aree (log.(rupees/acre)) and X, is settled command area (ecres). Witl
. an R2 of 0.36 and e t-value of 2.8 this relationship is statistically signi-
ficant. | |
With the help Qf this relationship it is possible to derive ﬁhe
nohAbund costs of ell those tanks in the seme region for which informetion on
settled cormand erec is available. These costs are presented in Teble T.
By.adding the two cosﬁ components, an estimate of total cdsts bf

construction is computed (see Teble T). These estimated costs vary between

1700 and TO0O rupees pér gere, with an average of 3856 rupees/acre. In
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cohparison the‘actual date on totalzcostslvery.more (note that the nbove
estimo.ted relationships explain only about 50% of the variation) Oor
estimations look guite feasible within the context of the actual cost data
‘available.

b) Maintenance costs

Information on maintenapce coets was not availeble per tank; however, from
PWD records on expenditures incurred for maintenance and repairs we find the
‘following: in selected districts on average over the years 1973-T7 total
expenditure for repairs varied between 7 and 11 Rs/acre in the different
‘districts (see Teble 12). While expenditures on ordinary repairs were between
5 and 7 Rs/acre, flood repairs ranged from less than 2 Rs/acre in some
districts (Mahbubnagar, Medak) to nearly 3 to 5 Rs/acre in others (Anantapur,
Chittoor, Cuddapsh). These are direct expenditures made on the tanks. The
costs of overheads, engineering, etc. are not included.

¢) Costs of water contrdl and tank management

The way in which the water management is presently practised by the village
community does not involve any direct costs. Fermers are organizing the
water control emong themselves. In some tanks a water controller (nairudi)
was operating. He was being paid for his setvices in the form of padd&
produced. The water charges are collected by the Patwari, i,e; thz village
record keeper who is collecting the water fees within the land revenue.

3. Costs to the State and Nation

a) Opportunity cost of the capital invested

For simplicity the opportunity ccst of capital invested was assumed to be

10%.
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Table 12. Average annual expenditures by the Minor Iri-igation
Department on tank repairs in selected districts of
Andhre Pradesh from 1973 to 1977 (inm Rs/acre command

area)
.Distr:lct All repairs O:ed;.ﬁna::' r:;:::s
Nalgonda 7.5 7.0 0.5
Mahbubnagar 1.1 6.0 1.1
Karimnagar s 6.0 1.6
Medak 1.2 ' 5.7 1.6
Kurnool T.4 5.4 2.0
Anantepur 8.0 5.1 '2.§
Chittoor 9.8 5.4 Y
Cuddapah 11.2 | 6.2 | 5.0

All Districts 7.9 5.9 ' 2.0

Source: Covermment of Andhra Pradesh, Public Works Department ,
Minor Irrigstion, through perscnel cormunication of
Mr. T. Benumantha Rao v '
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b) Submerged land

The value of land submerged by an irrigation tank varies. Generally tanks
are being located such as to minimize their loss, i.e. preferably low value
barren land is béing uged for water storage; nevertheless per one unit of
command area requires about .8 unit of lend is being submerged, and under
conditions of increasing population and rising land values, even this low
value has a rising opportunity value; moreover silt deposits in the tank
bed lead to a continuous increase in the naetural fertility and therefore
the value of this land.

D) Benefit-cost comparisons

In compering costs and benefits we canputé cost-benefit ratios at the
farmers' level and at the Project Authority level. At the state level
both the cost benefit ratio and the internal rete of return are ca.lcuiated. 5
1. Farmer level

a) Finencial benefit-cost ratio due to tank irrigation

The farmer's net benefits due to tank irrigaiion vary between 2U0 to 380
Rs/acre in red soil areas and between zero ard 290 in the black soil
areas. The costs he incurs are the water fees of about 11 to 16 Rs/acre.
Consequently, in red soils, farmers' benefits ar: about 15 to 25 tinmes
the water costs in e normal year. Thus for the “armer in e normal yesr,
tenk irrigation is a highly srofiteble propositior. "

b) Farmers reduced yield riske versus uncerteinty of water availability
It does not have to be stressed that hardly ever is & year "normal"
regarding rainfall distributior. While the ﬁelds cf tank-irrigated crops

(paddy) ere less variable than tie yields of rainfed crops, this yield
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stability is Acﬁievwd by cdjusting tﬁe irrigated area to the water a#ailability
and thus at the cost of area stability. In fact, the resulting productivity
of tenk-irrigated areas in Telengane is in fact becoming more and more variable
than that of rainfed crops. For instance, during 1977 the following pheno-
menon could be observed: in some tanks iﬁ Telengans no Crops were being grown,
because the well-distributed rainfall never generated any runoff, so that
formers weited in vain during the entire season to'plant paddy; at the same
time rainfed land had been planted as usual with sorghum and pigeonpeas and
yielded en excellent crop. Thus while the yield risk of the tank-irrigated
lend is less, the uncertginty of vater availability -- especially for tail-
enders -- makes tank irrigation.in Telengana & well-paying but also relatively
risky proposition. |

¢) Betterment levy and i{ncrease in land velue

With the establishment of an irrigation scheme, those vho own 1and within
the prospective commaend area are charged a so-called "betterment levy", &
tax collected once on the presumed increase in land value. This levy
generally;runs between 50 end 120 Rs/acre. However, for the surveyed‘
tnnkg no records had been kept on the br:tterment levy charged at the time
of comstruction.

If a levy of 100 Rs/acre is assumed, then the increase in lahd value
(see Table 5) is 26 to 38 times the levy in the Medak and Mohbubnagar tanks,
while in Anantapur it is even 40 to 50 times higher.
2. Project authority level
The benefits acéruing to the Project Authority are the revenue collected

ennually and the betterment levy, charged only once as a tax on the presumed
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incréaae in land value due to tank irrigation. Thislbettermcnt levj can be
accounted againat the cost of construction before discountiﬁg_it to its
presenf value: assuming a 22-year5 1ife period (t) and an interest rate (1)

of 10 percent6 on capital invested, the present value {P) of the cost per acre
of tank-irrigated land (€ cen be computed as follows:

c
(1+41)®

P=

If an amount of P was put into the bank at intéreﬂt rafe i it would g:ow to
the value of C after t years (see Table T, éélumn 7); To this ennual cost
we add the éost of maintenance of Rs 10/acre. The ratio of irrigation fees -
over present value of teank césta (plus meintenance cost) per ecre is fhe
.benefit cost ratio which the project suthority is facing (Tadle T, cqlumn
10). | | |

Its low average levels of about 0.03 in all districté indicaté the-
high degree of subsidization in tankvirfigatioﬁ;'at the project anthbrit& |
level sbout 97% of the costs of tanks are being subsidized.
3. State level | |
In comparing benefits and costs at fhe State level their cash flows'o;éf
20 ye;rs wvere analyzed. It was ﬁssumed that the net benefits dne to irri-
gation found for 197L4-T5 would be the same for all previdus 20 years{
Information was available on aréa irrigated for 10 years, up to 1964-65.

A relationship estimated between area irrigated and rainfall permitted

5. The period of 22 years is chosen because longer periods would decrease
P only marginally. ‘ , :

6. The rate of 10% is chosen as it represents the average rate at which
capital might be invested elsevhere. : ' :
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eatimatingiof'the areavanﬁually irrigated for another 10jyearsv§r1or:to .
1965-65, so that a total of 20-yeara' date on area irrigated was mede
available. MultiplicatiOn'of'the aree in acres by the net benefits per :
acre gave the flow of annual total net benefits.

The cost flow for each tank contains the total cost of construction :
in the first year and the annuel costs of meintenance in the following 20
years. The ratio of the summations of the discounted ennual values of
benefits (B) and costs (C) is computed according to the followiné formule
(Price end Gittinger 1972): | | .

n n
£ B/(1+i)
t =1

BCR = ~— * where n.= 21 and 1 = 10%.
r c/(wi)”
t=1 :

'BCR is the benefit-cost ratio. » o v

Tenks with a BCR > 1 are supposed to be. economically acceptable. ’

,As‘Table 8 shows, there are on]y'eight tenks cut of 28 for which this ie
‘tae case. | ;.

Anotuer approach of comparing benefite and costs is to compute the';
internal raote of return -- tha® interest rate at which the benefit cost |
ratio would be Just one. This approach does of course, present the same
fact, i.e., eight tenks would have internal rates of return greater than
10%. If e lower rate of return, sy 5%, would be acceptable to the deci-.i
sion makers as the criterion for ecoronic acceptability then a total of 15

out of 28 tanks would quelify.
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This”analycis shows in general-that’among the existing.irrigation
tahke probably fewer than halfbare economicelly viable as they are. Sensi-
tivity‘analysis'has shown that the area actunlly irrigated pleys o major -
role in determining the economic performence of irrigation tanks. If a-:
higher utilization of the command area at the rate of about 1505 could be
achieved in most years, every one of the tanks would be highly profitable:
in terms of benefit-costs as well as internal rate of returns. Suggestions
of hcw to achieve a better utilization of the irrigation facility willlbe put
forward in detaii in the last part of this atuﬂy (von Oppen and Subbe Rao
1986b). | | |

It might be ergued that despite the low economic returns from tank
1rrigation, there are social benefits such as employment and food production
which are sufficient to justify tank irrigation even where it mey not be
econamically justifiable. In addition, it should also be considered that the
poor performance for most tenks is not at all an unavoideble necessity.‘

It is qﬁite possible to increase the utiiization rates in most tanks‘thfough
better tank management and control. This effort would at the seme time
further increase all of the social benefits and to some extent increase
stability df agricﬁltural production under tank irrigation.

IV. SUMMARY AND CONCLUSIONS |

Theldata to eﬁaluete“the benefits »f tenk irrigation were collected in
surveys of 32 tanks;” The deta on costs of'tank constructionutete ataildble
for 16 recently constructed tanks. ‘ﬁength of bund and settled commena area
were the variables that allowed us to provide the link between the two data

sets and to synthesize cost data for the 32 surveyed tanks. A further set of
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;S'tanké provided’additiohal information on the storage capacity end sub-
erged area of tanks. Anslysis of this technical information in the first
jeetion of this paper facilitates the economic analysis of tank 1rrigation .
(n the second section.

For irrigation taﬁks of-the type stvdied in Telengana and Rayalseema,
the length of bund per irrigated area decreases at a decreasing rate es
irrigated area increases (see Fig 5). Tank capacities are normally designed
to hold about 1.5 meters of water for the command erea; this measure varies
somevwhat frombtank to tank but not with tank size. The irrigated arcs per
unit of area submerged by the tank is around 1.2, smaller tenks having a
retio of .9 or less and larger ones (>1000 acres) a ratic of 1.5 or more.
The utilization of the "settled command" aree is a non-linear function of
reinfall and tenk specific information.

Thé benefits due to tank irrigation accruing to fermers at villege
prices were found to be around 240 to 380 Rs/acré in Andhra Pradeéh and =35
to 290 in Maharashtra (Table 13). However, ca aggregate, tank irrigation
was found to be a relatively risky activity because of unfeliable water
availability. Employment in tenk-irrigated lend in red soil areas of
Telengene and Rayalseema is sbout 3.5 to 4.8 times that on rainfed land
vhile in the L’ack soil areas of Mgharashtra there is no difference (Tdbie
'13).' The costs of tank construction lie between 2500 Rs/acre in Maharash-
tro and 3300 to 4600 in Andhra Pradesh (Teble 13). Among the 28 tanks
studied only 15 tanks were found'to nave economic internal rotes of return

of at least 5%.
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Table 13. Farmers' benefits and cost of construction of tank irrigation in selec-
' ted districts, 1975

' Fermers' Benefits : ' .
No.of tanks  (Rs/acre) © Cost/acre Employment in tank
District : irrigated areas
surveyed Village = Average of SCA over rainfed
prices - prices .
Medek 10 330 470 4300 N 3.9
Mahbubnegar 10 B0  boo 4560 b8
Kurnool 2 290 Wo 3270 b5
Anentapur 3 240 420 3510 3.5
Akola k -35 ! 2500 0.9

Sholapur 3 287 251 2570 1.2
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'The economic performence‘of irrigation tanks depeods largely upon

the degree of command eree utilization. The average rate of utiiizetion was
found to’be only 80 to 90% in Andhxa Pradesh tenks and 30% in Mcharashtra
tanks. The low utilization rates are largely ceused by inefficlent water
control and lack of: appropriate maintenance and repairs of tanks. There is
need for aﬂ investigation into the possibilities of an institutional fraoe-
work for increasiqg the efficiency of water control in order to capitalize
on.the existing tank irrigation facilities. The aim should be to not only
arrest continuing decay but to expand tank irrigation as & socially desirable
proposition of high internal rates of return if placed within e proper insti-

tutional framework of water control and maintenance works.
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Appendix I.

Codes used for selected talukas and villages

gi: District 3;iﬂf Taluk name vii;;fe Yillage neme
1. Medak A Medak AA Borugpally
2. Medak . Medak AB Rayanpelly
3. Medek B Narsapur BA Narsapur

L. Medak " Narsapur BB. Rustumpet

5. ‘Medak c Andole CA Andole

6. Medsk Andole CB Annasagar

7. Medak D siddipet DA Raghavapur
8. Medsak Siddipet DB Rajakapet
9. Medek E Gajwel EA Gajwel
10. Medak Gajwel , EB Pregnapur
11.. Mahbubnager F Mahbubnagar FA Tankara

12. Msahbubnager G Weanaparthy’ GA Rajanagar
13. Mahbubnager : Wanaparthy . GB Wanaparthy
1h. Mahbubnegar H Gadwal HA Sangal
15. Mahbubnegar Gadwal . HB Parmal
16. Mahbubneger J Nagarkurnool JA Chirikipally
17. Mahbubnagar K Shadnegar KA Motighanapur
18. Mahbubnegar Shadnagar KB Raikal
19. Mahbubnagar L Atmekur LA Madepalll
20. Mahbubnagar Atmakur LB Erladinne
21. Anantapur M Anantepur MA Singanamalla
22. Anantapur N Gooty NA Gooty
23. Anantapur Gooty NB Pathakotacheru
24, Kurnool P Dronachalem PA Veldurty
25. Kurnool Q Atmokur OA Siddapuram
26. Akola R Weshmi RA Borala
27. Akola Washmi RB Shirupati
28. Akola S Mangrolpur SA Wathod
29. Akola T Murtizapur TA Karangza

30. Sholapur 4] Mangalwada UA Talsangi

31. Sholapur v Sangola VA Achakandi
32. Sholapur Sangolae VB Chincholl

Villages AA to QA fall under Andhra Pradesh State and RA to VB
‘belong to Meharashtre



Appendix 2. Percentage gize distribution of land
(Arvea in ecres)

holdings in command areas of selected tanks

Av. settled

Av. No.

Percentage Distribution

District commend area of farmers 2¥ﬁ; 0.51-1 1.01-1.5 1.51-2 2.01-2.5 Ag?;e Mean Aree
Medak 340 241 32.9 | 23 15.6 9.3 5.6 13.6 1.36
Mahbubnagar 232.5 85 15.3 1%.9 11.6 13.2 9.1 35.6 2.84
Anantapuf_ 827 539 1k.1 20.6 23.2 13.5 - 9 19.6 1.71
Kurnool 693 €19 1.1 19.8 31 9.4 11.8 13.9 1.62
Akola 821 61 1.h 11.h 21.2 7.5 21 37.5 2.35
127 1.4 10.9 23.6  14.5 16.5 a1

Sholapur 952

33.1

Source: Sample Survey

&



