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| TANK TRRIGATION IN SEMI-ARID TROPICAL INDIA

| g -'M. von Oppen and K.V. Subba Rao*

[NTRODUCTION

Smal 1l vﬁer reservoirs behind earthen dems are called tanks in India. Tanks

supply many villages with drinking vater, but their primary purpose is for

irrigation. Tank irrigation is en old esteblished practice in most of the

gsemi-arid tropical parts of India and of some other countries. In India, the

monsoon reins fall erratically din-ing a fev months in the year, an_d irrigation

tanks serve to store and regulate the flovw of water for agricultural use. In

southern India this is primarily for the production of rice.

DEVELOPMENT OF TANK IRRIGATION OVER TIME

A number of tenks with inscriptions dating back a millenium or longer provide

evidence that this technology of utilizing rumoff vater is deeply rooted in

Indian culture. Historians and anthropologists have pointed out that there

is a dialectic rela.tionship between pobula.tion and tank irrigation, one

enforcing the ot'.her.:L o
However, the relationship between density of poi)ulation and the inten-

sity of tank irrigation is not lipear. Initially, vhere physicaﬁll'y

feasible and economically attractive, tank irrigation s'yet'eiis are expanded

vhen the population density crosses & certain pinimm 1nvel; tanks end

population increase in mutual support to another level of ‘pophlation density,

+The authors ure Principal Economist and Research Technician, respectively,
in the Economics Program of the International Crops. Research Institute for .
the Semi-Arid Tropics (ICRISBAT), Patancheru Post Office, Andhra Pradesh '
502 324, India. Presented at the Yational Seminar on.Sconmomic Criteria for
Fixation of Irrigation Charges for Various Sowroes of irrigation, Indien
Agricultural Research Institute, New Delhi 110 012, March 1980.

l?or example, Ludden .



beyond which further population pressure may tend.to adversely affect the
existing tenk irrigation systems, and special measures mey be required to
preserve the capitel of irrigetion tanks. |
i The data avaiiable for tank development in different states over the
yea.re. indicate th t the threshhold density for intensive tank.conetruction
to beg:ln lies between 50 and 60 persons/km . 'The upper limit is not as
clearhr discernible -- it seems to vary from one region to another -= but
. there is clearly a decline in tank irrigetion. For inetance. in India as &
| whole the sbsolute ares irrigeted by tanks incressed from aboub 3.5 million
ha in the period 1945 to 1950 to over k.5 million ha in 1960-T0; subsequently
it fell to less than 4 million he from 1973 onvards (Teble 1), when rural
popplatipn density in India increased to more than 135 persom/lm Popu-
iﬁtim grovth continues while tank irrigation decreases; at the same time
canal irrigation and irrigation from vells especially has expaxided 'rspidly.
'l'he development of tank irrigation in Indle after independcnce vas
‘subject also to forces that may not be di*ectly attributed to population
density Aa?.thoggh‘they are related. Abolition of ownership rights for
priva.té tanks stopped p;‘ivate.investmnt into tank irrigation soon after
independence. This glso tiecreaaed the efficiency in water control end
tank'ﬁanagement. On the other hand public campaigms were launched to
increase food production, and tenk building vas ome of the activities
vigoroi'sly pursued in such campaigns until the jate 1950s. Subsequently,
the availability of diesel and electric poweréd pumps made well weter more

a:ttractiv* as.an alternstive, privetely controlled scurce for irrigation.



Teble 1. All Indla growth of temk irrigetion

‘Tenk irri-

Total Net Well- Tank o4 crea- Tank irri- Well irrigated
. crop- irri- drri- irri-. st total gated area area to net

Year ped gated gated gated ° a to net irri- irrigated

area ares Aarea area.  eroppe gated area aree

(-=-In million hecteres--) .‘2’;)" . (%) (%)
1950-51 131.9- 20.9 5.9 3.6 2.7 7.2 28.2
1951-52 133.b 21.0 6.5 3.4 2.5 16.2 30.9
1952-53 137.5 21.2 6.6 3.2 2.3 15.1 31.1
1953-54 1k2.3 21.7 6.7 4.1 2.9 18.9 30.9
105455 1hk.0 21.9 6.7 4O 2.8 18.3 30.6
1955-56 146.7 22.8 6.7  L.b 3.0 19.3 29.4
1956-57- 149.1 22.5 6.2 L5 3.0 © 20.0 27.6
1957-58 1k5.4h 23.2 6.8 L5 3.1 - 19.4 29.3
1958-59 150.8 23.4 6.7 L.8 3.2 20.5 28.6
1959-60 152.1 23.8 6.9  L.T 3.1 - 19.7 29.0
1960-61 152.3 24.6 7.3 L.6 3.0 - 18.7 29.7
1961-62 156.2 2L.9 7.3 4.6 2.9 18.5 1 29.3
1962-63 156.8 25.7 7.6 L.8 3.1 18.7 29,6
1963-64 157.0 25.9 7.8 . k.6 2.9 17.8 30.1
1964-65 159.3 26.6 8.1 L8 3.0 18.0 30.4
1965-66 155.3 26.7 8.7  L.b 2.8 ~ 16.5 32.6.
1966-6T 156.8 27.1  9.2° L.6 2.9 17.0 33.9
1967-68 163.0 27.5 . 9.3 4.6 2.8 . 16.T 33,8

~1968-69' 1 159.7 29.0 -“10.8  L.0 2.5 13.8 37.2

’ 1969-70 163-9 30-3 11.1 hoh 2.7 1"‘.5 36]-6
1970%71 -+ 167.4 314 Y19 4.5 2.7 1k4.3 37.9
1971-T2 2164.2 31.9 12.2 b1 2.5 12.3 38.2
1972-73 161.5 32.0 13.0 3.6 2.2 11.2 40.6
1973-T4 169.5 32.5 13.2 3.9 2.3 12.0 40.8
1974-75 163.9 33.7 1k.2 3.5 .2 10.5 42,1
1975-76 171.0 34.5 14.3 L0 2.3 11.6 41.5

vle

Sources: Government of India, Ministry of Agriculture, -
' Indian Agriculture in Brief, verious issues.



Resources vere shifted from the developmant of tdnks'towerds wvells, leeding
" to0 a massive expanéign,of well irrigation. Further, rélucmce from-the:
gide of policy makers to raise the water ratee made it more and more
aifficult for the delie Works Depurtment to receive the funds for covering
the increases in costs of maintenance and repairs. Tank irrigatiun, basically
n economically p:oductive and profiteble undertaking. thus began to be neg—
lectgd‘and was only half-heartedly supported by policy mekers end planners.
The resulting decreases in efficiency and in reliability of the performance
of irrigation tanks tended tolsupport the erroneous notion of tankiirrigatiqn
being notoriously inferior to other types of i:rigation. |
FACTORS AFFECTING REGIONAL DISTRIBUTION OF IRRIGATION TANKS
Although runoff collection taunks exist in nearly every district of India,
the deniity of tank irfigation varies considerahly from district to aistrict.
Presently, in the semi-arid tropicel region of Indie (Figure 1), tanks.are
vconcentrated in South and Central India i.e., in the coastal districts of
Tamil Nadu and Andhra Pradesh in South-Central Karnataka, in Telegana and
in East Viderbha. In North India, there are tvo pockets that shov & high
density of tank irrigation. north-esst Uttar Pradesh, in the nrea of tue ’f
former kingdom of Ouuh, and Rejesthan, east of the Arevelll mowntain range.
This'leéds us to believe that, apart from physicel factors and population
density, institutional factors also might have pleyed a role in the past in
determining the present distributioh cf tanks. A map shoving the territory
under British and princely rule in 1890 gives rise to the hypothesis that
princely rule was more conducive than coionial rule to the promotion of

tank irrigation {see Figure 2).
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Figure 1. Density of tank irrigation in SAT Indin
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Figure 2
INDIAN AND BRITISH TERRITORIES IN 1890

Indian States %

British Territory

Source- ¢. Colin Davies, An Historical Atlas of
the Indian Peninsula. Second Edition,
‘Oxford University Press, Madras, 1976,

p. T3.



: A tést of the factors. affecting regional distridution of irrigation
t_b.nks ves carried outv with the help of a regression analysis, using date of
165 districts in semi-arid tropical India.2

This analysis showed that both in the former princely districfs end
the former British districts, physical fectors, such as grenite substrata,
numidity of the air, bimodality of rainfall distribution, lov totel rainfell
 and low moisture retention capacity of the soil all ere conducive to tank
irrigation and explain about 50% of the variation in tank densities. Further-
more, the study showed that in the formef princely aress (but not in the
former British areas) the 1nfluence of populertion density on tank irrigetion
was measursble, explaining another 20% of vq.riation in tank density. Keeping
all other varisbles constent we find the following from this analysis: &s
population density in the former princely states pabses the level of ebout
60 persons/km density of tank-irrigated arees begins to grov reaching &
maximum with populatiqn densities of around 220 persons/km (see Figure 3)
end dropping with further rises in yopulation density. For t‘pe former
British districts, no statistically significent relationship between popula~
tion snd +enk density was fownd. These results imply that the institutional
enviroﬁment, to the extent that it al ffered between British end srincely
rule, had an influence on construction and meintenance of irrigation tanks;
in fact, this influence may still continue in the ey in which local customs
of water control, tank management , and repalirs prevai1.3
INSTABILITY OF AREA AND PRODUCTION UNDER TANK IRRICATION

| The observed decresse in tank irrigation with populetion increase from &

2For deteils see M. von Oppen end K.V. Subbs Rao 1980.

38ee also footnoté 6, p. 13.
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: : certain "optimuﬁ" point o? population density in the fofmer non-British

diétricts of Indie fvould seem to be related to another phenomefxoﬁ: £hé ‘

increasing 1nsta:biiity in tenk-irrigated areas and produetion in certain

" regions of India. District enalysis of the variebility of tank-irriguted

'area.s', using & moving coefficient of veriation (MCV) over 8 years (moving

from 1958-1965 wp to 1966-1975), shows the following: in the districts of

Telengana, e.g. in Waraxigal, the variability of tenk-irrigated areas had

| earlier been well below the varia'bility of rainfell, while in the later

part of the period, during which rainfall variebility remained at about

. the seme level, the veriability of tank—-irr:lgated area vent up conaiderably

(Figure 4). This observation is true elso for distrlcts in Reyalseema,

e.g. in Cudgapsh (Figure 5), but not or not yet 4n Tamil Nedu (Vigure 6)
The increase in the variability of tank-irrigated area is probably

g function of physica.l’ as vell as institutional variebles, which are

directly and indirectly related to population pressure (erosion, encroach-

' ment) and also attributable to changes in the institutional environment.

After a‘bolition of zemindari systems, tank menagement , organization,

meintenance, repair, vater control, etc. ceased in most cases to be under

' private control but became the responsibility of di frerent bodies of public

adninistration. | '

The emount of monéy available to the Public wm:é Department for
tank repeirs hes always been claimed to be insufficient for proper mein=-
tenance. Considering that the water retes the Revenue Department is
receiving in the form of the difference between lend reverue f‘rom dry

‘ 1an'd v8. wet land are only around 1k Rs/acre of command area, the rate

_ l'For details see M. von Oppen 1978.
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.df maintenance .expenditure-can probably not be expected to be increased unless
”the waﬁer rate-is increased. On the other hend, as.the capital cost of an
acre of command atrea is about 2900 to 4000 Rs (say 3000 Rs) and maintenance
fates renzge between T to 11 Rs/ecre (say 9 Rs/ecre) this amounts to only sbout
one-third of 1% of the capital value, which from all practical experience in
meintenance of capital goods is not 1ikely to be enough.
In the past, Zaminders who collected up to 50% of the production under
tenks, most likely spent a much higﬁer amount on comstruction as vell as
. meintenance end repeirs. Also, the provision that the same person was respon-
sible for meintenance as well as revenue collection allowed for more direct
reaction to urgently needed works than is possible in the present system -=-
in which two separate Goverument Departments act separately on revenue collec~
tion on the one hand and maintenaxice on the other.
‘1t 'i8 not known from direct investigetion in vhich vay the situation
in Tamil Nadu differs from that in Andhra Pradesh; howevei-, from accounts
by ot:hers5 it would seem that here the village tenk in most cases would be
regarded rather as & coOmmon good, with practices for its maintenance basegl
on commmity e.ction6 sti1l in operation. |
A gradusl "erosion" of the capital of irrigetion tenks is the conse-
quence. Construction of tanks nowadeys is being regarded as & welfare
activity, and in the field of minor irrigation, pubiic decision makers as
well as fermers and private entrepreneurs are often paying more attention
to the.expa.nsion of pump irrigation than to maintenance (not to speak of

expension) of irrigetion tanks.

5Ii‘or example, Chambers 1977

6Kudi Maremath (cooperative repeir work) is older them the British Adwminis-
tration. When the British begen to edminister Madras Province, they found
that it was customary, in meny districts, on the part of the villege communi-
ties to contribute labor towards répairs of minor irrigation sources. See

B.S. Baliga, 1960.
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Measures for rehabilitating irr:getion tenks sre rcquired. In view -
of the economics of tank irrigation (vhere it still exists and functions) -
and the potential productivity of this technology, such rehabilitation
measures would have considerable payoff.

ECOROMICS OF EXISTING TANK IRRIGATION

The costs and benefits fo tank irrigation can be meesured at several -
‘evels (Table 2): (1) at the farmer's level, (2) et the level of the
"Project Authority", respoasible for construction and overation of the tdnk,
and (3) at the neationel level.

Teble 2 indicates the factors constituting the costs aiid béneﬁ.ts st
each of these levels and the source of date available (or not available)'r.
The benefit-cost ratios at the former's level (Table 3) indicete that egainst
farmer's costs -- the wa.ter" fees he pays in one season of about 13 to 16
Rs/acfe —- his net benefits due to tank irrigation are about 20 to 30 times
that amount. However, these benefits accrue only on actually airrigated
areas, snd there is an increasingly high probability for a particular acre
to remain non-irrigeted. Even if therefore the benefits ere discounted by an
arbitrary 50% risk factor, the farmer's net benmefits due to tank 1rr:l¢e.tion
would still be in the order of 10 times or more of the vater fees.

To the ﬁro,ject authority (en imeginary body) the water fees paid .
by the farmer constitute its returns. In comparison to the annual costs
(in terms of present velue plus cost of maintenance) of k0O to 600 Rs/eacre,
these returns are almost negligible (Table 4)., However, one might argue
that the capital costs of tank construction should be written off as most
of the tanks have been constructed long ago; and that only the maintenance:

costs nhoiﬂ.d be counted.

Tpor details see M. von Oppen and K.V. Subba Reo 1980a.
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Tsble . Comparisons of benefits and costs of irrigstiom tanks accruing to airf-
vrent participants ' o

. Comparison
Participants Benefits Costs Criteria
I. Farmer 1.Frivate net returne 1.Irrigation charges®® fnanclal
at villages prices due 2.0bligations to ccne~ cost /benefit
to irrigation®* ¢ribute laborf? yatio
2.Increase in land 3.Uncertainty of water
value®* avallability®
3.Reduction in Risk®
II. Project 1.Irrigation fees*® 1.land acquisition®** Pinencisl
Authority| 2.Income from fish- o ,Construction®® cost/benefit
eries, brick ma.king’ 3 .Muintenance®® . ratio
I Water fee collectionf
J1I. Fation 1.Additional production 1.0pportunity cost of Reonomic
at average prices*® capital invested internal
2.Additional employ- {Interest)® rate of
mant, % 2.Submerged land® return
3.5afety in food
production®
4 .Figher water tablef
5.1es8 soll erosion

#ipdicetes information from other sources i3 evailable
#%4ndicates survey data are available
#indicates data or informstion are not available
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Tas'c 3. Tarmar's private/direct bteuefits, costs sod benefit-cost retios {Rs/acre), for tsank irrigstion ’

— e -~

Tnerease iv Iand Beuefits Costs

:x-t.t.led —_ Hot Twturns Yalue Net benefit Net benefit One sesson mn:;‘k’t :

ok code BT !rieu A% villago prices_ At & Tand value pugi, d9° to task due to tank  irrig. fee e ——

u::“) Huir ) iodlg. o glpeteem) T i eree "”:;1“ P Sy  village sverag

Tes 8- M M Tank Rain- .prices av. ces excl. d&ry

irﬂ.g. fod (10 (Rs) (ns agsesEment prices prices
{1) (2) (3 %) (s) (6) (1) 8 (9) (10) (1) (12) (13) () (13) (16)
73 363 251 -19 28 %) 42 409 5%00 1188 k.55 260 451 16.5 15.8  271.3
AB 1719 206 186 1.11 39k 186 2.12 6175 2010 3.07 20 208 12.5 1.6 16.6
BA hé5 309 225 1.371 9559 264 2.12 53k 1500 3.56 8k 295 1 18 32.8 20.3
BB 161 ské 61 B.95. 9 313 17.03 5720 1570 3.h3 s85 &1 1.1 A 8.3
CA 99 328 62- 5.29 R7 6o 8.78 5200 13?0 3.20 266 6T 16.0 16.6 29.2
s 2517 650 1 650 82% 9 91.5 8600 1750 k.90 €9 816 is.C k6.3 58.3
DA 307 %96 189 2.€2 590 212 2.78 M50 1500 3.ho 307 376 ~13.3 23.1 20.h
s 242 80 20T %.06 922 228 h.Gh N3TS 13%0 3.20 633 €94 15.8 %0.1 b9
. 223 329 325 101 K12 3 1.2k %000 26450 2.k5 4 80 1h.k 0.3 . 5.6
i} T 16% T7h 170 k.55 832 160 5.20 5250 2050 2.56 60% 672 13.0 .5 5T
"zpA¥ 340 412 1% 3.35 626 12 h.bo sh81 1628 3.37 331 Mh 1. b 23.0 2.0
/3 Y. - T21 2713 2.6% 737 22k 3.29 sh1T 1667 2.5% M8 %13 1k.9 0.1 3.b
ar 290 960 P9 2.92 953 276  3.45 5215 2125 2.k$ 61 611 1%.7 %2.9 3.0
GE 358 657 13 L.90 598 110 5.5 5500 2050 2.68 523 a7 16.3 2.1 299
R 136 $31 10 3.19 609 ss  11.7 k330 1820 2.38 91 55% 12.2 3.0 hs.h
BB 107 550 . 103 5.3 567 79 T1.18 3833 ms 2.2k hu7 588 13.0 3k.b 3.5
Jh 103 705 s2  13.6 @88 5T 1.5% 5125 2025 2.53 653 826 ©13.9 7.0 63.5
73 140 208 1d1  1.48 285 165 1.73 W65 1610 2.49 67 119 11.5 5.8 10.3
.82 61 - 380 102 3.73 506 103 k.61 k2o 1870 2.3 278 k03 1k.5 19.2 27.8
LA 11 334 80 L4.05 L5k 99 L.59 4000 1875 2.13 2kl 355 13.8 20.7 30.1
LR pL Y 25 17h  1.81 620 183 3.39 ke6o 1720 2.3 151 437 10.9 1%.8 0.2
HARBUBSAGAR 233 5 153 3.50 621 135 k.60  b506 1854 2.h3 383 MB6 13.b 28.6 3.3
HA 1me2 58T 307 191 691 336 2.06 9500 2000 L.T5 280 355 16.8 16.7 2.1
na 927 k09 163 2.51 622 193 3.22 5000 1500 3.33 25k 428 16.0 15.3 26.8
- wm uho ko2 202 1.99 669 191 3.5 5500 1610 3.h2 200 479 16.5 121 29.0
A¥ARTAMIR get u6s 22k 2.08 661 2k0 2.T5 6667 1703 3.31 2h2 521 16.5 k.7  25-6

?
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(2) (2) 3 ® (5 (6 (M ¥ (9 (o 1) 02 (13) () (15)
“PA 39 339 141 311 650 16 h.A5 5000 M50 345 298 50k 13.5 2.1 3.3
QA 1067 €65 1% 171 812 %35 1.81 6600 2105 3.3k 276 3 13.5 0.5 ° 27.9
FRRNOCL €93 552 265 2.08 TR 291 2.52 5800 s 3.27 287 15 | 13.5 a2 3.6
Rb 1000 - 103 88 1.17 134 ‘93 1A 1000 1000 1.00 15 151 21.3 0.7 19.2
BB ‘100 . 88 ko 0.59 76 116 0.66 1063 . na 61 -h0 25.2 0 0
C8A 759 n k25 0.78 354 361 0.98 2500 2500 1.00 -9% -7 2.5 ) o
TA 423 38 38 1.00 353 %8 1.00 5000 ns D& o 5 2.3 0 0.2
AYOLA 821 217 253 0.86 229 230 1.00 2390 1750  1.37 ~35 o 23.1 0 .0
" GA 593 k6 95 x.69 339 9 %29 ns ne Da 351 260 3.1 10.3 1.6
YA 8L 53 11k 0.53 8 -uk 8.00 na ne  na 53 8 13.5 3.9 0.6
Vb 1779 51T 59 .80 531 a6 115 ns - ne ns A58 k85 18.8 2h.h 25.8
. FECLAFIR 339 ik 2b 293 y 173 ne. ‘‘na D& 325 251 22.1 1.7 LM

E8got svailable



“- Tgble 4. Costs and benefits to the Project Authority

Cost . :
. Settled Cost/ Present value Total cost/ Benefit o
command Total A1 other Total cost per per acre cost scre incl. Revenue col~ Benefit
Tank code ares cost ;osts of the acre assuming 22 Rs.1C/acre lected per cost ratio
(Acres) of tund project of  years life at maint. and scre of SCA (9)/(8)
( ——=in ‘000 Rs- ~) SCA 10% interest repairs (Rs)
(Rs) rate {(Rs)
(1) (2) (3) (4) (5) (6) (1) (8} (9) (10)
AA 363 12hY 575 . . 1819 5012 616 - 626 16.5 0.026
AB T19 12k 801 - ' 2045 2843 349 359 12.5 0.035
BA 465 1128 640 1768 3802 46T Y o G 14.5 0.030
BB 161 453 286 739 4591 564 5Th 1.1 0.025
CA Lo9 813 €67 ©.1k8o 2966 364 - 37h 16.0 0.043
CB 257 623 k21 104k 4063 .99 509 k.o 9.028
Di 307 660 483 11k3 3721 LsT LET 13.3 0.028
" DB 2k2 T62 Loy 1163 4808 591 601 15.8 0.026
" EA 223 540 376 916 4207 504 - 51k ak. b 0.026
EB 163 866 289 1155 T083 870 880 13.0 0.015
MEDAK 3k0 833 Lglk 1327 %300 528 . 538 1s.k 0.627
FA 102 254 190 LAY 4354 535 . 545 1k.9 0.027
GA 290 192 Lg2 125k 4323 531 shi L. 7 0.087
GB 398. 724 580 - 130% 3276 ko2 _ 512 - 16.3 9.039
HA 736 1298 806 2104 2859 351 361 12.2 0.03%
21:] 107 266 199 k65 4348 . 53k shl 13.0 0.024
JA 103 256 192 448 4352 535 545 13.9 . 0.02%
KA 1ho0 694 253 9L7 6765 831 8kl 11.5 0.01k
KB 161 585 286 871 5409, 664 6Th 1%.5 0.622
T LA ikl 456 254 710 5040 15 529 11.8 0.C1¢2
- LB L7 158 264 T22 4913 603 613 10.9 0.013
MAERUBNAGAR 233 579 3L8 927 Ls6L 560 : 570 13.4 0.02k
MA 1112 2258 - 889 kT 2830 343 - 358 16.8 n.047
RA 927 290k 866 3779 Lo6T 500 . 516 - 16.6 $.031
EB LL2 983 €20 1603 . 3627 446 ' 456 12.2 2,036
- 16, z,.057

ABANTAPUR 8271 2049 791 2840 03508 - &R - bl1

LT



Table 4 continued ...

952

(1) - (2) (3) (i (5) (6) (1) (8) (10)
PA 219 790 491 1281 %031 L95. 505 0.027
QA 1067 1792 887 2679 2511 308 318 5,042
KURNOOL - 693 1291 692 1983 3271 Lo2 412 0.033
RA 1001 1237 882 2119 2117 260 270 0.079
RB 1100 1325 848 2213 2012 2hT . 257 0.098
SA 759 1275 818 2093 2757 339 349 0.070
TA 425 713 605 1318 3102 381 391 0.05k
AKOLA 821 1138 798 1936 2497 307 317 0.073
UA 593 100L 733 1737 2929 360 370 0.092

VA C Lh8h 823 655 1u78 3053 375 385 0.035
VB, 1779 2263 820 3083 1733 213 223 - 0.084

' SHOLAPUR 1363 736 2099 2572 316 326 0.068

¥
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It is not clear, however, whet the apprbpriate costs of méintenance
should be.‘lFor instance, in Andhra Pradesh the Public Works Department is
being allocated en amount of about Rs. 10/acre; this implies only ome quar-
" ter of 1% of the actual cepital investment in the tank. By any standard,
spending ovly about one-fourth of 1% of the velue of aﬁy building or_ 
construction work implies almost certainly its prbgressive decay. For
appropriate maintendhce’cf relatively dursble buildings, such as irrigation
ta.nks, probably at least about 2% of the capital value would be required.

1f we compere the total construction costs with farmers' net benefits
}and compute the internal rate of return, we arrive at a meesure of social
‘returns to the nation (Teble 5):

This enalysis of the social returns from tank irrigation indicates
the variability in the perfofmance of tanks. On the basis of aversge prices,
about 15 of the 28 tanks surveyed prodnce‘internal rates of return of above
5% and of those only 8 tenks produce internal rstes of return ebove 10%.

All tanks, however, show considerable employﬁent effects, tank-irrigated
agriculture employing ebout 2 to 5 times the anumber of work hours of_rainfbd
sgriculture on the same farms. | |
' THE CONCEPT OF A TANK IRRIGATION AUTHORITY
. Penk irrigation in parts of Indie is presently decreasing in extent and
reliability, despite the fact that it has the potential of being socially
end economicaily beneficials; the question arises of hov %o ensure
that the existing capital of irrigation tanks can be preserved and

possibly expanded.



Teble 5. Socisl bemefit-cost analysis of tank irrigstion projects o the nation

At villege At average Smploymeant  Addl. employ- Proporticn of tenk Met present worth

mank csde prices prices (Hre/acre) ment due £o irrigsted employ- Village * Average

- BCR IRR BCR TRR Tank  Rein- tank irrig. ment over rainfed prices prices .

(%) © (%) irrig. fed (Brs/acre) (6)7(7) (--in '000 Rs--)
(1) (2) (3) v (3 (6) (7) (8) (9) (10) (12)
AA o.k2 0.9 0.7T1 5.5 527 187 340 2.8 -1077 -537
AB a n 0.68 5.0 Nt 146 u2h 3.9 n -663
BA 0.27 n 0.90 8.4 488 64 L2y T.6 ~13hk -189
BB 1.10 11.5 1.5% 1T.7 L87 241 246 2.0 .11 409
CA: 0.96 9.b 1.68 19.6 84l 326 515 2.6 -59 . 1041
CB - 1.91 22.8 2.% 29.2 750 230 520 3.3 9Th 1L46
DA 0.21 = 0.31 n 626 126 500 5.0 -915 -815
DB 0.55 2.5 0.59 2.9 601 142 459 4.2 - -532 -L87
BA R n 0.1k 402 139 263 2.9 r -799
EB 0.46 0.8 o0.52 1.8 7129 140 589 5.2 -627 ~567

MEDAK 602 1Tk 428 3.9
FA 6.81 6.9 0.90 8.b 411 160 - 251 2.6 -88 -5
GA 1.03 10.% 1.10 11.6 381 162 219 2.4 3% 132
GB 1.20 13. 1.12 12.0 386 124 262 5 268 158
HA 0.95 9.2 1.3+ 15.3 326 81 2L5 ' .0 -111 Thh
iB 0.9r 8.5 0.9 9.8 Lh7 115 332 . : . 3.9 -hh -6
JA c.88 . 8.1 1.12 11.5 ki3 73 Loo 6.5 -56 436
K& 0.0k =n 008 o 492 67 b5 , 1.3 -518 . -88%
v:) 0.10 n 0.5 =& 395 55 3L0 . 1.2 - =T95 =755
' LA 6.3 a 0.4 1.2 313 - 1T 236 4.2 K -367
.ILB . 0.19 =n 0.5k 2.3 b87 6L -h23 7.6 -598 -3h41
MAEBUBSAGAR - - L1l 98 - 313 4.8 ,
MA 3.57 18.3 2.0h 2.0 506 159 - 347 ‘ 3.2 1957 3359
RA . 6.k = 0670 5.3 329 96 233 - R -2221  -1097
) 5: SR 0.32 =n 0.77 6.2 350 90 26k 3.9 -1112 -379
2

ARANTAPUR ' : V6" 115 281 . - 3.

CG?‘!’Z&. L]

6T .



pahle 5 continued

-~

W L@ @ W 6 6y (N (8)

(9) : (10}  (11)
PA 621 » 0.3 =n_ 620 12 . 508 5.5 -3 -85k
QA I 0.50 0.9 ©0.68 4.5 ko7 . 139~ 358 3.6 -1383 819
KUROOL S 558 . 125 L33, 4.5 | )
" "RA . . pe @& : na 18 267 276 -9 1.0 ne na
~ RB . na a8  pa& D& 230 3uh ~11k 0.7 - na na
- B8A na na  na na - h23 368 55 1.2 ne na
TA ¢ na na ns ne 271 337 = -66 0.8 . na na
AKOLA ) 298 332 -3k 0.9 . ns na
UA o.43 0.5 0.32 n e 197 .48 1.2 . .1005  -1212
VA n D n n B 260 . -30 0.9 n
VB 0.68 L.9° 0,67 i k7 “2k2 175 67 1.k n. m
| 1.2 ~106  -10T9

SHOLAPUR S 239 211 28

Kotes: Soclal r~ste of discount = 10%
Iife period = 22 years '

Bmtanefit cost ratio

IRR'Interna:L rste of retuvrn
nﬂegligible _

 PBgot avallable
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A "mank Irrigation Authority" might ensure that conditions are ful-
ﬁlled which lead to productively activate and enha.nce the capital invested
in 1rriéat10n tenks in Indiae. Irrigation tanks -- unlike cenal irrigatibn -
can easily be administered by involv-lng locel commmities. Rather than
putting anonymous bodies in charge of repeirs and collection of fees, such
as the Public Works ﬁepartment end the Revenue Department, a state corpora-
tion representing a "Tenk Irrigation Authority” could be established; this
corporation would form "pank Committees" with elected and appointed members
from the fermers' community and representatives of Government bodies. The-
“Pank Committee" would employ "penk Controllers” vho have the authority to
allocate and distribute water, adv‘lsé on need for repairs and r;e.w‘ construc-
" ¢ion works and identify weter users for collection of fees according to |
amoumt of water used. The "Tank Controllers” would be transferred every 3 ‘
to 5 years to other 1ocations (similar to market secretaries in some s*ates)

Under such a framework tank irrigation cen be & proritable and
self-maintaining proposition i? the fo]:iowing conditions are fulfilled.

. CONTROL OF WATER DISTRIBUTION |

Thé water-use efficiency of a tank depends largely upon the water menegement.
The more judiciously water 'is being used end distriduted during the two
growing seasons, the larger wiil be the area that can be served from a
particular tank. .Even a high water consumptive crop such es paddy covering
" the entire tank comnand area does not require the same amount of water dey
after day. Instead,the water flow needed varies with the growth stege of
the érop end with weather end wind conditions. Theoreticel celculations
show that a tank in which 2 water manager allocates water optimally by

teking these variables into mccount can increese its commend area eignifi-.

cantly.
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| . Neturally, if crops. are grouh thet consume iless 'ﬁater.--l,- such“e.s

rroundnuts, hybrid sorgh\mx, cotton, ete. -- the water-use efficiency ca.n
’>e increased. stiil further. However,. such a step to increase efﬂciency
requires a.lso considerably higher costs of more sophlsticated wa.ter allo-;
.,ation for instance, for irrigated reinfed crops and stm'olementary irriga—
tion the entire cenal system has to be physically designed so as to ellow
"flushing" of the whole command aree within e few days during which. the ary
spell occurs. Larger and, because of the wider command area,. longer_ghannells
are ‘requi'redv which have to be lined and provided with_,s.dij_g_stable“outlets_. |
Staff to supervise the flushing operatios hes to be provided qu.rji,ng ‘those,
deys. |

It is not likely that radicel shifts awey from paddy can be achieved
ensily, because of relatively high 1nVestment costs in phjsical and insti-
tutiohal terms.. Instead; woter allocstion by. a Tenk Controller and a
system of fixing we.ter-cha.rges according to ac_tuai water use..Amight allow less
extreme and therefore more feasible solutions,.i.e. lend-use pa_tterhs,_ :
where perhaps the higher outer fringes of & command are.a‘ai'e ‘being planted
under irrigated dry crops while the lower wetter arees are oult‘ivstéd with
paddy. Depending upon the water eveilebility from yeer tovy’e:,ar, farmers
could be induced to shift larger or sma.ller proportiohs to jrrigated dry
crops so es to make best use of the water and the land.. -

A solution hes to be found that maximizes the difference ‘between the
increase -in productivity due to improved water use efficiency a.nd the costs
at which. such improved water menagement can be provided. This point where v '

marg:lnal costs of improved water management is equal to its marginal bene- )

fits, is difficu]t to, determine es it varies from year to yesar.



Preliminary model calculations using T0 vears of daily rainfall to
simulate a water storage system have shown that for an awerage tenk & simple
rule of keeping the sluice closed on rainy deys would increase ‘the irrigsted
aree by more than 20% and reduce by about half the number of years the tank
runs dry during the cropp*ng season. It should be possible to implement such'
8 simple control function by a public authority at. relatively low costs.
REGULAR MAINTENANCE AND REPAIR
Any tank constitutes an artificial obstacle to a natural waterway and es such
it is permanently subject to destructive forces which would eventually lead .-
to its breaching and washing away, unless it was continuously repaired by
hand and well maintained. Thus tanks, as old as some of them may be, cennot
be regarded as permsnent and stable features per se (such as perhaps mountains

I

or river beds)

PR

To maintain irrigation tanks requires annual inspection end.regular.
repair works. The amounts spent for repair hawe to be kept_nt levels suffie;.
ciently high to preserve the capital value of a newly constructed.tank, |
which amounts to about 3000 to hOOO Rs. per ecre of command area.

REVENUE COLLECTION AND TANK MAHAGEMENT

Water rates levied in the tanks under study amount to something in the order,
of lh Rs/acre. These water charges are collected by the Revenue Department
.end amount to a tax drawn from neople who own irrigated land. Whenever the:
bPublic Wbrks Department comes. (on five-year cycles) to werk onm. the tank,
this act1V1ty is financed out of the water rates previously collected.
However, this link is too indirect‘to be understood by the farmer, moreover,

political pressure is often needed to get repairs done and this further

dbscures the zationale in decisions guiding tank maintenance.






23

Insteed, a tenk.controller could report ennually the amount of works
that need to be done and, in the light of such reports, repeir works should
be carried out according to aetual neede, keeping in mind also the potential
revenue loss of a perticule.r tank if it .is left unr_epaired. Such a retional
systembof repairs yould be appreciated by the farmers.

NO CULTIVATION IN TAﬁK BEDS -

Tank beds .should be kept free from cultivatipn so thet desiltation can be
carried out'in an uninhibited way; tank beds could be used for grazing or

in the upper'fringee to grow trees. Cultiuetion and the subsequent acqui-
sition cf ownership rights by individuals in tank beds is likely to 1eed to
endless disputes over the water storage level to be reached, and thus has the
overall effect of reducing the capacity of a tank.

DESILTATION 'OF TANK BEDS ’ ' :p

funder controlled erosion, the siltation of the tank bed will be minimized,
"but even then silt ie likely to be eccumulating, which over time reduces
'the storage capacity of the tank. Regular desiltation of existing tanks
should be the responsibility of a public.body. By digging the fentile

lsilt and redistributing 1t on the uplands from where much of it probably
originated, the value of these uplands could be upgraded, while the etorage :
capecity of the tank would be restored.

lEROSION CONTROL

Catchment areas should be kept in a state that prevents soil erosive

‘runoff. Netural vegetation on the'ene hend or artificisl soil preparation
on the other, including bunds or broadbed and furrow cultivetion combined
with grassed waterways, are efrectiveAmeans to reduce the speed of the

runoff.
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CONCLUSIOFS )
Tank irrigation is an economically and socially prnfitable technology; but
uhder present conditions of management tank irrigation is deteriorating repidly.
Extent as well 8s reliabilitv of tank irrigation are decreasing.
| In view of this decay of valuable cepital, the creation of an euthority
that would be respcneible for revenue collection as well as of repairs and
overall tank management, including jidentificstion of water users should be
considered. Under such a Tank Irrigation Authority it is logical that the
farmers could be charped higher water rates because a better service would be
provided, upgrading the ﬁerformance of irrigation teanks ta the benefit of
every individual.

| The level at which these rates would be fixed 1argely depends upon
.political considerations. However, &s & principle, the Tenk Irrigation
Authority ehould‘operete on a no-gain, no—loss basis similar to other
state corporatione. A detailed study of the legal end administrative

feasibility of a Tank Irrigation Authorlty is required.
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