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Introduction
 

Mark Svendsen
 

This set of chapters resulted from a workshop organized by the
 

International Food Policy Research Institute (IFPRI) and held in
 

April 1988 in Ootacamund, Tamil Nadu, India. The workshop was
 

hosted by Tamil Nadu Agricultural University, Coimbatore, and was
 

designed to review critical strategic problems facing the irrigation
 

sector in India. The larger aim of the meeting was to assist in
 

developing an agenda of research issues to receive attention as part
 

of the recently initiated program of collaborative agricultural
 

policy research being undrrtaken by IFPRI and selected Indian
 

research institutions.
 
In preparation for the workshop, fourteen chapters were commis

sioned to address a carefully selected range of topics. The
 

gEneral theme of the workshop, consonant with the theme of the
 

overall IFPRI/India collaborative research program, was the future
 

of irrigation development in India over the next ten to fifteen
 

years. The topics addressed in the chapters fall into four broad
 

categories. The first is the context of irrigation development in
 

India, which is covered by chapters outlining important issues
 

facing the sector, the water resource base supporting further
 

irrigation development, and alternative modes of future development.
 

During discussions at the workshop, there was general agreement that
 

emphasis is shifting away from simple expansiun of irrigated area
 

and toward increased efficiency of water resource exploitation, but
 

that many problems remain to be overcome in this transition.
 

The second category of issues deals with improving the perfor

mance of existing irrigation systems. Several chapters review
 

efforts to enhance performance of such systems and emphasize
 

approaches to improvement that dj not involve extensive physical
 

modifications to the systems. Given the large stock of existing
 

systems and their generally pour level of performance, this is an 

increasinQoy important issue. 
The third category of issues relates to the process of intro

ducing and sustaining managerial improvements in system management.
 

This topic addresses the critically important stage in which ideas
 

move off the chapter or the test plot and are introduced on a wider
 

scale across one or more functioning systems.
 
The last category deals with the special problems presented by
 

Eastern India. This region, rich in natural .esources and once
 

possessed of a productive and prosperous agricultural sector, today
 

lags behind other regions of the country in most measures of
 

agricultural productivity and development. Chapters in this section
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examine the problems and opportunities posed by the development of
 
eastern India's abundant water resources.
 

The final chapter i!. this %olume addresses the need for a
research program 
aimed at the future. It proposes a modeling
approach for evaluating, on a sate or regional level, the implic'

tions of alternative investment mixes and 
policy choices for food
production and rural income. A special feature of the model 
is that

it covers a ranqe of investment options including investments in
different phy'ical 
and managerial system improvement modes as well
 
as the more traditional 
capital investments in the construction of
 
new systems and rehabilitation of old ones.
 

An overview, prepared by 
a workshop participant, precedes each
of the four groups of chapters in the volume. These overviews draw
 on both the chapters themselves and the discussion that followed

their presentation at the workshop. They also summarize some of the
 
mure important issues raisad by the chapters.


The material in this volume comprises a useful treatment of
problems and 
issues facing Indian irrigation as it moves into a new
century. TIoey represent 
a range of perspectives and disciplines,

but focus on innovations and improvements that can be expected to
 occupy prominent positions in the irrigation policy agenda the
over

coming decade. As such, they are most usefully seen as raising
important issues and quesLicns for study 
rather than an providing

definitive answers tc long-standing questions.
 



Part I
 
The Context of Irrigation
 

Development
 



2 
Overview
 

Gunvant M. Desai
 

The chapters by Professor Vaidyanathan, Mr. Desai, and Dr.
 
Svendsen on the context of irrigation development in India are from
 
three different perspectives, but share a common refrain. This is
 
indeed fortunate since the aim of the present workshop is to develop
 
a policy-oriented research agenda on irrigation.
 

TIE COMMON REFRAIN
 

Irrigation has played a key role in the growth of agricultural
 
production in India in the past four decades. It will continue to
 
remain important in the future. The growth of irrigation has been
 
impressive, but also beset by a variety of problems. These problems
 
need urgent attention in future development of irrigation.
 

TllE THREE PERSPECTIVES
 

Professor Vaidyanathan's chapter focuses on major issues
 
emerging from the past experience of irrigation development. These
 
include (1) the choice between large and small irrigation works, (2)
 
delays in construction, (3) underutilization of the created poten
tial, (4) quality of irrigation, (5) means of achieving qualitative
 
improvement, (6) productivity impact of irrigation, (7) pricing of
 
irrigation water, (8) equity aspects of irrigation development, and
 
(9) environmental concerns. Thus, his ca:.vas covers issues that
 
touch on practically every stage from the planning and execution of
 
irrigation projects to their ultimate impact.
 

His treatment brings out the complexity of the issues and, more
 
important, stresses their extraordinary diversity. This leads him
 
to an important conclusion: conventional wisdom is not sufficient
 
for tackling the problems of the irrigation sector. What is needed
 
are solutions based on careful and detailed analysis of specific
 
situations. The prospects of finding such solutions will depend,

however, on how the issues are addressed. This is crucial because
 
the problems originate with two types of serious weaknesses. First,
 
there are lacunae in the basic data required for proper planning and
 
management of technically sound irrigation works. Second, the
 
institutional arrangements at all stages of irrigation development,
 
management, and use are weak. Thus, it is not enough to limit
 
research to improving the data base and designs of irrigation
 
projects. It is equally important to research a variety of institu
tional issues. Vaidyanathan's chapter offers a social scientist's
 
scholarly perspective on the context of irrigation development in
 
India.
 

Mr. Desai's chapter critically reviews the technical information
 
on which the macro-level planning of irrigation development is
 
based. The review covers estimates of what he calls the ultimate
 

'4. 
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and utilizable 
 irrigation potential of surface and groundwater

resources, the level of
present irrigation development, and the
projections of water
future requirements. Three focuses are
noteworthy: (1) persistent gaps 
in information relevant to planning
irrigation development and recent efforts by the 
government to fill
these gaps, (2) conjunctive (as opposed to independent) development

and use of surface water and groundwater resources in the future,
ard (3) the widening gap 
between actual use and created irrigation
potential and a -eview of what is being done to close this gap. 
 Mr.
Desui's chapter presents the technical perspective of a macro
planner.


Dr. Svendsen's chapter provides yet 
another perspective. It is
based on the 
premise that irrigated agriculture iill necessarily

continue to shoulder a major burden of growth 
 in agricultural

output. Its future contributions will, however, have to be dif.
ferent. Examining the 
past sources of growth in irrigation by type
and region, and then critically comparing this 
record with realistic
 
estimates of potential, he argues that days
the when exponsion of
irrigated area can drive agricultural growth are drawing 
tu a close.
Two main reasons are cited: 
 the shrinking opportunities for new
works and rising cost of surface water irrigation. Hence he
concludes that the priorities in irrigation development will have to
shift froi expanding irrigated area to improving the quality of
irrigation. The latter 
would include (1) the conjunctive use of
ground and surface water, (2) improved performance of existing

surface systems, (3) improved use of groundwater extraction machinery, (4) more efficient interactions of irrigation with facturs such
 as fertilizers, cropping 
 patterns, and crop varieties, and (5)
improved irrigation technology. Achievini these improvements wnuld
involve 
combinations of physical rehabilitation, changes in administrative procedures and management practices, and development of
appropriate institutional as well as organizational arrangements.

Svendsen's 
capter offers the pragmatic perspective of a concerned
 
expert.
 

MAJOR QUESTIONS IN DEVELOPING A RESEARCH AGENDA
 

All three perspectives deserve thoughtful attention 
in designing

a meaningful research agenda 
for the future development of irrigation. Discussion of the issues raised by these 
chapters may be

organized around three sets of broad questions:
 

(I) Which of the numerous problem areas in past irrigation

development are critical realizing
to the role expected of

irrigated agriculture in the future? What 
is the relative
importance of technical factors compared with 
institutional
 
factors in creating these problems? What are the inter
relations between these types of that
two factors make the

problems difficult to solve? 
 What are the legal, politi
cal, and economic means for tackling these problem areas?

What impedes the use of these means?
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(2) What are the technical, economic, and institutional
 
imperatives in developing irrigation in the future? Given
 
these imperatives, how could the cost of further irrigation
 
development be minimized? What is the role of various
 
agencies involved in irrigation development?
 

(3) What are the most seriojs information gaps in tackling the
 
problems afflicting the irrigation sector? How could they
 
be overcome? What are the main shortcomings in present
 
efforts to fill them?
 



11~3 3 

Critical Issues Facing Indian Irrigation
 

A. Vaidyanathan1
 

The expansion and improvement of 
irrigation facilities occupy a
central place in India's strategy for raising agricultural productivity. Investments in 
irrigation constitute 
the single largest
component of agricultural investment 
overall and particularly in the
public sector. 
 Over the past forty years, the state spent a total
of Rs 435 billion on agricultural and rural development, including
irrigation and flood control; 
investment in irrigation alone totaled
Rs 180 billion. 2 
 The largest part of state expenditure on ijrigation went to construct new and rather large surface systems, as
well as works to promote quicker and better 
use of the water made
available by 
 these systems. state
The also gave a substantial
amount of assistance to 

and 

groundwater development by offering loans
grants to farmers for constructing and energizing wells, by
supporting investment 
in rural electrification, 
and to a limi ed
degree by seLting up public tubewells. Total irrigated area
reportedly rose 
from 22.6 million hectares (17 percent of crop area)
in 1950-51 
to 54.1 million hectares (31 percent 
of crop area) in
 
1984/85.
 

IMPACT OF IRRIGATION
 

In India 
the bulk of the annual precipitation in practically all
parts of the 
country is concentrated 
in a short period, and, in
large parts the
of country, 
the average rainfall itself 
is quite
low. In these agroclimatic conditions 
irrigation can make a big
difference to productivity by permitting 
land to be cropped for a
longer period during the 
year than would be possible on the basis of
rainfall alone; 
by enabling longer duration, higher value crops
be grown; and by enlarging the scope for, 
to
 

and efficiency of,
 

IThis is a revised version of 
the paper presented at the
Ootacamund workshop. 
 I am grateful to 
S. Guhan and S. Janakarajan
for their comments on an earlier draft. 
 Discussions at 
the workshop

helped me sharpen the presentation in several 
respects.
 

2
The figures are based 
on computations by the 
 Center for
qonitoring Indian Economy (1988. Vol. 
1, Table 7.21-1).
 

3On ave~rage, nearly one-fourth of the public investment in
irrigation during 1950-84 went 
into major and medium works.
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fertilizer use and therefore increasing average yields of particular
 
crops.
 

Ample evidence shows that productivity on irrigated land is
 
markedly higher than on unirrigated land. Some recent estimates,
 
which are admittedly approximate, suggest that across states the
 
gross value of output per hectare of irrigated land is between 50
 
and 280 percent higher than that of unirrigated land (Table 3.1).
 
Differentials of a much larger orcee are 1pparent when we consider
 
territorial units smaller than the states. Moreover, except where
 
irrigation is largely from small storage works that depend mainly on
 
local rainfall, the proc ctivity of irrigated land appears to be
 
more stable across years.
 

Regional variations in the difference between productivity of
 
irrigated and unirrigated land are partly related to differences in
 
rainfall. Productivity differentials between irrigated and rainfed
 
land seen to be inversely correlated with the level of rainfall:
 
the differential tends to be higher in regions with low rainfall
 
(and lower in regions with high rainfall), both in absolute and
 
relative terms.
 

The quality of irrigation, which reflects the extent to which
 
the timing and quantity of irrigation supplies are regulated in a
 
controlled fashion, is among the determinants of the productivity

increase associated with irrigation. Quality is, however, difficult
 
to measure: inde~es like the proportion of irrigated area served by
 
groundwater, the extent of conjunctive use of groundwater with
 
surface water, and the characteristics of surface irrigation works
 
can be used to capture qualitative differences indirectly tut only
 
partially. The available data suggest that greater reliance on
 
groundwater than on surface water does not affect the impact that
 
irrigation has on productivity, once we control for the effect of
 
rainfall. Some evidence suggests that a higher degree of uependence
 
on small storage works is associated, given the rainfall, with a
 

4For districts in Tamil Nadu the ratio of productivity on
 
irrigated land to that on unirrigated land varies from 2.6 to 7.7
 
(Vaidyanatan 1987).
 

5Analysis of district-level data for the 1970s in Tamil Nadu
 
shows that the productivity of irrigated land varied less around a
 
linear trend than that of unirrigated land in nine out of twelve
 
districts (Vaidyanathan 1987, Table 5).
 



------------------ 

--------------- ------------------ 
-- ----------- ------- --- ------------- 

Table 3.1--Selected indicators of the potential. 
cost and productivity of irrigation, by state
 

Average Cost 

of Additional Potential' 


Major 

State Medium Minor All 


Andhra Pradesh 15,200 

Assam 5,208 

Bihar 12,690 

Gujarat 37,690 

Haryana 24,130 

Jammu & Kashmir 15,225 

Karnataka 

Kerala 

Madhya Pradesh 

Maharashtra 

Orissa 

Punjab 

Rajasthan 

Tamil Nadu 

Uttar Praoesh 

West Bengal 


11,000 

12,190 

14,700 

20,70C 
14,400 

15,290 

11,360 

21,400 

8,750 


12,000 


Sources: A. Vaidyanathan, 

2,250 9,780 
6,770 5,96C 
1,660 6,030 
4,630 23,730 
1,580 12,860 
1,480 15,050 
3,100 7,510 
4,000 9,550 
5,360 10,170 
4,990 14,810 
2,070 6,740 

400 7,000 

2,270 8,520 

2,320 7,880 

840 3,750 


3,060 5,650 


"Irrigation and 
ics 42 (Octooer-December 1987): 

Productivity Dif
ference between 

Irrigated and 


Unirrigated Land 


Aesolute Ratio 


Too 


1,236 3.3 

n.a. n.a. 

600 1.5 


1,250 2.8 

1,355 3.6 

n.a. n.a. 


1,265 3.2 

n.a. 	 n.a. 

605 1.9 


1,325 3.8 

389 1.7 


1,465 2.5 

900 3.5 


1,677 	 3.6 

980 1.7 


n.a. n.a. 


Agricultural Growth," 

Investment
 
in Ir'igation 


per Unit of
 
Additional 

Output 


7.9 

n.a. 

10.1 

1.0 

9.5 


n.a. 

5.9 


n.a. 

16.8 
11.2 

17.3 

4.8 

9.5 

4.7 
3.8 


n.a. 


Indian Journal 

tics Relating to the Indian Economy, Vol.2 (New Delhi: CMIE, 1988).
 
n.a. Not available
 
apublio sector outlay during 1980/85 hectare of increase 

514; and Center for Monitoring Indian 


Irrigation Pot:--tial
 

Created up
 
to 1984/85 Ultimate
 

h-------------a 

5,600 9,200
 
520 2,670
 

6,300 12,400
 
2,940 4,750
 
3,326 4.550
 
n.a. n.a.
 

2,400 4,600
 
950 2,100
 

3,790 10,200
 
3,700 7,300
 
2,630 5,900
 
5,640 6,550
 
3,800 5,150
 
3,190 3,900
 

18,800 	 25,700
 
3,300 6,110
 

-


of Agricultural Econom-
Economy, Basic Statis

per 	 in irrigation potential during the sameperiod. Due to difference in size, date of start, and rix between completed and ongoing projects, the
estimates may not 
give a correct picture of relative costs.
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smallgr difference in the productivity of irrigated and unirrigated
 
land.
 

The lavel of biochemical technology--which operates through the
 
genetic potential of crop varieties, the quantum of nutrients they
 
can absorb, and the efficiency at which the nutrients are converted
 
into crop yields--is also important in determining productivity.
 
The high complementarity between biochemical elements of agricul
tural technology and irrigation makes it difficult to disentangle
 
their relative influence in accounting for difference , in output per
 
unit of area. It is even more difficult to disentangle their
 
contributions to differential increases in productivity over time
 
because, apart from irrigation level and qual'ty, changes in
 
biochemical technology take place on both irrigated and rainfed
 
lands. In the circumstance viewing growth of output per hectare
 
purely as a function of differential changes in the irrigation ratio
 
is simplistic and misleading. Even though biochemical technology is
 
developing and spreading faster on irrigated tracts, such changes
 
augment productivity both on the preexisting stocL of irrigated land
 
and on area newly brought under irrigation.
 

Although the development of irrigation has been rightly given a
 
key role in Indian agricultural development strategy, the experience
 
of the past four decades highlights several issues, particularly
 
concerning the kinds of irrigation works that should be promoted,
 
the relative emphasis that should be given to quantitative expansion
 
as distinct from qualitative improvement, the means of achieving
 
qualitative improvement, the question of the distribution of
 
benefits from irrigation, and the recovery of costs from beneficiar
ies.
 

BALANCE BETWEEN LARGE AND SMALL WORKS
 

There is a view that small irrigation works should be given
 
greater importance than large storage-based canal systems, which
 
currently absorb the bulk of public investment in irrigation. The
 
argument is twofold: small-scale works are less expensive and easier
 
to manage, and large canal systems give rise to serious environmen
tal problems.
 

6
A multiple correlation (across states) between the ratio of
 
productivity on irrigated to unirrigated land and amount of rainfall
 
and percentage of irrigated area under wells shows the partial
 
correlation coefficient of rainfall to be negative and highly
 
significant and that of well i:rigation to be negative but not
 
significant.
 

Across districts of Tamil Nadu, a similar, strong inverse
 
relation between rainfall and productivity differentials between
 
irrigated land is corroborated. The percent of irrigated area under
 
tanks also shows a significant inverse correlation with the produc
tivity ratio. The partial correlation coefficient for percentage of
 
well-irrigated area is not significant.
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It is true that, on the average, public sector outlay per unit
of irrigated area is lower 
for minor works than for large canal
systems. That is not, however, an adequate basis 
for judging the
relative merits of 
these two categories of works: while the bulk of
the cost of developing major and medium projects is borne by the
government, a large part of the cost of 
minor works (especially
wells) is borne by 
the farmers. Comparisons based on outlay per
hectare of potential do riot allow, in a systematic and explicit way,
for unproductive investment 
and for existing works that are displaced or go out of 
use. What is relevant is the total cost per

unit of net addition to irrigation potential.


Apart from the 
lack of reliable estimates of private investment
in different categories of works or of their rate 
of depreciation,

the potent'al addition to irrigated area is often 
overestimated.
This bias, although by 
no means confined to a particular category of
works, seems to 
 be more pronounced 
in the case of wells. The
potential of well irrigation is estimated by the number of wells dug
and pumpsets installed; this method does not 
 consider that a
significant proportion of walls 
is located in the command of surface
 
systems 
and does not add to irrigated area; 
nor that, in many areas,
increasing well 
and pump density lowers the water yield of 
preexist
ing wells in the area.
 

Furthermore, the investment 
 cost per hectare of additional

irrigation is obviously an 
inadequate basis for 
Judging the relative

economic merit 
of different water 
sources, whose recurring costs
differ, because it does not take 
 into account significant differ
ences in the quantum of 
water supply, its reliability, and controllability. A small 
 tank that depends on a local catchment may
require less investment per hectare than 
a large system, but provide
much poorer quality irrigation. A well may need a smaller directinvestment per unit of area than surface irrigation, but require
suppirting investment for extending power lines and expanding

capacity to generate power. These considerations shuIuld be,seldom arp, taken into account in calculating of sucial costs 

but 
and 

benefits.
 
The choice between different categories of irrigation works is
 not unconstrained, 
nor can they a!ways be substituted for each


other. In any given 
tract, the effective scope for choosing between
large and small storages or between 
surface water and groundwater is
limited 
by rainfall pattern, topography, and geology. Thus over
large parts of peninsular India, the scope 
 for expanding well
irrigation is strictly limited. It 
is no accident, for example,

that small irrigation tanks are concentrated in the southern part of
the peninsula, which receives rainfall 
in both monsoons, but are
scarce in tracts depending primarily 
on the Southwest monsoon, 
even

when topography is favorable 
for local storagc. In the latter areas
surplus water 
from the monsoon months 
has to be harvested over a
wide catchment and impounded 
on a large scale in order to 
serve the
need during drier periods. In these conditions, large and small
storage could complement, rather than replace, each other. Similar

7For a rare instance of properly 
done social cost-benefit
 
analysis of well irrigation, see Lal (1972).
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ly, conjunctive use of surface water and groundwater in areas
 
commanded by surface systems indicates a strong complementary

relationship between the two types of systems.
 

NEW WORKS VERSUS BETTER USE OF EXISTING WORKS
 

A second class of issues concerns the balance between creating
 
new works and making better use of the capacity already created.
 
The government tends to start far more projects than can be accom
modated within the amount of investment available for irrigation, so
 
projects take longer to complete than anticipated. The average time
 
taken to complete major projects (ba',ed on a study of eight proj
ects), is estimated at eleven years to complete, about four and a
 
half years more than projected in the original plans (Pant 1984b).

Again, by the end of 1980/81, actual expenditures on projects begun

prior to 1974 were barely 40 percent of the revised cost estimates
 
(themselves much higher than the original estimates), and the actual
 
potential created was around one-fourth of the expected level. All
 
s.xty f've major projects begun before 1976 were to be completed by
 
1980/81, but only twenty five were in fact completed by that time.
 

Political leaders have a strong interest in promoting new
 
irrigation projects for several reasons. Since irrigation makes a 
significant difference to farm ncomes and can benef-it a large 
number of farmers, public irrigation projects are a means of 
gathering and consolidati-g political support. In d ysteai hased on 
periodic elections, this is a particularly powerful motivation. 
Ongoing projects, especially those sanctioned by another minister or 
administratioi, give less political mileage than new projects, and 
constituents are always pressing for new projects in particular 
areas. Together with the rapid turnover of decision-Makers at the
 
poiitical and bureaucratic level, this generally shortens time
 
horizons, which militates against objective, comprehensive, and
 
long-term planning of irrigation. These factors and the potential
 
use of large projects to mobilize funds for party and other purposes
 
account for the remarkable lack of concern for setting up and
 
nurturing strong institutions to undertake surveys, design, en
ginearing, and strict and objective evaluation before, during, and
 
after implementation. Instead, engineers under pressure to
are come
 
up w'ith neq project proposals; the procedures for scrutiny of
 
projects tend to be quite lax; and there is hardly any concern about
 
when the approved projects will be completed. Delays, defect;ve
 
designs, and cost overruns are a direct consequence of this situa
tion.
 

Fewer, more tightly designed projects should help the time taken
 
to complete projects and facilitate speedier use of potential. The
 
large and persistent gap between the potential created and the
 
actual use in terms of irrigated area is widely seen as a major
 
problem requiring special attention. Successive five-year plans as
 
well as the Irrigation Commission emphasize the lack of field
 
channels, drainage, and preparation of land for irrigated farming as
 
the principal reasons for the persistent underuse of potential.
 
Because farmers are allegedly reluctant to take up the construction
 
of field channels, the state assumed greater direct responsibility
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for field channels and other works needed to ensure the proper use
 
of water as part of the Ccmmand Area Development Programs (CADP).

The actual outlay for CADP in the Sixth Five-Year Plan (Rs 0.8
 
billion) represented about 8 percent of the total outlay for
 
irrigation; outlay in the Seventh Five-Year 
Plan for CADP amounted
 
to more than 10 percent of the projected total outlay for irriga
tion.
 

The problem is, however, considerably more complex than conven
tional wisdom would have us believe. In the first place, thd esti
mates of potential and use are themselves open to question, partly

because the definition of these terms is ambiguous, reporting

agencies use different interpretations of the concept, and the
 
system of monitoring and verifying the information provided by

executing agencies is lax. More important, the potential area that
 
can be irrigated in a system depends on several factors, including

the volume and seasonal pattern of water supply; the losses in
 
conveyance, distribution, and application; the extent to 
 which
 
conjunctive use is developed; and the crop pattern. All these are
 
obviously interrelated.
 

If the design assumptions about any or all of these are er
roneous--and the empirical basis for the assumptions tends to b
 
gross and tenuous--the estimated potential may be quite misleading.9

In canal projects, assumed crop patterns diverge significantly from
 
actual crop patterns: that the actual patterns are in general much
 
more water intensive than 
 the assumed ones is well documented.
 
Objective measurements of various types of losses that affect the
 
overall "irrigation efficiency" (in the technical sense, this is
 
measured by the proportion of water tapped at the head that effec
tively reaches the root zone of the crops) are qtill far too
 
meager. Project reports seldom recognize the conjunctive use of
 
groundwater (which directly 
affects the parameters of irrigation

efficiency) in the overall budget of water in the system. These
 
aspec's deserve far greater attention than the construction of field
 
channels and land leveling.


The estimates of potential for major irrigation works suffer
 
from two main weaknesses: one his to do with the allowance for the
 
depreciation of 
existing works and for works that mainly stabilize
 
water supply to areas already clar'ified as irrigated. Nationally,
 
a reading of the plan documents suggests that these factors are
 
netted out in estimating the additions to potential. However, much
 
of the estimate of potential is derived from norms for the area

irrigated per well and per pumpset, 
whose empirical basis is
 
unclear; the system of reporting and verification of achievements is

again lax; and it is far from obvious how the area under miior works
 
going out of use (which is the relevant concept of depreciation) is
 
estimated.
 

A second and more serious weakness is the treatment of ground
water irrigation used in conjunction with surface water. As far as
 
can be gathered, this aspect is not taken into account in the poten
tial estimates. To this extent, the additions to potential 
 ir

8For a more detailed discussion and further references, see
 
Vaidyanathan (1987).
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rigated area would be overestimated. Given the apparently rapid
 
spread of conjunctive use, this bias would increase ovcr title.
 

Moreover, the estimates of area actually irrigated as reported
 
by village revenue agencies are not ai rcliable as one might
 
suppose. The responsibility for compiling statistics on cropwise
 
irrigated area is vested in revenue officials in some states, the
 
Irrigation Department in others, and sample survey organizations in
 
yet others. The data contain substantial reporting and compilation
 
errors. These errors may in some cases reflect systematic biases
 
(for example, when the irrigation status of a piece of land is not
 
of direct concern to the department collecting the data). The
 
general deterioration in the quality of village-level record
 
keeping--due in part to the enormous increase in the tasks assigned
 
to village officials and, in some cases, the abolition of the
 
traditional system of permanent, locally resident village offic'als
-has almost certainly affected the quality of irrigation statistics.
 

The statistics on irrigated area thus need to be recast, at both
 
the conceptual and the operational levels. We nU2rl much clearer and
 
unambiguous definitions of potential and use; a more elaborate
 
classification to distinguish land irrigated by s rlle from that
 
irrigated by multiple sources; and reporting of gross cropped area
 
by crop separately for irrigated and unirrigated land. Moreover, in
 
view of the deterioration in traditional systems of compiling data,
 
alternative and reliable methods--preferably periodic sample surveys
 
both at 
land use, 

the 
c
system 
ropping, 

level 
and 

and 
irri

at 
gation 

the regionaI 
need to 

level--for estimating 
be given greater em

phasis. 

EFFECTIVENESS OF IRRIGATION
 

Far more attention is being given to the area under irrigation
 
than is justified. What should be a matter for greater concern is
 
the apparently limited effectiveness of irrigation in raising the
 
productivity of land. The intensity of irrigated cropping as well
 
as the yield of major irrigated crops are much below the levels
 
achieved in other countries and those demonstrated to be feasible
 
under Indian cinditions. Moreover, available evidence does not
 
point to significantly faster a,.d sustained impr vement of these
 
levels on irrigated compared with unirrigated land.
 

The impact of irrigation on productivif. is a function partly of
 
the characteristics of the system and partly of how well water is
 
managed in terms of assurance and timeliness of supplies according
 
to the need of the crops. From both viewpoints, privately owned and
 
operated wells for own use are perhaps the best: the command area is
 
small, and the decisions rega rdino the r.rnps tn li grnwn a wpll a 
the timing and quantum of water supply are more within the control 
of the owner. The marked increase in returns to irrigated agricul
ture that follows the introduction of new cereal varieties and the 
spread of rural electrification has, not surprisingly, resulted in 

9
 This observation is based on analysis of district-level data
 
for Tamil Nadu during the 1970s (see Vaidyanathan 1987, Table 5).
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the rapid spread of well irrigdtion almust everywhere, both as a
sole source of irrigation and in conjunction with surface 
water.

The problen is how to regulate the number and location 
of wells in
order to prevent overexnloitation of aquifers, to ensure equitable
 
access to water, and to .ep costs in check.


Regulations concer irg the of
siting wells, especially within

the command of public c~rial systems, have not, however, deterred the
rapid expansion of conjunctive use. Although the regulations

provide stiff penalties against violations, they have rarely been
 
invoked or successful in checking the proliferation of wells
(Vaidyanathan 1986). Many 
tracts that have experienced intensive
 
development of wells, including the Punjab, a progressive
report

lowering of the water table lower per
yield well, and higher

capital and operating costs. Wells 
 used in conjunction with

surface water affect 
the supply of surface water, and the consequen
ces necessarily 
fall heavily on those who depend exclusively on

canal water. The spread of conjunctive use among South Indian tanks

tends tn weaken the collective interest of 
farmers in maintaining

and managing the tanks properly.


Collective efforts of the users 
themselves or state interventio
 
to regulate the 
growth of wells, which could in principle lowe"
 
costs 
and ensure more equitable access, are conspicuously absent.
Private returns to well irrigation must be high enough to absorb the

higher capital and recurring costs of pumping, or farmers will not
have faith in the ability of either the government or tneir own

collectives to 
keep the wells in good working order and ensure fair

distribution 
 in accordance with accepted principles. There is,

however, evidence that farmers who cannot afford wells of their own
 are increasingly willing to purchase 
well water, despite its high

cost and precarious supply. In some regions, the private purchase
and sale of 
grgndwater have assumed significant proportions (Shah

and Raju 1988).
 

lOAlthough systematically compiled data on water tables is

still 
lacking, the Center for Monitoring Indian Economy has reported
progressive lowering of the watar 
table in several regions. Surveys

conducted by the Madras Institute of Development Studies in two
 
large canal irrigation systems 
in Tamil Nadu also corroborate this.
 

1 This comes out clearly from our study of the Palar 
Anicut
 
system in Tamil Nadu- where conjunctive %Ill irrigation is highly

developed, traditional community arrangements 'or tank management

tend to be weaker.
 

12The incidence of water 
sale is, however, highly variable, as
shown by Shah's studies. In Tamil Nadu, some systems have practi
cally no conjunctive use (Tambaraparani system and New Kattali 
canal

of Cauvery), while, Palar and
in the Anicut "arambikulam Aliyar
systems it is well developed. Among the latter, Parambikulam has

hardly any water sales, while Palar 
has widespread sales. Within

different segments of the Palar 
system command, the incidence of
both conjunctive 
use and water sales is highly variable.
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At the other extreme are the small irrigation systems that 
depei;d on local storage or river diversion. Most are old systems 
and traditionally managed by the user communities on the basis of 
well-recognized principles supported by social sanctions. For the 
most pirt they rely on seasonal irrigation sources and are marked by 
a relatively unstable supply and crude regulatory devices than wells 
and the larger storage-based systems. On both accounts, their 
impact on productivity tends to be smaller. Over the years the 
proliferation in the number of users, the change in the social locus 
of land control, the loosening of the traditional structure of power 
and authority in the village communities, and the progressive 
deterioration of the physical condition of the systems have also 
meant a deteriuratijn in the working of these systems. The emer
gence of well irrigatioo in the command of such systems has helped 
to counte" these tendencies insofar as productivity is concerned. 
But sericus doubts remai r about how far and how equitably this 
process his worked. 

The area under minor surface irrigation systems has not expanded
 
much in recent times. The bulk of the expansion of area irrigated
 
by sbrface water has been accomplished by major and medium works,
 
whih are multi-village systems serving anywhere from ten thousand
 
to one million hectares, usLally from a single storage through a
 
networ; of canals maintained and operated by the state. These
 
systems are designed on the basis of available information on the
 
volume of water flow at the reservoir site, its seasonal pattern and
 
variability, and certain assumptions about conveyance and applica
tion losses, crop water needs, and crop patterns. The layout and
 
specifications of the distribution network as well as the rules for
 
operating the reservoir and the canals are derived from these basic 
factors. 

S nce system designers typically have to use incomplete and 
in,.:curate informat on, even the design often shows inconsistencies
 
in the command area, crop pattern in different parts of the command,
 
and canal capacities. The Command Area Development Programs and the
 
modernization of older systems seek to remedy these defects and
 
raise irrigation efficienr:y by lining, recyclin- seepage water,
 
consolidating landholdings, and providing better control over water
 
management through bette. control structures, rotational su-.)ly, and
 
conjunctive use of surface and well water. Many of these changes
 
require not only physical investment, but also tighter organization
 
capable of enforcing the necessary discipline.
 

Consolidating holdings and reshaping land significantly alter,
 
for example, the location, soil composition, and boundaries of
 
individual holdings and are therefore difficult to accomplish on a
 
purely .iluntary basis. Consomlidation would no doubt collectively
 
benefit the farmers in~olvec by improving the conservation of
 
moisture from rainfall, raising the productivity of water, and
 
facilitating the development of wells. The higher the potential
 
benefit of consolidation, the greater the willingness of affected
 
farmers should be tr. accept it. However, the precise magnitude of
 
the benefit cannot be estimated in advance with confidence. This
 
inherent uncertainty about aggregate benefits is compounded by the
 
even greater uncertainty about the benefit that an individual farmer
 
is likely to get. Under these conditions voluntary consolidation is
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likely to be a slow process. A strong case can 
be made for compulsory consolidatiNn and even 
for public funding of part or all of the
 
costs involved.
 

The principlc 
has benn accepted, but so far implementation has
been limited to the Punjab, Haryana, and Uttar Pradesh. Elsewhere

the government has been 
remarkably and also universally reluctant 
to
take this responsibility. Perhaps 
the tusk was more manageable in
the Upper Gangetic Plain 
where the soil and topography are more
homogeneous than elsewhere. 
 The greater the heterogeneity, the
greater the uncertainty of individual outcomes. 
 And when individu
als lack confidence in the 
fairness and objectivity of the officials

charged with deciding who shall 
get which land where, unmanageably

numerous and acrimonious disputes may arise.
 

The proper management of water allocations--that is, making the
required amount of water available at the required time and place-is impeded 
not merely by inadequate regulatory structures, rigid
designs, 
and physical constraints, but by institutional weaknesses
 as well. In the first place the systems are invariably manned and
managed by the government bureaucracy with hardly ary user participation, or even consultation, in making the principal operating
decisions. 
 The basis for operating procedures and for changing them
 are seldom 
clear to the users. The arrangements for collecting
relevant data 
on actual water releases, loss in conveyance, the

and extent of crops grown, and the conditions of 

kind
 
crops in different
segments are grossly inadequate, and the 
capacity to correlate them
systematically 
in order to make operating decisions is even more so.
Managers are drawn 
from the general engineering cadre, which 
means
that 
the system does not permit the accumulation of the specialized
knowledge, skills, and experience necessary to operate such complex


irrigation networks.
 
Improvements in physical design 
and control structures only
facilitate, but do not guarantee, 
better management ,inless the
institutional arrangements are 
also tightened. Conjunctive use adds
greatly to flexibility in water management, but cannot compensate


for sizable shortfalls in canal supplies, which are 
the primary
source of Even which
recharge. warabandhi, 
 seeks to impose some
order and predictability on water supplies, cannot go far in raising
the quality of irrigation without tackling organizational questions.
The warabandhi system works best within a season and in areas
where the bulk of irrigated area is devoted to same
the crop or to
 crops of more or less similar level and pattern 
of water requirements (as, for example, in the Rabi 
season inwheat-growing areas).
But some studies in the 1960s (Reidinger 1974) shnw that in the
even
Punjab, where the warabandhi 
 system has a long history and is
reputed to be effective, the 
system gives reasonable assurances of
the dates on which farmers in a particular outlet can expect to get
water, but does not guarantee the amounts 
they will get. There is,
 

13The importance of thin was stressed by Minhas (1970), who
 argues for compulsory land consolidation along with integrated land
improvement works as the major focus of 
a rural development program
 
to create employment and remove poverty.
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in fact, consideraole variation in the amount 
of canal water
 
received by the farmers.
 

The system is apt to be less effective when crops with diverse
 
water requirements are grown unless the system's management is
 
strong enough to enforce crop patterns or water deliveries. To some
 
degree crop patterns, especially between seasons, could be regulated

by scheduling the canal operation appropriately. For example,

restricting supplies to eight months is an effective way of checking

the area devoted to perennial crops. But regulating as area sown to
 
crops with different water needs (such as paddy and millets) within
 
a given season requires the capacity to enforce sanctions against

violations strictly. To be effective the sanctions must 
be severe
 
enough, and the managers should be free to enforce the sanctions
 
without interference.
 

In fact, system managers are rarely able to enforce restrictions
 
on crop patterns, regulate the tapping of groundwater, or prevent

unauthorized diversion of canal supplies. Users can interfere with
 
water allocation by growing unauthorized crops in unauthorized
 
places, diverting more 
water from the canal than they are supposed
 
to, and digging wells and installing pumpsets in prohibited 
zones.
 
This is possible when some farmers are in a favorable location
 
(upstream farmers invariably have better access to water), but also
 
when they can influence how water allotments work at different
 
levels of the bureaucracy that 
runs the system and can get centers
 
of power outside the system management, such as state-level offi
cials, ministers, and the political 
party network, to intervene on
 
their behalf. The system managers thus have no effective power to
 
enforce the rules or the penalties for violating those rules.
 

Improved management of canal systems therefore requires th:t

physical improvements of the kind mentioned earlier be combined with
 
institutional reform. The management of each should be
system

vested with an autonomous organization manned by its own profes
sional cadres and ensure the effective participation of user
 
representatives in making implementing
and policy. The rules
 
governing its operation 
should be made or modified openly in
 
consultation with (and preferably with the participation of) the

farmers affected, and their rationale should be made clear to all
 
concerned. When the interests of different segments of users are
 
explicitly taken into account in decisions 
 about allocations,

compromises are made with 
the full knowledge and participation of
 
users, and the rationale of the rules are understood, the decisions
 
are more likely to be accepted. Whenever possible, the operation of
 
the main system should take into account the possibilities of
 
conjunctive use of groundwater as well as intermediate storages (as

in the case of system tanks) to permit greater flexibility of water
 
use at intermediate and lower levels.
 

A management system with full user participation and control
 
requires a radical departure from present arrangements. Although it
 
will take time to accomplish, such a system should be the ultimate
 
goal. In the meantime, a beginning could be made by making the
 
management of each system an autonomous entity, building up a cadre
 
of professionals a concept of water
with broad management and
 
preferably employed permanently by each system organization, and
 
using the proceeds of water fees from the command area of each
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system for maintenance and administration. When users see that the
 
water charges they pay are used for running their systen, they
 
should be more willing to pay for them.
 

PRICING OF WATER
 

Another important theme in the discussions of irrigation con
cerns the pricing of water. It is well known that the water rates
 
collected from areas served by public works do not meet even working
 
expenses, let alone cover depreciation or earn a moderate return to
 
investments. It is also well known that groundwater irrigation,

although mostly in the private sector, receives sizable direct and
 
indirect subsidies in 'he form of grants to cover part of the
 
installation costs, low-interest loans, and electricity prices that
 
are well below cost. The gap between price and cost has widened
 
because the cost of irrigation development has soared, but water
 
rates have not been raised significantly. Several states have
 
actually reduced the tariff on electricity. Political resistance to
 
raising water rates is clearly strong: indeed, the pressures are for
 
further liberalization of the terms. Liberalization seems unjus
tifiable in view of the large gains in productivity that result from
 
irrigation, especially when we see the considerable effort and
 
expense that farmers served by public canals are willing to incur in
 
order to get water. In parts of Yamii 'Iadu, farmers' groups collect
 
and spend as much as Rs 250 per hectare every year for minaging
 
common irrigation works. On occasion they pay sizable bribes; and
 
in the case of subsurface irrigation, farmers without wells are
 
willing to pay as much as one-third of their gross produce in
 
exchange for water from nearby wells.
 

Although it would be unrealistic to ignore the political roots
 
of this phenomenon, we should consider the possibility that at least
 
part of the resistance to a general rise in water rates or, for that
 
matter, to paying existing rates, may occur because large segments
 
of the farmers within the command of canals do not in fact get water
 
at all or do not get sufficient supplies with reasonable assurance.
 
Furthermore, if the costs of projects are inflated on account of bad
 
design, overextended commands, delays, "leakages" in construction,
 
and other factors for which the users are not responsible, it would
 
be unfair to expect them to bear the high cost of construction.
 

The moral is that if the projects were more tightly designed and
 
efficiently executed, and if all farmers in the command of a project
 
wE e guaranteed water supplies according to a specified schedule,
 
users would be more willing to pay higher charges for water.
 
Improved design a-d ovecution could be achieved more easily if users
 
were actively involved in planning and designing the projects, if
 
the impact of projects were fully debated in the public domain
 
before decisions were made, and the beneficiaries were directly

involved in operating the system. Therefore conflicts would be
 
resolved within the system and everyone involved would be informed
 
about the basis for compromises. This is better than mediating
 
conflicts through the bureaucracy or centers of power outside the
 
system.
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EQUITY
 

Since irrigation is a major source of increased productivity,

its distribution between regions and classes is naturally a matter
 
of contention. In fact, the extent of irrigation development varies
 
greatly by region. At the end of the 1970s the irrigation ratio
 
ranged from barely 10 percent in Kerala and Maharashtra to 66
 
percent in Punjab and Haryana. Although the irrigation ratio
 
increased everywhere during the past three or four decades, the
 
regional disparities did not narrow. If anything they seem to have
 
increased, if only marginally. This is, however, almost exclusively

due to the atqravation of disparities in well irrigation, which is
 
predominantly :n the private sector. Disparities in canal 
irriga
tion, which are mostl, in the public sector, narrowed substantially.


If official estimates of "ultimate irrigation potential" are
 
taken at face value, the interregional disparity in the irrigation
 
ratio c(,uld be r-duced substantially. To do so would require a
 
significant change in the interstate distribution of investment for
 
irrigation. Past experience suqgests 
that such a shift may be
 
difficult. Over past or the share
the three decades more, relative 

that different states have in total public sector outlay for 
irrigation and flood control var:ed within remarkably narrow limits.
 
This reflects constraints imposed by the existing division of
 
functions between the central and the state governments: irrigation

is a state subject, and rust compete with other programs for, state
 
funds; the central government's ability to alter the state's
 
priorities is quite limited.
 

We ought to be concerned with reducing disparities in irrigation
not for its own sake, but as a means of reduciig regional dis
parities in agricultural productivity and income. Changes in the 
interregional differences in irrigation ratio do riot necessarily
 
narrow regional differences in productivity. This is true partly 
because the impact of ir,'igatnor on productivity varies a great deal
 
across states (the ratio of productivity per hectare of irrigated

land to that of unirrigated land in 1984/F' range from 1.5 to 3.8)
 
and partly because the pace of change in the quality of irrigation,

reflected in the ratio of groundwater to surface water irrigation,
 
varies a great deal. A recent study suggests that the weighted
 
coefficient )f variation in overall yield per hectare increased
 
appreciably during the past two decades, which reflects the combined
 
effect of differenres in productivity growth on irrigated and
 
uni rrigated lands. for reason and
Partly this partly because
 
regions with Io, rainfall tend to be less densely populated,

reducin5 regional disparities in the irrigation ratio is not a
 
necessary condition for reducing regional disparities in the per
 
capita income of the agricultural population. Policy must take into
 
account the constraints imposed by the technical feasibility of
 
irrigation and interregmonal differences 
in the cost of and returns
 
to irrigation.
 

14
The estimates of ultimate potential must be viewed with
 
abundant caution; inasmuch as their basis is not spelled out, the
 
concept itself is inherently ammguois.
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The cost of irrigation development relative to benefits and the
 
types of irrigation--each with different cost-benefit ratios--that
 
can be developed vary widely across regions. Moreover, productivity
 
can be raised through investments on rainfed land. Roughly two
thirds of the increased irrigation potential are in states where the
 
ratio of irrigated to unirrigated yields is less than 2, and only

one-third is in states where the ratio exceeds 3. Again, about 
one
third of 
the unused potential is in states where public investment
 
in irrigation per unit of addition to output that is due to irriga
tion exceeds 10, and around 30 percent in states where the ratio is
 
less than 5. The eastern region, which has a large part of the
 
unused potential, is marked by a high public investment-to-output

ratio fcr irrigation. This may be misleading, however, because much
 
of the past experience in respect of cost-benefit ratio relates to
 
surface water, but the remaining unexploited potential is for
 
groundwater irrigation in this tract. The development well
of 

irrigation does not call for as much public investment as surface
 
works but is contingent on purposive and determine, state interven
tion in land tenure and consolidation. The quantum of investment in
 
irrigation needed in different regions to reduce disparities in
 
agricultural growth clearly cannot be decided by reducing inter
regional disparities in the irrigation ratio alone.
 

The impact that irrigation has on the relative income of
 
different categories of farmers is the other dimension of 
equity.

Irrigation facilities nave traditionally been much more evenly

distributed than cultivated land across size classes of 
 farmers.
 
This is well documented: the irrigation ratio is, in fact, inversely

correlated to the size of holding. 1 Some people argue, however,

that this relation may be getting progressively weaker for two
 
reasons: large farmers have superior access to well irrigation,

which is more productive and expanding more rapidly than other types

of irrigation; and even in canal systems large farmers have the
 
power to manipulate the distribution of water in their favor.
 

The first explanation sounds plausible inasmuch as gcoundwater

development takes a considerable amount of private investment, which
 
the large farmers are in a better position to afford. Conjunctive
 
use along with surface water increases productivity, but the
 
benefits tend to accrue more to farmers who have access to wells
 
than to those who do not. Although the emergence of groundwater

sales widens access, those who do not own wells still face greater

uncertainty in quantum and terms of water supplies. 
 Moreover, as
 
t -e spread of wells weakens interest in proper management of canals,
 
farmers without wells are apt to suffer a double disadvantage.


The basis for expecting a systematic bias in canal irrigation

toward large farmers is quite tenuous: a farmer's proximity to
 
canals and distributaries seems important in determining 
access to
 
water. There is no obvious reason to suppose that all advantageous

locations are systematically preempted by large landholders, Large
 

15The inverse relation is seen in the National Sample Survey

estimates of irrigation ratio by size of holdings in its landholding
 
surveys, but the relation may be weakening over time. The relevant
 
data are set out by Vaidyanathan (1987, Table 8).
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reaches the canal network, and the
 
farmers are found in all of 


holdings of particular landholders are often widely dispersed in the
 

command.
 
evidence of trends in interclass disparities in access


Empirical 

to irrigation is scant and inconclusive. The National Sample Survey
 

data suggest that the irrigation ratio for the country as a whole
 
large holdings than in that of
 

has risen faster in the class of 

and that interclass disparities have narrowed in
 

small holdinqs 

This reflects the combined effect of differen

favor of the former. 

in the pace of irrigation development across space (where both
 

ces 

size of holdings and the irrigation ratio vary) and


the average 

between classes. We need more disaggregated data to form a firm
 

judgment on this issue.
 
Another aspect of equity concerns how water from a given system
 

supplies can be used in
 
is used. In principle, the available water 


a given system, for farming at different levels of intensity. These
 

in the Pvtpnt of multiole cropping, type of
 
levels arr, reflected 


Irputa. T,e ,u,ie UCAL.,5ive the
 
crops grown, and use of biocnumiLed 


is the area that can
 
pattern of irrigation, the larger, in general, 


context rela
benefit from a given amount of water and, in the of 


the more farmers can benefit. An
 
tively small holdings sizes, 


extensive pattern of irrigation 
is socially preferable if it leads
 

in total output as large as that of more intensive
 
to an increment 


thought favors intensive use 	 of
 
irrigation. Another school of 


its higher cropping intensity, higher
irrigation on the grounds that 

these
irnpuLs, dnd hi;gher prcductivity of 


levels ot biocnemicai 

inputs lead to a higher level of productivity per unit 
of land.
 

use
in this context to distinguish between intensive
One needs 

crops and kinds crops (which
grown
the of 


some the cropping intensity). The case for
of water for particular 

also determine to degree 


use of water for part icular crops 
is stro. g because the
 
intensive 

supply of soil moisture has a direct effect on the level of fer-


Suveys by Moorty (1976) and
 
tilizer use and yield response to it. 


intensive irrigation (associated with
 
Pant (1984b) suggest that more 


of canal and groundwater) accompanies

groundwater or a combination 


larger volumes of water supplied per unit area, greater use of high

yield varieties (HYVs) and associated inputs, and much higher
 

wherever possible, to plant

yields. Individual farmpr prefer, 


crops, which suggests that the individual interests
 
water-intensive 

of farmers favor intensive irrigation in more
the comprehensive
 

about whether intensive
 
sense. There is, howevei, some question 


unit of
 
irrigation necessarily gives a larger total output per 


water, which is the approoriate criterion when water, rather than
 

land, is the binding constraint.
 
that intensive cultivation 
in both senses is
 

The presumption 

challenged. Calculations suggest


socially more procuctive has been 

limited irrigated dry seasonal
 

that in Maharashtra a crop pattern to 


larger area and gives more social value (calories

crops benefits a 


water applied than a pattern that
 
and net farm income) per unit 	of 


like sugarcane (Rath and Mitra 
1982).
permits irrigat,:d annual crops 

rather hazardous:
these questions is, however, 


the pattern of irrigation needs,

Generalization on 


agroclimatic conditions, seasonal 

scope for recycling


feasible crop patterns, seepage losses, and the 

as does the state of biochemical
 

them vary from region to region, 
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technology. 
 There 
are complex interconnections
variables, between all these
and the costs associated with various
differ. alternatives also
Under these circumstances, determining 
the
given supplies of irrigation water requires a complex
optimum use of
 

The sophisticated calculation.
tools needed for 
these calculations
available, are no doubt
but the information 
for deriving solutions
can have reasonable coif :dence in which we
is woefully inadeauate.
build up the We need to
information 
base for
integral such studies and make them an
part of project planning. The importance
tion of this
is, unhappily, not sufficiently appreciated by 
informa

responsible for those directly
the process. 
 Such
exploring the production and 
analyses are essential to
distribution 
implications
tive patterns of alternaof water 
use and to balancing
efficiency. Without the needs of equity and
 

command, leading to 
these analyses, pure political expediency takes
wasteful 
 and wrong investments
difficult and costly that prove
to correct at 
a later stage.
 

ENVIRONMENIAL ASPECTS
 

Finally 
we turn to a few observations on 
 larger
ing water resource planning issues concernand specifically
between water on 'he connection
use for irrigation and 
the environment.
environmental aspects has Concern over
been heightened by the unexpectedly high-and in some cases alariiing--rates 
at which reservoirs
up; the direct effect are silting
that construction
the of large reservoirs hasimmediate environment on(the submergenceeconomically and of forests that areecologically valuable as wellof people living in the 
as the displacementarea); andwater fear of overexploitingand damaging to cultivated groundland by indiscriminate irrigation.
The environmentalists have marshaled


those aspects. a great deal of information on
Although the 
accuracy of the estimates may be open
to ouestion 
and one has to 
guard against environmental
talism, there is fundamenlittle doubt 
 that environmentalists
processes that focus on
are so prolonged and 
whose consequences
themselves manifest
so slowly that 
they are dangerously 
easy to ignore or
dismiss.

It seems ertirely sensible 
to insist
deforestation of that measures to check
upper catchments and 
to restore
appropriate density forest cover to an
 

planning for 
must be an essential and integral part
irrigation projects. of
Ideally this
watershed basis, but should be done on a
this does n.at detract from
ensuring that the necessity of
the catchment of particu'ar projects
The principle are protected.
is now recognized, but 
apparently not
enough in actual planning. taken seriously
One way to
is to insist as generate greater seriousness
a precondition for considering all
irrigation works that proposals for new
the project design 
state the conoitions of 
the
catchment and propose concrete programs for correcting deficiencies
The loss 
of forests and displacement of people are
type of problem. There a different
 are 


to preserving forests 
those who accord such absolute priority
and the lifestyles of
them that the people inhabiting
they oppose all 
large reservoims.
if irrigation is needed, They might concede that
it is better to rely on
number of small, solutions such as a
local storages or 
groundwater development 
that do
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not damage the forests and do minimize human problems arising from
 
displacement. Although much can be said for tapping water in an
 
environmentally safe manner, it is not always feasible. For
 
instance, the Deccan has relatively little groundwater, and small
 
storages that depend on rainfall in their respective catchments will
 
not significantly augment the supply of water for crops in the 
nonmonsoon months, when it is needed most. Relatively large 
storages that impound the surplus flows during the short monsoon 
season are a technical imperative. One could, however, conceive of
 
fewer large storages combined with and linked to smaller storages.
 
This possibility needs to be assessed in each specific context.
 

Unless there are ways to raise output significantly on drylands, 
reservoirs and tie attendant submergence are a cost society must pay 
in order to feed its growing population. It is perfectly legitimate 
to insist that proper rehabilitation of displaced persons must be 
provided whenever a project leads to such displacement. [he ervi
ronmentalists' apparently extreme position stems perhaps from their 
frustration and anger with the tendency to pay lip service to 
resettlement issues while doing little about them. Their frustra
tion is understandable, but the answer does not lie in fundamental
ism. They should focus instead on ensuring, by legal and political 
means, that this aspect is attended to seriously and adequately. 

The problems of waterlogging and salinity rise primarily from 
irrational use of witer on canal-ir,-igated tracts. At present an 
estimated 13 million hectares are affected (6 million by waterlogg
ing, 7 million by salinity or alkalinity), and the extent is 
growing. This prob Iem affects lands that , if proper ly managed, 
should be very productive, which adds to its seriousness. Providing 
adequate drainage facilities, which is emphasized under the Command 
Area Development Program (CADP), would help check the teidency, but 
only somewhat. Better adaptation of crops grown to the varied soil 
conditions i " the command arid more careful imanagement to avoid 
overwatering are just as important. In existing projects, substan
t ia I investments will a Iso be needed to return alkaline and sal ine 
lands to their full potential. The problems and the remedies are 
recognized, but the scale of effort is widely believed to be 
inadequate to the dimensions of the problem.
 

The problem with groundwater is to ensure that the overall rate
 
of extraction dces not exceed annual recharge and that access to 
groundwater is equitable. Neither is possible without fairly
 
precise data on recharge and extraction rates. Despite the creation
 
of groundwater survey organizations, the state of knowledge or these
 
aspects remain's inadequate. In several areas, especially Tam1l 
Nadu , Punjab , Haryana , and Uttar Pradesh, the nuimber of wells and 
pumnpsets have increased rapidly ,, the same tlie that the average 
depth of the water has prc Although k:.table f5 1c1len ressi.e ly. we ' 
little about the trends in extraction rates per well the increasing 

depth from which water has to hi pumped has undoubtedly raised the 
cost per unit of water lifted. Fewer wells operated collectively or 
by the state would presumably lower costs all around and make it 
easier to regulate extraction rates. And yet the strong, almost 
universal preference is for individual ownership of wells and pumps. 
The increase in the number of wells indicates wider access, but the 
resources needed to own a well aid pump are beyond the reach of the 
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large majority of farmers, who 
are denied access to well water or
get precarious, uncertain 
access at 
a high price. This anomaly
raises a major question: what 
impedes collective or 
state regulation
even when 
 it could 
in principle confer substantial benefits on
everyone? One could
answer 
 be that neither the state nor the
cooperatives 
 can be trusted--based 
 on experience--to operate
efficiently and justly. 
 Is this inherent or correctable? Without
answering this 
basic question, it seems 
futile (even if the necessary data 
base oi:recharge and extraction were available) to speak
of the state 
regulating groundwater extraction, whether by controlling it directly or by legislating the density and spacing of wells.
 

CONCLUSION
 

As stated at the outset, this essay presents a general overview
of the problems facing Indian 
irrigation planning and policy. 
 The
main focus of the observations 
is on the serious weaknesses in the
basic data needed to su 'port 
the proper planning and management of
irrigation works and 
on the serious institutional weaknesses that
produce delay, cost 
overruns, 
and poor use of water. Much tighter
institutional arrangements 
are needed both for designing projects
and, even more, for scrutinizing projects 
before they are cleared.
Moreover, irrigation projects need more 
specialized and professional
personnel, user representatives who 
are involved in both planning
and operating 
 systems. Management of each irrigation system-including all areas that 
draw water from 
a common diversion weir or
storage--needs 
to be vested in an autonomous entity with its own
personnel 
and budget, and measures 
to minimize detrimental environmental consequences must be incorporated 
as an integral element
irrigation planning. of
This is hut a bare outline of the major issues
concerning irrigation. 
 Given the extraordinary diversity of
conditions and complexity 
of the problem in India, solutions will
clearly have be
to derived from careful detailed analysis of
specific situations. 
 The prospects of finding viable solutions will
depend on how 
the above class of issues, 
common to all regions and
projects, is addressed.
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Planning Targets for Irrigation Development
 

C. G. Desai
 

Although India possesses 4.9 percent of the total average annual
 

runoff in the 	rivers of the world, the per capita water availability
 
i v


from surface Pell as groundwater sources is assessed at 3,200
3 
cubic meters I ) per year, compared with the availability of mors 
than 17,500 m3 io the Soviet Union, 6,500 m in Japan, and 6,200 m 
in the United States. The population that India had at the beginn

ing of the twentieth century is likely to have increased 50 percent 
by the end of the century. This would further reduce the per capita 

availability of water. Surface water would constitute about 80 

percent of this; the remainder would be from groundwater. 

ASSESSING TIE 	AVAILABILITY OF WATER RESOURCES
 

Planning water resources development in any country requires
 
first and foremost a precise assessment of its availability. The
 

reed to assess both surface water and groundwater potential is
 
particularly critical because the investment costs of irrigation
 

proJects using scarce water resources are accelerating. Any error
 
in the assessment would cause avoidable waste in the construction of
 

canal networks, block nuge investments, and ultimately result in
 
recurring financial losses. Five year plan investments of Rs 150
 

billion from 1951 to 1985 for major and medium irrigation schemes
 
were seriously criticized by economists trying to evaluate perfor

mance of this sector with the usual yardsticks of efficiency,
 

economic return, or input-output ratio. Similarly, overestimating
 
groundwater resources is likely to block institutional funds by
 

encouraging high default rates on locns to farmers. The precise,
 
systematic assessment of available surface water and groundwater
 
resources is, therefore, considered essential for planning and
 

developing Indian water resources. The first stage of systematic
 
planning began in 1951 and has been periodically reviewed there
after.
 

In some important states like Uttar Pradesh, groundwater devel

opment has reached the level targeted earlier as ultimate potential,
 

but considerable potential remains for further groundwater develop

ment. Revising earlier targets in this and similar cases is
 
necessary before taking up further programs on a firm technical and
 

financial footing.
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A broad-based 
assessment 
of the potential
resources was attempted prior 
of surface water
to the era
methodology adopted of planning in India. The
by different agencies varied from
approach to statistical analysis, depending 

empirical
 
on
During 1902/03 the data available.
the First Irrigation Commission
million hectare meters estimated 144.3
(million ha 
m), based on
Dr. A. N. runoff coefficient.
Khosla, an experienced engineer, evolved
correlating runoff a formula
as a function


studies of yields and 
of rainfall and temperature using
rainfall 
data for Sutlej, Mahanadi, and other
Indian river systems. According to 
his 1940 assessment,
annual flow of all the average
the river syltems of India
million ha m. Based was about 161.3
on observed runoff data,
eminent engineer and ex-union 

Dr. K. L. Rao, an
minister 
for irrigation
estimated and power,
the potential to be 
164.5 million
Central Water and ha m in 1915. The
Power Commission, 
an official 
technical
the Ministry of Water body of
Resources, 
worked out the
potential surface water
of different regions during 
1954/56.
based on the This estimate was
stat ist ical 
ana lysis of available tlow 
duLa
and suitable on rivers
rainfall 
 runoff relationships.

estimate, According to their"
the arnual flow of all
188.1 the river systems in India
million ha was
m, which was 
revised to 181. 1 m Ilion ha 
m in 1987
by the Central Water 
Commission.
The assessment 
figure of surface 
waLe, potential
for present planning that is used
is 180 million ha 
 .i. Table
water potential, 4.I gives surface
as indicated 
by avera ge annual
systems, as 180 mi 11ion 

f low in the river
ha m. This 
fiijure is assessed on
of :ndia's the basis
annual precipitation,

million ha m, 

which ,s estimatedl 
 ,o
including 392 million ha 
bie 400
 

m from rainfall
from snowfall. and 8 i.iIllion
Ihe country's surface water 
potential of
ha m takes into 180 million
account 
immediate 
runoff within
runoff outside India. India, some basin
reg?neration 
of effluent 
streams, aid
and leakage seepaie
from irrigation carials. 
 F igure 4 1 presents a flow
chart of India's water 
resources.
A broad study of 
Irdia's groundwater potential
60 million ha in 19/2 estimatec
m from annual replenishable 
resources
This was bdsed on of groundwater.
an 
assumed percentage of 
groundwater recharge
rainfall, supplemented from
by assumed le,,-s of 
 surface water
from storage inflows
works, canals, 
Lnd other L.-ntrihuting
available data could not factors. The
precisely estimate 
iecharge coefficients
hard rock areas, which constitute in

about 80 percent of
This est imate the terrain.
therefore 
was uncertain.


there Even in alluvial areas,
was scope for 
more precise estimating.
considered to However, this was
be the first broad-based 
assessment,
reviewed and which would be
revised 
in the future 
to match the deiands of
water development. ground-
Research 
 schemes 
 have
encouraged been undertaken and
to establsh 
field values for 
groundwater
different topograp ic recharge in
and soil conditions.
provided This research
some data has
at the micro-level 
 to 
 support macro-level
 
planning.


Since 
the above figures indicate the overall
tential water resources
of the country, poan exercise 
was carried 
out to assess
usable surface the
water resources, taking
sociopolitical, environmental, 
into account physiographic,


legal, constitutional, 
financial,
technological and
limitations at 
a particular time. 
 The assessment 
of
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Table 4.1--Average annual flow 
in Indian river systems, various
 
years
 

Average Period of Data
 
Annual and Method of 
 Usable


BdSin Flow 
 Data 	 Analysis Flow
 

(100,000 ha m) 
 (100,000 ha m)
 

Indus (up to 73.305 Indus Commis- n.a. 46.000
 
the border) 	 sion, CWC
 

Irrigation
 
Commission
 

Ganga 501.643 CWC 22-year data 250.000
 
(up to the 
 (1960/61 to
 
border) 
 1981/82)
 

Brahmaputra 499.914 Irrigation n.a. 
 24.OC0
 
(up to the Commission
 
border)
 

Barak and 90.800
 
others
 

Godavari 
 118.982 	 K.G. 60-year data 76,300
 
Commission (1901-61)Khosla
 

formula and
 
rainfall-runoff
 
relationship
 
based on 20-year
 
data
 

Krishna 67.790 K.G. 78-year data, 
 58.000
 
Tribunal average
 

probability of
 
exceeding
 
(1894/'95 to
 
1971/72)
 

Cauvery 20.695 CWC 
 38-year data, 19.000
 
frequency
 
analysis method
 
(1933/34 to
 
1970/71)
 

Pennar 6.858 
 CWC Khosla formula 6.858
 

(Continued)
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Table 4.1--Continued
 

Average Period of Data 
Annual and Method of Usable 

Basin Flow Data Analysis Flow 

(100,000 ha m,) (100,000 ha m) 

East flowing 16.948 CWC Khosla formula 13.110 
rivers 
between 
Krishna and 
Pennar and 
between Maha
nadi and 
Godavari 

East flowing 17.725 CWC Khosla formula 16.732 
rivers 
between 
Pennar and 
Karyakumari 

Mahanadi 66.879 CWC 35-year 49.990 
generated runoff 
series (1930/31 
to 1964/65) 

Brahmani and 36.227 CWC Khosla formula 18.297 
Baitarani 

Subarnarekha 10.756 CWC Rainfall runoff 6.813 
relationship 

Sabarmati 2.883 CWC 15-year runoff 1.925 
data (1950/51 to 
1964/65) extended 
series of 35 years 
(1930/31 to 1964/65), 
statistical analysis 

Mahi 11.829 CWC Khosla formula 3.095 

West flowing 15.098 CWC Khosla formula 14.980 
rivers of 
Kutcm 
Kathiawar 
including 
Luni 

(Continued)
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Table 4 .1--Continued
 

Average 
 Period of Data
Annual 
 and Method of Usable
Basin 
 Flow Data Analysis Flow
 

(100,000 ha m) 
 (100,000 ha m)
 
Narmada 42.966 CWC 
 10-to 15-year 34.500
 

runoff data and
 
extended series
 
(conciirrent data
 
1950/51 to 1964/65)
 

Tapi 16.967 CWC 
 Series for 1930/31 14.500
 
to 1964/65 (con
current data 1954/55
 
to 1962/63), extended
 
series (1930/31 to
 
1959/60)
 

West flowing 110.877 
 CWC Khosla formula 
 15.068
 
rivers from
 
Tapi to
 
Tadri
 

West flowing 71.981 
 Kerala Inglis formula, 14.932
rivers from 
 rainfall runoff

Tadri to 
 relationship

Kanyakumari
 

Total 
 1,801.123 (approximately 180 million ha m) 
 684.100
 

n.a. Not available.
 
Abbreviation: 
 CWC, Central Water Commission.
 

actual use of surface water 
flow done by the Irrigation Commission
in 1972, by Dr. K. L. Rao 
in 1975, by the Indian Council of Agricultural Research in 1975/76, by the National Commission on Agriculture
in 1976, and by the Irrigation Ministry through 
the Central Water
Commission at different periods of time give figures that vary from
66.6 to 92 million ha m. 
A recent assessment made by the Central
Water Commission in 1987 estimates usable surface water 
resources to
be 68.4 million ha 
m. None of these assessments, however, include
the rontribution of water flows from snow, ice, and glaciers.
Specific details about their 
contribution 
will be finalized after
completion of an 
ongoing pilot study of these factors. Based on the
above figures from various agencies, the present figure of 
usable
surface water is considered to be 70 million ha m.
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A scientific assessment of the groundwater potential of the 
country was not undertaken until a few years ago. Gruundwater 
mapping and exploration were sporadic and limited to specific areas. 
The Geological Survey of India (GSI) was responsible for systemati
cally investigating and mapping groundwater in the country as a 
whole. As a result of the increased emphasis on groundwater 
development in the past few years, extensive exploratior work was 
done in the desert areas of Rajasthan, the foothills of the Himalay
as, the coastal alluvial tracts of Orissa, Andhra Pradesh, and Tamil 
Nadu, and the basins of Narmada, Tapi , and Purnea. The Central 
Groundwater Board roughly assessed the annual usable groundwater 
resources to be 42 million ha in per year, 

Given the water requirements of various crops arid prevailing 
irrigation practices, the ultimate irrigation potential of India is 
estimated to be 113 million ha; 58 milli on ha from major arid medium 
irrigat ion projects and 55 million ha from minor schemes, which 
include 40 million ha from groundwater. 

PRESENT STATUS OF IRRIGATION DEVELOPMENT
 

The total surface and groundwater irrigation potential created 
by the end of the Sixth Five-Year Plan (1984/85) was 68 million ha: 
30.5 mil lion ha from major and medium irrigation schemes arid 37.5 
million ha from minor irrigation schemes, which include more tha. 80 
percent groundwater schieies like tubewells, dugwells, and filter 
poIints. During the 'irst two years of the Seventh Five-Year Plan, 
irrigation potential on the order of 4.4 ii1lion ha was added, 
bringing the total irrigation potential created by 1986/87 to 72.30 
ii 11 1ion ha. The target was 113 million ha, that is, full develop
ment of irrigation potential by the end of century, but Iridia is 
now expected to achieve this level early in the next century.
 

The growth of irrigated area in India from plan to plan is 
indicated in Table 4.2, which shows irrigation potential created arid 
its use under major, miedium, and minor irrigation schemes. A 
graphical representation in Figure 4.2 reveals the widening gap 
between potential created and actual use. One of the reasons for 
this wide gap is the higher estimates of potential adopted for 
certain projects. The actual performance of the reservoirs showed 
that the water resources potential had been overestimated. This 
meant that irrigation targets had to be revised. 

Revision of Irriqation Potential and Use 

As investment in water resources devel7r,.'-nt inrieased practi
cally in geometrica1 p- -jression .i,,r p r t p:., ancillary 
activities supporting systematic, precise assessment Of ;Liri.,ce and 
groundwater availability were expanded. A wide netvor; of 
hydrological observations of river gauges, supported by an exoaried 
hydrometeorological network of the Indian Meteorological Department 
ind its manual and automatic rain gauge recorders, has made valuable 
data available for establishing better defined rainfall-runoff 
relationships and unit hydrographs. The advent of moden technology 



Figure 4.2--Major and medium Irrigation potential createa and usec over different plans, 1950-85 

40 

Ultimate Potential = 58.5 million ha 

0 

CO 

30 

20 

0 

20 

0 

0 

1950 

Prt 
Plan 

1955

4. 
Plan 

I 

1960

4.t.4 
S d 

Pion 

I 

1965t 

Third 
Plan 

t1970 

Ani 
Pla 

II 

t1975

4A 
Fourth 

Pion 
Fh 
Pian 

1980 

Annud 
Plan 

19a5 

A 
Shth 
Pion 

Source: India. Planning Cornmlelon, The Seventh Five-Year Plan: 1985-1990. (New Delhi: Government of India. I985). 



35 

Table 4.2--Plariwise irrigation potential created and used in India,
 
1951-90
 

Cumulative Potential Gross Irrigation Use 
Maior . Major Gross


Five-Year -nd 
 and 	 Irrigated

Plan Medium Minor Total Medium Minor Total Areaa
 

(millions of ha)
 

Pre-plan 
 9.7 12.9 22.6 9.70 12.90 22.60 22.56
First Plan 12.2 14.1 26.3 10.99 
 14.06 25.05 25.64
 
(1951-56)

Second Plan 14.3 14.8 29.1 
 12.96 14.75 27.71 2?.98
 
(1956-61)

Third Plan 16.6 17.0 
 33.6 15.18 17.00 3".18 30.90
 
(1961/66)

Annual Plan 18.1 19.0 37. 1 
 16.75 19.00 35.75 35.48
 
(1966/69)

Fourth Plan 20.7 
 23.5 44.2 18.69 23.50 42.19 40.28
 
(1969/74)

Fifth Plan 
 24.8 27.3 52.1 21.19 27.30 48.49 46.03
 
(1974/78)

Annual Plan 
 26.6 30.0 56.6 22.65 30.00 52.65 50.39
 
(1978/80)

Sixth Plan 30.0 37.5 67.5 25.30 35.20 60.50 .
53 94b
 
(1980/85)

Seventh Plan 34.3 46.1 29.20
80.4 42.20 71.40 n.a.
 
(1985/90)
 

Source: 	 India, Planning Commission, Seventh Five-Year Plan: 1985
1990 (New Delhi: Government of India, 1985).
 

n.a. Not available.
 
a Ministry of Agriculture data.
b Relates to 1983/84.
 

in hydrology, has rade it possible to arrive at a more refined
 

figure for assessment of flow.
 

Future Projections of Water Requirements
 

Annual requirements of fresh 
 ater will increase as industrial,

social, and economical development continues to meet the requirements of food, clothing, and shelter for an increasing population.

The National Commission on Agriculture estimated requirements in

1976 to be 54 million ha m (47 for irrigation pl,!s 7 other purposes

such as domestic and industrial use and thermal power plants). 
 It
 was projected then that demand would reach 
75 million ha m (63 for

irrigation and 12 
for other uses) by 2000 AD and 105 million ha m

(77 for 	irrigation and 28 for 
other uses) by 2025 AD. In fact,
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these estimates have direay been surpaL:cd. Irrigation dernd
 
reached 68 million ha by 
 1984/85 and is now predicted to reach

ultimate demand 
 by 2010 AD. It will be necessary to assess
 
precisely the availability of surface water 
and groundwater by that 
time to meet the ultimate demand. Exploitation of groundwater in 
states like Uttar Pradesh and Gujarat has reached the level of
ultimate groundwater potential according 
to past assessment, and
 
the irrigation potential of existing and ongoing 
irrigation projects

in Gujarat 
and Anohra Pradesh has reached the ultimate surface water
 
potential. It is imperative 
to know the available water balance
 
before taking up any more projects in these state;. 
 A reassessment
 
exercise of bcth surface and groundwater is already the agenda of
on 
these states and of the central government.
 

Upward Revision of Ultimate Yield Fiqures 

The 	 present f igure for usable bur.ThO water resources of 70 
million ha m 
is being revised by carrying out a four-fold exercise:
 

(I) 	 Reassessing the yield of various rivers basins with 
improved data, infcrmation, and technology and at the same
 
time 	 planning optimal use of water for crop requirements 
through better water management techniques;


(2) Transferr ng water from surplus to deficit areas, with the

National Water Development Agency assigned the task of 
identifying priority areas;

(3) Soliciting the cooperation of neighborii g countries for 
tapping 
the surplus flow from their territories;


(4) 	 Reassessing irrigation potential and use of thi 
and

exist ing 
completed and ongoing irrigation projects 

New est imates indicate that at Imast 3!5m Ilio, hi of addit ional
irrigation can 
be created through these measures n that case, the 
ultimate irrigation potential (113 million ha) carn be revised to 148
 
million hectares.
 

Assessing groundwater 
 resources in the subsurface reservoir

entails assessing both static 
and dynamic components of the avail
able water in storage. The assessment of static storage is,

however, not normally required 
for considering resource 
use What

is needed more often is the dynamic or repienishable component of

the resource, which can be assessed over 
 any soace and time frame 
using water balance techniques and mathematical modeling on com
puters.


The 	 basic premise of the water balance equat on is the we 11
known accounting procedure, namely, input minus output equals change
in storage. In its generalized form toe groundwater balance 
equation can be written as follows
 

Sg = 	 Rr + R t Ig . c + R I TP - g - E 1 t. (4.1)where-"	 
ET s 

Sg = Change in groundwater storage,
 
Rr = Natural recharge from precipitation,
 
Rc = Recharge due to seepage from canals and 
other distribution
 

systems,
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= Recharge from irrigation,
 
Ig = Subsurface inflow from other basins and areas,
 
i = Influent seepage,
 

RI 


s 

Tp = Withdrawal from groundwater storage,
 
ET 
= Evaporation and evapotranspiration from groundwater
 

reservoir,

A = Subsurface outflow from other basins,
 

E = Effluent seepage, ands 


L = Errors or losses through deep percolation.
 

The generalized partial differential equation of groundwater 
flow used in aquifer simulation is also a water balance equation 
representing all the above terms. Whereas in a real basin resource 
estimation, equation (4.1) can be used considering the system as a 
single control volume in order to avoid computatnonaI complexity, 
the simulation model can provide a solution of equation (4.1) at any 
point in space and time. In fact, almost all the versatile simula
ti _n mode i., cont a in p,o rammed schemes to compute mass ba lance, 
which accompan eS the system's response information. 

Combliinq the terms Rr RW, R , I IS. and provides an 
assessment of recharge over the time f r wich equal,ion (4.1) is 
solved. Over a long period it provides normal recharge to the 
aquifer and indicates the quantum of groundwater that can be 
withdrawn or . ccnt inuing Las is. his is referred to as the safe 
yield of the basin. 

The earlier assessment of 42 million ha mi of usable groundwater 
is a Irea dy be i ng rev i nea Uy va- i ous stat es and the Cent ra 1 Ground
water Boari An P pert qrup was set up in which representat yes of 
select states prcvided rc lst ic input for all the above parameters 
in Cder to rvi ise the qcunawater potentia I of the country. Tne 
revised q iOtlndvater potenti al is now assessed at 4,5 6O6 million ha is, 
of whicri irdly 13 mi 11ion are being used at present. This is, 
however, be ing discussed and examined by the state authorities. 
Since the ultimate groundwater potentials are worked out in terms of 
the area to be irrigated, a close and ra-,l view has to be taken 
of the crop water requirement of an average irrigated hectare of 
land before revising the original figure of 40 million hectares.
 

IRRIGATION IARGEIS IN RELATION TO TilE CROP WATER REQUIREMENTS
 

The assessment of surface water potential and its usable quantum
 
is based on hydrological computations correlated with available
 
hydrological and meteorological data for a certain number of years.
 
However, apart from the direct surface runoff from precipitation,
 
other factors a lso need prec ise cons iderat ion because they con
tribute at one stage or another to building up the available quantum
 
of water that could he used for irr igat ion and other purposes.
 
Water -eleased througn canals on to fields filters partly into the 
ground, where it passes through root zones and recharges the
 
grounowater. The losses in the canals due to leakage and seepage
 
add to the flow of surface water as well as groundwater. Ground
 
strata permitting, the water that enters leaves in the form of
 
affluent streams that add to the surface flow.
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A precise indication of 
water losses in the 
main canals, distributaries, minors, and 
even field channels 
would help assess
realistically the water 
resources potential 
and usable water. 
 In
the absence, however, of this 
basic data on the parameters for
assessing 
water resources, a preliminary 
exercise was undertaken
based on empirical 
norms decided after observing the performance of
canals and 
streams in operation. Studies were 
also initiated for
scientific evaluation 
of canal losses, 
crop water requirements,
studies of aquifer characteristics, 
and other parameters to get
improved data. Although 
a number of studius were carried out to
determine the 
basic parameters, no final view was taken for the
country 
as a whole. A regional approach was 
adopted for assuming
values for recharge to groundwater, losses 
in canals, evapotranspiration, and 
 crop water requirements in consultation 
with the
concerned departments. 
 A provisional consolidated picture based
studies of basins was 
on
 

The 
then adopted for larger geographic units.
targets set for ultimate irrigation potential 
in zerms of
hectarage were based 
on studies of reservoir performance, suitable
crop patterns and 
their water requirements, and irrigation efficiencies. 
 The precise water requirements for specific crops and
commands are 
st I1 to be finalized, 
tak ing into account the relationship between water used 
for irrigati n and crop 
water require

ments. 
The statistical picture of the country as a whole 
is compiled
from irrigation figures 
on the extent of crop 
area beiig irrigated
in each state. rhe gross cropped area was 180 mill ion 
ha, and the
gross irrigated area 
was 60.4 million ha (with an 
irrigation potential of 68 million ha) by the 
end of the Sixth Five-Year P]an
(1984/85). 
 That is, an average of 33.6 percent 
of the total crop
area is under irrigation. Although the 
broad breakdown of gross
irrigated area under 
 surface water (major, medium, and 
 minor
schemes) and groundwater is available, a precise split 
of irrigated
area on a crop-by-crop basis is not (see Table 4.3). 
 The design of
canal systems is based 
on assumptions of 
specified percentage losses
in the conveyance 
systems, but empirical figures, which can be
obtained 
 by studies to quantify 
 losses from headworks 
to the
uutlets and from outlets to 
the water courses, re 
also needed. The
figures of 8 ft2
cusecs per million (2.44 mn per 2
mi 11icn m ) o
wetted Derimeter for unlined canals and 
2 cusecs per mill ion ftL
 

(0.61 mg per million m2 ) for, lined 
canals are being revised with
more refined data from 
 the performance evaluation 
 studies of

completed irrigation projects in India.
The figures for irrigation development reported here 
need to be
corrected somewhat 
because tubewel Is and 
dugwel ls operat iny 
 in the
commands of irrigation channels 
create duplicate accounting. The
precise figures 
are, however, not available. 
 The government of
India 
is aware of this problem and has segun to 
administer an irrigation census to obtain 
more r,'-__se irrigation statistics 
for the
Seventh Five-Year Plan. The lack of 
volumetric informat'on on the
supply of water for 
irrigation meais 
that precise information on the
actual field supply of water for 
different crops 
is also missing.
This is one of the major reasons for the lacuna 
in the statistics on
the achievement of 
irrigation targets and crop water requirements
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Table 4.3--Development of irrigation in India, 1984-90
 

End of Seventh Plan End of
 
Sixth Plan Increment Seventh Plan
 
(1984/b5) (1985/90) (1985/90)
 

Potential Used Potential Used Potential Used
 

(million ha)
 

Surface water
 
(Major-medium
 
and minor) 40.2 34.3 5.8 5.1 46.0 39.4
 

Groundwater 27.7 26.1 7.1 5.8 34.8 31.9
 

Total 67.9 60.4 12.9 10.9 80.8 71.3
 

Gross cropped
 
area 180.0 180.0 n.a. n.a. 190.0 190.0
 

Percentage
 
of gross
 
irrigated area
 
(potential
 
and used) to
 
gross cropped 37.7 33.6 n.a. n.a. 42.5 37.5
 
area 

Source: 	 India, Planning Commission, Seventh Five-Year Plan: 1985
1990 (New Delhi: Govp;nment of India, 1985).
 

n.a. Not available.
 

for the country as a whole, although research studies have revealed
 
some broad information.
 

CONJUNCTIVE USE
 

Because developing surface water and groundwater in isolation
 
has deleterious effects, they are now being developed in combina
tion, which optimizes resource use. The difference between combined
 
or supplemental use and conjunctive use is important. Conjunctive
 
use does not mean that surface water resources and groundwater
 
resources are independently optimized to serve the same general

objectives in a basin. Rather, it means that the natural sub
resources of both systems are used in a complementary manner to
 
allow more cost-effective development than could be obtained even
 
with the optimal plans for independent development. With this
 
definition, many of the so-called conjunctive use projects planned
 
and implemented in India are, instead, joint or supplemental use
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projects.

The problems of planning conjunctive use are formulated using an
optimization model of the water resources system. The decision orcontrol variables of the model 
are the groundwater and surface water
allocations. 
 The optimal decision maximizes the objectives of
development, while satisfying the hydraulic 
response equations of
the surface water and groundwater systems 
 and any constraints


limiting the head variation and the 
surface water availability.
The implementation of conjunctive 
use needs to be worked out in
phases covering various aspects of 
survey, investigation, design,and planning, including monitoring and evaluation through PERT andCPM 
charts. Systematic conjunctive use is part 
of the guidelines

for formulating irrigation projects 
in India. Too 
little attention
 was, however, given 
to this important 
aspect of improved irrigated
agriculture in the 
past. In future planning, this aspect was givenpriority in the thrust of 
the Seventh Five-Year Plan.


The present objective of planning for irrigated agriculture inIndia is to increase agricultural product ion to 180 mill ion tons offoodgrains by the 
end of the Seventh Five-Year Plan (1990). 
 What is
important is the actual use o. 
irrigation, which 
lags behind the
potential created. 
 The gap between actual use 
and created potential has been steadily widening 
from plan to plan, as shown in Table
4.2 and Figure 4.2. The gap of 1.25 milllion ha that existed at theend of the first plan gradually increased to 4.7 million ha formajor and medium irrigation projects alone at the end of the sixthplan. This does not include the gap of 2.3 milllion ha from minorirrigation, which can be co.ered by increasing power supply andother administrative 
measures. 
 These gaps are expected to reach
about 9 million ha by 
the end of the Seventh Five-Year Plan.
Timely remedial measures to close this gap gradually are beingcontemplated. 
 These include improvements in existing programs in
the irrigation sector. As long as the rate at which additionalirrigation potential 
is created is more than 
the rate at which additional use increases, the gap will 
 be difficult Lo close 
unless
concerted efforts 
are made to improve existing schemes to accelerate
the pace of use. 
 The ma in thrust of the seventh plan is to fulfillthis basic objective by improving water management, mrdernizingexisting techniques of operation and maintenance of irrigationnetworks, using surface water and groundwater conjunctively, supplementing inadequate surface water supply created by mismanagement
with groundwater from tubewells or dugwells 
in command, improving
agricultural practices to 
increase yields, developing command areasto take care of integrated develupiment of irrigated agriculture
through on-farm development works (constructing 
field channels,regulatory structures, 
 and land leveling), 
 enforcing warabandhi

(rotational irrigation), and last but not 
 least, evaluating the
performance 
of these improvement 
 measures periodically so that
 
timely corrections can 
be made if required.

Some of these measures were identified and initiateu duringpast two plans, theand they have improved and increased agriculturalproduction. Ensuring farmers delivery of the right 
amount of water
iin the right place and at the right time will be the slogan offuture irrigation engineers 
in the field of water management. All
efforts are being 
made to fulfill this slogan 
in the shortest time
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possible by combining the efforts of all the agencies involved 
in
 
operating and maintaining irrigation systems. This includes govern
ment agencies as well as private and cooperative agencies such as
 
farmers' cooperative groups, village-level water committees, and
 
irrigation cooperative societies.
 

Conjunctive Plannin of Substitutional Irrigation
 

Conjunctive planning is an ideal solution for ensuring 
full use
 
of the irrigation assets created in a reasonable period of time.
 
Conjunctive planning is different from conjunctive use. It plans

the commands of major and medium irrigation projects along with all
 
minor irrigation works possible in such ccmmands, including surface
 
water and groundwater like dugwells, tubewells, river lifts, village

tanks, and small surface water schemes. Minor irrigation works
 
should be completed in advance as segmcnts of the command of major

and medium irrigation projects. Because of their limited size, they
 
can be developed easily within a period of 
two to iive years. By

the t lIne t he water from the cana 1 system of major arid medi urn 
irrigation projects is ready to be delivered at the head of the 
commands of minor schemes, the will flowing inwater be an already 
developed command. This would save 
a considerable amount of the
 
time and effort 
 present ly being used to develop commands and
 
establish irrigat ion inder major 
and medium irrigation projects.

After ensuring its availability, the water from major and medium
 
canals can be substituted for the source that feeds minor irrigation
 
systems. This concept of planning requires considerable advance
 
action from all concerned with developing irrigation in India. It
 
is essential, however, to close the 
gap in use and shorten the time
 
lag between rimplementing the project and accruing benefits from huge

investments on irrigation projects. Reducing 
this lag would make
 
the projects yield quick results in an economical manner.
 

Improving the existing program will help ensure that the
 
investments in the irrigation sector earn maximum economic 
returns.
 
This is essential to improve agricultural production and alleviate
 
poverty in this country, which is the ultimate 
goal of planning.
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Sources of Future Growth in Indian 
Irrigated Agriculture 

Mark Svendsen I
 

Modern Indian irrigation development goes back in time at least
 
to the construction of the Western 
Yamuna Canal near Delhi in 1355
 
by Ferozshah Tughlaq. Much 
earlier irrigation development in the

subcontinent was undertaken by the Harappa 
 and Mohen-jo-daro

civilizations of 2500 B.C. and the 
builders of irrigation tanks i

South India a:id Sri Lanka (Rogers 1983). By 1900, British India
 
had about 13.2 million ha of total irrigated area, including 7.5
 
million ha of public works (4.5 million ha from 
large-scale public

works and 3.0 million ha from minor public works) 
and 5.7 million ha
 
of private works (4.0 million ha from private wells and 1.7 
million
 
ha from other private works) (India, Ministry of Irrigation and
 
Power 1972).
 

Around this time in the United 
States, interest in using
irrigation development as a means for opening the American West 
was
 
beginning to swell. In 1890-91 an engineer named Herbert 
Wilson of
 
the United States Geological Survey was sent to India 
to learn about
 
its large-scale canal irrigation. This visit followed
was in 1902
 
by the creation of the U.S. Bureau of Reclamation, which was
 
established to "reclaim the arid West." the
In 85 years that
 
followed, the Bureau constructed irrigation schemes that 
supplied

water to 4 million ha of western farmland. 
 In October 1987, the
 
Bureau 
of Reclamation made the startling announcement that it .as
 
transforming itself "from a construction company 
 to a resc.fmce
 
management organization" and henceforth
would concentrate on
 
managing existing projects, conserving water, ensuring 
 water
 
quality, and protecting the environment. In doing this it would cut
 
its staff by half and transfer its headquarters from Washington,
 
D.C., to Denver (Shabecoff 1987).
 

Althouoh new construction that had already been authorized will
 
continue in the United States for some 
years, this shift marks the
 
end of era
an in which capture and control of water resources were

major federal and state development efforts. No direct parallel

with the Ind.'n experience is being suggested, but most of the
 
factors that led the Bureau of to
Reclamation this decision-
shrinking opportunities for new construction, rising costs, agricul-


I Mr. Jorge Ramirez, a research associate at IFPRI, made
 
important contributions in collecting and analyzing data for this report.
 

2 This includes the areas of present-day Pakistan and Bangla
desh 
and is therefore not strictly comparable with subsequent
 
figures for modern India.
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tural surpluses, large federal budget deficits, and negative
 
environmental impacts and environmentalist opposition to new
 
construction--are present in India.
 

This chapter, and in a sense the workshop itself, assumes that
 
in India these kinds of forces will gather strength in the next ten
 
to twenty years until the expansion of irrigated area becomes less
 
important as a source of growth in agricultural output than other
 
kinds of changes within the irrigation sector. It also assumes that
 
the subsector of irrigated agriculture will necessarily continue to
 
shoulder a major share of the burden of increasing agricultural
 
production. The latter assumption is supported by the static nature
 
of the agricultural land base--around 143 million ha of net sown
 
area (India, Planning Commission 1985b)--and requires that growth in
 
output come almost entirely from increased productivity.
 

To explore the implications of this notion, this chapter first
 
reviews past sources of irrigation-related growth in Indian ir
rigated agriculture and the nature of remaining potential for
 
expansion. It then speculates on potential sources of future
 
growth.
 

OVERVIEW OF GROWTH PATTERNS SINCE 1950
 

Agriculture
 

Foodgrain production in India has grown at a compound rate of
 
about 2.7 percent per year since 1950. This has more than kept pace
 
with the population growth rate (about 2 percent) and has reversed
 
the long trend of declining per capita food production that pre
vailed from the 1920s through the 1940s. There seems to be general 
agreement that these gains, particularly those attributed to the 
green revolution, are closely tied to the pace of irrigation 
development. Estimates of irrigation's contribution to this growth 
in production vary, ranging downward from Seckler and Sampath's 
(1985) estimate of 60 percent, but few would deny the importance of 
irrigation. Daines and Pawar (1987, 2) assert that although
"attribution is difficult to assign.. . .. few analysts would give
 
irrigation less than half the credit for the progress agriculture
 
has made in India during the last three decades."
 

I do not treat this issue further here. For the purpose of the
 
general case being made, it is not necessary to know precise details
 
of the connection between irrigation and agricultural productivity-
only that it exists, that it is driven largely by expansion of the
 
area under irrigation, and that it is reasonably strong.
 

Irrigation
 

From 1951, when central planning began, until 1983, net ir
rigated area expanded at a compound rate of 2.2 percent per year
 
(Table 5.1). This overall figure masks, however, some interesting
 
shifts iinthe composition of this growth. Over the period 1951 to
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Table 5.1--Percentage growth and average statistics for net
 
irrigated area, by source, 1951-83
 

1951-83 
 1951-65 
 1968-83
 

Variable Growth Average Growth 
 Average Growth Average
 

(percent)(1,O00 ha) (percent)(1,000 ha) (percent)(1,O00 ha)
 

Total net
 
irrigated
 
area 2.2 28,881 1.7 23,321 2.4 34,351
 

Net area
 
irrigated by
 

Pr ivate
 
canals -2.2 1,037 
 -0.5 1,241 -3.4 842
 
Government
 
canals Z.4 10,677 
 2.3 8,465 2.3 12,835
All canals 2.0 I,714 2.0 9,706 
 2.0 13,677
Wells 3.9 10,667 1.6 
 6,941 4.4 14,412
Tanks -0.5 4.095 
 2.4 4,312 -1.1 3,837
Other 0.2 2,394 -0.0 2,361 
 0.4 2,425
 

Dry lanu 0.2 123,000 1.1 121,000 -0.3 125,000
 

1983, the area irrigated b nvernment canals 
increased at a steady
compound annual rate of 2.: 
 p.rceit, while tank-irrigated area
decreased at 0.5 percent 
per yea', and well irrigation grew at a
strong 3.9 
percent. This growth pj'formance led well irrigation

surpass canal irrigation in net area served for 

to
 
the first time in
1973/il (Table 5.2). Since then, 
the gap between area irrigated by
wells and that irrigated by canals has continued to widen.


Disaggregating thc growth rate into 
 two per iods (1951-65 and
1968-83, lee Table 5.1)--essentially before nd after the 
creen
revolution'--shows 
that the total net area increased s iightly 
more
 
rapidly (2.4 percent per year) during 
the second periud than during
the first (I.7 percent). Among 
different types of irrigation,

creating canal irrigation 
command proceeded at an even pace--about

2.3 percent per year--during both periods. 
 Tank area grew at 
 a
similar rate of 2.4 percent during 
 the first period and then
declined 
at a rate of 1.7 percent during the second. 
 Well irri gation, on 
 the other hand, shows the opposite trend, growing 
at a
 
n idest 1.6 percent during the 
first period and accelerating to 4.4
pt rcent during the second. Given this pace of growth and the large
ba;e that was 
built, well irrigation will increasingly dominate the
irrigation picture in India. Irrigation from private canals
 

3 The years 1966 and 1967 were periods of severe drought 
across

India, and their omission 
in time series such as this is common.
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Table 5.2--Net irrigated area, by source, 1950-83
 

Canals 
 Other
 

Year Government Private Total 
 Tanks Wells Sources Total
 

(1.000 ha)
 

1950-51 7,158 1.137 8,295 5,978
3,613 2,967 20,853
1951-52 7,534 1,194 8,728 
 3,444 6,517 2,360 21,049
1952-53 7,599 1,352 8,951 6.485
3,214 2,427 21,077
1953-54 7,559 1,314 8,873 
 4.187 6,640 2,087 21,788
1954-55 7,833 1,161 8,994 6,702
4,002 2,261 21,959
1955-56 8,025 1,360 9,385 
 4.423 6.739 2,211 22,758
1956-57 7,916 1,357 9,273 6,566
4,492 2,202 22,533
1957-58 8,303 1,349 9,652 
 4,536 6,818 2,150 23.156
1958-59 8,391 1,279 9,670 6,686
4,759 2,28a 23,401
1959-60 8,752 1,305 10,057 
 4.648 7,083 2,208 23,966
1960-61 9,170 1,208 
 10,378 4.561 7.290 2,440 
 24,661
1961-62 9,338 1,162 10,500 
 4,613 7,352 2,420 24.885
1962-63 9,686 
 1,146 10,832 7,650
4,781 2,403 25,666
1963-64 9,848 11,006
1,158 4.597 
 7.786 2,484 25,871
1964-65 9,861 
 1,136 10,997 4,815 7,824 
 2,520 26,156
1965-66 9,827 10,960
1,133 4,441 8,445 2,595 26,441
1966-67 10,200 
 1.000 11.200 9,200
4.600 2,200 27,100
1967-68 10 279 1.025 11 304 4,599 9,264 2,356 27,523
1968-69 10,900 
 1,000 11,900 10,800
4.000 2,400 29,000
1969-70 11.300 1.000 12,300 
 4.400 11.100 2, 500 30.4001970-71 11,972 
 866 12,838 11.887
4,112 2,265 31,103
1971-72 11,949 901 12 850 
 4,140 12,235 2,607 31 801
1972-73 12,192 
 863 13,055 3 621 13,024 
 2,249 31,949
1973-74 12,200 
 P3O 13, 100 3,900 13,300 2,300 32, 600
1974-75 12,664 
 861 13,525 14,214
3,548 2,423 33,730
1975-76 12,933 
 858 13,791 3,972 2,386
14,444 34,593
1976-77 13,016 845 3,901
13,861 15,087 2,300 35, 149
1977-78 13,727 843 14,570 
 3.899 15,603 2,479 36,551
1978-79 14,289 839 3.936
15,128 16,427 2,569 38,060
1979-80 13,914 837 14.751 
 3,482 17,817 2,418 38.478
1980-81 14,456 
 836 15,292 3.198 17,734 
 2.585 38.06
1981-82 14,701 
 496 15.197 3,581 2,597
18,549 39,924
1982-83 14,875 15,370
495 3,112 19.112 2,375 39,969
 

Sources: The Ford Foundation, Data 
on the Indian Economy, 1951-1969
(New Delhi: For Foundation, 1970); India, Department of
Agriculture, Indian A riculture in Brief, 21st 
ed. (New
Delhi, 1987); India, Ministry of Irrigation and Power,

Report 
of the Irrigation Commission, vol.2 
 (New Delhi,
1972); 
India, Central Statistical Organization, Statistical

Po-!.:ct 
 Book of India (New Delhi: Department of Statistics,
(inistry of Planning, 1980); TATA Services Limited,
Statistical Outlir;e of India (New Delhi: 
 Department of
 
tc-z m: and Statistics, 1987).
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declined throughout and at an increasing pace after 1965. Changes

in total, total canal, tank, and well irrigation are shoan graphi
cally in Figure 5.1.
 

Regionally, expansion of net irrigated area has been uneven, as
 
seen in Tables 5.3 and 5.4. Regional figures, with the regions
 
defined in Figure 5.2, were developed by estimating compound growth
 
rates between decade endpnints (Table 5.4), based on the average of
 
three years of data for each point (Table 5.3). The years were
 
selected to achieve a reasonable match in rainfall conditions for
 
each period.
 

Growth was strongest in a band stretching transversely across
 
the western peninsula of India up through Uttar Pradesh. For all of
 
India, growth was roughly twice as rapid in the areas irrigated by

wells as in the canal command, except in the western region, where
 
canal irrigation grew most rapidly. In the south, expansion was
 
virtually nil as shrinking tank and "other" irrigation was compen
sated for by increased well irrigation. In eastern India also,
 
strong growth in the ,rea irrigated by wells was partially offset by

the contraction of the area under tank and "other" sources. It
 
would be interesting to know the extent of actual geographic overlap
 
in these areas of contraction and expansion.
 

As of 1982-83, net irrigated area (Table 5.5) was relatively
 
evenly distributed among these regions. This is, of course, partly
 
an artifact of the way in which regional boundaries are drawn.
 
Gross irrigated area shows, however, a slightly different pattern,

with Uttar Pradesh and eastern India assuming much greater promi
nence; they contain some 46.0 percent of the nation' gross ir
rigated area, but only 39.5 percent of its net irr, ated area.
 
Presumably this is due to the higher rainfall that prevails over
 
much of this combined area, which produces hiqher cropping inten
sity, and the extensive alluvial aquifer that lies below it. The
 
Gangetic basin holds the most gross irrigated area in tha oation.
 

Unfortunately, these figures show only the nominal ared of irri
gated coverage and do not address the critical problem of the
 
quality of the irrigation service provided--that is, the ability of
 
the service to produce agricultural output. An area receiving a
 
single irrigation delivery is indistinguishable from one receiving
 
unlimited water on demand. Typically, studies deal with this issue
 
by ascribing a special quality to well irrigation, based on the
 
greater measure of reliability or of farmer control it is felt to
 
have. This, although clearly an inadequate proxy, isabout all that
 
the generally available secondary ddta sources can support.
 
Increasingly, this issue will have to be addressed directly by
 
encouraging the generation erd analysis of data on the quantity and
 
timing of irrigation water delivc-ies over geographic space.
 
Progress in both analysis and in practice depends on it.
 

IRRIGATION POTE?'TIAL
 

The figures given above show the steady growth in irrigated area
 
as a result of both public investment in canals and largely private
 
(though heavily subsidized) investment in well irrigation. They
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Table 5.3--Average net irrigated area, by region and source
 

Region and 
years 
averaged 

Canals 
Government Private Total Tanks Wells Other Total 

(1,000 ha) 

Average of 1969/70, 1971/72, 1973/74 

Southern 
Northern 
Uttar Pradesh 
Central 
Eastern 
Western 
All India 

2,628 
2,367 
2,462 
1,518 
1,860 

955 
11,782 

11 
201 
1 
1 

670 
23 

910 

2,639 
2,569 
2,453 
1,519 
2,530 

978 
12,692 

1,955 
6 

339 
353 
881 
617 

4,160 

1,391 
2,173 
3,949 
1,772 

686 
2,218 
12,161 

289 6,273 
119 4,867 
256 7,016 
133 3,776 

1,306 5,403 
217 4,029 

2,480 31,512 

Average of 1978/79, 1980/81 1982/83 

Southern 
Northern 
Uttar Pradesh 
Central 
Eastern 
Western 
All India 

2,660 
2,723 
3,206 
2,058 
2,532 
1,332 

14,534 

6 
179 
1 
1 

512 
25 

723 

2,666 
2,901 
3,207 
2,059 
3,044 
1,357 

15.257 

1,671 
3 

188 
303 
608 
634 

3,407 

1,826 
2,911 
5,696 
2,385 
1,360 
3,020 
17,753 

193 6,356 
119 5,334 
316 9,410 
220 5,467 

1,101 6,113 
283 5,293 

2,494 38,912 

Source: India, Department of Agriculture, Indian Agriculture in 
Brief (New Delhi, 1987).
 

Table 5.4--Compound growth rates of irrigated area, by region,
 
1971/72-1980/81
 

Region Canals 
 Tanks Wells Other Total
 

Southern 0.12 -1.73 3.07 -4.39 0.14

Northern 
 1.36 -7.97 3.30 0.00 2.23

Uttar Pradesh 3.02 -6.31 4.16 
 2.39 3.31
Central 3.44 -1.67 5.57 5.72 4.20

Eastern 
 2.07 -4.03 7.90 -1.88 
 1.38
Western 
 3.71 0.31 3.49 
 3.01 3.08
All India 2.07 -2.19 4.29 0.06 2.37
 

Note: 
 The compound growth rate was estimated using the three-year
 
averages presented in Table 5.3.
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Figure 5.1--Area Irrigated, by source. 1950-82 
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Figure 5.2--Regions of India
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Table 5.5--Gross and net irrigated area, by region, 1982/83 and
 
1984/85
 

Gross Irrigated Area, 1984/85 Net Irriqated Area, 1982/83
 
Number of Regional Number of Regional


Region hectares share hectares share
 

(1,000 ha) (percent) (1,000 ha) (percent)
 

Southern 9,289 15.3 
 6,041 15.1
 
Northern 9,238 
 15.3 6,317 15.8
 
Uttar Pradesh 16,490 27.3 9,884 
 24.7
 
Central 6,588 10.5 
 5,874 14.7
 
Eastern 11,316 
 18.7 5,940 14.8
 
Western 7,202 11.9 5,568 13.9
 
All India 60, 462 100.0 39,969 100.0
 

Source: 	 India, Department of Agriculture, Indian Agriculture in
 
Brief, 21st ed. (New Delhi, 1987).
 

Notes: 	 Gross irrigated area was taken 
from the use of benefits
 
from all 	irrigation schemes. Percentages do not sum to 100
 
percent because several sma I states were not inc luded in 
regional 	figures.
 

also suggest the general and increasing importance of well irriga
tion in India since 1965, in particular its extremely strong rates
 
of growth in eastern and central India in recent years.


To assess the importance of these Lrends requires, however,
 
examining them against the 
backdrop 	of the limits to their continued
 
growth. This ceiling is comprised of a number of factors, including
 
the sheer physical availability of the water resource, the proximate

availability of suitable land 
to irrigate, the economics of resource
 
development 
and the technology imbedded in these calculations, the
 
political will to develop the resources, the political relationships
 
among neighboring 
-mparian states and countries, and institutional
 
constraints on the ability 
to add to or to sustain in operation the
 

4 This factor is related to the 
first two, of course. If
 
unused water and unused land are available some place, but not
 
necessarily in the same place, 
they can always be brought together
 
for productive agricultural purposes. The cost one is willing to
 
bear is the determining factor. Normally, implir t rules of thumb
 
limit planners to considering only resources with a particular
 
measure 
of proximity to each other. As such opportunities are
 
exhausted, their thinking 
may range more widely to consider, for
 
example, transbasin diversions of the type being considered 
 in
 
India.
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capacity already created. 5 This is a complicated and interlinked 
set of factors. At the risk of oversimplification, I focus on what 
is, to an engineer at least, the most fundamental of these--the 
water resource. 

The ultimate irrigation potential of India is assessed at 113.5 
million ha. distributed regionally as shown in Table 5.C. As 
at 
1984/85, about 60 percent of the ultimate irr igation potential was 
being used. Groundwater use was about 70 percent, and surface water 
ure was 54 percent. Only in the eastern and central regions did the 
unexploited potential exceed 50 percent of the ultimate, and the
 
average of unexploited potential for the entire country was just
 
over 40 percent. In the eastern region the unexploited share of
 
groundwater was largest, while 
in the central region that of surface
 
water w.s the greatest. In both cases, however, the bulk of the 
absolute amount of rema inirng potential lay on the surface. 

The northern and southern regions and Uttar Pradesh have the 
least rena iniig unexploited potential, a Ithough as the limit is 
approached, these es t imates of rema in ing potent ia I p robaab y become 
increasingly unreliab le. For example. Tab 'e 5 6 1ni(Lcates ttiat 
groundwater in Uttar Pradesh is a most fuly e: o0 ted, aL tnC,r-t! 
experience iid ica es that some potential reimains 

In spi te of the promise of permanence imp]i ed by tne te rn u I 
mate, estimates of u It imate irrigation potential do not rema in 
constant. Table 5.7 shows how this value has expanced since 1972. 
with the total ult mate potent iaI growing b, 40 percent between i_-72' 
and 1985. An addit iona 1 34.5 million ha are being considered fur 
inclusion (India, Planning Commission 19b5b). 

Can we expect tnis tendency to continue indefinitely? If so, 
the limit on expansion of ,rr igated area that is being hypothesized 
here may not be reached for some time. However. n.maor cont inuing
growth in potential est imates seems un likely, at least for surface 
water, for several reasons First, a large port ion of the increase 
in estimates simply represents a refinement based r- better tech
niques and better information. The amount of sur:ace water rot 
irr igab e land) trhat tne First Irrigation Commi s ion st imated was 
available eightv-f ve years ago (144 3 million ha im) was on 1 21 
percent less tnaan the current estimate (181 1 mill ion ha m). Ths 
represents a marginal increase, given the time that has elapsed, rnt 
a dramatic discovery of vast new resources. 

Second, a signif icant part of the 34.5 million ha expansion of 
ultimate surface potential currently being mooted is supposed to 
come from major transbasin diversion schemes, which are typically 

5 In a real sense, land area both enters and leaves the 
category of instaIled capacity or potential. It enters in the 
obvious way and leaves as canal and reservoir capacity is reduced 
due to siltation, area is unserved due to ineffective water alloca
tion and delivery, or land becomes unusable due to salinizaticn. 
This in a sense results from natural processes and requires a 
positive input of financial and managerial resources to forestall. 
Thus, one caii envision a situation in which inadequate recurrent 
resources a I low potent ia1 to be lost at a rate that balances
 
additions to capacity and forms, in a sense, a dynamic ceiling.
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Table 5.6--Unexploited Irrigation potential, by region
 

Irrigation Potential Groundwater Potential Surface Water Potential
 

Region Ultirate Unexploited Ultirate Unexploited Ultimate Unexploited
 
-
-------hI15----... T7 ------ 7 -ec Tb--- IO0- ----
Fa) TTFe--ce -------TI.OO0--a aT TFerenT'


Southern 15,200 36.0 4,000 36.0 11,200 35.8 
Northern 12,335 22.6 5,200 15.0 7,135 28.1 
Uttar Pradesh 25,700 36.7 12,000 5.0 13,700 46.0 
Central 15,350 50.5 5,000 43.0 10.350 54.2 
Eastern 27,160 53.1 8,700 60.0 18,460 49.8 
Western 16,650 45.7 4,700 33.0 11,950 50.4 
All Incia 113,500 40.2 39,762 30.0 73,738 45.7 

Sources: Groundwater estimates are from India, Ministry of water Resources, Ground water Development
 
(New Delhi, 1986). Unexploited irrigation potential was estiated using 1984-85 use
 

data from India, Department of Agriculture, indian Agriculture in Bri:;, (New Delni, 1986).
 
Surface water potential was estimated subtracting g-oundwater potential from total irrigation
 
potenti&l. Surface water use was estimated subtracting groundwater use from total use.
 
Unexploited surface water cotential was estimated subtracting surface use from surface
 
potential. Total irrigated a-ea was estimated from the use of putential created.
 

a Refers to 1984/85.
 
b Refers to 1985.
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Table 5.7--Estimates of ultimate irrigation potential for surface
 
water and ground water, various years, 1972/88
 

Surface Ground
 

Year Source Water Water Total
 

(million 	ha)
 

1972 	 Irrigation
 
Commission 59.0 22.0 81.0
 

1975 	 Fifth Five-

Year Plan 72.0 35.0 107.0
 

1985 	 Seventh Five-

Year Plan 73.5 40.0 113.5
 

1988 	 Planning
 
a


50.0 148.0
Commission 98.0 


a Assumes optimal use of available water resources by allowing
 

interbasin water transfer and international cooperation for joint
 
river development and improved management (Seventh Five-Year Plan).
 

very expensive and from transnationaI schemes that require interna
tional agreements and cooperation, which have proved elusive in the
 
past.
 

Third, the cost of surface water development is rising as the
 
easily exploitable sites are exhausted and the objective of develop
ment shifts from protective to productive, or more intensive,
 
irrigation. The overall real cost of building major- and medium
scale schemes has more than doubled in the thirty years between 1950
 
and 1980. At 1970-71 prices, Sawant (1986) reports that the per
 
hectare expenditure for major- and medium-scale irrigation ccn
struction w~s Rs 2,770 in the First Five-Year Plan, and Rs 5,880 in
 
1979-80. The anticipated expenditure for the Sixth Plan was Rs
 
6,696. Since undiscovered sources are likely to be more expensive
 
to develop than known ones, exploitable potential probably will not
 
continue to increase significantly.
 

In the groundwater sector, the situation is not so clear-cut.
 
Here, where the resource is hidden from view and assessment is
 
inherently more difficult and imprecise, exploration and quantifi
cation did not begin until the early 1970s. The interaction between
 
surface water and groundwater resources makes this assessment even
 
more difficult, especially when surface irrigation itself con
tributes significantly to groundwater recharge. Since 1972, the
 
estimate of ultimate groundwater potential has nearly doubled (Table
 
5.7) and it will probably continue to expand.
 

In some states, like Uttar Pradesh, groundwater development has
 
already reached the ultimate potential targeted earlier, but ex
perience indicates that significant potential remains to be devel
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oped (Desei, chapter 4). 
 In Tamil Nadu, on 
the other hand, groundwater development 
in some districts 
is already constrained, and the
overall rate of irrigation exparsion in the southern region as awhole is negative. Most authorities agree 
that water resources in
the state are fully allocated at present levels of use efficiency
(Kandaswamy 1587).


In addition, irrigation is not 
 the only sector to claim thenation's 
 water resources. In chapter 4. Desai 
 indicates that
nonirrigation 
uses of water (domestic, industrial, and cooling) are
expected to increase 
significantly in the 
years ahead. Not only is
the absolute use increasing, but 
the share is as well. 
 By the turn
of the century, just 
 a decade from now, nonirrigation uses will
require nearly one-sixth of the nation's tapped water 
resources. Tobe sure, not all of these uses wi1l he consumptive, so there wi 11 be some scope for reuse. As the total relat ve share of other uses
increases, however, 
the share consumpt ively 
used will probably grow
as well and water quality considerat ions will become increasinglyimportant. 
 This means that in some states, such as Tami I Nadu,irrigation will have 
to run in place just to stand still.
There has long been a gap between potential created and potential used ii the figures developed by the state irrigation departments. Persistent efforts to close this gap, notably throughcommand area development programs, have met with only limitedsuccess. 
 One may, therefore, speculate on the remaining scope forexpanding irrigated area if one internalizes this gap into the
values of ult mate potential.


To make this adjustment , ultimate potent ia I 
 f igures for eachregion were reduced by the percentage of the ex it ing gap in use a1given i n C.G. lDesa i (1988). This adjustment means that the ei ficiency est imates used In computing the ult imate potent la I arehigher than can be justifled by actual experience and adjusts them
 
downward. The 
results are shown 
in Table 5.8.
As can be seen, the ultimate irrigation potential drops to 101.1million ha, and unexploited potential is reduced 
from 40.2 percent
to 32.9 percent. The effect on surface irrigation potential, whichfalls 17 percent, is even 
more profound than 
that on groundwater
potential, which drops only 6 percent, based on the gap levels prevailing in 1984/85. The revised 
values of unexploited potential by
rLq ion are shown in Table 5.8. Until the potential gap can beclosed, these values 
are the most appropriate ones to use.
 

COSTS OF IRRIGATION DEVELOPMENT
 

The margin 1 cost of developing a hectare of irrigated land
integrates 
a r mber of the factors that influence the feasibility of
developing surface 
 irrigation further. 
 These factors include
separation distance between arable 
the
 

land and water source, the difficulty of exploiting the site, 
the extent of displacement of existing
settlements, and the 
level and cost of 
the available technology.
The all-India 
 expenditure on constructing 
 major and medium
irrigation projects between 
1950 and 1990 (projected) is shown in
Table 5.9. 
 Figures indicate that the erpenditure per hectare of
potential created 
(in 1980 Rs) rose from Rs 6,780 per ha in the
 



Table 5.8--Unexploited achievable potential, by region
 

Irrigation Potential Groundwater Potential Surface Water Potential
 

Region Achievable Unexploited Achievable Unexploited Achievable UnexpToited
 

-00ha-----cet ---- T eI15-TdTr--- --- Tper ce nt17enTTb -TTi,000dha 

Southern 14,455 32.7 
 3,840 33.3 10,562 31.9
 
Northern 11,928 19.9 5,112 13.5 6,778 24.3
 
Uttar Pradesh 22,539 27.8 10,992 0.0 11,083 
 33.2
 
Central 13,324 42.9 4,785 
 40.4 7,970 40.1
 
Eastern 24,118 .17.2 8,030 
 56.6 15,691 40.9
 
Western 13,270 31.9 4,451 30.3 
 7,493 20.9
 
All India 101, 128 32.9 37,376 25.5 61,202 34.6
 

Sources: Groundwater es:"'ates are fro Incia, Ministry of Water Resources, 
Ground Water Development 
in India (New elini, 1986). Jnexplolted irrigation potential was estir.'.t o using j9l4-d, use 
data fro India, Department of Agriculture, Indian Agriculture in Brief, (New Delhi, 1986).

Surface water potential was estimated suctrac-ing groundwater potential from total irrigation
 
potential. The unexpiolteo surface water irrigation potential was estimated subtracting
 
groundwater u3e from total irrigated area. Total irrigated area was estimated fror the 
use
 
of potential created. Achievable figures were estimated by adjusting ultimate potential by
 
the use gap fthe percentage of potential created that is irrigated).


a Refers to 1984/85.

b Refers to 1985.
 

Ln 
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Table 5.9--Expenditure on major and medium irrigation projects, by

five-year plan
 

Total Average Average Expenditureb Irrigation

Expenditure Annual Annua; 
 per Hectare Expenditure
at Current Expenditure Potential Potential 
 as Percent of
Period 
 Prices 	 at 1980 Created Created Total Plan
 

Pricesa 
 Expenditure
 

RTTTTT --------- TiTTTonFa7 	 ----- - Tperen.... 
First Plan 3,000 3,390 0.50 
 6,780 15.3

Second Plat 3,800 3,781 0.42 
 9,002 	 8.1
Third Plan 5,810 4,557 0.46 
 9,906 	 6.8
Annual Plans 4,340 4,098 
 0.50 8,196 	 6.6
Fourth Plan 12,370 
 5,241 	 0.52 10,078 7.8
Fifth Plan 24,420 8,635 
 1.04 8,303 	 6.1

1978/79 9,770 11,785 1.00 
 11,785 	 8.8
1979/80 10,790 11,430 0.80 
 14,288 	 8.9
Sixth Plan 75,160 11,725 
 0.80 14,656 	 8.4
 
Seventh Plan
 

(target) 115,555 13,199 
 0.86 15,347 	 8.8
 

Sorrce: Documents from India's Planning Commission.
 

aExpenditures were corrected for inflation using the Domestic Price Deflator for Industry,
 
J950-87, to give constant 1980 prices.

For planning periods, see Table 5.7.
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First Five-Year Plan to an estimated Rs 15,347 per ha in the
 
Seventh, a compound annual rate of 2.2 percent.
 

These figures must, however, be treated with caution. Since the
 
construction of an irrigation project sometimes takes eure than one,
 
or even two, five-year plan periods to complete, expenditures
 
shown in the table do not necessarily correspond to the potential
 
created as a result of that expenditure. If the investment level is
 
relatively constant from year to year, this difference does not
 
matter a great deal. When the level of investment is growing.
 
however, as it was in this case, this procedure will seriously
 
overestimate the cost of a hectare of potential created.
 

Table 5.10 presents a better estimate of the real cost ot
 
creating an irrigated hectare, although it too possesses certain
 
deficiencies. To estimate these figures, the cost stream associated
 
with each project Lompleted during a plan period was summed to
 
estimate the cost of developing that project. The cost streams for
 
all projects completed during the plan period were then aggregated
 
and divided by the potential created during that period to obtain
 
the area-weighted unit cost. This establishes a direct relationship
 
between the costs incurred and the area actually developed by those
 
expenditures.
 

Because the data were already aggregated by project, no correc
tion for inflation could be applied within each project cost stream.
 
To compare expenditures among periods, a price index for the middle
 
year of each period was applied to the aggregated cost of the
 
projects completed during the period. Thus to the extent that
 
investment in a particular project also took place during preceding 
plans, these values underestimate the real per hectare cost of 
development. 

Nevertheless, the figures do represent the Telatmve values of
 
this parameter across regions for a given plan. The western and
 
southern regions have the high-,st cost of irrigation development,
 
while the eastern region has the highest growth of the cost per
 
irrigatnI hectare.
 

Tabie 5.11 shows the estimates of expenditure and cost per plan
ning period derived from Tables 5.9 and 5.1f, which should bracket
 
the true cost of development. As can be seen, the first estimate
 
increased by a factor of 2.16, in real terms, in the thirty years
 
between the First and the Sixth Five-Year Plans, while the second
 
increased by a factor of 1.79. For the Sixth Plan, the two show
 

6 Pant (personal communication) indicates that th- actual
 

duration of project construction typically ranges between .,flve and
 
twenty years rather than the five to ten years usually ihov'n in 
project planning documents. 

7 This assumes that the duration of project construction is 
similar in different regions. 



Table 5.10--Major and medium irrigation investment in India. by region and five-year plan.a
 

Second Third Five-Year Plan Fourth Fifth Five-Year Plan Sixth
 
Region Five-Year Plin and Annual Plans Five-Year Plan and Annual Plans Fve-Year Plan
 

Total Unex- Costb Total Unex- Cost Tote) Unex- Cost Total Unex- Cost Total Unex- Cost
 
Area ploited per Area ploited per Area ploitad Per Area ploited par b Area ploited per

Bene- Poten- Hectare Bene- Poten- Hectareb Bene- Poten Hectareb Bane- Poten- Hectare Bene- Poten- Hectare
 
fited tial fitad tial fited tial fited tial fited tial
 

,1,000 he) (Rs) (1,000 ha) (Re) (1,000 he) (Re) (1,000 ha) (Rs) (1,000 ha) (Rs) 

Southern 3.405 4,095 10.783 3.838 3,652 13.237 4,153 3,347 6,225 4,938 2,562 9.868 5,076 2,424 18,?6l 
Northern 2,604 3,696 3,914 3,395 2.905 n.a. 3.642 2.558 14,926 4.122 2,178 3.306 4,535 1.765 8,C37 
Uttar 
Pradesh 3,412 10.765 4,397 3,607 8.893 3,019 4,103 8,397 4,949 5,478 7,022 5,270 6.813 5.587 7,074 
Central 1.169 7.831 4,574 1,963 7,037 9,616 2.154 6.846 4.105 3,194 5,805 9,295 3.614 5,365 13,707 
Eastern 2.734 10.780 3,922 3,511 10.004 2,488 4,759 8,756 6,511 6,074 7.441 6,925 6,206 7.309 10.844 
Western 1.236 8.364 14,020 1,835 7,765 17.024 2,571 7,029 13.753 3,796 5,804 11.430 4,233 5.357 18,882 
All India 15,287 43.188 6,706 18,154 40,321 6.974 21,397 37,078 7,838 27,644 30.831 6,719 30,497 27,978 12.882 

Source: Estimated from data provided by the Irrigation Section of the Planning Comission. 1988.
 

n.a. Not available
 
a For planning periods see Table 5.7.
 
b In 1986 Re.
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Table 5.11--Costs and expenditures per irrigated hectare in major
 
and medium systems, by five-year plan
 

Expenditure per Cost per
 

Period Covered Irrigated Hectarea Irrigated Hectare b
 

(1986 Rs)
 

First plan 11,160 6,780
 
Second plan 14,817 6,706
 

c
Third plan 16,305 6,974
 
Annual plans 13,490 
 n.a.
 
Fourth plan 16,588 7,838
 
Fifth plan 13,866 6,719 d
 

1976/79 19,398 
 n.a.
 
1979/80 23,518 
 n.a.
 
Sixth plan 24,123 12,124
 
Seventh plan 25,2GI1 n.a.
 

Source: India, Planning Commission, and Tables 5.9 and 5.10.
 
Note: Costs and expenditures are in 1986 Rs. The 1386 exchange
 

rate was U.S.$1 = Rs 12.61.
 

n.a. Not available

aFrom Table 5.9
 
bFrom Table 5.10
 
CAverage for the pe.iod covering the Third Plan and the annual
 

pl,ns.
 

Average for the period covering the Fifth Plan and the two follow
 
ing annual plans.
 

unit cois of Rs 24,123 and Rs 12,124 (1986) per hectare, respec
tively.
 

The estimated real cost per hectare given in the second column
 
of Table 5.11 remained constant for almost twenty-five years and
 
then virtually doubled between the Fifth and Sixth Plans (from

US$1,100 to $1,913). This suggests that the economics of building

medijm- and large-scale systems will become increasingly less favor
able as the ultimate potential ceiling is approached. Estimating

the elasticity of cost per irrigated area relative to average

unexploited potantial using data from Table 5.10 suggests that a
 

8 This measure of cost increase, represented in constant 1986
 
rupees, largely eliminates the cost escalation attributed to
 
extc-ided periods of project construction, where inf'ation is to
 
blane. Extended construction periods can still lead to higher, but
 
usually unspecified, costs per hectare due to the inefficient nature
 
of stop and go construction activity.
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decredse of I percent of unexploited potential produces increase
an 

of approximately 2.8 percent in the development cost of an 
irrigated

hectare.
 

Estimating the cost of developing groundwater is more difficult.

Groundwater development is the 
dominant component of the minor

irrigation sector in India, and 
private wells account for the bulk

of minor irrigation development. Table 5.12 shows the expenditures

in each five-year plan and the total institutional lending for

minor irrigation. If groundwater development 
costs are a propor
tiona e share of total government expenditures for minor irriga
tion,6 the state investment required to create one hectare of 
land

irrigated with well wa r was approximately 3,000 (1980) rupees

during the Seventh Plan. The unit cost had declined significantly

from its peak of 10,700 (1980) rupees per hectare during the Second

Plan. This could indicate decreased reliance on institutional
 
sources 
of credit for private groundwater development, hut the

magnitude of the drop, expanded use of less expensive electrically

driven pumps, and improved pi'mp and motor technology suggest that
 
real reductions occurred as well.
 

FUTURE SOURCES OF GROWTH
 

Continued growth ii agricultural output will be assumed neces
sary in the indefinite future, and, as indicated earlier, 
the
irrigated sector will be required to bear a major share of this
burden. Given the current population growth rates, the continuing

need to generate new employment in rural areas, and the traditional
 
emphasis placer' on self-reliance in the production of food, espe
cially fondgrains, 
the first part of this assumption seems self
evident. Professor B. D. Dhawan (1988a) makes a concise 
and
 
convincing argument for the second point.


The days in which expansion of irrigated area can drive in
creases in agricultural production seem to be drawing to a close.
The prospective portion 
of the Seventh Plan anticipates that the
 
currently assessed potential be
ultimate will 
 fully exploited by

2010. Only about one-third of India's currently assessed ultimate

potential remains to be exploited through raw 
expansion of erea, as

does only one-fourth of the higher-quality groundwater potential.

M1oreover, the 
real per hectare costs of developing the more abundant

urexploited surface potential will probably to
continue rise as
 
well.
 

The value of the increased production resulting from this
 
expansion may rise commensurately with the costs of exploiting 
new
 
water sources, but this is by no means assured. 
More likely,
 

9 During the Sixth Plan, 88 percent of the minor irrigation
 

program was devoted to groundwater development.
 

10 Investwient from personal savings and informal credit 
sources
 
also occurs, although because of suL.iidized interest rates, much of
 
the borrowing is probably institutional.
 



Table 5.12--Plan expenditures and public finance for minor irrigation 

Total 
Investment 

Period 
Covered 

Total Government 
Expenditure 

(Current Prices) 

Total Institutional 
Financea 

(Current Prices)a 

Total Average 
Investment Annual 

(Current Prices)b Investment c 

Average
Annual 

Potential 
Created 

Per 
Hectare 

Potential 
Created c 

MlRsTllon - - -7-- - (Milli7n 
First plan 
Second plan 
Third plan 
Annual plans 
Fourth plan 
Fifth plan 
Annual plans 
Sixth plan 
Seventh plan
(target) 

560 
1,420 
3,280 
3,260 
5,130 
6,310 
4,970 
18,020 

28,050 

... 

190 
1,1;n 
2,35C 
6,610 
7,800 
4,900 

15,440 

17,000 

660 
1,610 
4,430 
5,610 

11,740 
14,110 
9,870 

33,460 

45,050 

745 
1,502 
3,474 
5,297 
4,974 
3,991 
5,738 
5,220 

5,145 

0.23 
0.15 
0.44 
0.66 
0.90 
0.76 
1.35 
1.48 

1.72 

3,239 
10,580 
7,895 
8,025 
5,527 
5,251 
4,250 
3,527 

2,991 

Source: Documents from India's Planning Commission. 

aPrimarily loans to priiate farmers for tubewell development.
bExcluding self-financed investment and financing from noninstitutional sources. 
cln constant 1980 prices. 

...None 
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improvements in the quality of irrigation service, especially from
 
surface sources, will be required to induce increases in purchased

input application and a shift to higher value crops. Future gains
 
must increasingly come from improving the quality of irrigation

service, using water on existing cultivable command area more
 
efficiently, and recycling water not beneficially used for crop
 
evapotranspiration or leaching.
 

Ironically, most of these changes will increase the assessed
 
level of ultimate potential itself. The proposed increase of 34.5
 
million ha is based in part on improved water management. Thus
 
progress on this front will inc -ase the ultimate potential as well
 
as the intensity of irrigationj the production per unit of water,
 
and other measures of specific productivity. These efficiency-based

increases in potential will not, however, occur automatically, and
 
they should be reflected in figures only when there is some reasona
ble assurance that they can be realized.
 

The foregoing leads logically to a review of potential sources
 
of continued growth. In addition to contiinued but decelerating

expansion of irrigated area from newly developed water sources,
 
these alternatives include (1) the conjunctive use of groundwater

and surface water; (2) the improved performance of existing surface
 
systems; (3) the improved use of existing groundwater extraction
 
machinery; (4) the interaction of irrigation service with other
 
factors, such as fertilizer use and choice of crop; and (5) the
 
improvement of irrigation technology. This last category is
 
dependent on the others and acts largely through then,. In the last
 
sections of this chapter, I discuss brefly the first two of these
 
sources--conjunctive use and improved efficiency of surface systems.
 

Conjunctive Use of Groundwater and Surface Water
 

I leave the task of laying out the principal case for conjunc
tive use to other chapters in this volume. Professor Dhawan, in
 
particular, has examined "onjunctive use extensively in recent
 
years. Instead, I illustr-.e the importance of shallow groundwater
 
pumping for reusing water that is lost from surface irrigation
 
systems. This is undeniably an attractive notion, but one that is
 
not always fully understood or appreciated. Conjunctive use can be
 
thought of as a mechanism for increasing the efficiency of the
 
surface system that serves as the original source of water. t the
 
same time, it is an important part of the solution to the problems
 
of waterlogging which are felt increasingly in many areas in India.
 

The following model illustrates the importance of the interac
tion between surface water and groundwater and the way in which
 
they complement each other. It represents the fraction of canal
 
water supplied to a given area that is eventually used to benefit
 
agricultural production and how this fraction responds to changes in
 
the technical efficiencv of the surface irrigation system and the
 

11 Intensity of Irrigation is defined by 
the 1976 flational
 
Commission on Agriculture as the gross irrigated area in an agricul
tural year, expressed as a percentage of the project's cultivable
 
command area.
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portion of groundwater thet is pumped. For simplicity, groundwater

that occurs naturally, that is, not attributable to losses from
 
canal irrigation, is ignored.


The terms used are defined as follows. Values of the parameters

used are shown in parentheses following the appropriate definition.
 

Bg = groundwater beneficially used by crops,

Bs = surface water beneficially used by crops,

Eg = overall efficiency of groundwater irrigation (0.7),

Es = overall efficiency of surface irrigation (0, 0.25, 

0.35, 0.45).

Qg = groundwater available for extraction,
 
Qs = surface water delivered to area,
 
U = fraction of percolating water that is unrecoverable
 

(0.20), and
 
X = percentage of reusable groundwater that is extracted.
 

The dependent variable is R, the ratio of canal-derived water
 
beneficially used to the supply delivered by the canal.
 

R = (Bs + Bg)IQs. (5.1) 

Beneficially used 
water is a functinn of the supply available, the
 
respective overall efficiency, and, in the case of groundwater, the
 
amount of water pumped.
 

Bs = Qs Es, and (5.2) 
Bg = Qg Eg X. (5.3) 

The quantity of groundwater (derived f:om canal sources) is inverse
ly related to the efficiency of surface irrigation and the fraction
 
that is unrecoverable once it reaches the groundwater aquifer.
 

Qg = (1 - U) (I - Es) Qs. (5.4)
 

Substitu-ing equation (5.4) into equation (5.3) and 
then equations

(5.2) and (5.3) into equation (5.1), which defines the overall use
 
ratio, results in the following expression.
 

R = Es + (I - U) (1 - Es) X.
 

The efficiency of groundwater use, Eg, was eliminated because the

groundwater not used by the crop was assumed to be lost to deep

percolation and then returned to the groundwater aquifer. If
 
several iterations of reuse are allowed, the groundwater use effi
ciency term approaches unity.


This simple model was then used 
to plot the curves shown in

Figure 5.3. As can be seen, when the efficiency of surface water
 
use 
is zero, the fraction of the available surface water used is a
 
function of the amount pumped and peaks at a maximum level of 
80
 
percent of the supply delivered. This example represents a water
 
spreading operation with no 
crop being grown and us such is somewhat
 
unrealistic. 
 Since it also ignores evaporation during infiltration,

which is unproductive in this case, the peo'< 
R value is reduced
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Figure 5.3--Contribution of conjunctive use to crop water
 
availability
 

0.9--1.0-	
Eficency =0.45 

0.8

0. 5E fflc y = 
0.7-

Ro0.5-
0.4-

0.1 
0.0 ' 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

X 
Note: 	R = total fraction of canal water >eneficially used; X = fraction of 

reusable groundwator extracted. 

somewhat. Enterprising farmers probably would not, however, allow
 
extensive water spreading 
to take place without taking advantage of
 
the opportunity to produce a crop.


At three more realistic (and fairly typical) values of surface

irrigation efficiency, 0.25, 0.35, and 0.45, the fraction of
 
delivered water that is used productively begins at a higher valu,,.

rises less rapidly, and peaks at between 85 
and 87 percent of the
 
amount delivered by the 
canal. The peak use ittainable rises as
 
surface irrigation efficiencies rise because it is assumed that
 
water is ultimately lost from the system only through subsurface
 
flow of groundwater out of the region.
 

Obviously far more sophisticated, site-specific models are

needed to represent this interaction for predictive purposes. this
 
simple presentation illustrates how conjunctive use, or reuse, of
 
canal water and groundwater can raise the technical efficiency of
 
very inefficient canal irrigation systems to levels equivalent to
 
those of modern well-managed trickle and drip systems. In that, it
 
Is quite realistic.
 

The other interesting feature shown on this graph is that the
 
use ratio (R) at any given pumping fraction (X) depends on the
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efficiency with which the surface systems ultimately supplying the 
water is operated. This suggests that conjunctive use and efficient 
operation of surface systems are complementary innovations that 
partially offset each other and therefore must be considered 
together. It might be reasonable to regard conjunctive (re)use as a 
short- to mid-range solut ion strategy, while in the longer run 
taking steps to carry out the difficult task of improving the 
operational efficiency of the surface systems themselves. Improving
the efficiency of surface irrigation may be a more efficient 
approach given the redi-ed exposure to unrecoverable losses and the 
energy economies of each approach.
 

Substitutability is not, however, complete, and some losses from 
surface system operations are inevitable. Although the scope for 
effic ient conjunctive reuse may first increase and then decrease 
over time, some scope will always remain, especially in paddy areas. 

There is another sense, however, in which conjunct rye use can be
 
seen as augmenting storage within a particular basin for use on a 
subsequent crop. In this case, high losses in the surface Irriga
tion system wouid not only be tolerated, but actively encouraged.
This is the gist of an idea that Roger Revelle (1975) proposed ii; 
"The Ganges Water Machine. The major attractions of such a scheme 
are that the associated conjunctive reuse increases cropping 
intensity ar d thereby increases and spreads both production and 
labor demand. Water would probably have a higher value in this case 
than it would if used during the wetter Formidablecrop seasor. 
problems are, however, involved in olanning, organizing, and 
implementing such an effort. 

Improved Performance of Surface Systems
 

Although conjunctive use provides an extremely promising and at
tractive option for gains in production and efficiency over the 
short to medium run, intrinsic inefficiencies are associated with
 
It. When water moves below the ground surface it loses potenti 
energy, and raising it to the surface inevitably incurs costs. 
Since these costs are paid in energy as well as money, and since 
energy is also a scarce and constraining resource in many parts of 
India, we should also look at energy-efficient alternatives to 
improving performance.
 

Alternatives for improving the performance of existing systems 
can operate through measures that increase the area served by a 
given supply of water, increase yields, increase the value of the 
crop mix grown, or increase cropping intensity. The first three of 
these can be the result of improvements in the temporal and spatial
 

12 This is strictly true only if the water is used in the same
 
area from which it was lost. Some of this water can be recovered by
 
standard gravity diversions from natural watercourses downslope of
 
the point at which subsurface flows are intercepted by these
 
channels.
 



66 

30 

pattern of water distribution or its predictabilily within a given

season. 
 The latter requires some form of storage.


Most observers 
estimate the overall technical efficiency of
medium and major surface irrigation ;ystems to be around 25 orpercent. This means 
that some 70 to 75 percent of the water

diverted from river released thethe or from reservoir is not usedbeneficially, that is, it does 
not contribute to filling the crop

evapotranspiration requirements within command
the area of the
system. Some of thesL losses, such as percolation in puddled rice
fields or from
seepage unlined channels, are unavoidable. These
losses are legitimate candidates recovery shallow
for through

groundwater pumping. On other uneven
the hand, spatial allocation 
of water across large systems and inordinately variable deliveries are important and preventable sources of technical inefficiency in many cases. Questions of equity are obviously involved 
as well.
 

AchievIng theqe rm;rovements 
can combine physical rehabilita
tion, changes in admin istrative or managerial practices, 
or institu
tional improvements. Moreover, they can be targeted below the
outlet or above it. A variety of measures IncludIng one or more ofthese components has been developed, experimented with, and applied
over a period of many years. These include programs of landleveling, water course improvement, and canal lining; rotational

Irrigation scheduling based on the North Indian warabandhi frame
work; command area development authorities arid programs; and
expand ..1 government responsib i!I ty and contre The record, thlinkIt fair to say, Is mixed but riot predominantly successful. 

I 

P'art of the explanat ion for this Is the tremendous range andnumber of c ircumstances found In rrigat ion systemis dcrOSs IndIi,

which make standardized approaches likely to 
 fail in most of the 
circumstances in which they are applied. Another major mayreasonbe the fai lure In marny cases to address physical, managerial, and
institutional I. sues together. Moreover, argerthe context in
which improvement programs are undertaken simply may benot con
ducive to their growth.


)his leads to a fundamental issue that Sundar (1984) has called
the "commitme-nt to 
 manage, or what might be described as the
 
p-rceived need manage.
to Aircraft operation arid maintenance, for
example, would rank very high on 
this scale. It possesses a well
established system of accountability, and the penalties of 
 system

failure are 
dramatic and highly visible. In the case of irrigation

system operation and maintenance, on 
the other hand, the consequence

of failure can be just as serious, but -esponsibility is diffused

and operations and mairtenance personnel 
are rarely evaluated on the

basis of the failure of a system to Irrigate. ihe feeling is

inescapable that the larger sociopolitical system does not attach a
 
high priority to effective irrigation management.
 

13 Increased cropping intensity can also be achieved, to some 
extent, by changing the irrigation and cropping calendars without 
storage and by shortening the duration of the first system-wide
cropping season and that of between-crop turnaround to allow two 
crops to be taken during periods of high rainfall ard river discharge.
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Improving irrigation management at the system level requires, in
 
addition to physical control facilities, knowledge, analytic tools,
 
resources (personnel and operating expenses), and the ability to
 
establish appropriate goals and act to achieve them. Beyond that,
 
however, it requires that a value be placed on successful perfor
mance and that a system of accountability and a climate of incen
tives exist to reward success. Just how successful efforts to
 
improve system management can be without addressing the questions of
 
what constitutes successful performance and how an accountibility
 
system should tie system performance to nanagerial performance is a
 
critical and unresolved challenge.
 

The forces hypotheszed earlier for enhancing the importance of
 
improving the agricultural performance of existing irrigation
 
systems may also provide the pressure necessary for these kinds of
 
changes to take place. In the meantime, it is important to begin to
 
se'ch for Ind experiment with organ zatIonal aid procedural models
 
that can be apolied when the pressures for improved performance
 
become sufficiently powerful to ensure that they are Installed.
 

CONCLUSIONS
 

India has an enviable record of engineering accomplishments in
 
the field of irrigation, and those accomplishments deserve much of
 
the credit for the nation's impressive growth in foodgrain produc
tion since its independence. Since 1965, well irrigatoii ias been
 
increasirgly responsible for this growth in agricultural output, 
while tank irrigation has declined significantly and iet area served 
by canals has expanded at a steady pace. 

Compared wit h current estimates of ultimate irrigation poten
tial, the ared remi n i rg to be brought under Irrigat lon is dwin
dling. As of 1984-85, about three-lifths of Iindids ultimate 
potential were already being exploited. It the estimate of ultlimate 
potent ial Is adjusted downward by the extent of the ut i I izat Ion 
gap" currently prevailing in completed projects, then the ultimate 
potential that remains falls from 40 to 33 percent. 

The real marginal costs of creatIng new surface Irrigation
 
capacity are increasing, and economic Justification for exploitIng
 
the remaining surface water resources is becoming increasingly
 
;!*tc !t. The marginal costs of developing grounowater, on the 
other hand, are falling, though water resource constraints loom 
here. 

India is approaching a crossroads where it must choose a new
 
path to sustaining growth in irr igated production. ihis path leads
 
toward improving the operational performance of existIng surface
 
systems by encouraging conjunctive use of surface water and ground
water (particularly the groundwater that derives from surface system
 
I-sses), by improving directly the operational efficiency of surface
 
systems themselves, and by mmprovinq the use of existing groundwater
 
pumping capacity. Somewhat paradoxically, such programs, once they
 
have demonstrated their effectiveness, will increase the computed
 
level of India's ultimate irrigation potential and reduce the share
 
classed as exploited.
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Reusing water 
lost from canal irrigation can result in very high

rates of use of the 
surface water diverted. However, significant

additional investment and operating costs 
are involved in exercising

this option. Thus a long-term strategy might 
rely on conjunctive

use over the short run, coupled with gradual improvement in canal
 
operating effic'.ncies over the long 
run.


A variety of measures can be used to 
improve canal performance.

Ultimately, the sustained success 
of a significant number of these
 may depend on creating incentives for irrigation official-

farmers that include a system of 

and
 
accountability for actual performance measured against a set of mutually agreed goals. This ia,


sound simple and straightforward, but 
in practice it is exceedingly
difficult to implement 
 and affects the character of irrigation

departments and tneir relationship with both farmers an! the larger
coministrative and political structures.
 

Other areas 
 in which cont inued growth can be sought inc lude
improving the use of existing 
groundwater extr,iction machinery

through, for example, privatization and development 
of water markets

and pump irrigation societies; applying technology to the
new 

irrigation 
 process; and improving further the availability of
 
complementa-y inputs and the coordination of input services.
 



Part II
 
Improving System
 

Performance
 



6 
Overview
 

P .S.Rao
 

The five chapters presented in this section provide case studies
 
of the performance of irrigation systems. The concepts, indicators,
 
and measurement of performance and the operations of systems are the
 
common topics that run through these chapters with different degrees
 
of emphasis.
 

Basu and Shirahatti discuss the performance of agricultural
 
production systems and the indicators that can be used to measure
 
performance, emphasizing yields of crops and incomes per hectare.
 
They also treat the limitations of using gross area irrigated
 
,ithout reference to the types and durations of crops. Unless all
 
cropped areas are reduced to an equivalent area of a reference crop
 
of a certain duration, comparing cropped areas or cropping inten
sities will not provide useful indexes of performance. Basu arid
 
Shirahatti describe three components of a strategy to improve
 
prformance: water allocation, water distribution, aid organization
 
and communication aspects of water management. Water use in
 
irrigated agriculture is described as a function of three factors:
 
the variability of inflows, the dependability of supply, and the
 
storage capacity of the system. Four case studies of large-scale
 
gravity systems are described as water allocation strategies. An
 
important issue for research is how to evolve an allocation strategy
 
that simultaneously satisfies equity aid efficiency objectives in
 
irrigation over time and space. Water allocation and distribution
 
for diversified crops with paddy occupying low-lying areas is ain
 
important topic for research not only in India, but also in other
 
countries of South and Southeast Asia. Water scheduling and system
 
operation plans that encourage farmers to plant diversified crops in
 
irrigation systems during dry seasons deserve high priority in
 
research.
 

Sakthivadivul deals with experiences of main system manaoemen t
 
in large-scale gravity systems, including Pochampad and Nagar
junasagar projects and the Periyar Vaigai irrigation system, which
 
has been rehabilitated The systematic canal operation in Nagar
junasagar was an innovation in management without any investment iin
 
structures. Lining the main canals and building control structures
 
in eight locations along the 60 km main canal sought to maintain
 
water levels during low flows in the Per yar Vaigai. This 0 pproach
 
invested in hardware to improve system performance. He also
 
describes the conjunctive use in the Lower Bhavanm canal project and
 
the pilot project stud), in Padianallur tank, which saved 35 to 40
 
percent of full tank capacity just by ivoiding night irrigation and
 
restricting the flows to the twelve hours from 6 a.m. tc 6 p.m. The
 
farmers owning wells in the tank command obtained much higher yields
 
than farmers who did not. The management improvements in the Lower
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Bhavani project provide the material for several of the chapters in
 
this section.
 

Rajagopalan and Swaminathan 
describe the results of improved
reservoir management to cope with a drought in Tamil Nadu in 1987.
They illustrate the performance of three systems: the Cauvery Delta,

the Lower Bhavani project, and the Periyar Vaigai system. 
 The
response to in the Delta
crisis Cauvery was very impressive.
Productivity and production were quite high compared with water use.
The coordination of the efforts of the irrigation and agriculture
departments and the agricultural unive: sity was remarkable, as was
 
the cooperation of the farmers.


The Lower Bhavani project is mentioned in all three chapters.
This project was originally conceived as an irrigation project fornonpaddy crops, but was later revised responsein to the demand offarmers for growing rice. The response was to divide the command a.-ea 
 into two zones of equal area. In alternate years, one zone
receives canal water from 
15 August to 15 December for a rice crop,

whi e the other zone receives water from 16 December 
to 15 April for
dry crops. Thus equity over 
years is obtained, while farmer
preferences are respected. 
 It also encourages groundwater exploita
tion in the command area.
 

Ohawan and Satya 
Sai explore the economic linkages among irriga
tion sources, particularly canals and wells 
that benefit from canal
 
seepage. They 
use a model with empirical data from two cases, 
one
in Punjab and 
the Mula project in Maharashtra, and discuss methodol
ogical problems in detail. 
 The indirect contribution of canal
 
seepage to land productivity is higher than the 
direct productivity

in both projects, which receive 
 little rainfall have
and little
 access to groundwater. 
 Their chapter illustrate- the economic
 
benefits ot surface 
water and groundwater interactions. Taking the
indirect contribution of 
canals into account that
shows the returns
 
to public investment in canal irrigation 
 have not been fully
assessed in the benefit-cost exercises for canal projects 
in low and
 
medium rainfall regions.


Palanisami deals with conjunctive 
use of tank and well ,,ater in
 
tank irrigation systems in Srivilliputhur Big Tank by developmng a
system simulation model. The 
model calculates 
water balances.
 
stress days, yield reductions, and net incomes 
and allows Palanisami
 
to evaluate tank performance 
in terms of rice production and equity
in income throughout the command area. 
 The model is a powerful tool
 
for studying conjunctive use strategies, system operation, and 
the
effect of interventions like 
lining canals and installing additional
 
wells in the command.
 

The t irst 
 set of three chapters (Basu and Shirahatti,

thivadivel, Rajagopalan and Swaminathan) 

Sak
deals primarily with the


performance of large-scale systems 
and system operations, the other
two (Dhawan and Satya and
Sai, Palanisami) are more methodological

in nature and describe tle interactive effects of surface water and
groundwater, one and
on the hand, their economic implications, on
 
the other.
 

Each of the first set of chapters provides 
areas of research in
the future of large systems. The following summary provides 
a broad
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review of topics of research that are critical for further progress
 
in the areas of system performance and system operations.
 

SYSTEM PERFORMANCE
 

The concepts of performance of systems, the criteria for
 
evaluating performance in a comprehensive and comparable manner, and
 
the performance indicators and their measurement remain an area of
 
great importance for research. These systems are often charac
terized by attributes such as size and scale, complexities, dynamic
 
interactions, and uncertainties. Many agencies and decision makers
 
are involved at various levels, and the environment is competitive
 
with different degrees of cooperation and conflict. At the base of
 
a hierarchy of systems is the irrigation system, which stores,
 
conveys, and distributes the irrigation water that is a critical
 
input to the agricultural production system at the next level.
 

The agricultural production system combines water and inputs
 
like seeds and fertilizers with the requisite knowledge of agricul
tural practices disseminated through extension services; the result
 
is crop yields and crop production. At the next higher level the
 
socioeconomic system determines the profitability of crop production
 
and the resulting changes in the livelihoods of farmers and other
 
segients of society. The behavior of various players involved in
 
the processes taking place in these systems aid their institutions
 
and agencies form an intenral part of the larger social system.
 

The performance of a ystem must be evaluated with reference to
 
its objectives. The objectives of irrigation systems are often
 
described in terms of productivity, equity, sustainability, and
 
social well-being, which are really the objectives of the larger
 
socioeconomic system that irrigation serves by providing a critical
 
input, water. In delivering water to promote crop growth and
 
production (its primary function), an irrigation system should aim
 
to supply adequate water in a reliable, prcdictable, and equitable
 
manner. Suitable criteria and indicators for measuring performance
 
must be deloped for the systems with reference to their objec
tives. Developing concepts of performance and evaluating them need
 
to be substantiated by a large number of case studies of systems in
 
ditferent countries and regions and to be given a high priority for
 
research.
 

SYSTEM OPERATIONS
 

Research in system operations is another topic of importance for
 
research. The system may comprise canals, tanks (surface water),
 
and wells and tubewells (groundwater). Itmay be a run-of-the-river
 
system or consist of storage reservoirs or intermediate storages in
 
canal systems. The complexity of system operations can vary widely.
 
Some of the research areas of interest are listed here without
 
elaboration:
 

Water allocation, inter-year and seasonal, for system operation;
 
effective use of storages.
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Watar distribution methods 
and water scheduling for equitable

distribution of water; the role of rotational water distribution
with rotations at various levels; 
 the special case of diver
sified crop situations.

Cperat'onal plans, manuals, and guidelines for system operation

and periodic updating based on experience.

EffecLive system operation that responds to variation in demand

and uses water, including rainfall, efficiently.

System design, control, and regulation that facilitate and

improve operational capability.

Monitoring operations 
in real time (measurements, information
 
processing, communication, use of feedback).

Farmer paiLicipation in planning, decision making, 
and im
plementing operations.

Learning from operations during crisis situations.
 

METHtODOLOGIES
 

Case studies, hydraulic

used 

and economic models, and simulation are
in the chapters under review. The use of 
models of reservoir
operation has been in an advanced stage for 
some years now. One
frontier area 
of research with great potential for improving system
operations and system management deserves special mention. That i:
the development of hydraulic simulation models for regulating large
primary conveyance systems 
(canals) and for distributing wate-

the farms below an outlet or turnout. 

to
 

These models will be validated and 
become available for use in
the next few years. Combined with the 
use of sensors for measuring
water levels at crucial points 
in the system and the information
processing capability provided by microcomputers, these models have
the potential to effect quantum jumps 
in the management, operations,
and performance 
of systems. The challenge is to develop the
institutional capabilities for using such 
models. Here again,
models provide an excellent tool for 
training personnel, improving
their understanding of systems,
the and providing the necessary
skills for 
efficient system operation. The 
models also provide a
wasis for effective communication and interaction among an 
interdis
ciplinary group of researchers.
 



7 
Performance Possibilities and Limits in 
Indian Surface Irrigation 

D. N. Basu and P. P. Shirahattil
 

This chapter ;s presented in two parts. The first presents a
 
brief overview rT the performance of Indian irrigation systems and
 
specifically discusses the use and limitations of performance
 
indicators of an irrigation system. No detailed, project-specific
 
findings are presented in the first part, although reference is made
 
to such findings to illustrate the relevant performance indicator.
 
A careful examination of the performance indicators normally used is
 
a prerequisite for evaluating any irrigation system as well as
 
evolving crite-ia for improved performance.
 

The second part elaborates three important factors or issues
 
that have an important bearing on tie performance level of and
 
strategic possibilities for improving individual irriration
 
projects:
 

1. 	 The water allocation strategy of surface irrigation
 
projects for meeting equity objectives of distribution in
 
the context of high variation in water availability.
 

2. 	 Water delivery system, particularly distribution of canal
 
water at low levels, up to the farm gate.
 

3. 	 Organizational aspects associated with the water delivery
 
system as well a5 the overall improvement strategy for
 
large and medium irrigation projects.
 

The first two factors are described in detail in this chapter, while
 
coverage of the third aspect is sketchy at this stage. Discussion
 
of the water allocation strategy and water distribution systems
 
draws extensively on the authors' experience with evaluation stulies
 
of various irrigation projects. This chapter discusses the alterna
tive allocation strategies and distrioution criteria of different
 
projects and more important, specifies issues that emerge from such
 
-'valation exercises. The role of groundwater systems to improve
 
total water availability and overall system performance is not
 
included in this chapter as it is covered in more detail elsewhere
 
in this volume.
 

expressed in the chanter thare ose of the authors 
and do not necessarily reflect Lhose of the Operations Research 
Group, Baroda. 

iThe 	views 
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PRESENT LEVEL OF PERFORMANCE
 

The irrigation sector accounts for a major portion of the public
investment 
 in the successive five-year plans of India. A large
number of irrigation projects have been initiated, although many
have no, been completed. The irrigation potential created seems
phenomenal, 
but its impact on the increase in and equitable distribution of agricultural production 
raises a number of debatable
issues, of which the need to improve 
the performance of irrigation

systems is of paramount significance. Irrigation potential grew
from 22.6 million hectares in 1950/51 
to 68 million hectares by the
end of the Sixth Five-Year Plan. The potential created by major
surface irrigation projects alone increased from 9.7 million ha 
to
30.5 million ha. Total investment up to the end of the Sixth Plan
was approximately Rs 
150 billion for major and medium projects, Rs

43 billion for minor projects, or a total of Rs 193 billion. The
Seventh Plan 
outlay 'or major and medium projects is estimated at
 over Rs 116 billion, including plan outlays 
from both central and
 
state sectors.
 

Of late the performance of investment 
in irrigation projects has
been persistently criticized on 
two counts: the large gestation lags
and resultant spillover costs and the delivery of 
irrigation to mucn
less area than planned. For example, the spillover cost of ongoing
projects 
at the end of the Sixth Plan was about 
Rs 364 billion, of
which Rs 46.5 billion was for projects started prior the
to Fifth
Plan. The government admits 
that not all projects will he completed

by 1990.
 

The second aspect or 
 irrigation project performance that has
been persistently criticized 
 is the underuse of the potential
created. Although at the national level the underuse of potential
(which was 17 percent of the 31 million ha potential created by the
end of the Sixth Plan) can be considered a relevant indicator of the
performance of the irrigation sector as a whole, this kind of 
index
has limited significance at the individual 
project level. Unless
related aspects 
 like cropping intensity, cropping pattern, and
yields are taken into 
account, meaningful conclusions cannot be
drawn about the performance of irrigation projects 
on the basis of
the ratio between the potential created and actual 
area irrigated.

Even if performance 
is restricted to the area indicator, the time
horizon or the at
rate which potential is being used over time must
be taken into 
 account. Some examples of project performance

evaluated in terms 
 of these indexes are given in Table 
 7.1.
Although, 
in general, use is closer to potential on older projects,

no r ear picture emerges 
from the data in Table 7.1. For example,
alt,,ough the Gandhi
Indira Nahar' Pariyojana (1GNP) started earlier
than the Nagarjunasagar Project, its rate
use is significantly lower
(a little above 70 percent, compared with more 69
tnan percent).
The lower rate of use in IGNP 
is largely attributable to the fact
that th_ 
 whole area is being transformed from a deser. tn an
iirigated agricultural region 
and Lhat the majority of the cul
tivators are new settlers.
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Table 7.1--Irrigation potential created and used, by project
 

Ultimate First
 
Irrigation Potential Potential Year of
 

Project Potential Created Use Irrigation
 

(100,000 ha)
 

Indira Gandhi Nahar
 
Pariyojana Rajasthan 5.94 5 .77a 4.15a 1961
 

Jayakwadi Irrigation
 
Project, Maharashtra 2.83 .78a 1976
0 0.36a 


Gandak Irrigation
 
Project, Bihar 11.52 8 .96 a .80a 1968
6
 

Tawa Irrigation Project,
 
Madhya Pradesh 3.33 1.92a 9 1a 1974
0 .


Sarda Sahayak Project,
 
Uttar Pradesh 19.23 13.50 8.04 1974 b
 

Tungabherda Project,
 
Ka:nat:ka 3.63 . 2.38
3 48c 	 1970
 

Nagarjunasagar Project,
 
Andhra Pradesh 8.95 , .45a 1967
7 49a 6
 

SoLrce: 	 Operations Research Group, "National Cropping Pattern Study

in Irrigated Command Areas: Summary Report" (Baroda:
 
Operations Research Group, 1987), 7. Mimeo.
bRefers to 1984/85.
 

Old system remodeled.
 
cRefers to 1985.
 

In general, to assess the performance possibilities and limita
tions properly, irrigation system performance must be viewed as an
 
integral part of the entire agricultural production system. For
 
this, either macro-level indicators, such as net output or net area
 
effect, or the following disaggregated indicators can be used.
 

(1) 	Gross area irrigated (in relation to rotential created),

(2) 	Crop intensity (irrigated minus unirrigated) achieved in
 

relation to the situation under rainfed cultivation,
 
(3) 	Crop diversification through the introduction of high-value
 

crops, and
 
(4) 	Crop yield under irrigation compared with rainfed and
 

potential yield.
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Definitions and limitations of 
these indicators as well as some
of the findings on 
actual compared with potential performance are

described in the following sections.
 

Gross Area Irrigated
 

The yardstick of gross area irrigated is commonly used to
indicate the output performance of an irrigation project. The

irrigation potential 
of a project is expressEd as the gross area
that can be irrigated with the of
amount water available and
cropping pattern envisaged. The actual use is the 

the
 
gross area
actually irrigated each year. 
 The ratio between the actual irrigation and the potential is termed the use 
ratio. The various limita

tions in using this area indicator sometimes lead to anomalous
conclusions. Area irrigated is sensitive only inter- and
not to

intra-year variations 
in rainfall in the uatchment, but also to
reservoir storage 
and operation, which can substantially alter the
 
area irrigated per year. Further, some 
 perennial crops like
 sugarcane that need irrigation over a long duration (twelve to
eighteen months) are counted 
only once in the crop sequence that
 computes area 
under irrigation. Projects with water-intensive crops
tend 
to indicate underuse of potential in terms of area irrigated
when compared with projects having less water-intensive crops. Any

change in cropping pattern toward water-consumptive crops tends to
lower the use The
ratio. relative water requirement per hectare of
selected crops in Maharashtra 
and the area that could be irrigated
with the same amount of water 
are given in Table 7.2 to illustrate
 
this point.


An alternative is to have a comparable base of 
area irrigated

and potential created, adjusted for a standard 
cropping pattern.
This is of limited value, however, when the difference between the

actual and anticipated cropping pattern is marked. The mere figures
of area irrigated probably do indicate the
not potential for
increasing the 
cropping intensity nor do the irrigation statistics

reveal the quality of irrigation in terms of the number of 
irriga
tion issues and the quantity of water delivered to produce different
 crops. A hecta-e of irrigated paddy 
and a hectare of irrigated

jowar or bajra are considered equal for 
 computing irrigation
statistics, even though the irrigation water required and 
the value
of agricultural production for these crops are widely different.

This anomaly gives a biased picture of the achievement of individual

projects. A review of enmerging 
cropping patterns in major irriga
tion projects indicates a bias in favor of cereals like paddy and
wheat or cash crops like sugarcane and cotton 
in many of the command
 
areas. Although such a cropping pattern enhances the output per
unit of land, it tends to concentrate the irrigation effort in a
smaller area than originally envisaged, so 
that the area indicator

of use is lower than the actual use of water.
 

Crop Intensity and Cropping Pattern
 

One of the most favorable effects of irrigation is the introduction of new crops and the increased proportion of area under highvalue crops. Such crop diversification 
 and changes in cropping
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Table 7.2--Water requirements for irrigated crops in Maharashtra
 

Water Required to Area That Can Be
 

Crop Irrigate 1 Hectare Irrigated per Hectare
 

(ha m) (ha) 

Kharif jowar 0.249 4.015 
Bajra 
Rice 

0.249 
0.531 

4.015 
1.882 

Wheat 0.686 1.460 
Summer groundnuts 0.984 1.016 
Sugarcane 2.296 0.436 

Source: 	 Rajkishor Panda, "Anomaly in the Use of Water in a Canal
 
Irrigation Syste:," Indian Journal of Agricultural Econom
ics 41 (October 1986).
 

pattern r.sult in a higher value of agricultural production per unit
 
of area cultivated. :hich is a direct indicator of the value added
 
by irrigation. Ample evidence suggests that high-value cropping
 
pdtterns have been established in most of India's irrigation
 
projects (see Table 7.3).
 

Table 7.3--Cropping patterns in irrigated command areas
 

Share in Share in
 
Total Irrigated Total Unirrigated
 

Crop Area Area
 

(percent)
 

Superior 	cereals
 
(paddy and wheat) 66 24 

Coarse cereals 6 30 
Pulses 3 17 
Oilseeds 5 12 
Sugarcane 5 .. 

Other crop such as fibers, fodder 
fruits, and vegetables 15 	 17
 

Source: 	 B. 0. Dhawan, Irrigation in India's Agricultural Develop
ment: Productivity, Stability, Equity (New Delhi: Sage
 
Publications, 1988), 85.
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Another favorable 
effect of irrigation, the introduction
multiple cropping, is nut of
so clear. 
 The cropping intensity, defined
as gross cropped area divided by net

higher in many 

scwn area, is not significantly
irrigation projects than 
 in rainfed areas. The
cropping intensity achieved 

Table 

is listed for different projects
7.4. In general, it rarely in

exceeds
the conventional computation 

130 percent. However,

of crop intensity does not
duration into take crop
account. Computing the 
net effect of irrigation
terms of land use requires more in
careful computation of crop 
inten

sity.
 

Table 7.4 --Irrigated cropping 
intensities in select command areas
 

Irrigated 
 Unirrigated
 
Project Cropping 
 Cropping
State 
 Intensity 
 Intensity
 

Cuttack (Mahandadi) Orissa 159
Machu II 129
Gujarat 
 136 
 100
Godavari Pravara 
 Maharashtra 
 112 
 102

Canal


Tribeni Canal 
 Bihar 
 130
Cauvery-Mettur 111
Tamil Nadu 
 129 
 100

Indira Gandhi
 
Naher Pariyojana 110
Rajasthan 
 n.a.
 

Source: A. Vaidyanathan, "Irrigation 
 and Agricultural Growth,"
Indian Journal of Aricultural 
Economics 42 (October-

December 1987): 511.
 

n.a. Not availdble.
 

Crop Yield
 

Crop yielI is perhaps the direct
most indicator of the performance of the irrigation system 
in terms of agricultural production.
Performance 
indicators 
can 
be derived by comparing irrigated yield
achieved 
with either preirrigation (rainfed) yield potential
yield. Sufficient data or 
are available for the
indicatioaos first method, and the
are that the effect of irrigation generally appears
be smallEr in foodgrains (except wheat) 
to
 

than in nonfuodgrains
Table 7.5). Furthermore, (see
the higher effect on wheat and
foodgrain:; is also due to non
the higher


of the use of other inputs. Analysis
m.,re meaningful indicator--the comparison between
and potential observed
irrigated yielcd--is

reason for this is that the 

rather scanty. One important
definition 
of potential yield
straightforward. is not
One definition considers the yield achieved
experimental station at an
under ideal 
irrigated conditions 
as the base
for comparison with the 
 observed yield. 
 Anothrr argues that 
such
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Table 7.5--Yield cf irrigated and unirrigated segments and yield differential by state, 1983/84
 

Irrigated Yield Unirrigated Yield Yield Differential
 

Food- Non-


State grains foodgrains Total grains foodgrains Total grains foodgrains Total
 

------------T -g per haT--


Food- Non- Food- Non-


796 1,399 2,621 146
Andhre Pradesh 2,083 3,697 2,257 884 1,056 


Haryana 2,258 4,070 2,328 83 1,068 608 1,675 3,002 172
 
4,782 225
Karnataka 2,377 5,622 3,058 803 840 808 1,574 


767 533 5,223 179
Maharashtra 1,285 6,254 2,563 752 1,031 


Punjab 2,999 3,741 3,025 1,359 816 1,314 1,640 2,925 171
 

Uttar Pradesh 1,914 5,002 2,373 730 1.107 852 1,208 3,895 152
 

West Bengal 1,953 1,295 1,918 1,092 617 1,078 861 678 84
 

Source: B. D. Dhawan, Irrigation in India's Agricultural Development: Productivity, Stability, Equity
 

(New Delhi: Sage Publications, 1988).
 

Note: Total yield and nonfoodgrain yielo are in food energy equivalents (FEEs).
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conditions cannot be replicated in project locations. Moreover,
 
there are not enough experiments to reflect the agroclimatic as well 
as the behavioral environment of each project location. Some 
compur-isons in this regard are presented in Tables 7.6 and 7.7. 

Table 7.6--Experimental ).elds of select crops in India 

Crop Yield Location 

(quintals per ha)
 
Paddy 56.8 Cuttack, Orissa 

49.1 Siriguppa, Karnataka 

Wheat 
61.0 
40.9 

Bhavarr agar, Tamil Nadu 
Hissar, Haryana 

50.3 Indore, Madhya Pridesh 

Jowar (sorghum) 
39.6 
30.0 

Siriguppa, Karnata~a 
Coimbatore 

Gram 
Groundnut 

19.0 
34,5 

Ludhiania (Punjat) 
Hyderabad, Andhra Pradesh 

Mustard 12.4 Roorkee ('Uttar Pradesh) 
Cotton (seed cotton) 11.8 Hi3sar, Haryana 

Sugarcane 
38.9 
80.0 

Siriguppa (Karnataka) 
t/ha Maharashtra 

60.6 t/ha Ludhiana (Punjab) 

Source: 	 Water Technology Centre, Water Requirement and Irrigation
 
Management of Crops in India (New Delhi: Indian Agricul
tural Research Institute, 1911). 

Table 7.7--Yields observed in projects
 

Crop 	 Yield Project
 

(quintals per ha)
 

Cotton 13.38 Indira Gandhi Nahar Pariyojana
 
12.77 Tawa Project, Madhya Pradesh
 

Gram 6.55 Indira Gandhi Nahar Pariyojar:a
 
Wheat 25.84 Tawa Project, Madhya Pradesh
 

30.93 Bhakra Nangal, Punjab
 
Sugarcane 70 t/ha Jayakwadi Project, Maharashtra
 

80 t/ha Tungabhadra Project, Karnataka
 
Paddy 25.82 Nagarwunasagar, Andhra Pradesh
 

3 2 .8 1 a Mayurakshi Project, West Bengal
 
36.70 Bhakra Nangal, Punjab
 

Groundnut (Rabi) 15.91 Nagarjunasagar, Andhra Pradesh
 
18.00 Tungabhadra Project, Karnataka
 

Jowar 15.00 Tungabhadra Project, Karnataka
 

Source: 	 Operations Research Group, National Cropping Pattern Study
 
in Irrigated Command Areas. Vol.1: Case Studies (Baroda:
 
Operations Research Group, 1989). Mimeo


aAus Paddy.
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In most cases the achieved yield is less than 50 percent of the 
potential yield. For gram, it is hardly one-third, but for wheat
 
and sugarcane, it is close to the potential.
 

A more meaningful comparison of the observed and potential yield
could be made by comparing the best yield in an ident if ed segment
of the project area with the average of the total project area. 
Although this potential yield refers to a given point in time, this 
comparison is more meaningful unless natural constraints preclude 
replicating of th chosen base yield in the rest of the project 
area. 

An example of achievable yield potential is presented in Table 
7.8. For example, the higher yield in different zorie., of the IGNP 
is explained primarily by better water management and input prac
tices than by dny natural constraIt Although a partIculdr 
agricu!Lural techinology has a decisive imp.ct on the yield achieved, 
the reliability of the canal supply and the delivery system them
selves influeice the ancption of etter agricultural pract ices. 

Table I.b--Distributon of crop yielJs over Stage I command area of 
Indira GarncnI Narar Pdriyojana 

Yield 

Area Wheat Gram Cotton Guwar
 

(quintals per ha)
 

Niurangdesar District
 
(Water Management Zone)
 

Head 21.0 C.82 13.52 8.74 
Middle 12.A ... ... . 
Tail ... 5.76 9.56 4.84 

Anupgarh System 

Head . . . . . 15.78 8.89 
Middle 15.08 8.84 14.24 10.56 
Tail 12.01 6.12 ... 

Surathgarh System
 

Head 
 ... 13.82 
Middle 15.4 9.18 14.84 6.92 
Tail 15.7 9.48 10.84 8.52 

Source: Survey of farmers in Indira Gandhi Nahar Pariyojana by
 
Operations Research Group, Baroda in 1987.
 

... Not applicable.
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Crop Income
 

Income from cultivation is essentially an extension of the performance indicatcor of 
crop yield. In economic terms, it adjusts for
the variable inputs and other costs to arrive at 
the effect that the

introduction of irrigation has net
on income. Several difficulties

that arise in developing this index are due to the 
interaction of
irrigation and other inputs, as well 
as marketing and other infrastructure, in determining 
the crop income realized by farmers.

Vaidyanathan's 
(1987) calculations 
of this indicator (Ta:)le 1.9),reveal wide differences 
in the value productivity of irrigation from
 
state to state. 
 The ratio of irrigated to unirrigated gross income
 per hectare generally varies between 2.5 and 3.8. 
 The highest

addiLional income 
from irrigation is reported for 
the Deccan Plateau
in Maharashtra (Rs 4,600 compared with Rs 2,000 
 in other areas).

The income 
per unit of land does not, however, necessarily signify
the net income effect of irrigation. The income per unit of waterapplied or 4'rIlivered at certain hierarchies of the canal Is a moreimportant indicator of system performance. When this is taken into 
account, the difference in additional crop income among states i s
much less, as suga rcaiie requ i res much more water than other crops
 

Table /.9--Gross value per hectare of irrigated and unirrigated land 
in select major states, 1974/75 to 1978/19
 

Value Productivity of
 
State_ 
 Ratio of Irrigated to
 

NIA NUIA Unirrigated Yields
 

(Rs per ha) 
 (per net ha)
 

Andhra Pradesh 2,572 3.3
781 


Haryana 3,030 
 840 
 3.6
 

Karnataka 2,524 
 /80 3.2
 

Maharashtra 2,277 601 
 3.8
 

Punjab 3,487 1,404 
 2.5
 

Source: A. Vaidyanathan, "Irrigation ar'4 
 agricultural growth,"

Indian Journal of Agricultural Economics 
 42 (October-

December 1987): 514.
 

Note: NIA = net irrigated area; 
NUIA = net unirrigated area.
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In assessing the performance possibility and limitations it is
 
generally preferable to use more than one indicator or to develop a 
composite index like additional value of agricultural production per 
unit of land and water in standard units (such as wheat 
equivalents). A disaggregated indicator is more useful for 
identifying the constraints and possibilities of a specific 
irrigation system because it helps to point out where improvements 
could bring desirec results. For example, in one set of projects an 
area indicator can be more important, while in others, the 
difference between tne observed and potential yield or the absence 
of crop diversification can be more relevant indicators. 

The relevance of these indicators differs from project to 
project. What is important is to ident ify factors that w111 bring 
the observed porformance ind icators close to the potent ial ones for 
an indiv idual surface irrigation system. Ihus, indexes can help 
researchers analyze tne system limitations and possibilities--the 
theme of this chapter- -but they are not an end in themselves; they 
are a too; for ielping the researcher and decision maker discover 
how and the extent to wn ich the system performance can be improvetd. 
The following section dea ls with this subject in further detail. 

STRAIEGIC POSSIBILIIItS FOR PERIORMANCE IMPROVEMENT 

The macro- level performance indicators presented above demon
combined of ilstrate the effect benefits from investment n rrigation 

projects (primaril, surface irrigation projects) and from investment 

to enhance the supply of inputs and support tunctiors. The objec
tive of this chapter is neither to segregate the effect of irriga
t ion as such nor to compute the returns to investment. The intei-
Lion is rather to ident if) and assess factors that wi I improve the 
performance of an irrigation project and thereby add to the overall 
social and economic benefits by increasing output and high-value 
production in irrigated agriculture. Such identification or assess

ment is all the more important when the evidence at either tie 
aggregate or the individual project level indicatKes a potential for 
improved performance
 

ca, , 	 socThe many technn a cr an zat iOna I, and oeconowi:" factors 
explaining the perfcrmance 3f a surface irrigation project nave been 
amply documented ir the literature as well as by specific evaluation 
studies. The sign it i a ce of such factors w 11 vary widely depend
ing on the characteristcs of the project and its command. Ihi s 
discussion is limited to the following tnree factors, which explain 
the gaps between a?"'eie'ent and potential in a majority of irr iga
tion projects and thus form the essential components of a strategy 
to improve perfor7ance 

(1) 	Water allocation strategy,
 
(2) 	Water distribution system, and 
(3) 	Organiznaion and communication aspects of managing a
 

surface irrigation system.
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Water Allocation Strateqy
 

Most surface irrigation projects have 
a great of
deal variability in the 
water available for 
use during different seasons. 

is perhaps the most significant natural constraint 

This
 
on any large surface irrigdtion project. 
 The variability may 
be due to a number of
factors, including the 
hydrologic environment 
of the project and
variations 
 in the rainfall 
over the catchment 
and the resulting
fluctuations 
in inflows and in storage. For example, 
the recorded


annual volume 
a, Mortaka, which is 
located in the Narmada 
system
close to the planned 
dam site in Gujarat, ranges between 1.5 and
12.3 million ha in; the 
 75 percent dependable flow is only 3.3
million ha 
 in. A typical case of varIable 
inf lows In a medium
irrigation project 
 is the Dantiwada irrigation project 
 in North
Gujarat, where 
in ten out of seventeen 
years the reservoir has only
a one-quarter full; it was full 
in only two out of seventeen. Ihe
observed surface runoff 
 in the catchment was 
highly variable and
nearly 50 percent less than 
had been estimated 
 in the project
 
report.
 

Variability may also 
be due to multiple use at 
a single source.
A typical case is 
the Indira Gandhi 
 Nahar Pariyojana (IGNP) ,n
Rajasthan, 
where liarike Barrage, ,acked 
up by Pong Dais, provides
water for projects in three 
 states. The 
 apport ionment of the
available water 
to different 
users is decided by 
a board of management . Var iat ion in dern nd for water from different user 
states
 
coupled with variations 
 In the inflows into 
the reservolr cause
considerable 
fluctuations 
in the water available for 
the project. A
third level of variability ;s introduced 
dur nq conveyance of canal
water from 
the headworks to 
different locatiomns 
within the command
 
area. 
 The loss durIng conveyance varies ,ith 
 the rate of flcw arid
the size and condit ion 
 of the canal. 
 -' 1 11 water reaches thefarmers' fields 
it flows through different -- marchies of 
the canal,

and a variable amount 
of water is lost. 
 This adds to 
the variability in the volume of water delivered to the farmers' 
fields.


When the total availability 
uf canal water fluctuates signifi
cantly and 
has to cater to the denand of a large 
and sprawling

command area, 
efficient functioning of 
the irrigation system becomes
problematical. Solving this problem 
can only be achieved by
deve'opmng a rotational 
and scientific 
water allocation policy to
deal between maximizing the usable flow arid
 

with the trade-off 

miniminzng the variabilIty in supply over 
 time and space. An

efficient water allocation policy, in addition to mproving
reliability of supply at the farm 

the
 
level, has to achieve the follow

ing goals:
 

(1) Improve the coverage oi the project to provide 
irrigation

support 
to more areas end 'c.-more 
crops around the year,


(2) Ensure equity 
in supply amarg cultivators,

(3) Provide 
possible insurn%,e 
against temporal variations in
 

climatological 
 (ralnfall) factors 
 in the command area

operating storage s'pplemented groundwater, and above all,


(4) Develop an interregional and interseasonal 
water allocation
 
strategy.
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Three broad strategies are possible for formulating an appropriate
 
water allocation policy: (1) higher average use with higher
 
variabilty in supply, (2) lower averagc use with lower variability,
 
and (3) demand control.
 

Higher Average Use with Higher Variability in Supply. Theoretical
ly, maximum use refers to a situation in which use for surface
 
irrigation (among others) equals the mean surface water available
 
over a given time horizon. This interaction is, however, never
 
achieved in practice, and the higher the variability in supply, the
 
larger is the likelihood that actual use will be diffe-ent than mean
 
supply or availability. This is where the storage volume and
 
reservoir operation can make all the difference for use of the
 
available supply. Reservoir operation is linked in turn to water
 
allocation strategy. Run-of-the-river systems are different,
 
because the distinction between diversion of water and use for
 
irrigation is thin. In this sense, a water allocation strategy
 
becomes relevant only for storage projects. All other things
 
remaining the same, the system that -inabsorb higher variability in
 
water availability produces higher h,aan use. In general, supply
based irrigation delivery systems tend to achieve higher mean
 
average use than demand-based systems. The IGNP system described in
 
the following paragraphs approximates this kind of system. However,
 
in supply-based systems, use is often interp;ated as diversion and
 
may not represent full use for irrigated agriculture. In projects
 
with a predominance of water-intensive crops like paddy tnat require
 
continuous supply, average (gross) use is likely to be higher. Such
 
water allocation is often characterized by high variability in the
 
tail end or in areas earmarked for dry crops (as in the Nagarjuna
sagar Project). The strategy for use becomes more complex when
 
water allocation in the command is oriented toward Kharif crops in
 
view of the variability associated with both rainfall in the command
 

t
and flow from the catchment in o the storage.
 

Lower Average Use with Lower Variability. Some irrigation systems
 
are planned with higher dependability of supply, which with high
 
variability of inflow and absence of large storage (surface water or
 
groundwater) leads to lower oean use. Such systems have intrinsic
 
advantages: better used conveyance networks and other infrastructure
 
and, more important, reliable supply leading to stabilization and
 
improved practice in egricultural production. Crop pl3nning and
 
water allocation are an integral part of this straten:'. Rabi-biased
 
irrigation and proper pl3nning of carryover storage are important
 
determinants of higher reliability of supply. Planting low-duty
 
crops in a large pert of the command, with consequent reductior ,n
 
operational losses, is another favorable condition for this strate
gy. From an equity standpoint, this system is more appropriate in
 
that it encourages extensive irrigation and less variability of
 
supply betwee:. head and tail ends of the cosmarid. The proportion of
 
available flows actually used in this case is, however, often much
 
lower than in the first case described above.
 

Demand Control. When the command area has a combination of both
 
water-intensive and irrigated dry crops, and the available inflow
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and storage in the reservoir are inadequate to meet the total water

demand during the year, 
then water demand must be controlled by
reducing the area 
to be irrigated. Unlike the first two strategies,
which are essentially supply oriented, this strategy depends more on
 
a demand-based allocation policy. This be
can done in two ways.

First, the command area can be divided into two areas: one in which
only %et crops are grown and one 
in which only irrigated dry crops
are grown. Water can be supplied to wet irrigated crops on a

continuous basis 
 and to .ry irrigated crops on an intermittent

basis. The project authorities would strictly enforce the 
water
allocation strategy and have means to prevent 
wet crop development

in the areas earmarked for irrigated dry crops. This arrangement,

called localizing, is followed in some 
irrigation projects in South

India. Second, the area under wet 
and dry crops can be curtailed in
different seasons 
and years. The specified areas of the command

would be designated for irrigating wet dry crops
and in different
 
years and seasons. This approach of rotating area 
under wet and dry
crops is an improvement, particularly from an 
equity point of view,
on the first one because all parts of the command area have the

option to grow Loth irrigated wet and dry crops in different
 seasons. The agronomic feasibility of such rotation must, however,
 
be established.
 

The relative value of the three strategies noted above is influ
enced largely by factors including the storage and cropping pattern

in the command. For example, 
if equity 's the main consideration

and storage is reasonably large, 
the second or third strategy may be
 more appropriate. Reliability of supply to farm gates one of
is the
most crucial considerations 
 in irrigated agriculture, but this
 
aspect has to be viewed together with the water delivery system

discussed in the subsequent section. For projects with highly
variable inflows and less storage or for 
run-of-the-river schemes,

the first strategy is more appropriate, particularly when the

command is characterized by concentrated areas 
of paddy and similar
 
water-intensive crops.


Water allocation principles and practices from select 
surface

irrigation projects are described in the following sections.
 

CASE STUDIES OF WATER ALLOCATION STRATEGIES
 

Indira Gandhi Nahar Pariyoiana (IGNP). Raiasthan
 

This project, comprising vast tracts 
of the Rajasthan Desert as
 
its command 
area, forms part of an interstate irrigation system
originating from himalayan rivers of the Punjab. project
The

receives its share of water through a 204 km feeder canal 
and is

expected to irrigate about 1.55 million ha 
of cultivable command
 
area. Water allocation for interstate use is decided by a board,
based on an evaluation of reservoir storage, river inflows, and
 
interstate water demand. 
 As a result there is inter- and intrayear

variation in the quantity of 
water available for the project.


The project authorities have formulated 
a water allocation
strategy to 
7
counter the variability of supply. An Intensive Water


Management one (IWHZ) has been designated as a pilot projert in 20
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percent of 
the command area. In this zone, canal deliveries are

arranged 
to match crop water demand. The canals operate at full
 
capacity, and fluctuations in the quantity of water delivered to

different locations are minimized. This approach ensures a high

degree of stability and assurance of water delivery.


In t.ie remaining 80 percent of the rommand area outside the
 
water 
 management zone, project authorities have formulated 
 a

rotational water delivery scheme 
to match the variable canal supply

with the large demand for water in the command area. The canal
 
network is divided into four or more groups. Each group is assigned

priorities ranging from 
1 to 4, which change in a cyclical manner
 
every eight 
or ten days. Depending on the availability of water in

the main canal after meeting the water demand for nonagricultural

use and the IWMZ pilot project, the canals with priority 1 operate

at full capacity. The canal deliveries to other branches with lower
 
priorities are made only after 
the needs of areas with higher

priority have been met. All 
the groups of canals get water supplies

at full capacity (with least variability) dt regular intervals of
 
approximately four weeks.
 

The major crops grown in the command are cotton in Kharif and

wheat in Rabi. The command area does not include paddy as a

principal crop. Irrigation is the mainstay of crop production, with

minimal contributions from 
rainfall. Under these conditions the
 
strategy 
adopted here, which is similar to the second strategy

described in the section, to the
previous appears be appropriate
 
choice.
 

The first point that emerges from micro-level canal operation is
 
that equity in a statistical sense is maintained. Due to rotating

priorities, all branches share almost equally the excess 
or shortage

of supply. However, since crop requirements must be met at critical

growth stages, this sharing of shortages is of dubious value.
 
Second, comparisons of water use in the pilot IWMZ with that in the
 
res. of the project command suggest significant variability and
 
unproductive use in parts of the command outside the IWMZ. Cor
roborative findings (Operations Research Group 1988) are that (1)

the coefficient of variation of mean in srne the
daily supply of 

distributaries or branches in non-IWMZ areas was 
 25 percent in
 
Kharif and 48 percent in Rabi compared with 4 and 12 percent,

respectively, in IWMZ distributaries, (2) the average canal supply

for non-IWMZ branches wds higher than that for the IWMZ (0.9 and 0.7
 
m in Kharif and Rabi in select non-IWMZ branches compared with 0.5
 
and 0.4 m in IWMZ), but wheat yields were higher in IWMZ; (3) a
 
large proportion of farmei s 
(25 to 73 percent depending on the

location) reported being dissatisfied with the timeliness of supply

in non-IWMZ branches.
 

Nagariunasagar Project (Andhra Pradesh)
 

The Nagarjunasagar Project on the Krishna River in Andhra
 
Pradesh has a live storege of 5.8 billion cubic meters to 
irrigate

895 thousand hectares of command area. The soils command
in the 

area are suitable for a variety of crops, but paddy has emerged as
 
the principal one. The irrigation intensity in the left-bank canal
 
is 152 percent, with wet crops accounting for 49 percent of the
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command area; in the right-bank canal it is 140 and 37 percent,

respectively. To make irrigation services available to a larger
 
area and a wider range of crops, the command area is localized tor
 
wet and irrigated dry crops. Specified areas under different
 
distributaries are designated for paddy cultivation alone, and canal
 
water is delivered to these areas on a continuous basis. For the
 
areas designated for irrigated dry crops, canal deliveries 
are
 
intermittent.
 

Water within the command area is allocated according to divi
sions of the ayacut area. In the initial years, two-thirds of the
 
upper reaches of the right bank were localized for irrigated dry
 
crops, while the lower tail-end areas were split evenly between wet
 
and dry crops. Water delivery was staggered between these two zones
 
to minimize the peaking of water demand during paddy crop duration.
 
To make more water available to the tail end, continuous supply to
 
the head reaches was terminated earlier than to the downstream
 
reaches. Similar arrangements for water management were implemented
 
in the left baik, where the command area was divided into three
 
zones: the initial reaches were localized for paddy, the middle
 
rtaches localized for both wet and irrigated dry crops, and the tail
 
reaches for dry crops alone.
 

There have been significant deviations in the localization
 
pattern over time, which have affected the planned water delivery

strategies. This is especially evident in th- right-bank command
 
area, where wet crops have replaced dry crops in the upper reaches.
 
This has made the water supply to the tail end inadequate. Although

zoning a.id staggered delivery of canal water to the different zones
 
were intended to ensure adequate water supplies to both the head and
 
tail, subsequent deviations from the planned cropping pattern have
 
adversely affected implementation of this strategy. In this
 
project, the planned allocation strategy was appropriate, but its
 
implementation was not given adequate attention.
 

Lower Bhavani Project (Tamil Nadu)
 

Located on the Bhavani River, a tributary of the Cauvery River,
 
this project is characterized by uneven flows into the reservoir.
 
The predominant crop of choice for local farmers is paddy. To
 
maintain equity in distribution and allow equal opportunity for all
 
farmers to grow paddy, the project authorities established a zonal
 
system of segregating the command area. The command area is divided
 
by outlets located in alternate kilometer lengths (even and odd
 
kilometers) of canal that are designated wet and dry
as areas.
 
There are two crop seasons in a year. In any given season one
 
portion of the command area, irrigated by outlets in the even
 
kilometers, for example, gets irrigation for paddy cultivation and
 
the remaining portion gets irrigation for dry crops. In the next
 
season this arrangement is reversed. In any given year each outlet
 
will Tceive canal deliveries for wet crops in one season and for
 
dry crops in the other. This approach has some of the features of
 
the third strategy discussed in the previous section. The impact of
 
such an approach on crop yields and stabilization of cropping
 
intensity and crop combination has yet to be studied. The general

indication is that the intended equity consideration can be efti
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clently implemented only if there is adequate control of flow and
 
adequate cooperation of farmers. However, this method appears to be
 
suitable for areas with 
 low inflow or highly variable reservoir
 
storage that support water-intensive crops. Over the year, varia
tions in hydrological environment can also be countered effectively

with such a strategy.
 

Dantiwada Project (Gujarat)
 

Dantiwada, a medium irrigation project in the northwest 
corner
 
of Gujarat State, operates within a semiarid environment. The
 
project has low, variable, and inequitable availability of canal
 
water for farmers in the command area, particularly those located at
 
the tail reaches. The Irrigation Department has evolved a water
 
allocation strategy in which irrigation during Kharif is confined to
 
protective irrigation and given to farmers who submit a written
 
application. A canal advisory committee decides the extent of
 
irrigated area that each farmer can plant with different crops in
 
Rabi. This decision is based on the available water in the reser
voir at the beginning of the Rabi season and the total volune cf the
 
farmers' demand. For example, the live storage was 99 million m3 of
 
water on October 1, 1982, to irrigate 8,000 ha of land during the
 
Rabi season of 1982/83. The committee therefore decided to sanction
 
the applications for 0.40 ha per farmer for mustard crop only. As
 
will be evident from the discussion of the water delivery system,

frcm both equity and efficiency perspectives, the project perfor
mance is unsatisfactory. The adopted water allocation strategy
 
cannot be considered appropriate in principle, and implementation is
 
even more imperfect. The basic planning parameters of the original
 
project appear unrealistic.
 

During the evaluation of the project sponsored by the Central
 
Water Commission, the water allocation policy was studied 
in depth

and an alternative strategy proposed. The recommended water alloca
tion policy determined (1) the number and average depth of irriga
tion (at the farm gate) for two zones of the command area with
 
distinct soils and crops and (2) the intensity of irrigation at
 
zonal as well as individual farm levels.
 

The general criterion for selecting the specific irrigation

intensity and number of irrigations for a given reservoir level has
 
been to increase the irrigation intensity until the available water
 
achieves the right trade-off between the number of irrigation issues
 
and reasonable irrigation. The advantage of having a high number of
 
irrigations is that it gives farmers the choice of irrigating crops

like wheat on a limited part of their land or irrigating mustard or
 
castor on area. Kharif was that
a greater For it recommended the
 
present application-based system should be replaced by a rainfall
and crop-monitored protective irrigation policy, declared in
 
advance. This reccmmended strategy is more appropriate for .abi
oriented irrigation with low and variable reservoir storage than 
was
 
the original design.
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RESEARCH ISSUES RFLATED TO WATER ALLOCATION STRATEGIES
 

The different strategies described above, although useful 
in

limited context for meeting local problems at the project level an(
for attempting to achieve equity, need 
to be rrviewed and improved
F,,ur main considerations must 
be addressed while formulating a water
aliocation policy' 
 (1) the observed hydrological characteristics of
the project, particularly rainfall 
in the conimand and catchment an(
its correlation with inflows In the reservoir; (2) the 
need tc
promote 
a cropping pattern consistent with national priorities; (3)
the availability and exploitation of groundwater 
resources in ,
surface irrigation project; and above 
all (4) the satisfaction of

both equity and efficiency objectives.


There is 
a need to develop separate water allocation strategies

for high rainfall and rainfall
low regions. For high rainfall
regions 
it is necessary to delineate subcommands with hcmLjeneous

rainfall patterns, establish better 
water control devices, and
anticipate rainfall deficits. 
 Canal operating rules need Lo
uncompdss responsive schedules for countering gaps in rainfall. 
 It
is also possible to envisage an early beginning of Kharif cropping
by storing carryover water in the reservoir and using rainfall

better. In low rainfall regions the emphasis should be 
on irrigating dry ;rops, with paddy occupyi.,g low slope areas. The assurance

of Rabi 'rrigation should be enhanced 
by rotating priorities for
 
water. 

A srcond issue 
relating to water allocation strategies is the
need to develop crop combinations within national
a perspective.

Most of the projects have irrigaLed cereals like paddy and wheat 
or
cash crops like sugarcane arid cotton. However, cropping patterns 
in
irrigated command areas be
need not static. Strategies of cropping

patterns need to change wi~n 
nat'oral objectives and priorities.

During the 950s 
and 1960s, the national need was to achieve 
selfsufficiency 
in foodgrain production. Consequently the emphasis

the agricultural sector was to plant more 

in
 
area with food crops like
paddy and wheat. During the 
1980s the country achieved a measure of


self-sufficiency in foodgrain 
 production, so emphasis in the
agricultural sector should now shift to crops like and
pulses

oilseeds. 
 The role of water allocation strategies in discouraging

long duration, water-intensive crops like paddy and 
sugarcane and
promoting crops like pulses, coarse cereals, or 
oilseeds needs to be

understood clearly by policymakers. Although water allocation by
itself may not be 

is 

a strong stimulus for changing the crops grown, it
 
a major factor in controlling the acreage under undesirable crop
combinations. Importance should also be given promoting early
to 


sowing of Kharif crops through appropriate allocation of carryover

storage. The implication of 
such storage for advancing the start of
the Kharif season has 
 to be stticied before the use of Kharif
 
rainfall can bc improved.


The third is:tue that needs to be considered in designing a water
 management strategy is the development of groundwater for filling
the gaps or unc,rtainty in resource availability from surface
 
irrigation. The development of supplementary irrigation not only
prevents an excessive rise 
in the water table but also provides

extra support to irrigation at the tail ends and for 
selective cash
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crops. The development of water strategies include
allocation i,,ust 

various scenarios for groundwater use. This is especially relevant
 
when some portions of the project are approaching waterlogging (as
 

Jkai-Kakrapar or Sarda Sahayak).

The fourth issue will remain the focus of future research on
 

water allocation strategy in relation to hydrological phenomena and
 
increased productivity of irrigated agriculture: for a given

irrigation system with its characteristic features of hydrology,
 
storage, conveyance, soils, and cropping pattern, what allocation
 
strategy can satisfy equity and efficiency objectives of irrigation

simultaneously over time and space?
 

The experience of water allocation policies and practices in
 
various surface irrigation projects are relevant to this issue. The
 
guiding criteria for defining efficiency of use and formulating a
 
relevant stri.tegy for attaining it are quantum and quality of
 
irrigation reaching the farm gate and its use for crop activities.
 
In this context, most of the supply-based irrigation projects that
 
follow the strategy of higher mean use with higher, variability dnd
 
uncertainty of supply fail to distinguish between canal diversions
 
and water used at the farm level.
 

Equity appears to be the common objective of the water alloca
tion strategies adopted by most Indian surface irrigation projects

Actual performance is. however, different to inappropriate prin
ciples and especially due to imperfect implemenrtacion. Equity

should be understood at different levels, such a interyear and
 
intrayear variations for farmers located iirdifferent regions of the
 
command, as well as at the head or tail end of any canal segment

like a distributary or minor. Several principles have been adopted
 
for achieving equity:
 

(1) Rotating priorities by branc command (IGNP),
 
(2) Rotating wet and dry crops by years and season (Lower
 

Bhavani),
 
(3) Localizing wet crops (Nagarjunasagar Project), and
 
(4) Restricting crop choice and irrigation intensity (Dan

tiwada).
 

While evaluating these equity principles, efficiency criteria and
 
implementation of allocation strategy also need to be kept in view.
 

One variant of supply-based allocation systems (as currently

practiced in non-Intensive Water MHnagement Zone of IGNP) is
 
information-aided rotating priorities. This system alms to improve

the supply-based system by using information on previous water use
 
and crop activities to decide subsequent priorities.


The experiences of recent pilot water management practices (in,

for example, IGNP and Panam in Gujarat), several of which were
 
initiated under the auspices of the World Bank, suggest that they
 
are not replicable in most cases when flows are highly variable with
 
large command and adequate flow control and communication are
 
absent. What needs to be explored is how the intrinsic merit of
 

2This system i, under review in one of the studies sponsored by 
Indira Gandhi Nahar Pariyojana authority. 
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such a strategy for increasing the reliability of supply matches the

variable 	inflow and the needs of 
a large and heterogeneous command.
 

Water allocation strategies for new and existing projects should
 
be given equal attention. In this case, interregional and inter
seasonal allocation principles assume greater importance (as in the
 
Narmada Project in Gujarat).
 

WATER DISTRIBUTION METHODS
 

A sound water allocation policy defining water allocation among

different 
 seasons 	 and crops needs to have water distribution
 
procedures that permit objectivity and equity in the water delivery

system. Lack of such a practice over the entire project area leads
 
to inequity in the distribution of the benefits of irrigation. One

detailed evaluation of medium irrigation projects sponsored by the
Central Water Commission made this very clear. 
 Table 7.10 presents

differences in water supplied between 
the head-reach and tail-end
 
areas that are due 
tc the lack of equitable water distribution
 
methods in the Banas (Dantiwada) irrigation system. While the first
 
part of Table 7.10 demonstrates the inequity in supply, the second
 
part shows variation in the number of irrigations for both bad
 
(1982/83) and good (1983/84) inflow years. The system is more
 
inequitable in years of low inflow.
 

Table 7.10--Water delivered head and
in the tail regions of the
 
Dantiwada Project, 1982-84
 

Average Number
 
of Canal


Volume of Supply per Irrigations

Area Water Unit of Area


Location Irrigated Delivered Irrigated 1982-83 
 1983-84
 

(ha) (ha m) (m)
 

Head reach
 
Minor canal 143.62 105.96 0.74 
 4.6 7.9
 
Head outlet 16.80 13.89 0.83 	 8.3
3.1 

Tail outlet 13.82 5.17 
 0.37 2.0 5.4
 

Tdil reach
 
Minor canal 87.73 36.27 0.41 2.5 3.1

Head outlet 4.26 2.59 0.61 5.1
1.9

Tail outlet 1.11 0.36 0.32 n.a. 
 3.1
 

Source: 	 Operations Research Group, A Case Study Towards Evolving

Criteria for Planning and Design of Irrigation System:

Dantiwada Project. 
 Summary 	Report (Baroda: Operations

Research 	Group, 1984). Mimeo.
 

n.a. 	 Not available.
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The inequity in supply can be seen not only between the head and
 
tail outlets, but also between the head and tail reaches of a
 
project. Another case study of the Mula Project in Maharashtra,
 
where sugarcane was the predominant crop, found that the wdter
 
supplied per unit of area irrigated was 0.82 meters in the tail end
 
compared with 1.04 meters in head reaches during Kharif and 0.82
 
compared with 1.4 meters during Rabi. In another case study in
 
Orissa, the difference in the number of irrigations also varied from
 
head to tail and affected the crop yield to some extent (Table
 
7.11).
 

Table 7.11--Number of irrigations and crop yield for paddy and
 
potatoes in head and tail areas
 

Paddy 	 Potatoes
 

Location Irrigations Yield Irrigations Yield
 

(number) 	(quintals per ha) (number) (quintals per ha)
 

Head 8 33.87 7 72.17
 

Tail 5 	 4
30.97 	 68.61
 

Source: 	 Rajkishor Panda, "Anomaly in the use of water in a canal
 
irrigation system," Indian Journal of Agricultural
 
Economics 41 (October 1986): 529.
 

In view 	of differences in the availability of canal water to
 
different parts of the command area, many projects have adopted
 
methods to ensure equity in water distribution. Warabandhi or
 
osrabandhi is a system that delivers water in rotation among
 
cultivators. This practice is generally observed in North Indian
 
projects. The share of water an irrigator is entitled to is in
 
proportion to the area of his landholding in the command of an
 
outlet. The predetermined quantity of water is provided to each
 
irrigator once a week. Allowances are made for the watercourse
 
filling time and conveyance losses in the watercourse. Thus every
 
cultivator in the command area should get water according to the
 
size of his irrigated holding, thereby maintaining equity in the
 
distribution of canal water.
 

The shejpali system and the block system of water distribution
 
in outlet command areas are practiced in Haharashtra and parts of
 
Gujarat and Karnataka. Under this system the available supply is
 
distributed among farmers according to their application or indents.
 
A schedule called shejpali gives turns to different irrigators for
 
sanctioned crop areas in an outlet and forms the basis for water
 
delivery. In the block system, a long-term agreement for supplying
 
water for six to twelve years is entered, especially for perennial
 
crops.
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Projects in which paddy is the 
major crop follow a localized
 
system of irrigation. 
 This system does not control the volume of
water applied in each irrigation; instead thie irrigation below the
 
outlets proceeds from one field to another through surface flooding

(Water Technology Centre 1983).


All these methods allow considerable scope for improvement.

They do not, for example, provide water in relation to the require
ment of the crops, and controlling the rotation schedule is dif
ficult dt night. A critical component of successful schedules is

the control they maintain over the flow in canal segments. Wide

fluctuations in the 
 water supply upset the warabandhi system

entirely, 
leading to anomalies in the distribution of canal water.

In a monitoring study of the warabandhi 
system in the Panam Project

in Gujarat (Operations Research Group n.d.), the actual 
 water

delivered to different outlets varied much more than 
that iH the
 
program design. The supply of water per 
unit of area irrigated

varied from 0.07 to 0.24 meters (Table 7.12). One of the reasons
 
for this variation was the lack of adequate control over the flow in
different canal hierarchies. Thus, constant monitoring and evalua
tion are required to keep up the water delivery 
schedule. This

calls for substantial upgrading of the organizational and communica
tion aspects of the system. The participation of beneficiary

farmers in controlling 
the schedule through their associations or

cooperative societies also plays an important role 
in the success of
 
such distributional arrangements.
 

Table 7.12--Variations in water delivery to 
 outlets, hot weather
 
irrigation
 

Irrigation 3 Irrigation 4 Irrigation 8
 

Water Devia- Water Devia- Water 
 Devia-

Outlets Supply tion Supply tion Supply tion
 

(m) (percent) (m) (percent) (m) 
 (percent)
 

IR 0.109 +29.6 0.099 
 +7.7 0.057 -5.0
 

4L 0.192 -8.0 0.084 
 ... 0.084 16.0
 

9L 0.240 +69.0 0.185 12.2 0.140 
 -3.1
 

I1T 0.070 -9.0 0.099 
 13.6 0.073 5.2
 

Source: Operations Research Group, "Monitoring of Rotational Water
 
Delivery Scheme, Panam Ir-igation Project: 1981-84.
 
Mimeo. (Baroda: Operations Research GroJp, n.d.).


Note: Supply refers to the level of water at 
the outlet (m) per

unit of area irrigated. Deviation refers to deviations in
 
the duration of the outlet operation as a percent of the
 
design duration.
 
Negligible.
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Research Issues Related to Distribution Methods
 

The first important issue for future research, which is common
 
to water allocation strategy, relates to the magnitude and source of
 
variability. In most of the projects, variations in the water
 
delivered to different outlets at different times are due to a
 
combination of two factors: hydrologic variability and conveyance
 
losses. The contribution of each to overall variability differs
 
from project to project. The relevance of hydrologic variability to
 
water llocation strategy was discussed earlier. Conveyance losses
 
also form an important component of any water distribution strategy.
 
Some ot the dimensions of research on conveyance losses are (1) the
 
role of selectively lining different canal hierarchies in reducing
 
conveyance losses and controlling the variability of supply, (2) the
 
use of intermediate storage like village tanks and ponds for
 
improving the reliability of supply, and (3) the integration of
 
groundwater extraction into canal systems for augmenting and
 
improving the certainty of canal supplies in the lower parts of the
 
system.
 

The second issue is the role of carryover storage in promoting
 
and stabilizing desirable cropping patterns. The use of over-the
year storage for advancing the Kharif season and promoting summer
 
crops needs to be studied for different agroclimatic zones. This is
 
especially relevant when paddy is one of the principal crops in
 
Kharif. Storage is also linked with the level of groundwater use in
 
lean h)Jrological years. Supplementing surface irrigation through
 
selective use of groundwater for water-intensive crops or summer
 
crops offers an interesting field for research.
 

The two approaches to water distribution methods at lower
 
hierarchies are crop inoependent and crop dependent. The crop
independent approach exemplified by warabandhi is preferable if the
 
water supply is inadequate at the source. The procedure is somewhat
 
mechanical and compa-atively easy to implement; it also assures a
 
high deqree of equity. The warabandhi type of water del,/ery scheme
 
also permits the volume of water supplied for each irrigation to be
 
fixed and facilitates the collection of water charges oil a volumet
ric basis. If, however, canal supplies are not a major constraint
 
and major crops are protected in the command area, crop-dependent
 
methods like shejpali or its variants are advantageous. This
 
procedure involves more preparatory work and more complex monitoring
 
of performance. ' ever, no clear-cut choice is possible for each
H, 

project.
 

Another area to be explored is the type of evaluation studies
 
that need to be carried out to highlight the linkage betweer policy
 
interventions and their impact on project performance. Diagnostic
 
approaches to evaluating project performance would yield useful
 
information about the constraints on better project operation. At
 
present there is a shortage of micro-level data and analytical
 
methods for deriving useful conclusions. Some attempts have been
 
made through pilot studies such as the Dantiwada and Mula projects,
 
but more efforts are needed in this direction.
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Organizational Development
 

The evolution of 
 appropriate organizational structures for
managing irrigation projects 
reveals cl.anges in the Indian 
government's approach to realizing the full potential 
of these projects.
Before 1970 the Irrigation Department, comprised of engineering
professionals, was 
in charge of this sector. During this period the
emphasis was on creating irrigation potential quickly by 
building
dams and canals. During the latter 
half of the 1970s a new organization, the Command Area 
 Development Authority (CADA), was
created. This 
showed that the government was aware of 
the interdisciplinary 
nature of this sector. The CADA was 
created as a coordinating and catalytic igent with 
a number of diverse departments in
its jurisdiction. However, 
although CADA has functioned for a
decade or so, 
 the gap in the use of irrigation potential 
still
persists, and differences among different 
states are marked. The
structure and function of 
 CADA in different states need to be
reviewed. The responsibilities 
of CADA organizations are not, in
practice, clearly demarcated. CADA personnel are generally 
drawn
from departments such 
as irrigation, agriculture, and extension.
They are responsible for specific functional tasks, not
but for
integrated area 
 development. The staff's preoccupation with
physical resources and material 
requirements has 
led them to neglect
institutionl considerations 
such as the operational procedures of
the irrigation bureaucracy, agricultural planning, farmers'
and
participation. 
 The change from
in emphasis construction of new
projects to better use 
of completed projects requires professionals
who concentrate 
on the human, social, and economic dimensions of
intensive development. 
 This requires considerable reorientation of
the current staff's outlook and skills 
(Srivastava 1986, 27).
The CADA for Indira Gandhi Nahar Pariyojana in Rajasthan is an
example of an integrated and effective organization for furthering
the intensive development of the command 
area. This CADA 
is headed
by a commissioner, who is assisted by an 
additional commissioner. A
number of functional departments 
 like irrigation, agriculture,
agricultural 
extension, and monitoring and evaluation 
look after
specialized tasks. The interesting feature of how 
it functions is
that once a project (or part of 
a project) is completely developed,
the parent department hands its management over to CADA. Subsequently all functions, be they technical or 
 institutional, are
managed by the CADA 
department concerned. 
 There is no sharing of
the responsibilities dual
or 
 control of operating the project. All
the policy decisions and implementation of these 
decisions are
undertaken by CADA. CADA has thus been 
able to bring together
professionals from 
 different fields of specialization with 
 an
integrated responsibility for developing area.
thL Nonetheless,
with the advent of 
computer technology and sophisticated communication systems and the need 
 for implementing better management
practices in individual project areas, a second look at the 
organizational deficiencies and manpower quality 
is needed in other
states before the use of irrigation potential can be improved.
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Experience with Improving Main 
System Management 

R. Sakthivadivel 

Many irrigation systems in India perform at levels far below
 
their design standard, and the need to improve the performance of
 
existing irrigation systems is therefore urgent. The performance of
 
an irrigation system can be improved by the following:
 

(1) 	Improving the physical structures (hardware improvements),
 
(2) 	Improving the operational performance of the system by
 

improved management (software improvements), and
 
(3) 	Augmenting the supply of water to the system if water
 

within the system is limited.
 

A number of tasks such as water control, cropping practices,
 
resource conservation, return on investment, farmer involvement, and
 
organizational coordination are important for an irrigation system
 
manager to accomplish. Among these, the controlled delivery of
 
water through the operation of the main system plays a dominant role
 
in improving the system's performance. Without adequate water con
trol, the other objectives (system outputs or socioeconomic bene
fits) would be difficult to fulfill. Stated another way, water
 
control is a necessary objective of an irrigation system manager; it
 
is not, by itself, sufficient to allow that manager to accomplish
 
the other general objectives.
 

Traditionally, engineers design irrigation systems to meet fixed
 
requirements. Generally, the design specifies a certain percent of
 
reliability, which does not always allow the operation of a system
 
to be flexible. Also, the engineers assume that a system will
 
function a; it is designed. Tha concepts and assumptions in design
 
partly account for the failure of many irrigation systems to meet
 
expected )erformance. Therefore, a management plan is urgently
 
needed that can maintain and improve the performance of conveyance
 
and distribution systems. In this regard, monitoring the
 
operational performance of the main system can be a useful tool for
 
day-to-day management of the system.
 

The physical aspects of irrigation systems have long received
 
intensive study, while the management aspects have received very
 
little attention. Improved water management can increase crop
 
yields, make multiple cropping possible, and extend the irrigated
 
area by using the available water more efficiently.
 

Bottrall (1981) states that if water is not delivered to the
 
watercourse outlet adequately and predictably, investment below the
 
outlet will produce disappointing returns. The main system, not
 
farm-level practices, is now recognized as the most important
 
problem area.
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The characteristics of 
main systems, based 
o:1 the input-output
concept, can 
be represented as 
 shown in Figure 8.1 (Rao 1985).
Managers treat of most 
main systems as upstream control systems,
while users simultaneously operate 
them as demand systems. This
creates conflict and 
is one of the main causes for inequitable water
distribution 
along the system. The conflict must be resolved before
operational control 
can be achieved.
 

Figure 8 .1--input-output concept 
in the main system
 

ENIRO¢MENT 

MN SYSTEM CONOA~NCE AND DISTIBUI SYSIEAS 

HARDWARE SOFTWARE
 
CAILU, 
 OPERA11CI 

WATER FROM REGULATORS, AROCAPlCI & DISIRiBUION, WATERSTORAGE OR STRUCTURES, MW C AT TrlEDWEFSON > GATES, ETC. RULES AND FRKCEDURES, OUIET 
AflD I{TERALTIONS A1CflG 
IRRJGAT)ON BUREAUCRACY
AND FARMERS 

The limited objective of 

stated, 

the main system operation, as generally
is to supply water 
to outlets in a dependable, adequate, and
equitable manner. 
 Dependability describes 
the system's ability 
to
deliver water according to 
the timing and amount designed. Adequacy
specifies the system's ability 
to deliver water to 
meet the farms'
water requirements. 
 Equity defines 
the system's capacity to delivewater 
uniformly in a dependable and adequate manne- over 
the who'e
system. The 
 above characteristics 
 can he measured by tie
performance parameters given 
in Table 8.1 (Lowdermilk 1987).
Parameters describing both 
dependability 
and adequacy can be
used to describe the performance of a system. The use of
not preclude the use of 

one does
 

the other. A system that 
 has good
dependability 
does not necessarily 
have good adequacy, 
and if data
a.-e available, statements 
should be 
made about both parameters to
describe system performance accurately.
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Table 8.1--Matrix of performance parameters with the variables usec
 
to define the parameters
 

Variables
 

q Q t P h 
Performance FlowRate Volume Duration Frequency Head 
Parameter (L'/T) (La) (T) (T) (L) 

Dependability qa/qd Qa/Qd ta/td Pa/Pd
 
Adequacy qa,'q Qa/Qr ta/tr P/Pr
 
Equity space Range of dependability or adequacy over the system
 

with time fixed using flow rate, volume, duration, or
 
frequency (low value, high value)
 

Equity time 	 Range of dependability or adequacy at a point in time
 
using the flovi rate, volume, duration, or frequency
 
(low value, hiqh value)
 

Elevation ... ... ... ... ha/hr
 

Source: 	 Max Lowdermilk, "Lecture Notes", lecture presented at the
 
Fifth Training of Trainers Program, Anna University,
 
Madras, 1987.
 

Note: P is the period between deliveries. Subscripts are defined
 
as a, actual; d, design; r, required;
 

... Not applicable.
 

Equity means here that all farmers should receive the amount of
 
water that, according to the size of their landholding, carl be
 
termed an equitable share. To measure equity, the uniformity of the
 
dependability and adequacy parameters can be used.
 

The various steps involved in managing the main system are as
 
follows:
 

(1) The purpose of most irrigation projects is to improve the
 
well-being of the peopie within the service area of the
 
project. Therefore, farmers should be involved in all
 
stages to ensure that the project focuses on the problems
 
and needs that affect farmers the most. Also, farmers
 
themselves sometimes cause the irrigation system to perform
 
poorly. Farmers, by manipulating the distribution of water
 
to their own advantage, can hinder good overall delivery.
 
Thus, farmers must have a role inmanagement for the system
 
to have improved performance.
 

(2) What the system needs to meet the water control objectives
 
and to improve performance must be determined. In this
 
second step the rules are set that will permit adequate,
 
dependable, and equitable water delivery at the proper
 
elevation.
 

(3) The third step is to address the needs that have the
 
greatest impact on the objectives. For example, it may not
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be feasible to deliver adequate amounts 
of water to all

delivery points, given the available resources. Therefore,
 
a more reasonal le approach may be to deliver 
a limited
amount 
of wat r over the greatest area in an equitable
 
manner.
 

(4) 	The fourth -cep 
is to set goals that measure attainment of

the objectives. For effective water control, 
the range of
parameters describing dependable, adequate, and equitable

water delivery is selected by system managers 
in consulta
tion with farmers and with operating agency staff. The
goal 	of the system manager is to 
manage the system so that

the value cf the performance parameters is within 
this
 
range.


(5) 	Selecting variables to measure the goals 
is the fifth step.

Along with selecting variables, the responsibilities for

collecting ddta 
 and locating measurement points

established, and time 	

are
 
a frame for data collection and
 

analysis is chosen.
 
(6) 	The sixth step is to monitor the system and make opera

tional adjustments to maintain or improve 
performance.

rhis step allows the management to evolve. The persons
responsible should able make
be to changes in their

operational procedure 
to improve performance.
 

The most important part of this process is the feedback 
link.
By monitoring the 
system after the initial adjustments are made, not
only is the system's performance defined, but information base is
an 

established for making adjustments. The feedback link provides
manager of the system with decision-making 

the
 
information. The
monitored intormation should be compared with the goals of the
management p~an so that interv'e;itions that will 
improve the system's


performance can be implemented. The feedback link also enables the
evolution of the management plan to become a reality.

With the above guidelines, let us 
now look into the experience
that typical irrigation systems in India had with
have improving


their main system operations.
 

LARGE GRAVITY-FLOW STORAGE IRRIGATION SYSTEMS
 

Sriramsagar Proi--t
 

A recent 
study found that the operation of the canal system
played an important role in the Sriramsagar Project (Pochampad)

Andhra Pradesh, where the annual quantum 

in
 
of river flows varied
substantially from 
year to year. Planners, irrigation engineers,
agricultural officers, farmers
and worked as a close-knit team to
deliver irrigation water successfully and to alter irrigation


schedules to suit the availability of water. The earlier approach
of the Irrigation Department to water
was allocate based on the
assumptions made at 
the time of project planning, and the department
staff devoted their entire energy to 
calculating and releasing the
fixed quantum of 
water from the reservoir to meet the requirements

of each distributary. 
 !hey 	were not concerned with the details of
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how water was allocated among distributaries, minors, and pipe
 
outlets and, therefore, did not ensure that the required quantity of
 
water actually flowed into a distributary, let alone a minor or pipe
 
outlet. Because of fruitful interactions between the Public Works
 
Department, the Command Area Development Authority (CADA), and
 
farmers, efforts were made to provide irrigation to the entire
 
command area and to reduce the gap between the irrigation potential
 
created and that used, by adopting the following procedure:
 

Rotational water distribution schedules were prepared
 
keeping in view the hydraulic factors and enforcing rotation
 
of water for the distributaries and minors. It was found
 
that once confidence was created amung the cultivators that
 
they would be getting the share of water most suitable for
 
getting the highest yield if they strictly adhered to the
 
time-table given to them, they offered full co-operation for
 
the maintenance and operation of the system. Since it is
 
impossible to meet the individual needs of each and every
 
farmer, scheduling of wate- was planned based on thp average
 
demand raised by a group of farmers. Farmers within a group
 
were allowed to adjust the water supply matching the
 
individual crop water requirements. The rotationaI plan
 
within each manageable group envisages that each individual
 
farmer is assured of his share of water at a specific hour
 
of the week, with an option to exchange his timings within
 
the group, thereby enabling each member of the group to
 
adjust the supply of water with crop requirement. The
 
methodology followed involves dividing the chaks into groups
 
based on geographical position and fixing of flows on the
 

r.
basis of advice of the Agricultur Department, taking into
 
consideration the area covered and crcps grown. Even at
 
times of general scarcity, irrigatiro waters have been made
 
available at longer intervals th'ough each pipe uutlet by
 
rotation of minors and even distributaries (Hassan 1987,
 
25).
 

Equity and increased productivity were achieved in the
 
Sriramsagar Project by water resources planning that was carried out
 
at two levels. The first level consists of water demand planning
 
with a view to accommodate paddy in Kharif and different types uf
 
light irrigated Lrops in Rabi. The second level consists of water
 
supply planning in the irrigation system, keeping in view the flow
 
capacity, system losses, and average water requirement of crops at
 
difierent stages of growth.
 

Naqariunasagar Riqht Canal
 

A case study of the Nagarjunasagar Right Canal reported by Rao,
 
Seshu, a,j Someshwar (1984) describes the Systematic Canal Operation
 
(SCO) that provides the designed, or at least reliable, discharges
 
at each outlet. Their paper shows how improving the management of
 
the main system with some marginal investments can yield good
 
returns.
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Systematic canal operation consists 
of dividing a distributary

into seven zones, each having almost an equal draw of water through

the 	offtakes. The offtakes 
in each zone are closed for one day (24
hours) a week. The closure proceeds from the head reach toward the
tail end of the distributary according to a predetermined schedule.
The 	schedule 
itself is drawn up with the involvement of farmers and
given wide publicity. The results of this study 
indicate that the
irrigated area i,.creasEd from 21,217 
to 27,255 hectares (28 percent)
due 	to the SrO. Of the 
net 	increase of 6,038 ha of irrigated area,
4,099 ha were planted with irrigated wet crops and 1.939 
ha with
irrigated dry crops. The in the
increases irrigated area occurred

in the middle and tail reaches. Farmers seemed to accept the
systematic canal operation 
 (SCO) program. Commencing with five
distributaries irrigating 28,733 ha under SCO 
in the 1979/80 Kharif,

the system increased t 40 distributaries irrigating 161,878 ha in
1981/82. Based on the success of 
this innovative canal operation
procedure, a coordinated program was implemented with the following

components:
 

Carryover of reservoir storage 
to 	 ensure an early and

guaranteed start to 
the 	main Kharif crop,

Water budgeting to equitable
provide allocations to
 
individual subcommands,

Staggered completion of paddy transplanting and systematic

closure of canals one two days a once
for or 	 week

transplanting is over to save water and push 
it to the
 
tail,

Intermittent operation 
of canals for nonpaddy crops after
 
the paddy cultivation is over, and
Associated institutional, management, 
and 	public relations
 
measures.
 

The experience at Nagarjunasagar illustrates the value of
delivering water according to clearly defined rules respond to
that

the 
agronomic requirements of the predetermined cropping pattern,
but do not attempt to meet the individual demands of innumerable

small farmers. Adopting the SCO simplifies the management task and
makes the system easier 
to control; moreover, the farmer can plant
his crops and arrange his farming activities to fit the pattern of
water supply, which, even 
if not absolutely guaranteed, is generally
reliable and practicable. Paddy 
yields of early planted, shortduration varieties rose significantly, from between 3.5 and 4.5 
tons
 
per 	ha to between 4.5 to 6.0.
 

It is interesting to look at the hypothetical impact of SCO on

the 	equitability of water 
distribution. For illustration, let us
 assume that the area 
irrigated by a distributary is divided into two
reaches 
 (head and tail) of equal area. This distributary is

operated by the following three methods:
 

(1) Continuous operation 
over the week (on seven days),
(2) Systematic canal operation (on six days, off one 
day), and

(3) Systematic canal operation (on five days, off two days).
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During the systematic canal operation, the seven days of continuous
 
flow have to be pushed through the distributary during the days the
 
canal is on. For example, if the continuous flow is Q m 3/s, then
 
during SCO the discharge through the canal is 7 Q m /s for six
 

6
 
days on, and .._ Q m3/s for five days on. The important hydraulic
 

5
 
requirement for SCO is that the canal must have adequate capacity to
 
carry this higher discharge. When the higher discharge is passed
 
through the canal, the depth of flow in the canal increases.
 

= d 3/2The discharge-depth relationship can be given as I 


Q2 d2 
where Q1 and dl are the corresponding discharge and depth, 
respectively. The increased depth in the canal increases the pipe 
outlet discharge in the proportion (.) = (dl)/2, where Q, and d, 

02 d2
 
are the corresponding pipe outlet discha.ge and depth in canal, 
respect ive ly. 

Using the above relationships and assuming no line losses, the 
variation of the ratio of flow between the head and tail reaches are
 
worked out for different assumed equity ratios between the head and
 
tail when i e flow is continuous (see Figure 8.2 and Table 8.2).
 

Figure 8.2--llead:tail flow ratios for continuous and systematic
 
canal operation
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Table 8.2--Equity of flow under systerratic canal operation (SCO)a
 

One Day
 
Flow In
 

Ratio of 

Head:Tail 


Flow When 

Flow is 


Continuous 


-~~~~ 

1.0:1 


1.5:1 


2.0:1 


2.5:1 


3.0:1 


3.5:1 


4.0:1 


'The flow is 


Total 

Flow in 

Seven 

Days 

(Q) 


14.00 


17.50 


21.00 


24.50 


28.00 


31.50 


35.00 


Seven 

Days 

(Q+7) 

=Q1 


2.00 


2.50 


3.00 


3.50 


4.00 


4.50 


5.00 


Six 

Days 

(Q+6) 

=Q2 


2.33 


2.92 


3.50 


4.08 


4.67 


5.25 


5.83 


Total Flow
 
in Six Days 


6xQ2T... 

(Head) (Tail5 


6.32 7.E8 --

9.48 8.02 


12.64 8.36 


15.80 8.70 


18.95 9.05 


22.14 9.36 


25.26 9.74 


New Ratio
 
o ed 

Tail Flow
 
for SCO
 

0.82:1
 

1.18:1
 

1.51:1
 

1.82:1
 

2.98:1
 

2.37:1
 

2.59:1
 

d2 ~2
 

d1 

= 
\QI 

(2.33)2/3 = 

1.108
 

1.108 


i.i08 


1.108 


1.10a 


1.108 


1.108 


2/3 


d2 


1.053 


1.053 


1.053 


1.053 


1.053 


1.053 


1.053 


Calculated 

Flow in 

FlwQ 


= HeadQnii 
xjId 


-
i.053 


1.580 


2.106 


2.630 


3.160 


3.690 


4.210 


on six days and off one.
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Table 8.2 and Figure 8.2 show that SCO produces less inequity
 

between the head and tail reaches than continuous flow. Also the
 

inequity during SCO becomes less pronounced when the inequity for
 

continuous flow is high and the canal 
is on for fewer days.
 

Radical charges in massive irrigation schemes such as Nagarjuna

sagar are neither possible nor desirable given established rights
 

and practices. Nevertheless, a process of innovation, evaluation,
 
can clearly produce a more
and modification of operational practice 


equitable supply and increase agricultural output and farm income.
 

Mula Project
 

of supply
Scheduling irrigation by variable frequency and doses 


was tried in the Mula Project in Maharashtra for the hot weather
 

season of 1982/83 (Lele and Chandorkar 1983). It is not possible to
 

cater to the exact crop water needs when different crops are spread
 

throughout the command, so the project tried adjusting the frequency
 

and amount supplied over the entire irrigation season so that the
 

demands of the crop grown 
in the most area would be met most
 

closely. Irrigation for the other crops would deviate from the
 

ideal supply; the maximum deviation would be for the 
crops having
 

water requirements that differ most from the crop grown on the
 

greatest area. In short, the project proposed using a weighted
 

average crop factor 
that would give water doses proportionately
 

nearer to the consumptive use of major crops. The stucy of the Mula
 

experience brings 
out the difficulties and complexities of irriga

tion scheduling to meet the demand when there are mixed crops in the
 

command area.
 

REIIABILITAT[ON AND BETTERMENT PROJECTS
 

A number of Asian countries irnluding India, the Philippines,
 

and Indonesia have accepted the idea that rehabilitation projects
 

increase production at a considerably lower capital cost than the
 

construction of new irrigation systems. Since the late 1970s, the
 

emphasis 
has shifted toward improving existing irrigation systems
 

and away from establishing new facilities. One project that was
 
India for rehabilitation and
undertaken by the government of 


betterment is the Periyar-Vaigai irrigation system in Tamil Nadu,
 

India.
 
The Periyar-Vaigai system, constructed some 90 years ago,
 

diverts water from the Periyar River in Kerala through a tunnel to
 

the Vaigai Basin in Tamil Nadu, where it irrigates 53,200 ha. The
 

unlined conveyance system had high seepage and operational losses.
 
are relatively
Farm irrigation practices, on the other hand, 


in India.
advanced, and the farmers achieve the highest paddy yields 


In rehabilitation, the existing canal system would be lined and
 

saved would be used to bring 17,900 ha of
extended, and the water 

rainfed land under irrigation. The project works include, among
 

other things,
 
The lining of all canals up to 10 ha outlets and the
 

construction of additional control structures to regulate
 

the flow properly in the canals,
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Improved system operation up 
to 10 ha block outlets, which
involves strengthening 
 the project organization

operation and maintenance, and 

for
 

Training project 
staff and farmer leaders to 
use improved
system operation and better water management techniques.
 

Lining and providing control 
structures 
up to 10 ha blocks not
only reduced the seepage losses but also 
provided the 
greatest

reliable and equitable water
 

operational benefits, with a more 

distribution 
system. 
 They also made tampering with 
the system more
difficult. 
 The greatest benefit of this 
system is the 
40 percent
reduction 
in land preparation 
time compared with the
which was achieved by moving the 

former system,

water faster 
 to the fields


requiring it.
 
The method of direct canal 
 irrigation coupled 
with indirect
irrigation through innumerable tanks dispersed over the project
facilitated 
the effective area
 

use of return 
flow, surface runoff, and
canal water 
and enhanced considerably 
the emficient 
use of water.
Before rehabilitation, 
the direct command 
area got preference over
the indirect command 
area (served by system tanks) 
at the start of
the irrigation season. This 
used to delay irrigating the indirect
command by four to 
 five weeks. 
 Supplying irrigation
simultaneously water
in both the direct 
and the indirect command areas 
at
the start reduced the time lag by two 
to three weeks.
In the pilot project area, Rotational 
Water Supply (RWS) practiced between 
the distributaries 
that are
with four days 
run at full supply level
and three days off resulted
on in better distribution
and saved up 
to 25 to 30 percent of the water 
supplied during
pre-rehabilitated the
state. 
 This occurred even 
 though the
indented by water
the farmers was supplied without regard 
to crop water


requirements.
 
Over the years, a 
lot of unauthorized 
area has been 
brought
under irrigation 
without bringing 
it under a registered service
area. 
 The project designed for a predetermined command area was
able to meet the not
water requirements 
of the total irrigated area
(both registered and unregistered). Insufficient water supplies led
to damage of the 
system. Under 
these conditions, 
care should be
taken to ensure that all areas that are being 
irrigated during
pre-rehabilitation stage the


of the project are regularized and brought
into the records, before taking up 
the rehabilitation 
work. In the
Periyar-Vaigai 
 Project, areas localized for single 
and double
cropping were lying side by 
side, making

regulate the main canal flow 

it extremely difficult to

in order to meet 
the needs of these
localized areas. 
 After rehabilitation, 
all the areas in a zone are
earmarked 
as single- or-double cropped areas, making system operation easier and also more 
reliable.


After 
the main canals 

at eight 

are lined, control structures are needed
locations along a length of 
60 km of main canal to maintain
proper levels 
during low flows. 
 Constructing Hydrofoil Weirs,
(high-coefficient 
weirs) that cause very 
 little backwater effect
have been proposed. The construction of such control 
structures, 
so
necessary for operating the 
system, should have been 
included in the
original proposal. This 
omission underscores the 
need to prepare a
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plan of operations before undertaking any construction or
 
remodeling.
 

The general plan of operation of this project is to ust: the
 
Southwest monsoon flow of the Periyar River to fill the reservoirs
 
and serve the first crop in double-cropped areas. The remaining
 
water in the reservoir is then used to supplement the Northeast
 
monsoon rain and serve the second crop in the double-cropped areas
 
and the single-cropped lands. Thn command area of the Periyar-

Vaigai irrigation system has been extended a number of times. It is
 
one of the few systems in India whose water allocation is based on
 
historic development: its older areas have established rights over
 
new extcnsion areas. Following this principle, thu proposed
 
extension areas under rehabilitation receive a lower priority
 
ranking. For the sake of manageable system operations, the command
 
area has been divided into three zones as follows:
 

(1) 	Double-cropped area up to the Kallandiri regulator (29,634
 
ha),
 

(2) 	Existing single-cropped area '33,500 ha), and
 
(3) 	New extension under the rehabilitation project (17,900 ha).
 

Even in years of normal rainfall in the catchment aid normal
 
flow to the reservoirs, only 70 to 75 percent of the projected crop
 
water requirements can be provided. In view of this, the decision
 
whether or not to irrigate the first crop in the double-cropped area
 
is based on the storage position of the Vaigai reservoir at the 
beginning of the season. The existing rules stipulate that wate 
should not be released for the first crop before 141.5 ini 1lion m 
has accumulated, which indicates that the second crop is given a 
higher priority than the first crop. A system .nmulation study 
examined the policy options of using reservoir water and rainfall in 
the project area for increasing productivity to the maximum possible 
extent. These policy options are under review by the state 
government, which is seeking to implement the project using micro
computers and VHF telecommunication links. This simulation study 
also established suitable rules uf operation for years in which 
water supply for the existing single-cropped and new extension areas 
is inadequate.
 

TANK 	IRRIGATION SYSTEMS
 

Night Irrigation
 

In small reservoir-based irrigation systems, such as tank
 
systems that irrigate 150 to 200 hectares, where the water from the
 
storage reservoirs can reach the remotest point of the command area
 
within two to three hours, restricting irrigation to daytime alone
 
has yielded significant water savings.
 

.n a pilot project study undertaken by Anna University at the
 
Padianallur tank in Chengalpattu District, farmer benef ciaries have
 
formed a water users' committee. The committee decided to open the
 
sluices only during the daytime hours from 6 a.m. to 6 p.m., instead
 
of maintaining the previous practice of keeping the flow continuous,
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in order to prevent wastage and conserve the tank water. The
farmers' comnittee arranged the opening and closing of 
the shutters
in the sluices and monitoring of the outflow to prevent wasting tank
 
water. After two seasons of operation (1985-87), 35 to 40 percent
of the full tank capacity was saved. This amount 
had been previous
ly wasted due to lack of effective control during the night hours.
 

Coniunctive Use of Surface Water and Groundwater
 

In many irrigation commands where surface water 
 is scarce,
conjunctive use of surface water and groundwater is taking place at
 
a rapid pace. With the introduction of high-yielding varieties,

which have more exacting water requirements and are sensitive to
 
water shortages, an adequate and reliable water supply has become
all the more critical. Conjunctive use of surface water 
and

groundwater helps 
to meet both the time and quantity requirements of
 
crops for water.
 

Table 8.3 presents the crop yields obtair,.o in the fields of the
Padianallur tank irrigation system, comparing 
those thdt are served
 
by wells as supplementary sources of irrigation with those that 
are
not. Between these two extremes are the crop yields from the fields

that use well water for a limited number of irrigations by

purchasing water from neighboring owners. The mean difference in
the total quantity of water applied by owners of wells and those who

purchased water from neighbors 
is only 13.76 cm, yet the crops of
the latter suffered from 
lack of wiater at the critical stages of

their growth, especially in their initial tillering, flowering, 
and
 
earhead formation, which depressed their yield.
 

Table 8.3--Area cultivated, water diverted, and 
 yield obtained for
 
paddy under sluice number 3 during the second crop season
 
in the Padianallur Tank Command, 1984-85
 

Farmers Farmers Farmers without
 
Owning Purchasing Access to Well
 

Indicator 
 Wells Water 
 Water Total
 

Area cultivated (ha) 8.27 4.05 
 3.09 15.41

Number of landholdings 7 21 12 
 40

Effective rainfall 
(cm) 1.46 1.46 1.46 ...
 
Water released through


sluices 
(cm) 42.34 64.46 65.66 ...

Well water used (cm) 57.04 21.16 
 ... 
 ...
 
Numbcr of irrigations
 

given from wells 4 to 9 
 1 to 6 ...
Total water used (cm) 100.84 87.08 67.12 

.. 

...
Paddy yield obtained 3,705 to 926a to 741 to ..
(kg per ha) 4,817 3,385 1,853 

dOnly one farmer who purchased water and irrigated only twice got
 
926 kg per ha. The others obtained crop yields ranging from 1,482
 
to 3,385 kg per ha.
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Well owners under sluice number 3 had compact and large
 
landholdings (averaging 11.55 ha), compared with small holdings
 
(averaging 0.19 ha) for those who purchased water. Out of the 21
 
farmers who purchased well water, 12 also owned land under other
 
sluices. Only 13 farmers (62 percent) of those who purchased water
 
had agriculture as their primary occupation; eight had agriculture
 
as only a secondary occupation. The above factors also contributed
 
to the low yields of these farmers.
 

Crops in the field that did not have access to any groundwater
 
suffered even more, producing even poorer yields or failing totally.
 
One other interesting feature was that although all farmers had
 
equal access to tank water, those who did not have wells drew much
 
more tank water (64.46 and 65.66 cm) than those who did (42.34 cm)
 
during this second crop season. [he heavy applicatio: of tank water
 
to the crops at the initial stage of crop growth did not, however,
 
help them much. The farmers were quick to see the importance of
 
having wells, and they sunk nine additional wells in this tank
 

command from 1983 to 1986. Considering the potential of groundwater
 
resources in the tank command, with good replenishment not only from
 
rainfall and tank storage but also from the applied irrigation
 
water, siirking additional wells at appropriate spacing would be 
quite helpful in tiding farmers over during periods of water 
scarcity. 

CONJUNCTIVE USE OF SURFACE WATER AND GROUNDWATER IN CANAL COMMAND
 

An example of promoting conjunctive use in canal commands is the
 
metho6 of water distribution adopted in the Lower Bhavani Canal
 
Project. This project follows a zonal system of irrigation with
 
year to year rotation. The command area is divided into two halves,
 
and .ater is made available continuously for each zone for two
 
seasons a year. The next year, the other zone gets Its supply. For
 
zoning, the sluices in the odd miles of the main canil and odd miles
 
of the major distributaries are named Turn I sluices. The sluices
 
in the even miles are named Turn IT sluices. In the first year, the 
Turn I sluices were allowed to raise wet crops from 15 August to 15 

December with continuous water supply. From 16 December to 15 
April, the same Turn I sluices were given water to raise dry crops 
with a water supply of eight days on and seven days off. In the 
second year, from 15 August to 15 December the Turn I sluices were 
open for irrigation for wet crops and from 16 December to 15 April 
the same sluices were operated for irrigated dry crops.
 

The uncertain and unreliable supply of canal water, particularly
 
in the dry season (December to April), generally compels farmers to
 
supplement canal water with well water. The present method of
 
giving water in .Aternate years also induces many farmers to exploit
 
groundwater for irrigating crops in their off years, when the canal
 
supply is not available. Hence, instead of depending on the
 
rainfall for a single rainfed crop, farmers switched to irrigated
 
dry crops and well water. They also use groundwater t. grow paddy
 
crop in the dry season (December to April), which is not possible
 
with the canal water supplied only at weekly intervals.
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MANPOWER NEEDS AND TRAINING
 

There are 
three dimensions tc good main system operation. 
First
and foremost 
is the need for adequate structures to control water
and measure 
the flow in the main system. Second is the need to
measure at key points in the 
system in order to gather feedback and
maintain good control. The third 
aspect is the need have staff
who are trained for and 
to 


committed to operating the system.
Realizing the importance of manpower needs, the government of India,
with the assistance of USAID and 
the World Bank, has established
Water and Land Management Institutes (WALMIs) in eleven 
states for
massive training of in-scrvice professionals to improve irrigated
agriculture. In addition, the World Bank has 
initiated the National
Water Management Project (NWMP) in three 
southern states, which
trains 
in-service professionals to manage irrigation systems, 
rather
than creating physical infrastructure. These programs are a step in
the right direction and 
are likely to have a visible impact on

irrigated agriculture in India.
 

RESEARCH NEEDS
 

Innovative management 
is needed for finding ways to overcome the
bureaucratic 
inertia and vested interests that affect main system
operation. 
 The technical deficiencies can be co -rected by using
existing technologies, 
although opportunities also exist 
for hightech applications in telecommunications and 
regulating arrangements

in larger canals.
 

Innovative management approaches are also necessary for handling
manpower training. 
 There is an urgent need to make 
local organizations of project beneficiaries 
assume responsibility for project
activities. Compatible government policies for 
adequate, recurrent
cost 
 financing of operation and maintenance are important for
sustaining 
 both the benefits and 
 the physical infrastructure.
Component research 
such as 
 case studies of improved management
performance would also yield tangible benefits (Rao and Sundar 1985).
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Coping with Drought in Tamil Nadu:
 
The Role of Reservoir Management
 

V. Rajagopalan and L. P. Swaminathan 

Indian agriculture has historically been vulnerable to floods
and droughts, primarily associated with the monsoon. These extreme
 
weather events have retarded the otherwise impressive progress India
 
has made in agricultural production, particularly during the past

two decades. Food security, based on adequate buffer stocks of

foodgrains, is often threatened. For example, the drought of 1987
88 reduced the aggregate output of fouigrains to between 135 ani 140

million tons, far below the expected output of between 157 and 162
 
million tons for normal and well-distributed rainfall. Buffer
 
stocks were badly depleted. Increasing food security and the
 
stability of annual output 
levels in the face of variable rainfall

has again emerged as a major concern of planners. To eliminate the
 
threat of a food crisis comparable to that of the early sixties,

effective management strategies must be identified.
 

Tamil Nadu in particular has suffered continuous drought for the
 
past three years, and its foodgrain production programs have been
 
seriously constrained. Although the most immediate dnd visible
 
effect has been to reduce the output of both food and nonfood
 
grains, the spillover effects 
on rural farm and nonfarm households
 
and on farm labor have also been severe.
 

In wl at follows, we describe and analyze [amil Nadu's 
recent
 response to the 1987 drought. We define drought as a stress
 
condition that is induced by the lack of monsoon 
rains and the

limited availability of water fron- rivers, tanks, and wells and
 
characterized by a water supply inadequate to support normal growth

of crops. Case studies of canal irrigation systems in three river
 
basins--the Cauvery Delta (CD), the Lower Bhavani Project (LBP), and
 
the Periyar Vaigai System (PVS)--are presented with emphasis on
 
policy intervention and management strategies.
 

IRRIGATION DEVELOPMENT IN TAMIL NADU
 

The objective of state policy on the development of irrigation

and water resources is to maximize the efficient use 
of water
 
through better management. Major strategies to achieve this include
 
(1) planning cropping patterns and 
farming systems to optimize the

efficient 
 use of available water; (2) introducing mechanical
 
technologies such as drip, sprinkler, and shower irrigation systems;

(3) conducting multidisciplinary research combining technical,

engineering, and social sciences; (4) stimulating organizational and

institutional innovations emphasizing efficiency and equity 
in water
 
use; and (5) establishing training and education programs for
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farmers and irrigation personnel in improved methods of water
 
management at the reservoir, system, and farm level,


As of 1984-85 the state had developed 1.21 million ha of
 
aggregate potential 
under major and medium irrioatinn srhemes and

1.96 aillion ha under minor irrigation schemes. The potential from
 
surface flow is 95 percent used, while 
 only 47 percent of

groundwater potential is exploited. 
 By source, wells supply water
 to 38 percent, canals to 34 percent, and tanks to 27 percent of the
 
net irrigated area. Gross irrigated area in the state 
is around 3.5
 
million ha, or about 53 percent of the gross cropped area.
 
Irrigation intensity in the 
1980s was between 130 and 133 percent.

Cropping intensity varied between 122 
and 124 percent.


Irripated farming in Tamil Nadu 
depends on the bimodally dis
tributed monsoon rains, which 
flow through canals, fill tanks, and
 
augment groundwater supply. 
 Canal flows are seasonal, with iade
quate storage. 
 The state also suffers from its location at the tail

end 
on the Cauvery system. Interstate disputes over water rights

have created political conflicts that 
dely easy resolution.
 

The Cauvery, Periyar-Vaigai, and Lower Bhavani 
 river basins
 
depend on monsoons and 
 rains along the Western Ghats. The
 
management responses 
to the 1987 drought, and thL degree of success
 
of these responses, are diverse, however. We now examine 
these
 
drought management strategies in detail.
 

TIHE CAUVERY DELTA
 

The Cauvery 
Delta is an alluvial fan extending roughly 160 km
from the Grand Anicut in the west to the 
Bay of Bengal in the east
 
and 109 km north to south along the coast. The delta is flat,
rising only 60 meters from 
east to west. The CD has 
two distinct
 
areas: 
the old delta is a large alluvial plain covering 0.38 million

ha and subject to problems of flooding and poor drainage; the new
 
delta, created 
by the Cauvery Mettur Project and irrigated by the
 
Grand Anicut Canal, has an ayacut (command area) of 97 thousand ha
 
of predominantly light, well-drained soil.
 

The CD has both single- and double-cropped area under paddy. In
 
the double-cropped area, a short-duration kuruvai 
crop is grown in
 
June-Septerber with 
water st-red in the Mettur reservoir from heavy

Southwest rionsoon rains 
in the Western Ghats and Karnataka State.

This is followed by medium-duration thaladi 
 in October-February,

which depends on the Northeast monsoon rains supplemented by water

from the CD system. The normal gross area under these two crops is
 
0.47 million ha. In addition, a long-duration samba crop is grown

from August to February in the single-crop area. Kuruvai is histor
ically the most productive 
of the CD's rice crops owing to good sun
shine, dependable water supply from 
the Mettur reservoir, and lower
 
incidence of pests and diseases.
 

According to existing regulations, water is released from the
Mettur reservoir 
on 12 June, provided the reservoir's water level is
 
at least 
21 m. Opening is delayed if storage is inadequate. The
 
area under kuruvai 
 rice is little affected if water is released

within a month of scheduled release. However, farmers will skip

kuruvai rice if water release 
is delayed further, lest the crop be
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damaqed in monsoon rains during September-October. Farmers normally
 
grow two rice crops in the CD, but drought in 1987 raised doubts
 
that even one zrop would be successfully harvested.
 

The Crisis and Management
 

In June-July 1987, t, re was insufficient storage in the Mettur
 
reservoir to permit scheduled release. Southwest monsoon rains in
 
the catchment areas had been scanty and erratic, and the limited 
water that could be harvested was stored upstream in Karnataka State 
(Table 9.1). Even by August, the storage level was just over one
fourth of capacity. Water release was postponed until November, an 
event that had not occurred in 28 years. The kuruvai crop was
 
raised in a limited area of 0.025 million ha fully supported by
 
wells drawing groundwater.
 

Table 9.1--Seasonal distribution of rainfall in major irrigation
 
systems of Tamil Nadu, 1987-88
 

Cauvery Periyar-Vaigai Lower Bhava:ii
 

Season Average 1987-88 Averaged 1987-88 Average 1987-89
 

Southwest
 
monsoon
 
(June- 322 257 321 148 162 200
 
September) (801 (46) (123)
 

Northeast
 
monsoon
 
(October- 699 493 385 486 287 155
 
December) (71) (126) (54)
 

Winter
 
(January- 52 29 11 1 23 2
 
February) (56) (9) (8)
 

Summer
 
(March- 119 151 119 iC8 160 78
 
May) (127) (152) (49)
 

Total 1,192 929 836 815 632 435
 
(78) (98) (69)
 

Source: Rainfall records of the Public Work,; Department and
 
Statistical Offices at Thanjavur, Madurai, and Erode.
 

Note: Figures in parentheses are the percentage of normal
 
rainfall.
 

a19 5 0 -8 0
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Samba rice is seeded in nurseries, and fields are puddled using

reservo.ir water in September, in anticipation of the onset of the
 
October rains. Hcwever, in 1987 no water was available for release,

and new strategies had to be devised. Farmers in the CD 
were
 
advised to plough direct seed rice, which
dry and required

additional herbicide, fertilizer, and seed inputs. The extension
 
apparatus was mobilized to procure and distribute these inputs.


About two-thirds of the affected farmers responded by planting

0.21 million ha of direct-seed rice, which is 47 percent of the
 
normal samba season area. The 1987 drought affected the New Delta
 
region more severely, and farmer participation was correspondingly

higher in that region. With the eventual arrival of the October
 
rains and subsequent release of reservoir water on 12 November 1987,

the dry 
sown area was converted into wet paddy. The remaining
nonidapting farmers transplanted paddy late, in December. 

Normally, 8,223 million m of water are required to psoduce two 
successful rice sea3o'is in the CD. Only 1,781 million m , 21.7or 

p rcent, were available in 1987. Rainfall equivalent to 425 million
 
m supplemented the cancl water. The transplanted rice crop was
 
again at risk during February 1986, when the reservoir had to be
 
closed due to low storage Barter negotiations with Karnataka
 
(Tamil Nadu electricity for Karyataka water) resulted in the release
 
of an additional 80 million m which helped relieve the stress on
 
the standing rice crop.
 

Analysis of Results
 

Given the magnitude of the crisis, overall rice production was
 
good (refer to fable 9.2) The CD district achieved rice production

of 1.31 m llion tons, which is only 19.2 percent short of that
 
year's production target set by the State Department of Agriculture.

Average rice yield for the year was about 3.0 tons per ha, only 13
 
percent less than normal. Careful management of a reservoir supply

only 23 percent of normal, in conjunction with efficient use of
 
evenly distributed local rainfall, limited the drnught-induced
 
losses.
 

Direct seeding of rice has distinct advantages ove' conventional
 
transplanting in the tail-end regions, where waterlojging and poor

drainage are common problems. A recent study by the Tamil Nadu
 
Rice Research Station (1989) of Tamil Nadu Agricultural University

estimated that the productivity of direct seeded rice is approxi
mately 80 percent that of transplanted rice. Since direct seeding

dependq nn the October rains, which are fairly stable, the risks of
 
3doption appeai to be minimal.
 

Overall labor use was reduced 6.3 percent, with marked differ
ences between males ai.d females: male labor increased 2.7 percent,

while female labor decreased 21.1 percent. Additional employment
 
was created by expanding the area under pulses raised after the
 
harvest of direct seeded rice. While direct seeding removed sume
 
labor bottlene.ks in rice cultivation, particularly the time 
that
 
women devote to rice transplanting and hand weeding operations, the
 
social implications of both output losses (18 percent) and female
 
employment losses (21 percent) must be weighed against the labor
 
savings.
 

http:bottlene.ks
http:reservo.ir
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Table 9.2--Distribution of water during normal (1984/85) and drought
 
(1987/88) years in the major irrigation systems in Tamil
 
Nadu
 

Lower Periyar-

Indicator Cauvery Bhavani Vaigai
 

Water discharge (1 million m3)
 
Normal 8,223 882 760
 

Drought 1,861 317 366
 
(22.6) (36.0) (48.1)
 

Area irrigated (ha)
 
Normal 647,304 78,217 81,509
 
Drought 447,565 38,130 63,243
 

(69.0) (48.7) (77.6)
 

Production (1,000 tons)
 
Normal 2,200 313 200
 
Drought 1,319 153a 170
 

(60.0) (48.9) (85.0)
 

Discharge per unit of area (mm)
 
Normal 1,270 1,128 1,462
 
Drought 415 832 887
 

(32.6) (73.8) (60.6)
 

3)
 Productivity of water (kg per m

Normal 0.268 0.355 0.263
 
Drought 0.709 0.482 0.465
 

(264.9) (135.9) (176.7)
 

Yield (tons per ha)
 
Normal 3.40 4.00 2.45
 
Drought 2.95 4.01 2.69
 

(86.7) (100.3) (109.8)
 

Sources: District Statistical Office at Thanjavur and Madurai;
 
Public Works Department Engineers' Offices at Erode,
 
Thanjavur, and Madurai.
 

Note: Figures in parentheses give drought levels as a percent of
 
normal.
 

aEstimated.
 

The premonsoon direct seeding of rice could have been more
 
successful if farmers had adopted summer plowing, brought the soil
 
to good tilth after removing stubble and weeds, and adopted an
 
entire technology package suited to dry sown rice.
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LOWER BHAVANI PROJECT (LBP)
 

The Lower Bhavani Project (LBP), the 
first major irrigation

project initiated after Independence, became operational in stages

from 1952 to 3 56. The maximum storage capacity of the reservoir is
929 million m . There are five main canal sluices and nine river

sluices. The distribution network consists of 
a main canal 195 km
long, which takes off frum 
the right flank of the reservoir, ten
major distributaries, 
and 196 branch distributaries, which run a

length of 784 km. Watercourses with a total 
length of 1,872 km take

off both from the main canal and from distributaries and branch

distributaries. 
 The total irrigable area created 
by LBP is 82,800
 
ha.
 

The Problem of Equity
 

The LBP was originally 
conceived as a dry-crop irrigation

project, supplying irrigation to only 4,000 ha of rice 
out of 82,800

ha. The remaining 78,800 ha were to 
be planted in irrigated dry

(ID) crops such as cotton, groundnuts, and millets. 
 Within a few
 
years, however, the cropping pattern shifted toward wet rice, and

the withdrawal of water exceeded 101,952 ha m. By 1958-59 the area
under rice had increased to nearly 32 percent. Fields 
in the lower
reaches of the watercourses were deprived of 
adequate water sup
plies.
 

The government had to revise the system of 
water scheduling; it
implemented the zonal system, whereby the ayacut 
was divided into
 
two halves, designated Turn I and Turn 
II. Since 1964, the pdttern

of water distribution alternated each year. 
 Canal witer is released
 
to farmers in Turn 
I from 15 August until 15 December for wet rice.
Turn II receives 
water from 16 December to 15 April for irrigated

dry (ID) crops including groundnuts and sesame. The water supply to
Turns I and II is reversed the 
following year. No crop restriction
 
is made during the first season, but 
during the second season, rice
cultivation is not permitted. Water releases are limited to 
2,040

million M in the first and 3
season 1,020 million m for irrigated

dry crops in the second season. In the event of 
acute water

shortage, water is not released 
in one or both seasons.
 

Farmers outside the turn 
area depend on rainfall and groundwater

to meet crop water ,equirements, whereas 
canal water is generally

sufficient to meet full requirements in the turn 
area. Thus ground
water remains unused in the turn area. 
 During years in which canal
 
water is unavailable, sorghum in
serves as a substitute for rice 

Kharif, 
and gingelly often replaces groundnuts in Rabi. Sugarcane

and turmeric are raised through 
conjunctive use of canal 
water,

rainfall, and groundwater. Irrigation intensities varied from 57.4
 
to 99.2 percent, with cropping intensities of 104.2 to 159.9
 
percent, during the 1981-86 period.
 

Management of Water Supply
 

To understand 
the LBP's irrigation management response to

drought 
in 1986-88, reservoir management is examined for the period.

Water was released on 
 1 August 1986 and supplied continuously
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through 15 October 1986. Due to poor reservoir storage of 14,158 ha
 
m, a further modification of the turn system was introduced 15
 
October. The entire Turn I ayacut of LBP was divided into three
 
groups, and each was supplied continuously for eight days; there
after the supply was stopped for four days and then released again
 
for eight days to each subarea. During November, rains helped
 
compensatc for poor storage, although the system was ultimately
 
forced to close down on 17 December 1986. To save the standing
 
crop, water was released to provide two or three intermittent
 
wettings before the system was closed on 23 January for the duration
 
of the season. Through close monitoring of both reservoir supply
 
and rainfall distribution in the ayacut, farmers were able to
 
realize 2.3 to 6.0 tons of rice per ha.
 

Due to the low reservoir storage in January 1987, however, water
 
could not be released to the Turn !I ayacut for irrigated dry crops.
 
This adversely affected the area under groundnuts. The severity of
 
the drought increased in the ayacut, so that by March even palm
 
trees such as coconut and palmyrah were affected. Reservoir storage
 
improved gradually by the end of March, permitting 1,000 cusecs (283
 
cumecs) of water to be released over t2n days in early April to
 
provide relief for the Turn II ayacut. July-August 1987 storage of
 
3,400 ha m was not satisfactory, however, and authorities recom
mended that farmers in the Turn II ayacut switch from rice to
 
sorghum, pearl millet, or groundnuts and use the September rainfall.
 
These Turn II farmers had not received canal water for groundnuts
 
during December-April, nor had they received water for paddy during
 
August-December 1987. They were forced to rely on groundwater.
 
However, the groundwater situation had also deteriorated, and the
 
area was declared seriously hit by drought.
 

At this time Turn I ayacutdars pressed their legitimate claim to
 
water for irrigated dry crops in December. In consideration of the
 
difficulties of Turn II farmers, water was released in mid-December
 
to the Turn II ayacut. Local rains also benefited the groundnut
 
sowing, and reservoir releases were suspended on 27 January in the
 
head and middle region and on 5 February in the tail end. The
 
reservoir was again opened on 13 February. Through judicious
 
reservoir operations, crop growth was satisfactory and a good
 
groundnut harvest resulted. On-farm development works (such as land
 
leveling and lining field channels) installed through the Command 
Area Development Program initiated in 1982 also mitigated the 
effects of the drought. 

TIHE PERIYAR-VAIGAI SYSTEM
 

Periyar-Vaigai irrigation system is the second largest irriga
tion project in Tamil Nadu, commanding 78,491 ha. Water from the
 
west-flowing Periyar River of Kerala is diverted into the east
flowing Vairavanar River of Tamil Nadu and subsequently into the
 
Vaigai River. Water stored at the Vaigai reservoir is released
 
through the Peranai regulator. Periyar Main Canal (PMC) takes off
 
on the left side of the regulator and flows eastward on contour for
 
64 km, irrigating both double- and single-crop command areas. On
 
the right side of the Peranai regulator, the Thirumangalam Main
 



120 

Canal 
(TMC) takes cff southward for 27 km and irrigates 5,300 ha,
which only one crop 	
in
 

is grown. Under the Periyar-Vaigai Modernization Scheme, the mdin branch canals 

to prevent seepage loss. There is also 

in 
an 
the PMC and TMC were lined
 

area 	of indirect ayacut,
which receives canal water through 1,194 system tanks. 
 These tanks,
which predate the Periyar-Vaigai system, act 
as raini reservoirs that
store monsoon rains in the command and serve command areas of 10 to
 
100 ha.
 
Suppy Management
 

ThL present water 
release schedule, reflecting priorities based
 
on historical claims, 
is as follows:
 

(1) 	Periyar Main Canal (Double-crop area): 
I June-28 February.
(2) 	Periyar Main Canal (Single-crop area): 15 August-15

Feb uary.


(3) 	Thirumangalam Main Canal: 
I September-15 December.

(4) 	Periyar Extension Area: 15 September-15 February.
 

In general, 
water releases for short-duration crops in the TMC
and 	long-duration crops 
in the PMC are made if combined st rage in
the Periyar and Vaigai reservoir 
is above 28,320 million m at the
beginring of each 
season 
(I June and 15 September). Due to fluctuations in reservoir inflow, the dam 
was opened on the scheduled date
in only 9 years of the 24 years from 1965 to 
1988. The dam opening
had 	to be delayed for nearly months
six during both 1976/77 and
198//88 due to instability of the 
monsoon in the catchment area. In
addition, the system could supply the 
required quantity of water in
only 	7 years out of 15 in the 
1974-88 period. Further, although
opened by mid-June in 1985/86, the 
dam was able to supply only 26
 
percent of the registered ayacut.


Water management 
 d'cisions including supply regulation are
influenced not only by the cropping system, growth stage of crops,
and 	storage level, but also by pressur, from farmers. In 1985/86
the dam was opened in anticipation of improved reservoir storage.
Although water supplied
was 
 for 	the first crop, the government
warned farmers in the double-crop area to
not raise nurseries
the second crop since 	 for

the canal would be closed once the first crop
was harvested. However, just 
15 days before the anticipated date of
canal closing, thie authorities yielded to pressure from farmers and
continued to supply water for 
the second crop also. Farmers who !.ad
heeded the original warning 
raised the nursery and transplanted tne
secund crop 
very late. Farmers who had not heeded the 
warning and
had already raised the nursery were able to transplant the crop in
time. When dam storage subsequently became so 
low that releases had
to be stopped abruptly when the late-planted crop in the ear
was
head 	stage, the crop was 
severely damaged. Farmers who had planted
the 	 crod in time 
were ahle to realize half the normal yield,


however.
 
This experience made the authorities very cautious in making
decisions during 1987/88. 
 The dam opening was postponed by nearly
six months, until 5 November. Before opening the dam, the government announced that 
water would be supplied to the entire area 
for
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only one crop, following a rotational system. Forty-five days of
 
continuous full supply were given to allow land preparation.
 
Thereafter rotation was scheduled as follows:
 

Rotation Full-Supply Days No-Supply Days 
Four times 5 2 
Three times 4 3 
Two times 6 7 

Some Results
 

Informal discussion with farmers revealed that the rotation
 
system worked fairly well, and many farmers obtained nearly normal
 
yields. The farmers felt that the success of the system was due
 
largely to on-farm development work carried out in the command area.
 

Another adaptation strategy involved the use of water stored in
 
the system tanks linked to the irrigation canals. Some farmers drew
 
water directly from these tanks using diesel pumps and managed to
 
save their crops.
 

Direct sowing was another strategy adopted. A few farmers,
 
fearing that the canal opening would be further delayed, seeded the
 
paddy crop directly, using early rains received in Cctober. But
 
once the canal was opened, the vast majority of these replowed their
 
fields and transplanted the same seedlings out of concern for. the
 
possible high cost of weeding the direct seeded crop.
 

In single-crop wet lands, ID crops like cotton and sorghum were
 
recommended by the Department of Agriculture wherever groundwater
 
could be used. A month after these crops were established, the
 
canal opened for irrigation, and farmers immediately destroyed the
 
standing crop and returned to paddy.
 

PROBLEMS AND ISSUES
 

The above observations and conclusions are necessarily tentative
 
and need more systematic research and evaluation. Although techni
cal solutions apparently exist for many of the problems encountered,
 
the experience highlights gaps in our knowledge of institutional and
 
management behavior and collective action.
 

In all three case studies, irrigation authorities, agricultural
 
enqineers, agricultural extension officials, scientists from the
 
Agticultural University, and farmers themselves perceived the
 
problem in common terms. They were thus able to take collective
 
responsibility and to respond effectively to the recent droughts.
 
The impact of the drought might have been more severe if such
 
coordinated effort had not been possible.
 

The importance of correctly understanding institutional behavior
 
and collective action in response to crisis cannot be overem
phasized. Drought-induced stress on irrigation systems may be of
 
short duration and require concerted action for only part of one
 
season. Or a crisis may persist for extended periods, as has
 
happened in Tamil Nadu over the past three years, or even become
 
perennial, as in the Cauvery Delta. The demands placed on in
dividuals and institutions, and the appropriate management response,
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will be different in each case.
 
Policymakers must also recognize the degree to which stress a
is 
consequence of fundamental changes water
in both supply and demand
 over time. Reservoirs, for example, have been operated according to
the data available and guidelines established at the time of
construction. 
 Since then, flow patterns and volumes of rivers have
changed, and effective command areas 
have increased In addition,
cropping patterns have shifted with the introduction of new crops,


the substitution of short-duration for traditional 
cultivars, and
the subsequent adherence new calendars
to cropping requiring more
precise timing of water application. The conjunctive 
 use of
groundwater has also become increasingly common. Regulations
governing releases for irrigation 
 should reflect this changing
reality to the extent 
that the available research is able to 
provide
guidance. Where knowledge 
 is inadequate, data collection must
 
become a priority.


The collectic-.- r,l piruce's,,g 
-, n',a .n ra n.fl , reservoir
inflow 
and outflow, groundwater levels, availability and depletion

over cime, and the behavior of the monsoon 
are research ;ictivities
with a high payoff. It will 
also be necessary periodically to
reexamine the relevance of the system water 
duties fixed at the time

of dam construction in light of the changes outlined above.
Available 
research shows that the payoff to new management
techniques can On-farm
be high. water management trials conducted
in the Lower Bhavani region over four years demonstrate that, when

compared with conventional 
irrigation practices, an average saving
of about I ha m of irrigation water per ha and 
a 14 percent increase
in grain rice yield are possible through 
improved water management
technology (Iruthyaraj 1986). For groundnuts, potential
the water
saving 
 is 1.82 ha m per ha, and yield improvement is about 50
percent. The water 
saved could he diverted to farmars at the tail
end who are currently receiving 
less than adequate supplies. How do
 
we operationalize this?
 

Additional efficiency can be gained from land and
leveling
improved field irrigation and drainage channel 
layout. The progress

and quality of work implemented by the Command 
Area Development
Program in the CD and LBP are not 
satisfactory, possibly because
land leveling and fi-'' layout are 
both capital and labor intensive
and exceed the resources 
of CADP. The problem is aggravated by
fragmentation of land holdings. How are we to 
speed up the process

of consolidating holdings in the 
irrigation command areas?
 

Studies made in the Periyar-Vaigai irrigation system (Rajagopalan and Sivanappan 1984) reveal that 
operation and management are
most effective when both 
 formal and informal institutions are
involved in developing management strategies consistent with overall
social welfare goals. The study shows that 
equity in the distribution of water from Veerapandi channel was achieved 
after the
management of distribution was vested 
in a common agency appointed

by the village community. The 
crop productivity was significantly

higher in this region 
than in others. By contrast, water delivery
in Tamarapatti and Navanipatti channels was 
 characterized by
inequity, 
 stemming from lack of organized efforts to share and
manage water distribution, lack of coordination in choosing rice
varieties and determining time of 
sowing, and excessive fragmen
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tation of holdings. Similar findings are also recorded in the Lower
 
Bhavani Project area (Palanisami 1984). "ihese results emphasize the
 
need to create water users' organizations and involve them in
 
planning water distribution and related policies.
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Economic Linkages Among Irrigation

Sources: A Study of the Beneficial Role of
 
Canal Seepage
 

B. D. Dhawan and K. J. S. Satya Sai 

The new biochemical technology of crop farming has had uneven success in India. In view of 
the continental diversity of 
Indian
agriculture this 
is hardly surprising. Its limited success has been
linked inter alia with 
farmers' access 
to dependable sources 
of
irrigation, notably individually owned tubewells and pumpsets, 
which
are ideally suited 
for meeting the 
exacting water requirements of
high-yield variety (HYV) wheat 
and paddy. Groundwater irrigation
has been identified as the key to 
agricultural transformation, and 
a
groundwater development lobby has emerged 
in the country.

Some of the lobbyists argue along positive lines, that is, on
the basis 
of the sheer merits of well irrigation. Many proceed,
however, in a -omewhat negative 
manner, focusing on the demerits of
major irrigation works: 
 the problems of waterlogging and salinity
in canal commands, dislocation of populations 
from lands submerged
by reservoirs, high siltation 
rate of reservoirs, 
and loss of forest
cover during and after 
the dam building stage. 
 Many who speak for
the groundwater 
 lobby do not understand 
the crucial hydrological
aspects of groundwater exploitation because they come 
 from administrative 
or economics backgrounds. Such 
 a charitable view
cannot, however, be 
taken of other groundwater protagorists who have
scientific backgrounds: 
 for example, the environmentalists 
 and
members of the 
Central Groundwater Board. 
 They at least should not
overlook the connections between groundwater and 
surface irrigation.

The current groundwater-based irrigation capacity 
cr India is
established 
for 30 million 
ha of crop area. This, together with 10
million ha from tanks, ponds, 
and other small-scale surface 
waterbased schemes, constitutes 
the 'minor' irrigation portion of the
total potential 
 of over 70 million ha already created 
in the
country. 
 Lately, the minor irrigation lobby has 
been ascendant
because it has presented 
its case in an attractive packaye. On the
cost side, it argues that the capital requirements of minor irrigation are one-fourth of the corresponding requirements 
for major
irrigation 
works. On the benefit 
side, it claims that qroundw'..tcr
based farming is 
twice as productive as 
 surface irrigation-based


farming. 
 Although no comparative benefit-cost 
 ratios have been
established 
yet, the impression 
has been created that the costbenefit dice is loaded in favor of minor 
irrigation in general 
and
well irrigation in particular.' This impression has acquired
 

IOur hypothesis, as delineated 
in Dhawan (1987b), is that the
benefit-cost 
ratio is evenly 
poised between groundwater and major

irrigation works.
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credibility 
among objective outsiders when environmentalists have
 
presented extremely low benefit-cost "atios for several new surface
 
irrigation schemes (see, for example, Alvares and Billorey 1987),

which promoters and supporters of such projects have not denied.
 

In our view, major versus minor irrigation is not a substantive
 
issue in the Indian conditions. Both groundwater and surface
 
irrigation are interlinked hydrologically, giving rise to the
 
operation of powerful 	 In the exterexternal effects. presence of 

nalities, it is not prudent to talk of taking advantage of compara
tive 	costs and returns in planning. Being preoccupied exclusively

with the development of either 
source of irrigation can ultimately

be costly. Al our irrigation capability needs to be developed,

subject, of course, to technical and economic limits because even
 
after tapping all exploitable water resources, a large part of
 
cultivation may have to be carried out without 
 the 	 aid of
 
irrigation.
 

Today, land productivity under canal irrigation is well below
 
the corresponding level under wells in general and tubewelIs in
 
particular (Dhawan 1988b). It is also far below the corresponding

level of 5 to 6 tons per ha for the Far East, that of 4 to 5 tons
 
per ha for Indian farm research stations, or that of 3 to 4 tons per

ha envisaged in our irrigation projects. It is not our purpose to
 
account for the low productivity of land irrigated wich canal water
 
in India. In the crucial matter of timeliness, an irrigation source
 
that is outside the control of a farmer can never match one that is
 
wholly under his ownership. With regard to adequacy of irrigation,
 
a protective canal by the logic of its conception cannot usher in an
 
era of high crop yields. Even a canal designed for productive

farming 
cannot deliver the goods if (I) its water distribution
 
system is poor in the tail reaches of the command area and (2) its
 
actual delivery of water at 'he final outlet is below the designed

value due, say, to successIve transit losses. Unfortunately, the
 
beneficial role of these water losses 
from 	canal seepage (including

field percolation) has not 
 received enough attention from
 
economists.
 

As a member of the Maharashtra Irrigation Commission, the late
 
Professor D. R. Gadgi 1, a keen scholar of 
 Indian irrigation,

appreciated the role of canal seepage in the economy of wells
 
established in regions 
of low -ainfall, where natural availability

of groundwater is poor. Dhawan (1986a) demonstrated the existence
 
of a very high rate of return on wells benefiting from canal seepage

compared with those not benefiting from it. For the Mula Project,

Dhawan (1987a) found that canal 
 seepage led to the following

improvements in groundwater-based agriculture:
 

(1) 	The area irrigated per well rose from 1.4 to 2.6 ha,
 
(2) 	Land productivity rose from 17 to 50 quintals per ha, and
 
(3) 	The number of wells in the canal command rose from 6,000 to
 

9,000.
 

In this chapter we present the story of how canal water improved

groundwater-based agriculture in India. Our objective is to 
lay out
 
the methodology for evaluating the contribution of canal seepage to
 
indirect output 
in low rainfall regions, to apply this methodology
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to the data for the Punjab, and to look again at the data for the
 
Mula Project. It is necessary to clarify here the extent to which
 
we are exploring the relationship between canal and groundwater

irrigi*tion. We are appraching this two-way linkage from one side
 
only: that is, the beneficial part that canal seepage plays in
 
promoting groundwater-based farming in regions where groundwater is
 
scarce. Thus we primarily assess the amount of groundwater-based

production that can be ascribed to loosening the groundwater

constraint via artificial groundwater recharge from canal seepage.

We make no attempt to explore the other side of the linkage, namely,

wells that drain canal commands, thereby providing long-run sus
tainability to canal-irrigated farming.
 

METHGDOLOGY
 

Two distinct problems of measurement arise: how to separate
 
aggregate crop cutput by source of irrigation and how to decompose

groundwater-based output by origin of groundwater, that is, rainfall
 
infiltration and recharge from canal water. When there is no
 
conjunctive use of irrigation and irrigated acreage is distinguished

easily by source of irrigation, the problem of separability does not
 
arise, and one only has to solve the problem of decomposition.

Otherwise, the twin problems of separability and decomposition must
 
both be resolved. An important methodological issue is the extent
 
to which oiiantum of water can be used as a basis for resolving

either of tha problems. Without going into the merits 
 demeritsor 
of this 
absence 

issue, we are 
of production 

proceeding 
functions, 

on the 
quantum 

assumption that, in the 
of water is a workable 

basis for the task at hand. 

Thp Decomposition Scheme
 

Instead of making a general case for many irrigation sources, we
 
develop the decomposition for two sources only, namely, canal and
 
groundwater irrigation. Depending on the availability of the needed
 
data, two cases are considered. In one case, we have information on
 
grnundwater based output both for the pre- and the post-canal
 
periods; in the ather, we have such information for the post-canal

period only. Our central task is to find the indirect land produc
tivity of canal waters. We adopt the following notation:
 

A = crop area under a source of irrigation,

Y = overall crop yield per unit of area A,
 
o = without canal,
 
I = post-canal,
 
w = well irrigation,
 
c = canal irrigation,
 
u = unirrigated,
 
K = wet-season orientation of an irrigation source, and
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p = 	proportion of groundwater potential due to seeped-in canal
 
waters.
 

. The direct crop yield under canal irrigation is represented by
Y, and the indirect crcp yield of canal irrigation is Yc,. Thus 
total crop yield of each canal-irrigated ha becomes the sum of these 
direct and indirect crop yields. Correspondino to area Al under 
canal irrigatioq, the direct output equals A . Y , and the indirect 
output equals A . Y,. Each canal-ir igated hectare augments crop
output directly by an amount equal to Yc - Kc Yu and indirectly by 

* o indirectly; where Kw is given by the following: 2
 

Y * K
K-' 

Alw
 

Kw = w . Kw 	 (10.1)
 
w W
 

Al
 c
 

The need to podify Kw to Kw becomes clear as we derive the
 
expression for Yc*. The indirect output effect of canal seepage

used 	in well irrigation is given by the following expression:
 

(Difference between post-caiial Rainfed output lost from dry

and pre-canal output based on lands brought under well
 
well 	irrigation) minus irrigation),
 

that 	is,
 

(Aw • Yw - Aw . Yw ) - Kw Al . Yu 

On a 	per canal-irrigated hectare basis, this comes to:
 

(Al . Yw - Aw Y) K, Al Y
 

S w wN IN - w u_ (10.2) 

A
Al
c 	 Ac
 

Thus indirect land productivity of canal waters is given by the
 
first part of expression (10.2).
 

Wrien data on pre-canal output from groundwater-based agriculture
(A2 . Y) is lacking, expression (10.2) needs modification. If w? 
divide the post-canal output from groundwater-based agriculture (Aw 
. YW) in proportion to the share of canal seepage in total ground
water recharge, we get the following expression for indirect output

effect per unit of area of canal irrigation:
 

2The need for modifying the conventional differentiation
 
between irrigated and unirrigated yields through the use of
 
fractional but positive parameter K is discussed in Dhawan (1988b,
 
Chapter 3).
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A1 ---
K ""YE1 - ' u '(10.3)
 
Al
 

The first part of expression (10.3) measures the indirect land
 
productivity of canal Whereas for the Mula we
waters. Project use
 
expression (10.2), in the 
case of Punjab we employ expression

(10.3). The results based on expression (10.3) are very sensitive
 
to the value of parameter P, the proportion of groundwater recharge

produced by seeped-in canal waters. Unfortunately, our empirical

knowledge of the components of groundwater recharge in the country

is not firm. We therefore do two things for the Punjab 
case.
 
First, we use a range estimate for P. Second, since many farmers in

Punjab conjunctively use canal water and groundwater, we cross-check
 
our results by breaking the total irrigated output of the in
state 

direct proportion to canal wat r and to groundwater recharge due to
 
rainfall infiltration alone.
 

Adopted Values
 

The values used for the variables and the parameters for
 
operationalizing the formul;4 are listed in Table 10.1. The post
canal period is 1982/83 ;or the Mula command area and 1984/85 for
 
the state of Punjab. Thj data base for the Mula is the WALMI report

(Dhawan 1987a). Our main task with regard to the Mula data has been
 
to aggregate diverse crop outputs in rice equivalent 
units, using

the crop prices recommended by the Agricultural Prices Commission.
 
For the Punjab exercise, a good deal of the spadework on land
 
productivity by source of irrigation had already been done (Dhawan

1988b). Here we present the
a few words on state's irrigation water
 
by volume and origin.


About 1.23 million hectare metess 
(m ha m) of water are annually

released into the Punjab canals. Anywhere between 50 and 70
 
percent of the canal water in India is lost in transit, mostly

through seepage a~d field percolation, and finaliy reaches the
 
groundwater table. For the 
Ganges canal of Western Uttar Pradesh,

such losses have been assessed at approximately 50 percent of the
 
releases at the headworks at Haridwar. This percentage could be
 
somewhat lower for Punjab canals. For one reason, the main 
canal
 
system of Punjab is more extensively lined than the Ganges canal.
 
Second, as a result of a World Bank-aided program of channel lining,
 
a substantial portion of the tertiary part of the Punjab canals was
 
lined by the mid-1980s. Yet the volume of canal water that seeps

through the Punjab canals may be on the order of 0.61 m ha in,which
 
constitutes exactly 50 percent 
of the 1.23 inha m released in the
 
canals for use by Punjab farmers. This hign percentage may be
 
justified on the ground that 12 to 15 percent of the losses occur in
 

3
This estimate is from Chopra (1987) and does not 
include the
 
canal water earmarked for use in Rajasthan and Iaryana 
states.
 

4For an exposition on the nature of these transit losses, see
 
Ohawan (1986b, Section Il).
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Table 10.1-Parametric values for Punjab and the Mula Project
 

Parameter 
 Punjab, 1984/85 Mula Project 1982/83
 

Area
 

A 1.40 mil ha (net) 31,000 ha
 

A1 
 2.21 mil ha (net) 23.400 ha
 

0Aw 8,400 ha
 

Yield
 

c 3.5 tonsa per net ha 2.123 tons per ha
 

Y 6.5 tons per net ha 5.0 tonsb per ha
 
ton a
 

w 1.7 tonsb per ha
 

u 1.0 tonsa per ha 0.28 tonsb per ha
 

K-factor
 

Kc 0.35 0.51
 

Kw 0.45 0.65 

p value 0.50 0.70
 

aFoodgrain energy equivalents (FEEs).

bRice equivalents.
 

the main canals on the waters meant 
for Rajasthan and Haryana, which
receive almost half the share of 
the waters of the Punjab rivers.
 
Sangal (1987) gives state-level estimates of groundwater
recharge 
and its use. The figure for Punjab is approximately 1.8


million hectare This
meters. estim3te 
is well above an earlier

estimate of 1.1 m ha m made 
in 1972 by a task force of the Planning
Commission, which placed the contribution of rainfall infiltratiog

at 
0.63 niha m (India, Task Force on Groundwater Resources 1972).

When we relate this recharge from rainfall 
to the total recharge of
1.8 m ha m, canal seepage is 66 percent of total recharge. We are
 

5Raju (1987) provides a lucid explanation of why estimates of
grounuwater recharge 
(that is, potential) lack firmness and have
 
been revised upward over time.
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adopting a range estimate of 05 to 0.7 for p because of the data on
 
groundwater recharge are weak.6
 

GROUNDWATER CONSTRAINT IN STUDY AREAS
 

In India's plains area, the natural abundance of groundwater is
 
positively associated with the level of rainfall. From this
 
standpoint, both the state of Punjab and the command area of the
 
Hula Project are poorly endowed by nature, for the normal rainfall
 
in these two regions is approximately 600 mm. If one were to apply
 
the norm of rainfall infiltration suggested by the Groundwater
 
Estirmation Committee of 1984, the natural availability of ground
water for Punjab state would be somewhere in the range of 120-150 mm
 
per ha of land. The Mula command, which, unlike the alluvial
 
Punjab, is underlain with hard rock, would have still lower
 
recharge, in the range of 60-75 mm per ha.
 

Agroclimatic conditions of Punjab are not conducive to raising
 
high-value, water-intensive crops, except in the submontane region
 
adjoining the Himalayan foothills, where rainfall is more plentiful
 
and the evapotranspiration needs of crops are lower because they are
 
closer to the cool Himalayas than to arid western Rajasthan. Were
 
it not for canal seepage, much of the groundwater would be en
countered far below the ground surface because the sandy soils of
 
the state fail to impede the downward pull of gravity on the
 
infiltrated water. No wonder, then, that during the pre-canal era
 
much of the groundwater-based farming in the state was confined to
 
tracts adjoining perennial rivers, which kept the groundwater table
 
high enough for animal-operated Persian wheels, which could not
 
reach a water table deeper than 10 m below the ground surface
 
(Dhawan 1982). In such a groundwater regime, the advent of a
 
network of canals is akin to perennial rivers that keep the
 
groundwater table high all over the state. Despite the recent
 
overexploitation of groundwater that is due to a lack of rainfall,
 
notably since the drought of 1979/80 lowered the water table, the
 
water table is still far above the 15 to 30 m observed during the
 
pre-canal Mughal days.
 

The Mula Project com'vands a typical, drought-prone tract in the
 
Deccan. Its 1cw rainfall is so uncertain that despite good black
 
soils the average land productivity is on tie order of 3 quintals
 
(in rice equivalents) under unirrigated conditions. Both low
 
rainfall and rocky formations underneath the land surface make
 
groundwater extremely scarce. No wonder, then, that a benchmark
 
survey of the command in 1966 discovered that only 2 percent of the
 

6 In a national symposium on hydrology late last year, the
 
first author tried to ascertain this parameter from the director of
 
the Groundwater Directorate of Punjab. In the absence of firm
 
numbers, he indicated that he would not place this parameter at less
 
than 0.7.
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7 
crop land was sustained by well irrigation. Although the hard
 
bedrock underneath the fields keeps the water table well within the
 
reach of animal-operated waterlifts like mhot, the yield of well
 
water is poor except in valleys, along nallahs, or in wells located
 
in fractures and rock fissures. In such conditions, canal seepage,
 
like percolation tanks, adds tremendously to the yield of well
 
water.
 

EMPIRICAL RESULTS
 

Punjab
 

The outcome of our investigation for the Punjab is presented
 
first, because the results for the Mula command are broadly known.
 
If one accepts the official statistics of irrigated area by source,
 
one does not have to face the problem of separability. The total
 
net irrigated area of the state of Punjab has already been neatly
 
separated by the state patwaris, presumably by applying the prin
ciple of dominant source of irrigation for fields receiving irriga
tion from more than one source. Groundwater sources accounted for
 
about 2.21 million ha (net) as against about 1.40 million ha (net)
 
by canals during 1984/85. Thanks to canal seepage, the area under
 
groundwater irrigation exceeded the canal area by a margin of nearly
 
60 percent. The land productivity under wells, which was 1.75 tons
 
in 1950/51, 3.06 tons in the mid-1960s, and 5.46 tons in the late
 
1970s (Dhawan 1988b), may be placed at 6.5 tons per net ha for the
 
mid-1980s. Likewise, the direct land produrtivity under state
 
canals rose from 0.94 tons in 1950/51 to 1.20 tons in the mid-1960s
 
and 3.24 tons in the late 1970s. For the mid-1980s, we reckon it at
 
3.5 tons per net ha.8
 

According to our assessment, the indirect land productivity of
 
state canal waters ranges between 5.1 tons and 7.2 tons per net ha
 
reported to be under canal irrigation for 1984/85. The lower
 
estimate is based on the assumption that canal seepage accounts for
 
half the groundwater recharge, which is w~olly withdrawn by wells,
 
mostly the 0.7 million private tubewells. The higher estimate is
 

7 For an account of low and uncertain returns to investments in
 
well irrigation in hard-rock regions, see Dhawan (1986a).
 

8All the measurements are in terms of foodgrain 
 energy
 
equivalents (FEEs).
 

9
According to the Groundwater Directorate, 86 percent of the
 
groundwater potential (annual recharge) was exploited by mid-1986.
 
Our assumption of full use of groundwater recharge may be defended
 
on two counts. First, the number of tubewells exceeds the ultimate
 
number considered feasible for the state, namely, 0.6 million
 
(India, Task Force on Groundwater Resources 1972). This indicates
 
that groundwater irrigation is overdeveloped. Second, the rise in
 
the water table in the cotton tract of the state indicates that
 
canal seepage in this tract is underused.
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based on the assumption that 
 70 percent of the groundwater
withdrawals are from 
canals. The important point ,is that the
indirect land productivity of waters
canal exceeds the direct
productivity by a sizable margin (45 to 
105 percent).

While the direct output augmentation comes to 3.15 tons per net
ha under canal irrigation, the indirect output effect 
ranges between
4.38 and 6.49 tons for each net 
ha of canal-irrigated irea. 
 So the
total impact of canal irrigation on output is between 7.5 and 9.6
tons per net ha of land brought under candl irrigation. Thus the
total impact of canai irrigation is more than that of tubewells,


which is 6.05 tons per net ha.
 
In the mid-1980s, the Punjab had 
about 7 million ha of gross
crop area. nine-tenths being irrigated by 
one source or the other.
Assuming a productivity level of 3.1 
tons per irrigation crop ha and
1.0 ton per unirrigated crop 
ha (Dhawan 1988b), the aggregate crop
output of the 
 mid-1980s
state in the stood at around 20 million
tons. 
 Had there been no irrigation, the state would have had about
3 million Vh of crop area, yielding an output of 3 million
level 


tons only.u Thus an additional output of 17 million tons was due
to irrigation development and 
 related investments in rural
electrification, rural 
roads, and credit. Punjab canals carried
about 1.2 million hectare meters of water, about 
twice the level
groundwater 
recharge from rainfa11. Thus if two-thirds 
of
 

of 17
million tons were attributed to canal waters, 
the output would be
8.0 tons per net ha of the 1.40 
million ha reported undet canal
irrigation for 1984/85. This 
estimate is wityijn the range of our
earlier estimate cl 7.5 to 9.6 tons per net ha.
 

Mula Command
 

Our results for the Mula command require two comments. First,
the earlier estimate of indirect productivity of Mula waters has
been revised upward to 33 quintals per gross (cfp) ha actually
brought under canal irrigation by the Mula Project. 
 This is about
12 quintals 
above the direct land productivity of canal water.
total productivity of each crop ha under canal 
The
 

irrigation comes to
about 54 quintals. Second, the output addition due to 
each canalirrigated ha ahiounts to 
 51 quintals (compared with 39 quintals
arrived at 
in the earlier paper). This is somewhat higher than the
alditional output due 
to one crop ha under a well whose water yield
 

lOWe are assuming that each crop ha of 
irrigated area leads to
 an expansion of 0.6 ha 
in gross cropped area.
 

I1Comparable results for 
the c'at: of ramil Naiu are discussed
 
by Dhawan (1989).
 

12For Mula command, crop aggregation is in terms of rice equivalents, whereas for Punjab the aggregation is in terms of foodgrain
equivalents. 
 While prices recommended by the Agricultural Prices
Commission are 
the basis for the rice equivalence scale (see Dhawan
1987a, 38), caloric content of food crops is the basis for the
foodgrain energy equivalence (see Dhawan 1988b, 74).
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is augmented by canal seepage, but far above that from wells not
 
benefiting from canal seepage.
 

A suimnary view of the direct, indirect, and total land
 
productivities per ha under canal irrigation is given below:
 

Location Direct Indirect Total
 
(quintals)
 

Hula Project 21 33 54
 
Punjab canals 35 51-72 86-107
 

The estimates for Punjab are higher than those for the Hula
 
Project because they are computed on a net hectare area basis rather
 
than on a gross hectare basis. As is well known, the net irrigated
 
ha exceeds the gross irrigated ha by the value of intensity of
 
irrigation, which is above unity. What is of particular interest in
 
the above comparative picture is that the excess of indirect over
 
direct productivity is comparable in the two regions.
 

CONCLUSIONS
 

By and large, economists in India have not appreciated the two
way linkage between groundwater and surface irrigation. Consequent
ly, the output-augmenting role of investments in surface irrigation
 
works in general and major canal systems in particular has been only
 
partially understood. Although economists have identified private
 
wells, especially tubewells, as a major force in the successful
 
propagation of IYV seeds, they have largely failed to highlight the
 
role that canal seepage plays in sustaining groundwater-based
 
farming in regions of low and medium rainfall.
 

Both in Punjab and the Hula command, where the natural avail
ability of groundwater is poor because of low rainfall, the indirect
 
land productivity of canal waters is unmistakably higher than the
 
direct land productivity under canals. When due account is taken of
 
the indirect contribution of canals, one would have to con:lude that
 
returns to public investments in canal irrigation in regions with
 
low and medium rainfall have not been fully assessed in the benefit
cost exercises f-.r canal projects in such regions. In all
 
probability, the indirect contribution of canal waters is much
 
greater than the crop losses arising fiom canal-related waterlogging
 
and salinity problems.
 

A version of this paper was published in the Indian Journal of
 
Agricultural Economics 43 (4): 569-579. It is published here with
 
permission from the Indian Society of Agricultural Economics.
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Conjunctive Use of Tank and Well
 
Water in Tank Irrigation Systems
 

K. Palanisami 

Tank irrigation systems 
in southern India are centuries old.
They 
account for over 30 percent of the total irrigated area of

Tamil Nadu, Karnataka, and Andhra Pradesh sLdtes. These tanks 
are

mainly used to irrigate rice during 
the late monsoon to early dry
 
season from September to December.
 

Years of poor management 
have reduced the storage capacity of
 
tanks. Problems above the outlet, 
such as tank siltation, foreshore

encroachment, end poor tank structures, account 
for 15-20 percent of
 
the reduction in storage 
 capacity (Tamil Nadu, Agricultural

Engineering Department 1983). 
 Problems below the outlet, 
such as
 poor water scheduling and water 
losses in the canal, further reduce

the water available to farmers. 
 Spreading these reduced 
water

supplies over the entire 
command area for rice in the 
 season

produces water stress and reduces rice yields. In many 
cases,

farmers abanuin their rice for want of 
 irrigation water,

particularly at the 
later part of the crop growth. The progressive,

accelerated yield reduction 
has prompted rich farmers 
to invest in
wells for supplemental irrigation in an attempt 
to minimize the

yield reductions. The slow growth of wells within 
the tank command
 
area has, 
in turn, produced monopoly groundwater markets (Palanisami
 
and Easter 1983;.
 

The groundwater market operates 
 in an environment where the

profit to well owners is highest when the demand for supplemental

irrigation is high. The demand 
for supplemental irrigation 
is high

when the water level 
in the tank is depleted. Wells recharge mainly
from tanks (about 80 percent) 
and from the canals and water courses
 
(about 20 percent) (Tamil Nadu, Public 
Works Department 1985), so
groundwater markets 
are not as active when tank water supplies are
 
depleted. 
 Similarly, the price of groundwater is high 
 when
groundwater supplies 
are low and vice versa. Profits from farming

depend upon the hydraulic interaction between tank 
and well water
 
supplies (Tables 11.1-11.4). Given this 
situation, conjunctive use

of tank and well 
 water will help increase crop production and

profit. To provide some insight into this 
argument, this chapter

addresses the basic question of how the 
conjunctive use of tank and
 
well water can best improve the performance of the tank system.
 

METHODOLOGY
 

A tank irrigation system simulation 
model was developed for a
typical tank (Srivilliputhur Big Tank) 
in Ramanathapuram District

(Figure 11.1). Inputs to the are of
model three types. First are
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Table 11.1--Relationsnip uetween tank stor,3r and reldted variables,
 
Ramanathapuram District, Tamil Nadu
 

Tank Well Water Groundtater Price of Farmer
 
Storagea Level Use Water Profit
 

Surplus High Nil (0 percent) Low High
 
(more than
 
100 percent)
 

Full High/ Medium (5-10 Moderate Moderate
 
(70-100 medium percent)
 
percent)
 

Deficit Low High (30-40 High Low
 
(50-70 percent)
 
percent)
 

Very low Very low ... ... .
 
(less than
 
50 percent)
 

aFigures 	in brackets refer to tank storage leveI. The probability
 

of occurrence to tank storage was surplus = 0.1, full = 0.2, deficit 
= 0.5, and very low = 0.2. 
Figures in brackets refer to level of groundwater supplciientation.... Not 	applicable.
 

Table 11.2--Hydraulic interaction between tank and well water, Tamil
 
Nadu, 1983/84
 

Tank Well Water Well Water
 

Rainfall Storage Level 	 Price
 

(mm) (m) 	 (Rs per hr)
 

210 3.4 2.3 4.5 
240 4.0 3.3 4.0 
180 2.8 2.1 4.5 
210 3.5 2.7 4.0 
240 4.0 3.5 3.5 
105 1.3 0.7 6.0-8.0 
150 1.8 0.9 6.0-8.0 
344 4.7 4.6 <3.5 
386 5.8 5.0 <3.5 

Source: 	 Public Works Department records, Ramanathapuram District,
 
1984.
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Table 11.3--Estimated hydraulic interaction between 
 tank and well
 
water, Tamil Nadu, 1983/84
 

Variable 
 Coefficient 
 t-value
 

Tank storage

Constant 
 -0.79 
 -6.14
Rainfall 
 0.02 
 31.47
 

Well-water level
 
Constant 
 -0.76 
 -10.70

Tank storage 1.10 
 48.71
 

Well-water price

Constant 
 6.31 
 29.69
Well-water level 
 -0.71 
 -9.37
 

Source: Estimated using a simultaneous equation.
 

Table 11.4--Well Owner's Share 
 in Tank Irrigation, Tamil Nadu,
 
1983/84
 

Share Based on
 
Indicator 
 Average Cost Selling Price
 

(Rs per ha)
 

Total return 
 3,108 3,108
Total cost excluaing water 
 2,237 2,237

Cost of well water 
 48 
 270
 

Net return 
 823 
 601
 

Cost of well water
 
(at optimum irrigation) 67 375
Net return 
 804 

Well owner's share (percent) 38% 

496
 

weather and related factors 
 such as rainfall, runoff, and
evaporation. Second 
are factors related to tank hydrology such as
tank catchment area, seepage, sill level of the surplus weir, 
full
tank capacity, and number of
the sluices. Third are farmer-related
input variables, including rice area, 
water deliveries to crops, well
output, and the number of wells (Palanisami and Flinn 1988). The
model calculates the water balances, 
stress days, yield reductions,

and net income as shown in Figure 11.1.
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Figure 11.1--Tank irrigation system simulation model
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Water Balance
 

The model, programmed in FORTRAN 
IV, operates on a daily basis.
Daily tank water balances were computed the from
by adding inflow
rainfall in the catchment to previous water and
the day's balance
subtracting outflows from the tank and seepage and evaporation 
losses
on that day. From 
tank storage, the corresponding elevation of
tank water surface was calculated, 
the
 

permitting the possible output
flows from each 
of the 
four tank sluice gates to be estimated. The
model calculates the tank emptying as well as overflowing, using the
sill (bottom) levels of the sluices 
and surplus weir. The model
permits the conjunctive use of groundwater to augment tank water
supplies. Pumping may take 
place when the 
tank water level is below
the sill or when the sluice is closed as part of tank water management. 
 The quantity of groundwater pumped on 
any day is dependent on
(1) the tank storage level, 
 (2) the number of wells serving the
turnout of that sluice, and (3) the delivery efficiency of the canals
(for example, the 
lining of the canals). That is,
 

GWATsk = p'f(TSTOk) x NWs, 
 (11.1)
 

s = 1, ..... 4 k 
= daily increments
 

where,
 

GWAT k = groundwater pumped 
in sth sluice, kth day,

TSTO k = tank storage or kth day,

NWs = number of wells in sth sluice, and
 p = factor for recharging the wells from tank storage.
 

Stress Days and Yield Reductions
 

A stress index was empirically estimated, following 
 Wickham
(1973), as the number of days in excess of three 
when the tank or
groundwater supply rice less
to was than 
half its field water
requirement for each 
period of stress that occurred. The impact of
stress at different periods of crop growth (vegetative, reproductive,
and grain filling) was empirically estimated from the rice yields and
stress periods observed in farmers' 
fields.
 
The estimated equations were as follows:
 

= 
Yt at + bt SDt 
 (11.2)
 

t = 1, 2, 3
 
where
 

Yt= rice yield 
in tons per ha, given the occurrence of stress
 
days in period t,
 

a = base yield, given no stress days in period t,
Sbt = number of stress days observed in period t, and
bt = estimated yield reduction per day of stress occurring in
 
period t.
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To permit accumulation of stress days in different periods of
 
crop growth, the following weights (Wt) were assigned:
 

Wt = bt/b 3, 	 (11.3)
 

t = 1, 2, 3 

permitting the weighted stress days (WSD ) for sluice s to be
s

estimated, given the actual incidence of stress observed in different
 
sluices and crop growth periods:
 

3
 
WSD s = E (SDst * Wt). (11.4)
 

t =I
 

s = 1 . .. . 4 t = 1, 2, 3 

These weighted stress days were regressed against actual yields in
 
different locations (head, middle, and tail end) of the system to
 
generate the following relationship:
 

= 
Ysk Ck - dk WSDs' 	 (11.5) 

k = 1, 2. 3 s= 1......4 

where
 

= 
Ysk actual yield in sluice s at location k,
 
ck = rice yield without moisture stress in location k, and
 
dk = estimated coefficient of the yield reduction due to weighted
 

stress days in location k.
 

Total yield reduction (YRDsk) within a location of a sluice was then
 
directly calculated as:
 

YRDsk = (dk x WSDs) * AREsk, 	 (11.6) 

s ......4 kk 1, 2, 3
 

where
 

AREsk = 	 rice area of the group of farms in location k of the 
sth sluice, in hectares. 

In consequence, total rice production of the group of farms
 
(TOTPRNsk) in location k of the sth sluice is the following:
 

TOTPRNsk = (ck * AREsk) - YRDsk. 

Finally, the net return in Rs per ha to the group of farms in
 
location k in sluice s is:
 

NETRNsk = [(TOTPRNsk * PR) + VPBsk]/AREsk - COSTHAsk ,
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where
 

NETRNsk = the per hectare net return to 
the group of farms in
 
location k in sluice s,


PR = rice price, in Rs per ton,

VBPsk = value of by-product (straw) to the group of farms in
 

location k in sluice s, and

COSTHAsk = cost of production per hectare to the group of farms
 

in location k in sluice s.
 

Conjunctive Use of Tank and Well Water
 

Conjunctive use can be achieved by opening and closing sluices 
on
alternate weeks. The main purpose of this 
rotation is to extend the
period of tank water supply: this 
increases the supply of lower-cost

tank water later 
 in the season and also increases groundwater
recharge. Although 
farmers must pay for pumped groundwater in theperiods in which the sluices are closed they
(should choose to
irrigate), the reduction in yield loss due to reduced stress days and
lower late-season pumping costs 
may compensate for extra
the cost.
Thus there is clearly a trade-off between continually leaving the
sluices open and 
opening the sluices on alternate weeks to increase
conjunctive te. Conjunctive use, however, will also be 
influenced
by related issues like canal 
lining and extra wells that provide more

groundwater supplies.
 

Canal Lining
 

Water losses 
 in the unlined main canals are estimated by the
Public Works Department (PWD) as about 30 percent, is, canal
that

delivery efficiency of about 70 percent (Tamil Public
Nadu, Works
Department 1985). The canals of tanks
several have been lined usi:g
cement slabs, has
wehich reduced 
water losses by 20 percent and
produced a canal delive.ry efficiency of 90 percent (Tamil Nadu,
Agricultural Engineering Department 1983). a
As conservative
 
estimate, the saving in v:ater loss was 
assumed to be 15 percent.
Thus the delivery efficiency of 
the main canal was increased from 70
to 85 percent by canal lining. 
 The lining has, however, a negative
effect on groundwater recharge, since also from
wells recharge
canals. A conservative 
estimate of the reduction in groundwater

recharge was 10 percent due to 
lining.
 

Additional Wells
 

Tanks alone can no longer meet the entire water requirements of
paddy 
in their command areas in most years. Sinking 10 to 15 meter
 open wells in the command area * an
s thus become important method of
 
supplementing tank water.
 

Farmers do not 
pump from these wells every year. For example, in
 a high rainfall year when the tank overflows, tank supplies 
are
adequate to irrigate the rice area. This about year
occurs one 
 in
ten. In some two out of 
ten years the tank basically fills, but does
not overflow. In this event, 5 to 10 percent 
of crop water require
ment is met from groundwater supplies. 
 At the other extreme, failure
 

http:delive.ry
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of the monsoon occurs in two out of ten years, and the tank fills
 
only minimally (less than 50 percent). In this case no rice is
 
planted and no groundwater supplies are used. In the remaining five
 
years, when tanks are 50 to 70 percent full, 30 to 40 percent of
 
irrigation water comes from groundwater supplies. In practice,
 
groundwater is necessary to supplement tank water supplies in more
 
than half of the years (Palanisami and Flinn 1988; Tamil Nadu, Public
 
Works Department 1984b).
 

Groundwater is mainly used dur ig the reproductive and grain
 
filling perleds of crop growth. By this time the tank water supplies
 
are exhausted, and the opportunity cost of water is high, because the
 
rice crop is in an extremely sensitive state for yield reduction due
 
to moisture stress, and because the farmer has already invested most
 
of his money and labor to grow the crop. In consequence, the 15
 
percent of farmers who own wells are able to exert monopoly pricing
 
for groundwater.
 

The impact of increasing well density in the tank coimand area by
 
25 percent was considered reasonable in view of the growing concern
 
for supplemental irrigation. The Public Works Department (PWD)
 
considers this increase in well density to be feasible when the
 
demand for and supply of groundwater are taken into account, even in
 
deficit years. Adding 25 percent more wells would bring the number
 
of wells in the command area to 109. The government may directly
 
invest in additional wells or encourage private farmers to invest in
 
wells. The government does so by assuring farmers access to credit
 
at commercial bank rates (12.5 percent) for financing investments in
 
wells.
 

RESULTS OF TiE SIMULATION MODEL
 

The objective of this study is to examine the conjunctive use of
 
tank and well water to improve the overall performance of tanks.
 
Normally, performance is measured in terms of aggregate rice produc
tion (that is, in tons of rice from a given command area). Howevc-,
 
reducing the differences in net return between farms--that is,
 
promoting equity in water allocation--is becoming a more important
 
concern of government than increasing total output per se. The
 
critical issue now is access to food and increased income among
 
poorer households. Thus tank performance is evaluated both in terms
 
of rice production and equity of income. For this purpose, the
 
product ivit, ratio was defined as the ratio of rice production with
 
system improvements to production under existing conditions. A ratio
 
greater than 1 implies an increare in system performance; the larger
 
the ratio, the gieater is the improvement in system performance due
 
to the change.
 

The equity ratio was defined as the ratio of net returns per
 
hectare of head-end farms to that of tail-end farms. A ratio of I
 
indicates equity in the distribution of irrigation benefits across
 
the tank irrigation system. A ratio that deviates markedly from I
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implies poor systems performance from an equity viewpoint.'

Stress days, 
rice yield reduction, total production for each
sluice command, and 
net income for each group of farmers were estimated usino the simulation model. Weath2r (rainfall) and 
tank in

flow data tor 1984 were used to compare the performance of the simulation model of the tank with the actual pertormance of the system 
in
that year. The year 1984 was chosen as the test year because (1) it
 was a water deficit year 
(not one of surplus or system failure); and
(2) data had beer 
collected in that year, permitting actual results
 
to be compared directly with simulated results.
 

The water use figures in Table 11.5 indicate that tank water is
used inequitably under existing conditions; 
when conjunctive use of
tank and well water is introduced, 
the use of tank water is reduced
while that of well water is increased. Further, when canal lining

and additional wells are combined, the water use 
changes accordingly;

canal lining has a marginal effect on reducing the groundwater
recharge and tank water use, and wells
additional increase the
 
availability of pumped water.
 

The most substantial reduction 
in rice yield and therefore in
production losses (Table 
 11.5) occurs when conjunctive use is
combined with lining and additional wells. That is, a combination ofbelow-outlet improvements with conjunctive use is of critical

importance for improving the technical 
performance of the system.


The productivity ratio is high for conjunctive 
 use in the
 presence of canal lining and additional wells. The equity impact of
system upgrading options 
indicates that conjunctive use with well

development and canal lining generates the highest returns to both
head-end and tail-end farmers, both with an equity ratio of 
 1.2.

This strategy would probably be preferred by both groups of water
 users, whose net income per ha is more favorable under this strategy
than under others. The same strategy also has the highest

productivity ratios: 
 there is not necessarily a trade-off between

productivity and equity when improving the operation of a 
tank
 
irrigation system.
 

Financial Evaluation of Improvement Strateqies
 

Alternative management and
strategies improvement in irrigation
structures lead to farmer gains. However, it is necessary to 
evaluate whether these investments are beneficial from the point 
of view

of society. In principle, strategies 
should be cost effective to
justify their adoption. The strategies introduced in the simulation
model were evaluated using financial measures 
like benefit-cost (B/C)


internal of (IRR).
ratios and rates return The details of the cost
and benefit calculations are described in Palanisami 
 and Flinn
 
(1988).
 

IThis definition of equity 
relates primarily to water distribu
tion between the head and tail 
of the command and does not deal with
other aspects of equity, such as differences between large and small,
 
or rich and poor farmers.
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Table 11.5--Water used, production, and equity impact, 

Ramanathapura District, Tamil 


Equity Impact
Production Impact 


Used (ha m)
Water 

Yield Total Produc- Net incore per ha
 

Equity

Reduction Production tivity
Tank Well 
 Tail Ratio
(t) Ratio Head 


Variable Water Water t) 


-


... 1,276 -33 ...
 
448 821
E 246.66 208.76 


1.54
1.36 1,914 1,243
152 1,116
CU 175.49 262.24 


79 1,189 1.45 2,156 1,617 1.33
 
CU L 164.11 257.70 


67 1,201 1.46 2,299 1,826 1.26
 
CU - W 175.49 332.38 

1.20
2,541 2,112
33 1,235 1.52 

CU + L + W 164.11 326.64 


= lining, and W = additional wells.
 
Note: E - existing conditions, CU = conjunctive use, L 
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Conjunctive 
use alone had high B/C ratios and IRRs because the

investment cost of its practices 
 is low. For example, sluice
 
operation for conjunctive use costs Rs 19,300 in wages paid to the

sluice operators, compared with an annual benefit of nearly Rs
 
389,400.
 

A comparison of the results in Table 
11.6 shows that from an

equity viewpoint, the option 
of combining conjunctive use with canal
 
lining and well development 
is the optimal choice. From a strictly

financial viewpoint, conjunctive use alone, which 
performs badly in
 
terms of productivity and equity ratios, may be the most 
attractive.
 
That is, equity and productivity criteria may not lead to the 
same
 
choice as financial criteria.
 

Table 11.6--Evaluation of the tank performance strategies, Ramana
thapuram District, Tamil Nadu, India, 1984
 

Financial Measures
 

Produc-
 Internal
 
tivity Equity 
 Life Benefit/ Rate of
 

Strategy Ratio 
 Ratio Period Costa Return
 

(years) (percent)
 

Conjunctive use 1.36 1.55 
 10 10.81 1974
 
15 10.91 1974
 

Conjunctive use 1.45 1.33 
 6 1.89 34
 
and canal lining 
 11 2.89 54
 

Conjunctive use 1.46 1.26 
 8 1.94 32
 
and additional
 
wells 
 16 2.37 47
 

Conjunctive use, 1.52 1.21 
 8 1.40 27
 
canal lining and 
 16 1.81 31
 
additional wells
 

aDiscount rate = 12.5 percent.
 

CONCLUSION
 

Tamil Nadu 
has a rice area of rearly one million hectares under
 
t3nk irrigation (Tamil Nadu, Public Works 
Department 1984a). It is

import:1 t to select improvement strategies 
to exploit the potential

of lank irrigation fully. The results of 
the simulation described
 
here indicate that cquity and financial criteria may result 
 in
 
differrnt '"rategies being 
chosen. The trade-offs that exist
 
between 
 f na - ci a,,-'eouity gains highlioht the role of the
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political process in determining actual choices and the importance

of incorporating farmers in identifying the improvement strategies

that best meet their needs and are operationally realistic within
 
their social system.
 

To maximize crop productivity or minimize income inequity, the
 
government can use productivity and equity criteria to define system

performance in a consistent way and to compare system different
 
improvement strategies. This is particularly relevant when the
 
responsibilities to operate and manage the tank systems are fully

vested in the local communities, with minimal intervention by

government. Under such conditions, farmers are more likely to
 
participate in tank improvement strategies when the potential

benefits are known. Thus increases in productivity or reductions in
 
income inequities help improve tank performance.


Moreover, the tanks may be rehabilitated through national or
 
international funds, such as those of the World Bank or the European

Economic Community (Tamil Nadu, Public Works Department 1984b).

Hence, evaluating modernization investments using financial criteria
 
such as the B/C ratio and IRR is also important. Results of the
 
simulation modeling demonstrate that conjunctive use is the single

most cost-effective strategy of the three. In dddition, iF physical

improvements are achieved and farmers are convinced that they should
 
manage the water, then returns from the total investment are very
 
high.
 



Part III 
Introducing and Sustaining 
Managerial Improvements 



12 
Overview
 

Anthony Bottrall
 

Three chapters are presented in this section. The first, by C.
 
Gopinath and A. H. Kalro, reviews the sustainability of some recent
 
efforts to improve the management of Indian irrigation systems,
 
largely below the watercourse outlet. The second, by Ramesh
 
Bhatia, presents a critique of current policies of irrigation
 
financing and cost recovery. The third, by Bhanwar Singh and
 
Radhika Ramasubban, looks at the performance of an autonomous
 
service agency organized on principles different than those of the
 
typical Irrigation Department: the Kerala Water Authority, although
 
concerned with supplying water for drinking rather than irrigation,
 
suggests some lessons for alternative forms of organizing and
 
managing irrigation.
 

The main conclusion that I draw from the Gopinath and Kalro
 
chapter and from earlier presentations is that a need exists for
 
systematic studies of present irrigation management practices in
 
India. Research is required that will give us a better understand
ing of how irrigation systems work as a totality: how they perform
 
arid, in particular, how management decisions are made and why.
 
Quite a lot of studies have been done on certain aspects of system
 
performance and management and on partial interventions such as
 
those providr.d thruugh the CADAs. Few, however, encompass the whole
 
picture fron headworks to field.
 

The first step toward filling this gap should be to review the
 
relevant literature and identify key questions that need to be
 
investigated further. The second should be to conduct more studies
 
of whole systems and to produce case studie3 that represent dif
ferent agroecological conditions and administrative traditions. The
 
aims would be: (1) to identify the particular weaknesses and strong
 
points of each system; (2) to differentiate, through comparative
 
analysis, between what appear to be universal management principles
 
and appropriate location-specific practices; and (3) to recommend
 
key areas of management improvement, both in the short and long
 
term.
 

A detailed methodology for such studies is suggested in a report
 
I prepared some time ago (Bottrall 1981), and further improvements
 
and refinements can be found in subsequent irrigation management
 
literature (available through the International Irrigation Manage
ment Institute or the Overseas Development Institute Irrigation
 
Management Network). Interdisciplinary (technical and social
 
science) skills are required, including a capacity for orgariza
tional and institutional analysis, and senior researchers need to
 
spend a substantial amount of time in the field checking and cross
checking evidence about the decision-making process at all levels.
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These factors may partly explain why such studies 
are rare. An even
 more important factor may be that most 
independent researchers have
difficulty getting 
access to the inner workings of the irrigation
bureaucracy. 
 Strong hitih-level endorsement from an agency such 
as
the Planning Commission may thus be necessary for of
initiating work 

this kind.
 

Logically, an analysis 
of irrigation system management first
requires the system's performance 
to be assessed in relation to its
potential (an issue discussed during Session 
II). This needs to 'e
followed by an analysis of reasons
the for performance, not all of
which 
have to do with management. Other important factors that
limit the extent to which system managers can influence performance
include the policy environment and the system's physical design.

Among the most pervasive management weaknesses likely to be
identified through such studies are 
the following (all of which were


mentioned frequently during workshop discussions):
 

Top-down administrative 
 structures and processes, which
limit the information feedback received from farmers and
 
subordinate field staff;
Poor coordination among support agencies, both within irri
gation (surface and groundwater) and between irrigation,

aqriculture, and CADAs; 
and
 
Inefficient and inequitable methods 
of water distribution
from the headwerks to the watercourse outlet Imain system

management).
 

Many participants 
 emphasized the importance of management
improvements aimed 
at redressing these weaknesses. Gopinath and
Kalro, and several others as well, concluded that good main system
management is a key precondition for stimulating the 
willingness of
farmers to invest in improvements below the outlet. 
 Yet nearly all
recent interventions 
 in India have beer heavily directed to activities below 
the outlet, including Command 
Area Development, and
main system management weaknesses have allowed
been to continue.
This faulty problem diagnosis has not been accidental. Concentrating on below-the-outlet 
issues implies that the principal problems
in the system have been caused by 
farmers and conveniently diverts
attention away from the shortcomings of the 
irrigation departments.
The single most intractable problem facing efforts 
to improve
irrigation management in India today is probably 
the lack of
responsiveness on the part of 
system managers and their field staff
to clients' needs. Thus 
the key interventions required 
are incentives for managers and staff to 
serve those needs better. Identifying feasible interventions for that purpose is not an easy task,
given the rules governing public sector employment generally and the
particular conditions prevailing on many large irrigation systems,
where high returns can often be obtained by mismanagement.

Research is, however, likely 
to come up with several constructive ideas for the future. One of 
the most promising interventions
in the short term could be the 
training of senior engineers in new
techniques 
of system operation. This intervention has no significant political implications, but could 
have a major impact on
motivation. 
 At present operation and maintenance (0 & M) has 
a much
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lower status among irrigation engineers than design or construction,
 
since O&M responsibilities are seen as being primarily concerned
 

with routine maintenance functions, which do not call for a high
 

degree of specialist skill. Good systems operation, matching
 

variable water supplies with often very complex patterns of water
 

demand, does involve specialist skills, however, and building up a
 

new cadre of engineers who are professionals in this particular
 

field, equipped with computers and other necessary status-enhancing
 

equipment, could do a great deal to raise morale. 
 Their desire to
 

do a good professional job should then have a secondary effect on
 

the performance of lower-level staff.
 
The first systematic attempt in India to improve irrigation
 

system performance through this kind of strategy has recently been
 

launched through the World Baik-assisted National Water Management
 

Project. The impact of this project, and the processes by which it
 

is achieved, merit close study by independent researchers.
 
A complementary strategy worth pursuing, again in the relatively
 

short term, is to build up pressure on the management system from
 

below, through increased farmer involvement in formal decision

making. The desirability of "farmers' participation" is now widely
 

subscribed to by senior Indian irrigation administrators and
 

engineers, but in practice much of their enthusiasm derives from the
 

idea that farmers could take on responsibilities (especially for
 

maintenance) at the lower end of the system that the department
 

would be glad to get rid of. Farmers will not, however, be inter

ested in taking on additional tasks unless they can in return assume
 

greater control over key management decisions, especially decisions
 

about the amount and timing of water delivered to the head of their
 

section of the system. This impl ies some transfer of decison

making power from the Irrigat ion Department to farmers' groups.
 

Agreement to such a transfer will initially be difficult to achieve
 

(as 
has been shown ir,recent attempts to introduce more meaningful
 

forms of farmer participation) but could become easier once the
 

professionalization of system operation begins to take root.
 

Niranjan Pant suggests that four conditions, in addition to
 

responsiveness of the irr igation agency, need to be met in order to
 

involve farmers successfully in the management of large systems:
 

Good local leadership;
 

A water supply regime offering opportunities for improved
 

allocation and distribution at the local level;
 
Availability of tangible benefits in return for the costs
 

of more intensive collaboration among farmers and between
 

farmers and the agency; and
 
Legitimacy of the group to ensure its recognition by the
 

agency.
 

An interesting experiment is due to start soon on the Mula
 

command in Maharashtra, where the five necessary conditions should
 

apply. An irrigators' cooperative on a minor command of about 500
 

ha has, after prolonged and intensive mediation by a voluntary
 

agency, reached agreement with the Irrigation Department of Maha

rashtra to buy water seasonally at the minor head on a volumetric
 

basis. The understanding is that all responsibilities for water
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distribution 
(and eventually maintenance) within 
the minor command
should be transferred to the cooperatiie. Similar experiments 
ure
also being discussed at the Panchampad command 
in Andhra Pradesh.
The results should be worth watching.

Looking to the longer term, it is not too early to start
thinking about ways 
in which entirely new organizational structures
might be introduced in the irrigation sector: 
structures specifically designed to pressure management and staff 
to be re.,ponsive to
clients. Earlier 
in this volume (p. 19-20), Vaidyanathan states
 

that,
 

A management system with full 
user participation and control
requires a radical departure from present arrangements.

Although it will take time 
to accomplish, such a system
should be the ultimate goal. In the meantime, a beginning

could be made by 
making the management of each system an
autonomous entity, building up a cadre of 
professionals with
 a broad concept of water management and preferably employed
permanently by system
each organization, and using the
proceeds of water fees from 
the command area of each system

for maintenance and administration. When users see that the
water charges they pay are used for their
running system,
they should be more willing to pay for them.
 

One might comment that Vaidyanathan's propos ed "beginning" would
itself require 
a radical departure from present organizational
structures and 
practices. Perhaps experimentation with farmers'
management 
within the minor command could become 
the first step
toward such transformation. In principle, however, the structure he
is arguing for--an autonomous entity at the system level with
own permanent professional employees, accountable to users 
its
 

its and
entitled to reinvest users' 
payments in the system itself--is well
worth aiming for. Examples of such organizatiorb already exist
several parts of the world, notably 
in
 

the Irrigation Associations o'
Taiwan, and they have often worked successfully.

An essential key to the success of this kind of 
 independent,
decentralized service organization (which could be a users' association, a public utility, or an independent company) lies in how its
operating finances managed. Bhatia's chapter presents
are 
 a
devastating critique 
of what is wrong with the present system of
water charges in India. He also discusses the levels at which water
(or service) charges may appropriately be 
set and, in particular,
the need to take into account the 
whule array of product and factor
prices that affect farmers' incomes and capacity to pay. His
chapter also 
stresses the need to harmonize charges for surface
water and groundwater in such as promote optimal conjunca way to 


tive use of both sources. However, his recommendations simply
abolish charges for water (and 
to
 

in some cases even for power) are
difficult to endorse, 
except as a counsel of despair. They are
essentially 

the 

a reductio ad absurdum of present policies, which are
outcome of powerful political pressures to provide water as a
free good and a major contributor to the poor operation and main
tenance of so many irrigation systems.
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Besides the concern of many participants with their macro
economic and broad equity consequences, Bhatia's (tongue-in-cheek?)

proposals also offer no solution to the central 
problem discussed
 
during this session: how to introduce sustainable improvements in
 
irrigation system management. His proposals simply leave the onus
 
(where it already is) on the existing administrative system, which,

he feels, should spend more on O&M from general revenue. One of the
 
main reasons why so little is being spent from general revenue for
 
this purpose is that there is no pressure on the system to behave
 
differently. Where can that pressure come from?
 

The answer, as Vaidyanathan points out, is from water users
 
themselves. If, instead of going to general revenue, the operating
 
agency would retain and reinvest farmers' payments, a cyclic process
 
of improved management could begin to occur. Farmers could then
 
envisage paying more for a tangibly better service; once that
 
happens, the agency could obtain more funds with which to provide

that better service. This process works effectively in Taiwan's
 
Irrigation Associations and no doubt elsewhere too.
 

The final chapter, b; Singh and Ramasubban, seek,: to provide

evidence from within !ndia (though not from within its irrigation

sector) of better pe;formance and greater responsiveness, resulting

from the relatively autonomous, decentralized, nondepartmental
 
nature of the agency concerned. Unfortunately, the Kerala Water
 
AuthLu:ity seems to have taken on many if the organizational charac
teristics of an ordinary line department. Most of its activities
 
are too-down and insensitive to variations in local conditions and
 
needs. Clearly, a simple change in the formal superstructure of an
 
agency is not enough to bring about a stubstantial transformation in
 
attitudes and performance. Such a trdnsformation mijht, however, be
 
brought about by a number of reforms in the p-esent setup of the
 
Authority including the involvement of clients in electing its Board
 
and their direct representation on the Board. The authors' observa
tion that users are slowing increasing interest in the management of
 
their local water supply systems is encouraging, but their advocacy

of "stay small"--although possible where many small systems are
 
managed under one Authority--is unfortunately not a feasible option

in the context of large-scale irrigation. A single, unitary
 
management system is inescapable, although decentralized units and
 
responsibilities are, of course, possible, indeed essential, within
 
it.
 

To recap, three main types of research could be profitably

undertaken in this field:
 

Studies of complet'. irrigation systems and their current
 
management practizes. In the discussion, H. Sanwal argued
 
that particular attention should be paid to the details of
 
current operating procedures, or the lack of such proce
dures, with a view to building up detailed manuals for the
 
kind of operational maintenance that used to exist on many
 
of the irrigation systems in northwest India.
 
Studies of new experiments in system operation, including
 
those undertaken during periods of exceptional stress on
 
the system (such as the cases described by Rajagopalan and
 
Swaminathan in Chapter 9). In the latter cases, attention
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should be paid to answering why the improved management

practices introduced under stress are rarely insttijtional
ized more generally.

New action research initiatives instituted by the research
ers themselvws in conjunction with an action agency, which
 
might be governmental or nongovernmental. These would
 
focus on promising interventions that have not been
 
attempted elsewhere.
 

In all these contexts, care should be taken to ensure that the
 
necessary mechanisms are set up to leed the findings of research to
 
key decision makers.
 



13 
Sustainability of improvements in 
Irrigation Management 

C. Gopinath and A. H. Kalrol 

India, in common with the rest of South Asia, has seen rapid

strides in irrigation development in the past few decades. The
 
expansion and improvement of irrigation facilities occupy 
 a

prominent place in India's programs for agricultural development.

The financial outlays and expenditures incurred on development of
 
major, medium, and minor irrigation in the country's five-year plans
 
are given in Table 13.1. As Desai's chapter in this volume (Chapter

4) shows, despite the sizable nature of the investments incurred in
 
the irrigation sector, there 
has been over the years a persistent
 
gap between irrigation potential and its use.
 

Historically, the focus of irrigation development in India has
 
been on the design and construction of civil works for storage, con
veyance, and distribution of water. The major objectives of irriga
tion development 
in the colonial days were to provide protection

from droughts and famines, to appropriate revenues to the state, and
 
to maintain 
colonial authority. These systems were essentially

supply oriented, were administered rather than managed,2 and lackeo
 
operational flexibility to deliver water at the right time and 
in
 
the right quantities--essential prerequisites of an irrigation

system for modern intensive agriculture. The objective of providing

famine protection further implied extensive rather intensive
than 

irrigation.
 

Wits rapid changes in Indian agriculture over the past two
 
decades, the realization is growing in India of the need to 
improve

the quality of irrigation supplies and services, particularly from
 
existing large and medium surface irrigation projects. As a conse
quL-ce, the emphasis in irrigation development is shifting to

rehabilitating existing projects and improving the 
 irrigation water
 

IThe authcrs a-e grateful to 
Mark Svendsen, Shashi Kolavalli,

and Girja Shara fir useful suggestions on this chapter.
 

2Due to . lack of trained manpower during that period, it was
 
also essential to minimize the personnel required for operating such
 
systems.
 

3The 
 green revolution has brought high-yielding varieties,

increased use of fertilizer, higher yields, greater production

potential, and a shift from 
subsistence to commercial agriculture.

Although productivity of irrigated lands has improved over time, the
 
current 
 levels of crop yields average only about 2 tons per ha
 
compared with achievable yields of 5-6 tons per ha.
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Table 13.1--Outlay and expenditures 
 for developing irrigation
 
potential, by plan
 

Out lay
 

Major and
 
Medium Minor
 

Five-Year Plan Irrigation Irrigationa Total Expendituresb
 

(Rs millions)
 

c
First Plan (1950/55) 3,800 760 4,560 4,340

Second Plan (1956/60) 3,800 1,420 5,220 4,300

Tnird Plan (1961/6-3) 5,810 3.280 9,090 6,640

Annual Plan (1966/69) 4,340 3,260 7,600 4,710

Fourth Plan (1969/74) 12,370 17,500
5,130 13,540

Fifth Plan (1974/78) 24,420 6,310 30, 730 34,340

Annual Pan (1973/79) 9,770 2,370 12,140 
 n.a.

Annual Plan (19i9/80) 10,790 2,600 13,390 n.a.

Sixth Plan (1980/85) 84,480 18,100 102.920 n.a.
 

Notes: Irrigation schemes during the first plan period were 
divided

into three categories cn the basis of the capital cost of the 
schemes: (1) major irrigation schemes, which cost more than 
Rs 50 million; (2) medium irr'gation schemes, which cost Rs 1 
million - 50 million; (3) mincr irrigation schemes, which 
cost less than Rs 1 million. 
In 1978, the basis of classification of major, medium, 
ana
 
minor irrigation projects was revised; in place 
of capital

cost, the categorization was based on cultivable command area 
(CCA) as follows: (1) major irrigation schemes with more then 
10,000 ha CCA; (2) medium irrigation schemes with 2,000
10,000 ha CCA; and (3) minor irrigation schemes with less 
than 2,000 ha CCA. The revised classification aimed to 
adjust technical and administrative scrutiny of irrigation

schemes according to magnitude and complexity.
aGovernment outlays.
 

bIncludes expenditures 
for flood control.
cIncludes Rs 800 million incurred during pre-plan period.
 
n.a. Not available.
 

management 
from these projects so that irrigation and agricultural

productivity is ahanced. Since the early 1970s, programs
major

have been under way to rehabi'itate, modernize, and improve India's
 
existing irrigation systems. Such rehabilitation implies not only

bringing about physical Improvements, but also introducing organiza
tional, managerial, and oth3r innovations,


The experience of these management interventions to improve the
 
performance of irrigation systems is under debate, 
 and concerns
 
related to their sustainability are sometimes expressed. This
 
chapter examines issues related to the sustainability of management
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improvements, particularly of major and medium 
surface irrigation
 
systems, and p !sents a framework for examining the elements of
 
management interventions and evidence of sustainability of management

improvements in Indian irrigation Lystems.
 

IRRIGATION MANAGEMENT AND PERFORMANCE OBJECTIVES
 

Irrigation management is the process by which water i; manipu
lated and used in the production of food and fiber. A widely

prevalent belief is that the needs of irrigation management are
 
dictated by the goals of higher agricultural productivity. In most
 
developing countries, irrigation and its effective management are
 
also perceived 
as instruments to improve employment opportunities,

incomes, social justice, equity in social and economic distribution
 
of assets, and environmental conditions.
 

The purpose of an irrigation sy-tem is to service and sustain an
 
agricultural system in a timely and adequate manner 
so that water,

together with other inputs and requisite infrastructure, creates

favorable conditions for achieing high levels of crop production and
 
productivity. The components of a surface 
irrigation system that
 
contribute to ts overall performance are: a catchment contributing

to runoff; a storage reservoir; a distribution and regulatory system

consisting of mains, branches, distributors, minors, and farm-level
 
networks; and farm-level and main drainage systems for removing
 
excess water. For instance, catchment 
and upstream land management
 
are vital to both the availability and quality of water for irriga
tion. Changes in one component may render another ineffective. The
 
entire 
 purpose of irrigation management is to achieve performance

levels that are in line with the objectives of the irrigation
 
system.


What are the performance objectives of an irrigation system?

Can they and should they be common for different systems with varying

characteristics? 
 Only when the objectives are clear can performance

be evaluated. Unfortunately, there are no accepted indicators of

irrigation performance, and performance objectives often 
lack clarity
 
and remain contradictory.
 

4These goals may relate to productivity per unit of water 
or
 
land depending on whether water or 
land is the constraint. General
ly, in public irrigatjn bystems, the farmer's aim is to optimize the
 
productivity per unit of land, while the irrigation agency's aim is
 
to 
optimize the productivity per unit of water. Consequently, the
 
conflict between private and social goals arises 
 in irrigation
 
management.
 

5The basis of this classification is the physical components of
 
the overall system. 
There could, however, be other means of classification.
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Some important objectives and 
 measures of performance are
 
related to the following:
 

Increased productivity per unit of water or 
land,

Improved equity of water distribution among users,

Increased reliability and dependability of supplies to match
 
crop water requirements,

Increased control of water distribution and improved flexibi
lity in operation and maintenance,
 
Improved environmental 
stability and maintenance of land and
 
water productivity over time, and

Increased cost effectiveness of investments 
in the system.
 

Each component of the system must have the same 
goals, de;rived
from the objectives of the 
larger system. Only by identifying the
goals over the parts and the whole can 
a system capable of achieving

the overall system objectives be sustained '
 t Focused operations

derived from a strategy explicitly defined for the total system
produce high performa9ce levels, which are now to define,
easier 

measure, and control. Unfortunately, incongruent structures for
different system components 
are common and lead to poor performance.

The converse is rare. Some important reasons for this are the
 
following:
 

Professionals in different fields to
attempt achieve goals

that, although valid and traditional in their fields, 
are not
 
congruent with goals of other areas;

System goals 
are never made explicit;

Inconsistencies are not recognized;

More objectives are added, or objectives are modified,

resulting in an often futile attempt to achieve them;

Inadequacies 
 in design and built-in inflexibilities are
 
unable to respond to changes.
 

-!,nagement interventions are required to sustain or improve

performance 
levels of any system. Although these are important for
all components of an irrigation system, 
the present discussion is
restricted to 
issues related to the performance of the main and farm
level distribution components of an overall 
irrigation system.
 

6Although 
the objectives of different components of a physical
system must be congruent to achieve the overall 
objectes of the
 
system, this is, by 
no means, the only condition to fisure high
performance. 
 To attain high performance levels, the ouject;ves of
 
system managers and farmer users must 
also be congruent.
 

7
Here we draw a parallel with focused manufacturing operations,

as proposed by Wickham Skinner (1974), 
which are a must for competi
tive advantage.
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SUSTAINABILITY OF MANAGEMENT IMPROVEMENTS
 

All management interventions, aimed as they at arresting
are 

declining performance or upgrading p,:rformance levels, are achieved
 
at some cost. Therefore, maintaining maximum benefits with the 
least
 
-ost over the largest possible time horizon is a valid concern of

decision makers seeking 
to improve management. Sustainability is, in

large part, a question of our expectations regarding longevity

(Svendsen 1987). Consequently, there is a high degroe of association
 
between project 
rehabilitation or modernization and sustainability.

High sustainability connotes prolonged periods between 
rehabilita
tion, during which performance of the system is maintained at

adequately high levels. Although the factors that contribute to high

sustainability are not well understood, the 
concept of life cycle is

relevant for treating issues related to sustainability and perfor
mance.
 

The concept of product 
life cycle is widely used to describe the
 
sales performance of a product over time but can 
be extended to any
productive system. The stages of such a cycle are 
introduction and
 
eirly growth; high growth; maturity and saturation; and, finally,

decline. Productive systems are terminated when operations cease
 
permanently or when the system itself is so greatly revised that the

major portion of the original design is no longer relevant to its
 
subsequent operations. If no management interventions are made,

systems will naturally proceed to the termination stage. Interven
tions in the form of system redesign or rehabilitation are necessary

to change system outputs before the termination stage is reached.
 
Such irterventinns ensure that outputs are consistent with objectives

and therefore enhance system longevity.


At the stage of project modernization or rehabilitation, in
dicators of performance on one or more of the above 
objectives are
 
low as expected. Consequently, interventions are made to upgrade

performance. Yhese interventions may upgrade project hardware or
 
software or both. Taken independently and in combination, they help

upgrade rerformance. A framework detailing performance objectives

and elements of managerial i~terventions that may upgrade performance

is given in Table 13.2.
 

Understanding and measuring performance against each of the
 
performance objectives detailed earlier are preliminary and essential
 
for research related to management interventions, performance

upgrades, and sustainability. A survey of the literature indicates a
 
dearth of published material on monitoring project performance,

especially in relation to the objectives of irrigation systems.

Documentation of performance 
before and after project rehabilitation

is limited. Yet these first steps are essential for meaningfully

studying the problems o sustainability.


The pursuit of sustainability must ultimately address the issue
 
of self-sustaining systems. 
 This must involve the development of
 
resource bases, organizational forms and processes thAt geared to
are 

managing innovation, generating resources, and building 
the capacity

to manage the process of change itself. This is a continuous process

of building capabilities in the system to respond to challenges

arising from uncertainties and changes in different components of the
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Table 13.2--Performance objectives of 
 an irrigation system and
 
possible managerial interventions to upgrade performance
 

Principal Management Interventions
 

Performance Objectives Hardware Software
 

Productivity 
Improved water and land 
productivity through

Reduction of water 
losses 

Canal lining Improved control 
and water distri
but ion 

Increases in the 
irrigated area pcr 
unit of water 

Land leveling, 
land shaping, 
OFD, improved 

Improved water 
application 

irrigat ion 
technology (drip, 
sprinkler) 

Better crop yields High-yield Agricultural 
varieties, extension 
improved agricul
tural practices, 
credits 

Shifts in cropping 
pattern 

Multiple and 
relay cropping, 

Agricultural 
extension, 

shifts to high 
value crops 

input and 
output prices 

Equity 
Improved equity over 
Head and tail of the 
main canal system or 
command 

Regulation and 
control 
structures 

Main system 
scheduling 

Head and tail of chaks OFD works RWS/warabandi; 
farmer organiza-

Ldrge and small farmers OFD works 
tion 
RWS/warabandi; 
farmer organiza
tions 

Dependability/Reliability 
Greater dependability of 

Quantities delivered Measurement and RWS/warabandi 
control struc-

Time delivered 
tures, OFD 

RWS/warabandi 
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Table 13.2--Continued
 

Principal Management Interventions
 

Performance Objectives Hardware Software
 

Flexibility
 
Ability to respond to System design, System scheduling
 
changing crop and regulatory and and RWS practices
 
water needs control structures
 

Environmental Stability
 
Short- and long-term
 
environmental stability
 
through control of
 

Areas waterlogged Main and on-farm Improved irri
drainage gation practi

ces, pricing
 
of water, volu
metric charges
 

Areas rendered Drainage, leaching, Improved irri
saline or alkaline salinity control gation practices,
 

works, crop pricing of water,
 
selection volumetric charges
 

Groundwater levels Drainage, pumping, Improved irri
conjunctive use 	 gation practices,
 

pricing of water,
 
volumetric charges
 

Cost
 
Control of
 

Capital cost System design Upgraded skills
 
and manpowr.r ca
pability, reduced
 
corruption
 

O&M cost 	 System design, Organizational
 
automatic regu- design, beneficia
lation ry participation
 

Note: 	 OFD, on-farm development; RWS, rotational water supply; O&M,
 
operation and maintenance.
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irrigation system. This is possible 
only if we accomplish the
 
following:
 

(1) Develop an explicit statement of objectives and strategy,

(2) Translate the objectives and strategy into what 
they mean for
 

system maintenance and operation,

(3) Examine carefully and continually each element of the system's


focus, organization, and tasks, and

(4) Reorganize the complete structure to produce a congruent focus.
 

EXPERIENCE FROM INDIAN IRRIGATION SYSTEMS
 

Since the early 
1970s, management interventions (both hardware
and software) of the nature listed in Table 13,3 have been used

either alone or in combination to improve the performance of 
irrigation systems In India. The emphasis in such efforts has been 
rela
tively more on undertaking on-farm development (OFO) 
 works, command
 area development, and strategies of 
improvement beyond the irrigation
outlets and less on improving main system hardware. Published
information on sustainability of ,u~h interventions is meager.

Evidence currently available 
is sketchy and based on project-specific

situations 
and value judgments. Since these experiences vary from
project to project depending on factors such as the 
age of th,
sy'.tem, agroclimatic situations, and cost 
and nature of the interven
tions, generalization- on the sustainability interventions
of in
Indian irrigation 
systems are somewhat hazardous. However, 
some
evidence 
on sustainability of four specific interventions--on-farm

development (OFD) works, rotational water supply (RWS), farmer

organizations, and organizations for managing 
 public irrigation

systems--are detailed below.
 

An important component 
of the Command Area Development Program
(CADP) in India is planning and implementing OFD works. The principal elements 
of such works are field channels (including partial
lining), regulatory and control structures and measuring devices for
better on-farm water distribution, land leveling and shEping, and

field drains. 
 In the OFD works actually undertaken, the construction
 
of field drains and, to a degree, land leveling and shaping were
neglected. Although construction of field channels facilitated 
the

creation of a micro irrigation network beyond the irrigation outlets,
enabling more area 
to be brought under irrigation and improving water
distribution, regulation, equity, and crop yields, these 
improvements
were in themselves insufficient to ensure reliability and adequacy of

suppiies at the irrigation outlets (Gopinath and others 1986). 
 The
reliability and adequacy of supplies are governed 
by extraneous
parameters such as water availability in the system and main system

scheduling and regulation. Consequently, enabling conditions for
beneficiary motivation and 
involvement in water distribution and upkeep of OFD works for long-term sustainability have yet to be fully

realized. 
 These can only be ensured if decisions related to regula
ting and distributing supplies the farm level
at 
 are harmonized with
 
those of the main system.


Another aspect related to 
 sustainability of OFD works is the
quality of works and their maintenance. The quality of works
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undertaken has in many cases been poor, and maintenance scanty or
 
nonexis ent. For example, in the command of Mahanadi (Cuttack),
 
Orissa, when the OFD works were initiated in 1980-81, the cost of
 
the works was kept at Rs 460 per ha. This was revised in 1982 to Rs
 
680 per ha, and in 1984 to Rs 1,100 per ha. The annual provision for
 
maintenance of works was fixed at Rs 30 per ha. Although the
 
rationale for such decisions was to provide a larger number of
 
beneficiaries with the available resources, they had a deleterious
 
effect on the quality and the durability of the wurks. The net
 
effect of these efforts wa! inadequate and improper coverage of work
 
elements, poor regulation and control of water at the farm level,
 
short-term effectiveness of OFD works (lasting only a few seasons),
 
and partial loss of faith of the beneficiaries in such measures.
 

The sustainability of OFO works in the Lower Bh vani Project in
 
Tamil Nadu is more encouraging than that in Mahanadi. The OFD works
 
undertaken in the project area are of recent origin (1982), and their
 
quality is usually good. Project authorities prefer quality to cost
 
considerations, as witnessed by the norm of Rs 2,000 per ha compared
 
with much lower figures in other CADP's such as the Mahanadi.
 
Unfortunately, the current maintenance of OFD works is not optimal
 
here either: the government expects the beneficiaries to do it, and
 
they in turn want the government to undertake it. In this process,
 
maintenance is not getting its due attention, and a valuable invest
ment could become dysfunctional sooner than expected.
 

Rotational water supply (RWS) is a form of software intervention
 
attempted in Indian irrigation systems to improve water distribution
 
and use beyond the irrigation outlets. The warabandi system of RWS
 
has been relatively successful in northwestern India for over a
 
century. However, attempts to introduce RWS as part of the CADP have
 
been only partly successful in a few pilot studies outside the
 
traditional warabandi areas. In order to implement and sustain a
 
program of RWS effectively, several system requirements are needed,
 
but remain lacking. Among these are a well maintained, functional
 
network of field channels with required structures for conveyance,
 
distribution, control, and application of water. The system abuve
 
the outlet needs the capacity to deliver assured, adequate, and
 
timely supplies to the different outlets. A high intensity of
 
managerial inputs, effective participation of the beneficiary
 
farmers, and adherence to a discipline are other preconditions for
 
successful RWS. Perceptions gathered in discussions with irrio:tion
 
officials and farmers and from the experience of operating systems in
 
India indicate that much needs to be done to implement and sustain a
 
prcgram of R';S. The following weaknesses require remedial action:
 

8The command has an average annual rainfall of 1,500 mm, and
 
paddy is the principal crop grown. A major problem facing the
 
command is inadequate drainage and heavy waterlogging. The drainage
 
problem is aggravated by low gradients and limited natural drainage
 
(Tripathy and others 1986).
 

9Rainfall in the project command is scanty, averaging dbout 700
 
mm per year. In the command area and the state as a whole, farmers
 
attach a high value to irrigation water (Gopinath and others 1986).
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(1) Current resource cinmitment for managing RWS 
is not commensurate

with the tasks to be accomplished;
(2) Planning for RWS has basically been a top-down process, with very
limited 
involvement of the beneficiaries. 
 In spite of several
meetings held and motivational methods tried, the 
large majority
of cultivators do feel
not a sense of participation in determin
ing their allocations;


(3) Assured availability of water, 
in the amount and on 
the schedule
promised, above the 
outlet (main network) is still a 
long way
off. In fact, the flow from the 
outlets is not 
the same as the
quantity assumed in determining the schedules;
(4) The crop water requirements on which 
the entiie program is based
are not appropriate, particularly given differences 
in topography

and soil conditions;
(5) The record of outlet operating times, 
amount of water discharged,
and duration 
of operation is inadequate. Any corrective action
is difficult 
in the absence of meaningful information;
(6) Although the timings of 
irrigation 
for different cultivators are
displayed on 
notice boards, adequate mechanisms are lacking for
making changes and communicating them well in advance to the
 
cultivators;


(7) The supply of 
water at the outlets is generally the responsibility of 
the irrigation dep'rtments, whereas 
promoting RWS and
ensuring 
its success require the 
coordination and collaboration
of the irrigation department with other agencies, such as the
agriculture and 
revenue departments;
(8) Outlet-level committees 
do not receive proper recognition from
'.he beneficiaries as the legitimate agency to exercise 
control
 over distributing available water;
(9) The practice 
of night irrigat ,o does not receive full accep
tance and commitment; and
(10) The physical condition of the distribution network, 
 both above
and below the outlet, 
is not able to meet the stringent requirements imposed by the discipline of 
RWS.
 

In summary, the experience of introducing

not and sustaining
has RWS
been very successful, essentially due 
to the lack of preconditions, including technical 
ones. More careful planning and
efforts are necessary 
to create and sustain project-specific distributional and rotational water supply procedures 
rather than to
create common procedures across 
projects of varying water availability. Additional managerial time and money will have to 
be invested in
strengthening a program RWS.
of Whether the returns justify
investment will have to be 

the

carefully examined 
 in the light uf
experience gained 
from initial efforts. Special 
studies to monitor,
document, and evaluate the present efforts also need to be 
undertaken
 to strengthen the RWS program.


Organization of groups
farmer beyond irrigation outlets
form of software intervention attempted in Indian 
is a
 

irrigation systems.
Although concepts and experiences 
are debated in academic and other
forums and pilot projects are frequently visited (such 
as the Mohini
Water Cooperative, Gujarat), farmer 
 organizations
promoted have not been
as an integral part of any deliberate strategy. The roles
to be performed by farmer organization-
 are neither properly iden



165 

tified and appreciated nor legislatively backed. The organizational

functioning of the irrigation departments also does not promote the
 
participation of water users in decision-making. Importantly, the
 
lack of assured and timely supplies at the irrigation outlets does 
not encourage beneficiaries to participate. Conseqvently, farmer
 
organizations largely remain on chapter, and the success and sus
tainability of such efforts are currently poor. Wherever limited
 
success is reported (as in Mohini Water Cooperative, Gujarat), the
 
characteristics such as caste and economic levels 
of the irrigators

themselves are somewhat homogeneous, and the main system has a
 
minimum capacity to deliver and regulate irrigation supplies.
 

Another software intervention that has been attempted for
 
improving the overall performance of irrigation systems in India is 
the introduction of newer organizational forms for managing public
irrigation systems, especially the Command Area Development Authority
 
(CADA). The organizational pattern of such duthorities varies fror 
state to stats depending on each state's prevailing administrative 
arrangements. 
 Although the CADA has made significant contribution,,
by creating much needed infrastructure for development of irrigated 
agriculture, its organizational capabil1it es are still not strong
enough to implement successfully a program such as the CADP that 
embodies an all-inclusive approach. Due to the multiple function, 
assigned to these authorities and the lack of effective integration 
of responsibilities at the project level, the most critical funct ion 
of timely and adequate water deliveries at the irrigat on outlet, 
tends to oe neglected, and sustainabil1ty of this organizational 
form is constantly under debate. 

ISSUES FOR FUTUR[ R[S[ARCII
 

Sustannability of management interventions in Indian irr igat ion 
systems is a field that is poorly researched. This is not surprising
since the key to such investigations is a close understanding of the 
performance objectives of irrigation systems, the criteria and 
instruments for measuring performance, and the ways of monitoring
 
such performance before and after interventions. Studies on monitor
ing performance of Indian irrigation systems are themselves of recent
 
origin. Consequently, empirical evidence to answer questions related
 
to interventions, sustainability, and performance is lim:ted.
 

To provide a firmer basis for research on sustainability of
 
management interventions, we need to resolve the following related
 
issues and concerns:
 

I) How do we prioritize the performance objectives of an irrigation 
system? Can we focus investigations on a 1 ited number of 
performance objectives, such as productivity and equity?

(2) For the objective chosen, what are the criteria and instruments 
for measuring performance so that sustainability can be quan
tif ied? 

0
l In a few states, notably Tamil Nadu, existing line departments
 
handle CADP related work, with no separate CADA.
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(3) On the basis of present knowledge, what are the managerial

interventions 
that have a high likelihood of success? Alternately, can we generalize about the factors 
that contribute to
 
failure?
 

(4) Can we prioritize effectiveness of interventions by their

input-output relationships? 
 What are the trade-offs between
hardware and software interventions? Do any easy options exist?


(5) In undertaking 
 research on interventions and sustainability,

should we 
study the effect of one or two interventions (say. OFD
works, RWS) or soderal? Since an intervention in any part of the
 
system may give optimal benefits only when synchronized with

other interventions in the 
system, how meaningful is research on
 one or two selected interventions? How reliably can 
we isolate

the effects of interventions, taken singly, 
on performance and
 
sustainability?


(6) Since the ultimate object of research may be 
to select ,iterven
tions that are cost 
effective and highly sustainahle, how do 
weidentify and prioritize them for research? 
 How can we study the
 
effect of each intervention and its interaction 
on sustainahi-
I ity?

(7) To help us generalize 
from research investigations. how can we
 
evolve a conceptual framework and methodology for research so

that the overall research effort dces not necessarily end up as
 
individual case 
studies from discrete projects?
 

SUMMARY
 

The emphasis 
in Indian irrigation development is shift ng frcm
 
designing and constructing new irrigat ion 
projects to rehabiIitating

and modernizing exist Ing 
projects. Such rehabilitation involves

physical improvements to the system and introduction of organization
al, managerial, and other innovations. This chapter reviews 
the
 
recent experience of management interventions in major and mediu-,

surface irri ation systems in India and 
their sustainability.


Management interventions are undertaken to sustain 
or improve

performance levels 
of irrigation systems. Unfortunately, there are
 no commonly agreed 
 upon indicators of irrigation performance.

Although 
the factors that contribute to high sustainability are not

well understood, this paper 
gives a framework for detailing perfor
marce objectives 
 and the elements of managerial interventions
 
possible to upgrade performance, and applies the concepts of project

life cycle to the treatment of sustainability and performance.


Sirce 
the early 1970s, management interventions (both hardware
 
and software) nave 
been used both singly and in combinatior to

improve the performance cf irrigation systems 
in !ndia. The emphasis

in such efforts has teen more on 
strategies of improvement beyond the
irrigation outlets ano 
less on strategies of improvemont in the main
 
system hardware. The experience with these strategies varies from
project to project depending on the 
age of the system, agroclimatic

factors, and cost and 
nature of the interventions. Consequently,

generalizations about the sustainability 
of such interventions are
somewhat hazardous. 
 This paper presents evidence on sustainability

of four specific interventions: on-farm development works, 
rotational
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water supply, farmer organizations, and organizations for managing
 
public irrigation systems. However, the scope for research on
 
performance remains large, including clarifying concepts and assess
ing the impact of management interventions.
 



14 
Irrigation Financing and Cost Recovery Policy
in India: Case Studies from Bihar and Haryana 

Ramesh Bhatia 1
 

Several recent studies analyze the financial aspects of public
irrigation systems in Asia. Repetto (1987) points out that govern
ments collect from user fees on average than
less 10 percent of the
 
fu I costs of irrigation services; government subsidies range from

75 to 99 percent. Among the widespread problems encouraged by

subsidies are chronic excess demand for water 
and water projects,

poor operation and maintenance of completed systems, 
and inattention
 
to 
water conservation opportunities. In a multicountry 
study of

financing and cost 
recovery mechanisms 
in Asia, Small and others
 
(1986) conclude that it is probably not feasible to collect

irrigation service 
fees based on the volume of water used because of
 
two factors: the inability of most agencies measure
to water
 
consumption accurately at turnout
the and the administrative costs

of collecting fees from the large number individual
of farmers
 
usually found in 
the irrigation systems of developing countries.
There does, however, appear to be scope for 
charging organized
7
g- 'ups of farmers served from a common canal. 
 Svendsen (1986. 109)
 
reaches a similar conclusion:
 

The upshot of all of this is that it is virtually impossible
 
to construct a plausible scenario 
wherein the price that is
 
set for irrigation water has some 
incentive effect 
on water
 
use decisions at 
 the tertiary or "on-farm" level without
 
postulating significant changes in the that is
way water 

generally measured and delivered 
or in the way that farmers
 
and the irrigation agency organized interact
are and with
 
each other.
 

Moreover, the implicit 
and explicit levies collected from the

farmers in addition to water charges need 
to be carefully assessed
 
and compared with implicit and explicit subsidies for all the

agricultural inputs 
in a region and irrigation project. According
 
to P. K. Rao (1984, 3),
 

Only then 
one may be in a position to argue about the

relevant range which water
over the 
 rates could be dater
mined, in contrast to simplistic and misleading application
 

1 An earlier version this was
of chapter prepared for the
 
International Irrigation Management Institute 
in Sri Lanka. The

author is grateful to Basawan Sinha, 
Leslie Small, P. S. Rao, and Ed
 
Martin for valuable suggestions and comments.
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of thumb rules on [cost] recovery on administratively
 
defined costs of irrigation projects.
 

This chapter points to the need to take a systems view of the
 
financial flcws rplated to the provision of irrigation services. It
 
argues that instead of being confined to the direct recovery of
 
water charges, studies should qu3ntify the direct and indirect
 
contributions that an irrijation project makes to central, state,
 
and local government revenues. It also suggests that determining
 
water rates for canal irrigation requires explicit consideratior, of
 
the following issues: (I) subsidies on investment, operation, and
 
maintenance costs of public tubewells and privately managed small
 
tubewells, including subsidized electricity or diesel oil; (2)

pricing of other inputs such as fertilizers and pesticides; (3)

pricing policies for farm output; and (4) the terms of trade between
 
farm and nonfarm sectors.
 

The chapter is organized as follows. First it presents an 
overview of the irrigation development in Bihar and laryana since 
1951, followed by analyses of changes in water rates and collection 
costs of water charges. Next comes a cr itica evaluation of 
operation and maintenance (O&M) costs of irrigatini projects in the 
two states. The following sect ion presents estiimates of farmers' 
ability to pay for irrigation services and compares water rates with 
net income frcm irrigation as well as with gross value of output. 
The implications of raising water rates to cover O&M costs or
 
capital costs or both are also covered. the issues relating to
 
output prices and terms of trade are discussed next, emphasizing the
 
need for a comprehensive view of policies affecting irrigated
 
agriculture. This is followed by the estimates of total resource
 
flows related to publicly managed irrigation and irrigated agricul
tural sectors in Bihar. The last section outlines some issues for
 
further discussion.
 

IRRIGATION DEVELOPMENT IN BIIAR AND HIARYANA
 

As mentioned earlier, two states in India--Bihar and Haryana-
were selected for in-depth analysis of available data and evaluation
 
of alternative policies. The irrigation systems in both states are
 
characterized by a mix of century-old irrigation systems and new
 
projects constructed during the past three decades. doth states are
 
in the Indo-Gangetic Plains of northern India. While Bihar, in the
 
east, is known for its high resource base and low use of both
 
groundwater and surface water, Haryana is known to be nearing its
 
limit on available water resources. While the per capita income in
 
Bihar in 1980/81 was 35 percent lower than the average for India,
 
that of Haryana was 52 percent higher than the national average
 
(Table 14.1). The economic development of Bihar decelerated in the
 
1970s and 1980s compared with the 1960s due to a number of
 
political, social, and economic factors. The economy of Haryana
 
grew rapidly: the state income (net state domestic product) at
 
constant prices grew 76 percent over the decade from 1973/74 to
 
1983/84. The per capita income of Haryana rose from Rs 818 in
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Table 14.1--Profile of India, 
Bihar, and Haryana, 1980/81
 

Item 


Area 


Population (1981) 


Population growth
 
rate (1971/81) 


Percent of rural
 
populaLion 


Unit 


1,000 sq km 

(Percent) 


Million 

(Percent) 


Percent 


Percent of agricultural
 

Bihar Haryana
 

174.00 
 44
 
(5.3) (1.38)
 

69.8 12.9
 
(10.2) (1.9)
 

2.4 2.9
 

87.6 78.1
 

402.00 291.00
 

402.CO 291.00
 

161.00 84.00
 

77,959.00 7,604.00
 
(13.5) (1.3)
 

1.11 3.58
 

17.30 4.40
 

8.3 3.60
 

11.1 5.50
 

134.00 153.00
 

Continued
 

workers to rural
 
population 


Population density 


Towns 


Villages 


Average size of land
 
holdings 


Total geographicel 

area 


Net area sown 


Total cropped area 


Intensity of 


cropping
 

Net irrigated area 


Persons/sq km 


Percent 


Hectare 


Million ha
 

Million ha
 

Million ha
 

Ratio 


Million ha
 

India 


3,183.00 

(100) 


6L4.00 

1100) 


2.5 


76.3 


212.00 


212.00 


n.a. 


576,000.00 


(100) 


2.00 


304.00 


140.00 


173.00 


124.00 


http:576,000.00
http:3,183.00
http:7,604.00
http:77,959.00
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Table 14.1 continued
 

Item Unit India Bihar Haryana
 

Total 38.8 3.00 2.1
 
Canals 15.3 1.2 1.2
 
Tubewells 9.5 0.8 0.9
 

Gross irrigated area Million ha 49.6 3.6 3.3
 

Per capita income
 
(current prices) Rs 1,537.00 870.00 2,331.00
 

Source: Ramesh Bhatia, "Resource Mobilization for Financing 
Irrigation Services in India: A Case Study of Bihar and 
Haryana," paper prepared for the Inte-national Irrigation 
Management Institute, Sri Lanka, 1987. 

Ncte: Figures in parentheses are the percent of the all-India 
total. 

n.a. Not available. 

1973/74 to Rs 1,127 in 1983/84 (at constant prices), an increase of
 
28 percent. Bihar is known for its dense population, high unemploy
merit levels, and fast-expanding bureaucracy. Haryana is charac
terized by a lower density of population and a relatively more
 
efficient bureaucracy.
 

Prior to 1951 there was only one major scheme, the Sone Canal
 
Irrigation System in Bihar, which had bcen operating since 1858.
 
The irrigation benefits achieved by 1951 from iiajor and medium
 
schemes were 0.4 million ha. In 1968 a new barrage was commissioned
 
at Inderpuri, 8 km upstream of the old anicut. The new barrage
 
supplies water through newly constructed canals to eastern and
 
western low- level canals. According to the Central Water Commis
sion, the cumulative potential created by major and medium schemes
 
by 1981 was supposed to reach 2.532 million ha. Estimated use was
 
only 1.7 million ha, while the actual area irrigated by canals (as
 
reported by the irrigation department) was 1.2 million ha. The
 
cumulative expenditure was estimated to be Rs 7,460 million: Rs
 
3,020 per ha of potential created and Rs 4,440 per ha of potential
 
used (without adjusting for price changes).
 

Prior to 1951, the only main project in the Haryana region was
 
the Western Yamuna Canal System, one of the oldest canal systems in
 
the country. The irrigation benefits from preplan major and medium
 
schemes were on the order of 0.44 million ha. The new state of
 
Haryana came into existence on 1 November 1966, after the bifur
cation of the erstwhile state of Punjab. The major Bhakra-Nangal
 
Project, with a portion in Haryana, was completed in 1963/64 adding
 
a potential of 676,000 irrigated ha. The cumulative potcntial added
 
from major and medium schemes up to 1980/81 was estimated at 1,785
 

http:2,331.00
http:1,537.00
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million ha, while the cumulative use was estimated at 
1.66 million
 
ha.
 

IRRIGATION CHARGES OR WATER RATES
 

The water charges for a crop are 
usually figured per hectare of
area under the crop. 
 The crop-area basis 
is adopted for irrigation
water rates because it is convenient to measure. Besides, almost no
irrigation projects 
have the facilities for measuring 
water quantities on a volume basis. 
 The advantages and disadvantages of the
crop method have been discussed by experts and 
field engineers (see
India, Irrigation Commission 1972;

to Malhotra (1985, 63), 

Malhntra 1982, 1985). According
"the crop method does not 
offer any economic
incentive to a cultivator to be 
more frugal with the use of 
water or
to pay any heed to such water management practices as 
are recom
mended by experts."


In Haryana, experiments have been 
made with the wari-metric
method, which is said be
to a proxy for the volumetric method
the w3rabandi (rotational) system 
when
 

of water distribution 
is used.
Wari-metric 
assessment 
 was 
 introdiced on Sotha Distitbutary in
His'ar District 
inKharif 1976. Malhotra (1985, 70) explains how it
 
wors : 

The price of unit time of Wari 
(turn) 
for each water course
can be fixed in several ways but 
in this particular case, it
was fixed 
in a manner that the level of taxation remained
the same 
as with crop method. The average of 3 years
assessment of 
each water course was divided by ts net Wari
(turn) time get the
to price of unit 
time of Wari with no
regard to number of 
times cultivator received his water.
 

Under the wari-metric method, field 
to field collection of crop data
for pruparing 
water bills is not necessary because 
the water bill
can be prepared with data available 
in the office. The experience
of Sotha distributary where the wari-metric method was 
introduced in
1976 and is still in use has 
not been 
critically evaluated. The
experiment did not 
provide an apparatus for observing whether 
this
method 
induces cultivators 
to use water better and more economically. However, Malhotra (1985, found
73) "enquiries iwade from
cultivators 
after 4 years reveal that they are 
happy because for
their water they no
bill have longer 
to depend upon the integrity
and efficiency of any one individual." The volume-based water rate
is adopted for nonirrigation uses 
such as industrial water supplies.
The most prevalent method of 
water charges, both in Haryana and
Bihar, is the crop method under which water 
charges are levied on an
area 
basis for different crops irrigated 
in any given year. In
Haryana, the particulars of the crops sown, along with the 
names of
the cultivators, are 
recorded in a register called Khasra.
 

This register is the initial record of the area 
irrigated
and all disputes about the irrigation status of a particular
piece of are
land decided on 
 its basis. This record is
recognized by the courts 
and hence the necessity for its
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maintenance according to rules. Thus the importance of an
 
Irrigatiun Booking Clerk who maintains this initial record
 
can well be imagined. (Malhotra 1985, 64)
 

Although rules provide a number of checks on the work of the
 
irrigation booking clerk by the zilladar, the 
deputy collector, the
 
subdivisional officer, and the executive engineer, in practice the
 
rop method of water charges places great reliance on the efficiency
 

and integrity of the irrigation booking clerk.
 
Every year in Bihar, crop and farmer assessment is done by
 

revenue staff in the 
field. A collector moves from door-to-door,
 
contacting each farmer to collect 
current demand and arrears. The
 
farmer can make paym,?nt in full or in part, and the collector issues
 
a receipt for the amount paid. Certificate proceedings are in
itiated in court against farmers for pending demands, and warrants
 
are issued against defaulters. In such cases, surcharge and
 
interest are also realized along with the arrears from the farmers.
 

Changes in Water Rates
 

rable 14.2 gives figures for water rates for two majo- crops-
rice and wheat--over time in Bihar. In 1984/85, the water rates or
 
irrigation charges for rice (Kharif) were 80 percent higher than
 
those for wheat in perennial canals such as the Sone Canal system.

The water rates for nonperennial canals other t:an Sone were equal
 
for rice and wheat. The water rate for rice increased from Rs 25
 
per ha during 1953/65 to R: 90 per ha in 1984/85. The corresponding
 
figures for wheat are Rs 12 per ha and Rs 
 51 per ha. Thus in
 
nominal terms, the water rates for rice increased 3.6 times over the
 
past twenty years, while those for wheat increased 4.25 times. The
 
data also "how the stickiness in revising water rates. These did
 
not change at all over the 13-year period from 1953 to 1965 nor from
 
1974 to 1983. The most recent increase was of 13 to 15 percent in
 
1984/85.
 

When the charges in water rates are adjusted for changes in the
 
wholesale price of rice and wheat, the water rates in real terms did
 
not increase at all during the past decade. In fact, they declined
 
11 percent for rice and 14 percent for wheat in the case of peren
nial canals
 

'.later rates in Bihar are charged either on the b sis of a season
 
(involving three waterings) or of a single watering he rates for
 
a single watering are about 80 percent of those for a 'eason for
 
rice but are almost equal for wheat. The water rate charged for
 
three waterings for rice from state tubewells was Rs 125 per ha in
 
1984/85, about 37 percent higher than 
that for canal irrigation.
 
The water rates for wheat under state tubewells may be 40 to 140
 
percent higher depending on the number of waterings required.
 

2 About five years ago, the long-lease system of charging for
 
watering has abolished because influential farmers were monopolizing
 
the use of water by locl maneuvering and force. As a result, the
 
number of litigations grew abnormally. Hence, the long-lease system
 
was replaced by seasonal or simple watering.
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Table 14.2--Water rates in Bihar and Haryana, various years, 1965-85
 

Bihar, Perennial Haryana, Storage Scheme
 
(Sone Canals) (Bhakra-Nangal Project )


Kharif 
 Rabi Kharif Rabi
Rates (Rice) (Wheat) (Rice) (Wheat)
 

(Rs)
 
At current prices
 

1965/66 25 
 12 24 
 15

1972/73 40 
 22 74 
 62

1974/75 76 45 
 74 
 62
 
1982/83 78 45 74 
 62
 
1984/85 90 
 51 	 n.a. 
 n.a.
 

In real termsa
 

1965/66 37 17 
 35 	 21
1972/73 34 21 
 64 
 58

1974/75 43 
 25 40 
 34
1982/83 30 
 21 29 	 29
1984/85 33 
 24 n.a. 
 n.a.
 

Sources: 	India, Central Water Commission, for wdter rates; wholesale
 
price indexes for rice and wheat from
are the Economic
 
Surveys of different yearb.


Note: 	 The rates for
water in 1984/85 non perennial schemes in
 
Bihar were about 
50 percent of those in perennial schemes

for 
rice and 75 percent in those for wheat. In 1983/84,

for Haryana, the rates for schemes were the same as those

in storage schemes for rice and 75 of
percent those in
 
storage schemes for wheat.
 

n.a. 	 Not available.
 
aAdjusted for wholesale prices of rice and wheat, 1970/71 
= 100.
 

Colle.ztion of Water Charges
 

Table 14.3 presents 
 data on current demand, arrears, and

collection of irrigation charges for to
in Bihar 1982/83 1984/85.
The arrears of irrigation charges were on 
the order of Rs 223 to 256

million from 1982 to 1985. These were around three times more than

the current charges 
in those 	years. In 1982/83, current demand for
irrigation charges was Rs 71 million, while the charges for industrial water supplied to Bokaro Steel 
Limited were Rs 26 million.

The assessed charges for irrigation declined to Rs 62.4 million 
in
1984/85, partly because the area irrigated declined and partly

because average were
rates lower. The assessmen' of industrial
water supply in 1984/85 was also much 
lower: Rs iP.2 million, a
 
rerluction of 60 percent in two years.
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Collection Costs
 

As described elsewhere (Bhatia 1987), the government of Bihar
 
has an elaborate revenue administration in its irrigation depart
ment. Expenditure on revenue establishment, which represents the
 
costs of collecting of water rates, was Rs 60 rillion in 1982/83 and
 
increased to Rs 63.7 million in 1984/85 (Table 14.3). These costs
 
are quite high when compared with the actual collection or current
 
assessment. For example, in 1982/83, costs of collection were about
 
78 percent of the total revenue collected from irrigation projects.

Since revenue from the supply of industrial watrr to the Bokaro
 
steel plant was a significant proportion of total revenue (31

percent), the retal collection from the sale of watr for irriga
tion, at Rs t3.4 million, was about 10 percent less than the
 
expenditure on revenue establishmen, (Rs 60 million). Since
 
collection of charges from Bokaro Steel Limited does not require dny
 
revenue estaolishment, one can conclude that if the water charges
 
were abolished and the Directorate of Revenue Administration vas
 
disbanded, the state government would have benefited to the extent
 
of Rs 6.6 million (Table 14.3. The figures for 1983/84 and
 
1984/85 show the same pattern: the costs of collecting irrigation

charges are ;iigher than the revenues obtained from farmers for
3
providing irrigation services. In fact, the deficit increased from
 
Rs 9.5 million in 1983/84 to Rs 15.5 million in 1984/85 Thus,
 
abolishing water charges along with the staff for revenue ad
ministration would have provided the state government with an
 
additional Rs 1.6 million during 1982/83 to 1984/85. This would
 
have been over and above the Rs 47.9 million collected from Bokaro
 
Steel Limited during the three-year period. Thus the increasing

expenditure on revenue administration should be treated as a means
 
of providing employment to a large nunber of people rather than a
as 

cost of providing irrigation services. It would be unfair to raise
 
water rates to cover *he ever-increasing exoenditure on revenue
 
administration when this expenditure does not improve irrigation

services, but reflects a welfare measure to provide employment and
 
is entirely politically moti,,ated.
 

Table 14.2 presents data on water rates in Haryana. Water rates
 
weri2 raised only once during the past decade or su. In real terms,
 
after adjusting for changes in the wholesale price of r'ce and
 
wheat, the water rate for rice in 1983/84 was only Rs 25 per ha
 
compared with Rs 74 per ha at current prices. For wheat, although

the nominal water rates remained arous.d Rs 62 per ha, in real terms
 
they declined from Rs 58 to Rs 29 per ha from 1972/73 to 1982/83.


Table 14.4 shows gross receipts at current prices from irriga
tion works in Haryana. Gross receipts increased 42 percent over the
 
decade 1973/74 to 1982/83, but gross receipts per ha increased only
23 percent. In real terms deflated by the wholesale price index 
(1975/76 = 100), gross receipts not only did not increase, they
declined from Rs 85 million in 1975/76 to Rs 66 million in 1981/82.
 

3 The cost of establishment for collecting land revenue in
 
Bihar is also higher than the aLtual collection of land revenue.
 



Table 14.3--Annual demand, collection, and expenses of revenue administration in Bihar, 1982/83 to
 
1984/85
 

1982/83 1983/84 1984/35
 

Irri- Bokaro Irri- Bokaro Irr- 8_ okaro 
indicator gation Steel Total gation Steel Total gation Steel Total
 

Arrearsa 223.0 0.0 
 223.0 256.0 2.3 258.3 251.9 0.0 251.9
 

Current demand 71.0 26.0 97.0 
 73.5 12.4 85.9 62.4 10.2 72.6
 

Total demand
 
(including arrears) 294.0 26.0 320.0 
 329.5 14.7 344.2 314.3 10.2 324.5
 

Target of collection n.a. n.a. n.a. 
 327.7 16.5 344.2 184.3 n.a. 184.3
 

Total collection
 
(actual) 53.4 23.7 77.1 49.5 14.7 
 64.2 48.2 9.5 57.7
 

Expenditure on revenue
 
establishmentb 60.0 0.0 60.0 59.0 
 0.0 59.0 63.7 0.0 63.7
 

Actual collection
 
minus expenditure on
 
revenue establish- -6.6 23.7 17.1 -9.5 14.7 -15.5
5.2 9.5 -6.0
 
ment
 

Expenditure on
 
revenue establishment
 
as percent of annual
 
collection 112.0 0.0 78.0 119.0 0.0 92.0 
 132.0 0.0 110.0
 

Continued
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1984/85 

Table 	14.3 continued
 

1982/83 1983/84 


Irri- Bokaro 
 Irri- Bokaro 
 Irri- Bokaro
Indicator gation 
 Steel Total gation Steel Total gation Steel Total
 

Actual collection as
percent of target 18.0 
 92.0 24.0 15.0 
 89.0 19.0 26.0 
 n.a. 31.0
 

Area assessed under
 
irrigation 1.42 ...... 	 1.48 ... ... 1.32 ... . 
(million ha)
 

Actual collection
 
per ha (Rs) 37.6 
 ... ... 33.4 ... ... 36.5 ... . 

Revenue expenditure
 
per ha (Rs) 42.2 
 ... ... 40.0 
 ... ... 48.1 ... . 

Source: Bihar Department of Irrigation files. 
-

Note: Figures are in millions of rupees, unless otherwise noted.
 
n.a. 	 Not available.
 

Not applicable.

a'The 	figures of arrears 
from one year to the next are not consistent with those obtained from estimates
gf demand and collection.


Figures of expenditure on revenue establih'ent are marginally different from those 
obtained from
budget papers.
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Table 14.4--Gross receipts and working expenses of 
irrigation projects in Haryana at
 
current prices, 1973/74 to 1982/83
 

Gross Working Gross Receipts

Receipts Expenses Percent
as 


Gross Area (Direct and (Direct and of Working 
 Gross

Year Irrigated Indirect) Indirect) 
 Expenses Receipts

(1) (2) (3) 
 (4) (5 = 314) (6 = 3/2) 

(milli o n ha) ioFn T h-F- - ir ----a 

1973/74 1.626 57 64 
 89 35 


1974/75 1.513 50 95 
 54 33 


1975/76 1.694 
 85 115 74 
 50 


1976/77 1.535 111 101 
 110 72 


1977/78 1.540 
 89 116 77 
 58 


1978/79 1.667 
 95 131 73 
 57 


1979/80 1.673 
 80 164 49 
 48 


1980/81 1.818 101 
 181 56 
 56 


1981/82 1.892 108 
 207 52 
 57 


1982/83 1.865 81 
 211 38 
 43 


Percent increase
 
of 1982/83
 
over 1973/74 15 42 
 229 ... 
 23 


-
 -

Source: 
 Haryana, Economics and Statistical Oiganization (ESO), Economics of Farrring

1981/82 (Chandigarh: Government of Haryana, 1985); Haryana, ESO, 
 Statistical 

a-rana, 1983/84 (Chandigarh: Government of Haryana, 1985).
 

Not applicab e.
 

Working
 
Expenses
 
(7 = 4/2)
 

39
 

63
 

68
 

66
 

75
 

79
 

98
 

100
 

109
 

113
 

190
 

in Harana,
 
Abstract of
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Gross receipts per ha, at current prices, remained around Rs 50 per
 
ha during 
the late 1970s and declined to Rs 43 per ha in 1982/83.
 
Gross receipts covered only 52 percent of O&M expenses in 1982/83
 
and only 38 percent the following year.
 

Operation and Maintenance Costs
 

State government allocations for the operation and maintenance
 
(O&M) of irrigation projects have been the concern of a number of
 

government committees and commissions. As estimated by the Irriga
in Bihar and Haryana
tion Commission (1972), public irrigation works 


expcrienced losses in 1967/68 (see Table 14.5). The Public Accounts
 
the planning process and monitoring
Committee, which examined 


mechanism of irrigation projects, in 1983 observed that maintenance
 
of existing irrigation system is not getting the attention of the
 
states as required. The main reason for this is seen to be inade
quate allocation made ovailable by the States.
 

In a note sent to the Seventh Finance Commission in November
 
1977, India's Department of Irrigation suggested that one of the
 
main reasons for underuse of irrigation potpntial was neglect of the
 
maintenance of irrigation and drainage systems. The department
 
noted that a Central Water Utilization Team had found that the
 
operation and mdi-r-'ance budgets were grossly inadequate in many
 

cases and the system was gradually deteriorating. The Finance
 
Commission (1984) examined data submitted by the Union Ministry of
 
Irrigation and found that the maintenance expenditures incurred
 
showed wide variations, not only from state to state but also from
 

project to project within the same state. For instance, the
 
maintenance expenditure in Maharashtra in the year 1979/80 was only
 
Rs 27.95 per ha on the Gangapur Project, but as high as Rs 171.7 per
 
h, for the Jayakwadi Project. In Punjab, the variation was from a
 
minimum of Rs 9.10 per ha on the Upper Doab Canal system to Rs 38.66
 
per ha on the Bhakra Canal System.
 

O&M Expenses in Bihar
 

Data on O&M expenses for major irrigation projects are from the
 

annual budget papers of the Bihar government for the year 1 84/85
 
and from Bihar's Department of Irrigation for the period 1980/81 to
 

1984/85. Table 14.6 presents data for 1984/85 indicating that Rs
 
167.6 million were allocated for O&M expenses for multipurpose and
 

irrigation projects. Taking the figure for irrigation potential
 
used in 1984/85 at 1.7 million ha gives an estimated O&M allocation
 
of Rs 98.6 (US$8.2) per ha. In addition, the budget also provides
 
information on expenditure for revenue establishment, which was
 

estimated at Rs 70.7 million or Rs 41.6 per ha. Similar data (see
 
Table 14.7) for a period of five years are available for four major
 

projects (Sone, Kosi, Badua, and Chandai). The costs of establish
ment (salaries and wages) increased significantly from 1980 to 1985,
 
particularly during the last two years. The increase in the
 
expenses for irrigation establishment between 1980/81 and 1984/85
 
was 260 percent. There has recently been a change in the practice
 
of allotting major repair and maintenance work to contractors.
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Table 14 .5--Financial 
returns of public 
irrigation wor'.s 
in Bihar,

Haryana, and 
lIdia, 1967/68
 

Indicator 
 Bihar 
 Haryana 
 All India
 

(million Rs)
 

Gross area irrigated
 
(million ha) 
 n.a. 0.6 
 14.4
 
Capital outlay 
 98.1 
 175.0 
 1,511.0
 
Accumulated interes* 
 120.5 
 3.0 
 4,555.0
 
Accumulated 
revenue 
 53.7 
 176.0 
 1,948.0
 

Sum-at-charge 
 218.6 
 178.0 
 17,737.0
 

Gross receipts 
 27.1 
 14.0 
 380.0
 
Working expenses 
 22.6 
 8.0 
 330.0
 
Revenue 
 5.5 
 6.0 
 41.0
 
Inte-est 
 4.7 
 8.0 
 606.0
 
Net project 
 ... ... 
 11.0
 
Net loss 
 10.2 
 2.0 
 577.0
 

Source: 
 India, Irrigation Commission, Report of 
 the Irrigation
Cmmission, 
Vol. I (New Delhi: Irrigation Commission,

1972), 263.
 

n.a. Not 
a~ailable.
 
•... Not applicable.
 

Jobs that 
had previously been 
given to 
outside contractors
beig undertaken by are now
the irrigation department itself, 
which may
partly explain 
the jump of almost 50 percent in establishment costs
in 1963/E4. 
 This seems 
to be the case 
if one looks at 
the estimated
expen:;e. 
undr works, which declined during 
that year. The subtotal
of expenses on establishment 
and works related 
to O&M increased 37
percent, from Rs 
59.3 million in 1980/81 to Rs
1984/85. These increases 
81.1 million in


in costs are much
are made for lower when adjustments
changes 
 in the prices or wages of tied 
labor and

mate.,ials.


Adjusting by the wholesale price 
index (WPI)
gives the following results: 
for all commodities


(1) the establishment component of O&M
costs increased 
173 percent 
in real terms over the 
five-year period,
(2) the works component declined 23 percent 
in real terms, (3) the
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Table 14.6--Expenses and receipts from irrigation projects in Bihar,
 
1984/85
 

Indicator Total Per irrigated ha
a
 

(million Rs) (Rs) (US$b) 

Expenses 

Oper tion and maintenance 167.6 98.6 8.2 

Revenue establishment 70.7 41.6 3.5 

Total (including 4.5 million 242.8 142.8 11.7 
for direction and administration) 

Receipts 

Total receiptsc 126.4 74.4 6.2 

Net revenue after deducting 55.7 32.8 2.7 
cost of collection 

Net revenue as a percent of 33.2 33.2
 
O&M costs
 

Net riceipts after deducting -116.4 -68.4 -5.7
 
the cost of collection and O&M
 

.,our:,e: Bihar, Department of Irrigation, 1985/86 Budget (Patna:
 
Bihar Department of Irrigation, 1985), 77-80, 186-192.
 
Area irrigated was given by department of irrigation.
 

... Not applicable.

aAssuming irrigation potential used in 1984/85 was 1.70 million ha.
 
bAssuming US$1 = Rs 12.
 
cThe estimates of revenue from the budget papers differ from those
 

obtained from the Irrigation Department because the former include
 
revenues from the sale of produce from land and orchards under the
 
control of the irrigation department. It was not possible to obtain
 
disaggregated figures under these headings.
 

subtotal of O&M expenses increased 4 percent in real terms, (4) the
 
revenue establishment expenses increased 62 percent in real terms
 
(instead of 113 percent in nominal terms), and (5) the sum of O&M
 
costs and revenue establishment expenses rose 23 percent in 1984/85
 
over 1980/81, at constant prices.
 

If these figures cf C&M expenses are divided by irrigated area
 
(cumulative potential used for these projects), the O&M expenses
 
show a remarkable stabil ty: Rs 50.2 per ha in 1980/81 and Rs 53.3
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Table 14.7--Costs of establishment, 
works and revenue collection

from major irrigation projects in Bihar, 1980-85
 

Costs 


Total costs
 

Establishment 


Works 


Subtotal 


Revenue 


establishment
 

Total 


1980/81 1981/82 1982/83 1983/84 1984/85 

(million Rs) 

9.1 15.2 20.4 30.0 32.7 

50.2 50.8 53.6 46.3 48.4 

59.3 66.0 74.0 76.3 81.1 

29.8 37.1 52.0 60.7 63.6 

89.1 103.1 126.0 137.0 144.7 

Irrigated area: cumulative
 
potential used
 
(million ha) 


Costs (Rs per ha)
 

Establishment 


Works 


Subtotal 


Revenue 


establishment
 

Total 


1.18 1.26 1.34 1.42 1.52 

7.7 12.1 15.2 21.1 21.5 

42.5 40.3 40.0 32.6 31.8 

50.2 52.4 55.2 53./ 53.3 

14.7 29.4 38.8 42.7 41.8 

64.9 8!.8 94.0 96.4 95.1 

Source: Bihar, Department of Irrigation files.
 

Note: The irrigation projects included are Sone, Kosi, 
Badua, and
 
Chandan.
 

per ha in 1984/85. However, the expenses 
on revenue establishment

increased significantly, 113 percent over The
the five-year period.
costs of revenue establishment, which were Rs 14.7 per 
 ha in
1980/81, increased to Rs 41.8 per ha in 1984/85 (Table 14.7).
the total expenses for O&M 

Thus
 
costs and revenue establishment were Rs
95.1 per ha in 1984/85, showing an increase of 47 percent over
five-year period. The expenses 

the
 
for revenue establishment, wnich
 

were about half of 
the total O&M expenses in 1980/81 increased to
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about 78 percent of the latter in 1984/85. The share of works in
 
the total expenses for establishment and works declined from about
 
85 percent in 1980/81 to about 60 percent in 1984/85. This decline
 
may reflect either a change in policy, where more work is being done
 
departmentally, or a genuine reduction in expenses for repairs as
 
the expenses for maintaining the establishment increase. Since
 
salaries and wages for regular employees of the department would be
 
the first charge on funds allocated to O&M, a three-fold increase in
 
establishment costs is likely to be at the cost of repair and
 
maintenance work on the canals, distributaries, and minors.
 

Similar trends may be noted in the O&M costs and the expenses
 
for revenue establishment in the case of Sone Canal, the oldest
 
system in the state (Table 14.8). While the establishment costs and
 
expense's for revenue collection each almost doubled oer the five
year period from 1980 to 1985, the expenses for works increased only
 
marginally (5 percent). The figures for the Kosi Project show the
 
same pattern: stagnation (actually a decline from Rs 33.6 million
 
to Rs 30.1 million) in the expenses shown under works, while the O&M
 
establishment costs increased more than 700 percent (Table 14.9).
 
The establishment costs of revenue collection also increased by 125
 
percent from Rs 10.7 million to Rs 24.1 million over the f:ve-year
 
period. These phenomenal increases in establishment expenses need
 
to be analyzed in depth, as do the reductions in works costs and
 
their implications for the quality of O&M functions performed by (or
 
on behalf of) the irrigation department. The increase in establish
ment costs of O&M as well as revenue col lect ion are very high even
 
when adjustment for price changes are made. In fact, the reductions
 
in expenditure on works in redl terms would be even higher: 20
 
percent for Sone and 32 percent for Kosi projects, respectively.
 

Juxtaposing these O&M costs and expenses for revenue collection
 
with the receipts from irrigation projects provides valuable
 
insights into irrigation financing in the state of Bihar. Table
 
14.6 shows that the total receipts from irrigation projects (includ
ing multipurpose projectsl .as Rs 126.4 million in 1984/85. After 
the costs of revenue establishment (Rs 70.7 million) are deducted, 
the net revenue from these projects was Rs 55.7 million. This 
accounted for only 33 percent of the total O&M costs of Rs 167.6 
million. Thus, the net receipts from the operation of ir4igation 
projects was negative: Rs -116.4 million or Rs -68.4 per ha. 

4 For the sake of comparison, the figures for Maharashtra for
 
the year 1983/84 were Rs 116 million on establishment and Rs 108
 
million on works. The potential created was 1.5 million ha and 0.8
 
million ha was used. Revenue receipts for 1983/84 were Rs 157
 
million from the sale of water and Rs 35 million from other cesses.
 
This gives a deficit of Rs 32 million. See Pawar (1985). The
 
figures, in Rs per ha of potential used are Rs 145 for establish
ment, Rs 135 for works, Rs 196 from the sale of water, and Rs 40
 
from other receipts. The corresponding figures for Bihar for
 
1983/84 were Rs 21.1 per ha on establishment, Rs 32.6 per ha for
 
works, and Rs 42.7 for revenue establishment. The gross receipts
 
from the sale of water were Rs 61.4 per ha in 1984/85.
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Table 14.8--Costs of establishment, works, and 
revenue collection
 
for Sone Canal Project, 1980-85
 

Increase 
(1984/85 

Costs 1980/81 1981/82 1982/83 1983/84 1984/85 
over 
1980/81) 

(million Rs) (percent) 

Establishment 5.9 5.9 8.0 8.5 11.1 88 

Works 12.8 14.3 14.0 15.3 13.4 5 

Subtotal 18.7 20.2 22.0 23.8 24.5 31 

Revenue 19.1 23.0 28.3 39.3 39.5 106 
collectl . 

Total 37.8 43.2 50.3 63.1 63.0 66 

Source: 
 Bihar, Department of Irrigation files.
Note: 	 These figures are marginally different from those contained
 
in the budget papers.
 

Table 14.9--Costs of eitablishment, works, and revenue collection
 
for Kosi Project, 1980-85
 

Increase 
(1C84/85 

Costs 1980/81 1981/82 1982/83 1983/84 1984/85 
Over 

1980/81) 

(million Rs) (peruent) 

Establishment 2.5 8.6 11.4 20.5 20.8 732 
costs 

Works 33.6 32.G 34.1 26.5 30.1 -11 

Subtotal 36.1 40.6 45.5 47.0 50.9 41 

Cost of revenue 
collection 

10.7 14.2 23.7 21.4 24.1 125 

Total 46.8 54.8 69.2 68.4 75.0 60 

Source: Bihar, Depirtment of Irrigation files.
Note: These figures are marginally different 
from those contained
 
in the budget papers.
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O&M Expenses in Haryana
 

The direct and indirect working expenses for irrigation projects
 
in Haryana are presented in Table 14.10. During the period 1375/76
 
to 1981/82, these expenses increased (at current prices) from Rs
 
115 million to Rs 207 million, an increase of 80 percent over the
 
seven-year period. The estimated index of O&M charges, accounting
 
for changes in the prices of field labor and materials (such as
 
cement, steel structure, and paints), increased from 100 in 1975/76
 
to 162 in 1981/82. When total working expenses are deflated by this
 
index, which the Eighth Finance Commission used in its report
 
(India, Finance Commission 1984), the increase in working expenses

in real terms was quite low (only 11 percent). This shows that the
 
near doubling of total working expenses in Haryana was mainly due to
 
changes in the price of labor and materials.
 

During the same period, gross area irrigated by government
 
canals increased from 1.69 million ha to 1.86 million ha, an
 
increase of 10 percent. The estimated working expenses at current
 
prices increased from Rs 56 per ha in 1975/76 to Rs 113 per ha in
 
1982/83, an increase of 66 percent. (ThiE was approximately three
 
times higher than 1973/14 expenses). However, when the increase in
 
prices of field labor and materials is taken into account, tne
 
work ing expenses in real terms did not increase at ali during the
 
period 1975/76 to 1982/8"
 

In contrast, the gross receipts, both direct dnd indirect,
 
increased 27 percent, at current prices, over the seven-year permod, 
indicat ing that prices dec lined significan ly in real terms (when 
deflated by the wholesale price index of all commo'!lties). Compareo 
with Rs 85 million i:; 1975//6, gross receipts dec lied to Rs OF 
million in real terms, a decline of 23 percent. Thus in real terms, 
gross receipts, which accounted for 74 percent of the total working

-
expenses i 1975/76, contributed only 52 percent of the total in 
1981/82. Gross receipts per hi averaged, at current prices, Rs 35
 
in 1973/74, Rs 50 in 1975/76, and Rs 43 in 1982/83. In real terms,
 
the gross receipts per ha declined by almost h ifover an eight-year
 
period, from Rs 50 in 1975/76 to Rs 26 in 1982/83.
 

Comparison of O&H Expenses and Net Receipts
 

Table 14.11 presents a comparison of O&M expenses and rece its 
in goveriment-managed irrigation systems for I98A/85. In Bihar, O&M 
expenses ranged from Rs 44.7 per ha in Sone Cana. to Rs 120 per na 
for the Kosi Project. By contrast, i n Haryana the average O&M 
expenses were Rs 120 per ha after deducting 10 percert for revenue 
establishment, However, since the cost of revenue establishment is 
relatively higher in Bihar, the sum of O&M a;d re ,n e establishment 
expenses for 1984/85 were Rs 117 per iiafor Sone and Rs 171 per ha 
for Kosi. The O&M expenses for state tubewells were very high at Rs
 
4,257 per ha of irrigated area.
 



Table 14 .10--Gross receipts and working expenses of 
1975/76 to 1981/82 

irrigation projects in Haryana in real terms, 

---- ----- - --- ---------- --------------------- ----

Working
Gross 
 Wor~ing Wholesale Gross Estlrrgteo Expenses Percent of
 
Receipts Expenses Price Receipts 
 Index of Deflated Receipts

(Current (Current index Deflated 


a O&M by Index of to Working
Year Prices) Prices) (WPI)
 by WPIa Cnargesa O&M Charges Expenses
 
(1) (2) (3) (4) 
 (5) (6) (7) 
 (8 - 5/7)
 

T 11 i o n RseT rTi
1975/76 85 115 100 
 85 100 115 74
 

1976/77 111 101 102 
 109 107 
 94 116
 

1977/78 89 116 17 
 83 111 105 79
 

1978/79 95 131 107 89 
 118 111 
 80
 

1979/80 80 164 126 
 63 131 125 50 

1980/81 101 181 148 68 142 127 
 54
 

1981/82 108 207 163 
 66 162 128 52
 

Percent increase
 
1981/82 over
 
1975/76 27 80 
 63 ... 62 11 
 . 

Not applicable.

a1975/76 - 100
 
bThis is a consolidated index as 
estimated by the Eighth Finance Corrrrission. It assurres that 80
 
percent of the maintenance costs are accounted for 
by field labor and 20 percent by materials such as 
cement, steel structures, paints, and varnismes. 



14.11--O&M expenses and receipts in government-manageo irrigation systems, 1984/85
Table 


Cost of Net Receipts 

Revenue Gross et as Percent of 

State and 
Indicator 

O&M Expenses 
(i) 

Establishment 
2) 

Receipts 
(3) 

Receipts 
(4 - 3 -2) 

O&M Expenses 
(4-1) 

(Rs per ha of pctential used)Fpercent) 

Bihar
 

Surface irrigation
 
61.4 27.1 33.0


Major irrigation projects 81.4 34.3 

n.a. n.a.
 

Four major projects 53.3 41.8 n.a. 

110.0 38.0 85.0
Sone Canala 44.7 72.0 


-12.0 Negative
57.0 45.0
Kosi project 120.0 


Groundwater
 

State tubewells (STW) 4,257.0 160 16.0 0.4
 

Haryanab
 

Working expenses,
 
direct and indirect 133.0 c 51.0 51.0 38.0
 

Sources: See Tables 14.5 to 14.10.
 
n.a. Not available.
 at 76 percent use
aFor Sone, irrigated area is taken as 0.548 million ha, for Kosi s 0.425 million ha 


sf ultimate potential.
 
Figure for Haryana for 1982/83 has been converted to 1984/85 prices by using the wholesale price index
 

the price of field labor and materials.
WPI) for all commodities, which corresponds to 


Included in O&M expense-.
 



188 

Financial Performance of Stat Tubewells in Bihar
 

The Bihar Water Development Corporation (BWDC) is responsible
 
for construction, operition, and maintenance of public tubewells
 
with a discharge capacity varying from 1.5 to 2.0 cusecs (0.042 to
 
0.57 cumecs). The BWDC is responsible for installing electric
 
pumps, constructing channels, maintaining completed works, giving

irrigation to the field, assessing and realizing water rates. By

1985, the government of Bihar had contributed Rs 100 million toward
 
its capital share. The BWDC plans to create an additional potential

of 90,000 ha during the Seventh Five-Year Plan (1985/90). A
 
provision of Rs 450 million was made for 1985/90, which includes Rs
 
140 million toward an increased capital share of Lhe government of
 
Bihar.
 

The working of the public tubewells has not been satisfactory in
 
Bihar as shown in Table 14.12. Out of 5,311 state tubewells (STW)
 
constructed up to 1984/85, about 400 to 500 were not energized for
 
the past three years. The average number of working tubewells
 
declined from 3,469 in 1980/81 to 2,167 in 1984/85. This shows that
 
in 1984/85, only 44 percent of energized tubewells (and 40 percent
 
of the total constructed) were in working condition. The main
 
reasons for nunfunctioning include ineffective management, lack of
 
power, and lack of maintenance of pumpsets or channels. As a
 
result, the total area irrigated by the STWs declined (rom 77,000 ha
 
in 1980/81 to 35,000 ha in 1984/85. In 1984/85, atea irrigated per

working private tubewell was 16.2 ha compared with the estimated
 
command area of 40 ha.
 

The financial performance of STWs is shown in Table 14.12.
 
While the total O&M expenses increased from Rs 106 million in
 
1981/82 to Rs 149 million in 1984/85, the total revenues collected
 
by the BWDC declined from Rs 0.77 million to Rs 0. 6 million. Thus,
 
the net losses from the operatior, increased from Rs 105 million in
 
1981/82 to Rs 148 million in 19E4/85. In 1984/85, revenue collec
tion accounted for only 0.4 percent of all O&M expenses. Average
 
revenue qas Rs 15.7 per ha, while the area irrigated per STW was
 
16.2 ha. The estimated revenue per STW was Rs 254 compared with an
 
estimated O&M cost of Rs 4,244.
 

An analysis of O&M costs shows that during 1984/85, Rs 90
 
million was spent on the establishment5 expensas of the BWDC, while
 
Rs 59 million was spent on electricity.
 

5 Due to the shortage of funds, the Bihar Water Development

Corporation (BWDC) does not pay the State Electricity Board the
 
charges due for operating the public tubewells. These charges were
 
estimated at Rs 27,226 out of total estimated O&M expenses of Rs
 
68,760 per public tub:,iell. The deficit for Bihar Water Development

Corporation would partlY explain the Bihar State Electricity Board's
 
1982/83 commercial lossLs of Rs 927 million.
 



189 

Table 14.12--Financial performance of public tubewells in Bihar,
 
1981/82 and 1984/85
 

Indicator 1981/82 1984/85
 

Number of tubewells in
 
working condition 3,364 2,167
 

Total revenue collection
 
(million Rs) 0.77 0.56
 

Total expenses for O&M
 
(million R-) 106.00 149.00
 

Net losses (million Rs) 105.00 148.00
 

Revenue collection as percent
 
of total expenses 0.70 0.40
 

Area irrigated per tubewell (ha) 24.70 16.20
 

Revenue (Rs per ha) 9.30 15.70
 

O&M expenses (Rs per ha) 1,276.00 4,244.00
 

Source: Bihar Water Development Corporation, Patna.
 

RESOURCE FLOWS RELATING TO IRRIGATION: A COMPREHENSIVE VIEW
 

Farmer's Ability to Pay for Irrigation Services
 

Table 14.13 presents data on gross income, farm expenditure, and
 
net income of irrigated and nonirrigated farms in Bihar. These data
 
were obtaired from a farm-level survey conducted in the Sone River
 
Basin in 1983/84 by the National Council of Applied Economic
 
Research, New Delhi. They found that the intensity of cropping on
 
a 1-ha farm in the region was 180 percent. For a representative 1
ha farm, one could assume I ha of rice plus 0.8 ha of wheat. Gross
 
income on the irrigated farm was estimated to be Rs 8,438, compared

with Rs 4,450 on an unirrigated farm. The estimate of net income
 
per ha per ,'2ar is presented as returns to all family resources
 
including land, labor, capital, and management, assuming that the
 
family owns all of the land farmed. Net income (returns to farm 
family resources) was estimated to be Rs 5,774 per ha per year on 
irrigated farms compared with Rs 3,263 per ha per year on unir
rigated farms. The net benefits of irrigation after deducting

increased production costs were Rs 2,511 per ha per year. The
 
irrigation costs (water rates or irrigation service fees) 
were
 
estimaled to be Rs 72 per ha per year for this crop rotation.
 

http:4,244.00
http:1,276.00
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Table 14.13--Gross income, farm expenditure, and net income of
 
irrigated and nonirrigated farms in Bihar
 

Additional
 
Net Income or
 
Benefits from
 

Indicator Irrigated Unirrigated Irrigation
 

(Rs per ha)
 

Gross incomea
 
Rice (1.0 ha) 5,217 2,434 2,783

Wheat (0.8 ha) 3,221 2,016 1,205

Total 8,438 4,450 3,988
 

Farm Expenditure
 
Fertilizers 1,546 115 
 ...
 
Irrigation cost 
 72 .....
 
Cost of materials
 
(seeds, manures,
 
fertilizers, etc. 2,676 795 ...
 

Total cash expenses 2,664 1,187 ...
 

Net income
 
Returns to farm
 
family resources 3,263
5,774 2,511
 

Source: National Council of Applied Economic Research, Aqro
economic and Socio-economic Survey of the Sone River Basin
 
(New Delhi: NCAER, 1985).
 

Not applicable.

aThe intensity of cropping on a 1-ha farm is assumed to be 180,

hat is, 1.0 ha rice and 0.8 ha wheat.
 
Includes paid-out cash expenses on purchased inputs only.
 

Irrigation costs were only 1.2 percent of the net income 
on ir
rigated farms and about 2.9 percent of the estimated net benefit
 
from irrigation. Similar estimates of net 
income and net berefit
 
from irrigation were also calculated from data obtained by the
 
Ministry of Agriculture, New Delhi, in studies the cost of
on 

cultivating major crops. Analysis of farm-level data for the Sone
 
Cdnal region is presented in Table 14.14. The irrigation cost

given in these surveys is estimated to be Rs 130 per ha per year o-1
 
canal-irrigated farms. Using an estimated intensity of cropping of
 
170 percent (1 ha ,f paddy plus 0.7 ha of wheat), the net income on
 
an irrigated farm was estimated to be Rs 7,012 per ha per year. The
 
estimate of net income on unirrigated farm is Rs 2,639, taking 
an
 
intensity of cropping of 133 percent (I ha of paddy plus 0.33 ha of
 
wheat). This gives an estimated net benefit from irrigation of Rs
 
4,373 per ha per year. This estimated net benefit of irrigation is
 



Table 14.14--Irrigation charges and net incore 
(returns to own farm resources) for a
 
one-hectare farm in Bihar, using cost of cultivation data
 

Indicator 


Irrigation costs
 
(Rs per ha) 

(kg paddy per ha) 


Net income
 
(Rs per ha) 

(kg paddy per ha) 


Gross production
 
(Rs per ha) 


Paddy 

Canal 
Irri- Unirri-
gated gated 
(1) (2) 

Wheat 

Canal 
Irri-
gated 
(3) 

Unirri-
gated 

(4) 

Paddy Plus Wheat 
_______ 

Irriga- Unirri-
teda gatedb 
(5) (6) 

74.70 ... 
46.70 ... 

79.24 
49.50 

... 

... 
130.00 ... 
81.30 ... 

3,284.00 1,542.00 
2,053.00 964.00 

5,325.00 
3,328.00 

3,324.00 
2,078.00 

7,012.00 2,639.00 
4,383.00 1,69.00 

4,616.00 2,781.00 6,612.00 4,940.00 9,244.00 4,411.00 

Net Additional
 
Income or
 

Benefits from
 
Irrigation
 

(5-6)
 

...
 

...
 

4,373.00
 
2,733.00
 

. 

Source: Table 14.13.
 
... Not applicable.
aFor canal 
irrigation, the intensity of cropping was 170, that is, 
I ha of paddy plus 0.7 ha of wneat. 
bFor unirrigated farms, the intensity of cropping was 133, 
 that is, 1 ha of paddy plus 0.33 ha of
 

wheat.
 

http:2,733.00
http:4,373.00
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almost 75 percent higher than that estimated from the National
 
Council of Applied Economic Research (1985) data. Both these
 
estimates were used to evaluate the alternative policies indicated
 
in Tables 14.14 to 14.19.
 

Similar estimates of water rates for canal irrigation and net
 
income were obtained from data given in a report on the economics of
 
farming in Haryana (1981/82) by the Haryana's Economic and Statis
tical Organization. The estimates of water rates (Rs 105 per ha per
 
year) and nrt benefit of irrigation (Rs 3,864 per ha per year) are
 
presented in Table 14.15.
 

Table 14.15--Irrigation charges and net income on selected farms in
 
Haryaoa, 1981/82
 

Difference
 
of Irriga
ted over
 

IndicaLor Irrigated Unirrigated Unirrigated
 

Gross income 	 8,027.00 2,664.00 5,363.00
 

Farm expenditure (purchased 2,023.00 521.00 1,499.00
 
inputs only)
 

Net income 	 6,004.00 2,140.00 3,864.00
 

Irrigation costs 
Water rates 105.00 .... 

Tubeviell/pumping,etc. 737.00 ... ... 
Stmntotal 842.00 ... ... 

Irrigation costs as a percent of 
Gross income 10.00 ... ... 
Farm expenditure 42.00 ... ... 

Net income 14.00 ... ... 

Additional income 22.00 ... ... 

Water rates as a percent of 
additional income 3.00 ... .. 

Source: 	 Haryana, Economic and Statistical Organization, Economics
 
of Farming in Haryana 1981/82 (Chandigarh: Government of
 
Haryana, 1985).
 

... Not applicable.
 

http:3,864.00
http:2,140.00
http:6,004.00
http:1,499.00
http:2,023.00
http:5,363.00
http:2,664.00
http:8,027.00
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Recovery of O&M Costs
 

Estimates of water rates and net income for Bihar and Haryana
 
are brought together in Table 14.16. Irrigation charges or water 
rates for ial irrigation range from 43 kg of paddy per ha per year 
in Bihar to 98.1 kg in Haryana. Net returns to farm family resour
ces range from 3,458 kg of paddy per ha per year in Bihar to 5,709 
kg ii Haryana. Similarly, benefits from irrigation range from 1,504 
kg of paddy per ha per year in Bihar to 3,709 kg in Haryana. Total 
direct and indirect irrigation-related payments by water users under 
alternative policy assumptions are presented in Table 14.17.6 The 
first column of the table shows the average or typical amounts that 
farmers are charged under current policies. The estimated water 
rates are equivalent to between 43 and 81 kg of paddy per ha per 
year in Bihar, depending on the source of data used. For Haryana7
the actual payment is equivalent to 98 kg of paddy per ha per year. 

The second column of Table 14.18 shows the estimated amounts
 
that would be needed if current policies were modified so that
 
irrigation service fees per ha were equal to the costs of O&M. This
 
represents the level of payments that would be necessary to provide
 
full recovery of O&M costs through an irrigation service fee,
 
assuming that collection rates are 100 percent. The last two
 
columns indicate the charges required for the amounts charied per ha
 
to equal the full cost of both O&M and capital investment. In
creases in irrigation fees amounting to 97 percent would be "eeded
 
in Bihar given the ir-igation charges paid by farmers indicated in
 
the survey by the National Council of Applied Lconomic Research
 
(NCAER) survey. However, for recovering O&M costs, no increase
 
would be indicated if the actual irrigation charges were based on
 
cost of cultivation studies. In Haryana, the actual amounts repor
tedly paid by farmers are about 10 percent higher than the average
 
O&M costs. Thus full recr/ery of O&M costs viuld not require an
 
increase in water rates (rather it suggests a decrease of 9 percent)
 
but would perhaps require higher collection efficiencies. Water
 
rates would have to be increased substantially (18 to 34 times in
 
Bihar and 19 times in Haryana) for the full cost of both O&M and
 
capital investment to be recovered.
 

Benefit Recovery Ratios
 

The figures given in Tables 14.14 and 14.16 yield the estimated
 
benefit recovery ratios under alternative policies for Bihar and
 

6 Under gravity irrigation systems in India, water charges are
 
paid in cash only. No contributions are made in labor (or food
grain) except in some emergencies.
 

7 These estimates of irrigation-related payments are 
nearer to
 
those in Nepal and Thailand (based on an implicit tax of 6.2 percent
 
on the price of paddy), which are 75 kilograms of paddy per ha per
 
year for Nepal and 85 kilograms of paddy per ha per year for
 
Thailand. These are much lower than the value for Korea, the
 
Philippines, and Indonesia (Small et al. 1986).
 



Table 14.15--Annual irrigation charges and additional net income from irrigationa
 
in Bihar and Haryana
 

Net Return to Farm Family
 
Resources from Additional Net Income
 

or Benefits
 
Placb and Year Irrigation Charges Irrigated Farm Unirrigated Farm from Irrigation
 

--- pady h-- paddy 

per ha ) per na) per ha) 


(Rs per ha) kp addh F-TigP- 7Rshe Ts-periha---paddy
 
per ha)
 

Estimate I
 

Bihar (1983/84) 72 43.1 5,774 3,458 3,263 1,954 2,511 1,504
 
(130) (81.3) (7,012) (4,383) (2,639) (1,649) (4,373) (2,733)
 

Haryana (1981/82) 105 98.1 6,109 5,709 2,140 
 2,000 3,969 3,709
 

aExcluding irrigation charges from canal irrigation.
 

Sources: 
Note: 

Tables 14.13 and 14.14. 
Figures in parentheses are for data from cost of cultivation studies. These data are for 
1982/83. 

bFarm harvest prices (FHP) of paddy have been used in computing kg paddy per ha. These were Rs 1.67 per
 
kg in 1983/84, Rs 1.60 in 1982/83, and Rs 1.07 in 1981/82.
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Table 14.17--Total direct and indirect payments for irrigation by
 
water users under alternative policy assumptions in
 
Bihar and Haryana
 

Actual Policy 
Actual Policy Modified to Set 
Modified to Set Irrigation Service 

State Actual 

Irrigation Service 
Fees Equal to 
0&M Costa 

Fees Equal to O&M Olus 
Full Recovery f 

Capital CostE 

(kg of paddy per ha per year)'
 

Bihard 43.1 80.8 1,464
 
(81.3) (80.8) (1,464)
 

Haryanae 98.1 89.7 1,869
 

Sources: Tables 14.14 and 14.16.
 

aO&M costs for Bihar are for 1983/84, Rs 135 per ha; O&M costs for
 

Haryana for 1982/83 are Rs 113 per ha for total working expenses on
 
brrigation projects.
 
Capital costs used are Rs 22,900 per ha for Bihar; Rs 22,230 per ha
 
for Haryana. The capital recovery factor (CRF) used to amortize
 
capital costs equals 0.100859, assuming an interest rate of 10
 
percent and a project life of 50 years. These figures give amor
tized (annual) capital costs of Rs 2,312 per ha for Bihar and Rs
 
2,242 per ha for Haryana.
 
cFarm harvest prices (FHP) of paddy used for computing kg of paddy
 
per ha are Rs 1.67 per kg in 1983/84 and 1.60 per kg in 1982/83 in
 
Bihar: for Haryana, FHP were Rs 1.36 per kg in 1983/84, Rs 1.26 in
 
982/83, and Rs 1.07 in 1981/82.
 
Figures in parentheses are based on data from cost of cultivation
 
studies conducted by the Ministry of Agriculture, New Delhi. These
 
data are for 1982/83.

eFor Haryana, the irrigation rates are for 1981/82, while O&M costs
 
are for 1982/83. These have been converted to kg of paddy per ha
 
using FHP of the corresponding year. As a result, the quantity of
 
paddy required to cover O&M costs declines even though the O&M
 
costs per ha, at Rs 113, are higher than the average water charges
 
of Rs 105 per ha.
 

Haryana that are displayed in Table 14.18. Under actual policies
 
(and water rate levels), the estimated benefit rfcovery ratio is 2.8
 
percent for Bihar and 2.6 percent for Haryana. For full recovery
 

8 These may be compared with 5 percent for Nepal, 9 percent for
 

Thailand, 10 percent for the Philippines, and 26 percent for Korea.
 
See Small et al. (1986).
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of O&M costs, the estimated benefit recovery ratios would rise for
both states, although marginally 
for Bihar (the estimate in parentheses) and Haryana. The last column in Table 14.18 shows that 
the
benefit recovery ratio 
would be almost 100 percent in Bihar if the
net benefit to irrigation were similar 
to that estimated in the
NCAER survey. However, given a higher figure 
of net benefit of
irrigation (based the
on cost of cultivation study), the 
benefit
recovery ratio 
 costs O&M
needed to cover full of and capital
investment would 55.9
he percent for Bihar. The 
corresponding
figure for Haryana is 59.3 percent.
 

Table 14 .18--Estimated benefit recovery ratios under alternative
 
financing policies
 

Actual Policy

Actual Policy Modified to Set
Modified to Set 
 Irrigation Service
 

Irrigation Service 
 Fees Equal to O&M Plus
 
Fees Equal to 
 Full Recovery of
Place Actual 
 O&M Costs Capital Costs
 

(percent)
 

Bihara 2.9 
 5.4 
 97.4

(3.0) (3.1) 
 (55.9)
 

Haryana 2.6 
 2.8 
 59.3
 

Sources: Tables 
14.14, 14.16, and 14.17.
Note: O&M costs are 
Rs 135 per ha for Bihar and Rs 113 per ha for
Haryano; amortized capital costs are 
Rs 2,310 per ha for

Bihar and Rs 2,242 per ha for Haryana.
aFigures in parentheses are based 
on data from cost 
of cultivation
studies conducted by the Ministry of Agriculture, New Delhi.
 

The estimates presented in Table 
14.18 indicate 
that in both
states, wherever reasonable irrigation service is available, the
incremental benefits 
derived from irrigation are adequate to 
allow
full recovery of O&M 
costs of irrigation and 
leave the farmers with
significantly 
higher net incomes than before 
 irrigation. The
benefits of irrigation are not 
high enough, however, to allow the
full recovery of O&M plus capital costs 
and leave enough margin 
for
the farmer to use irrigation.
 

9 In this case, the situation 
in Indian 
states is similar to
that 
in Nepal and the Philippines, assuming moderate capital costs.

See Small and others (1986, Table 5).
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Net Income from Irrigation
 

In Table 14.19, the estimates of net income presented in Tables
 
14.13 to 14.15 are compared with the amounts of irrigation-related
 
payments required under the three alternative policies. The com
parison is presented as the amount of the payment as a percentage of
 
the net income remaining with water users after payment has been
 
made. Under the actual policies of the two states, the estimates
 
range between 1.2 and 1.8 percent for Bihar and 1.7 percent for
 
Haryana. Rais'ng irrigation service fees to cover O&M costs results
 
in relatively i,.dest changes in the percentage of net income needed
 
to pay for water, except in the case of Bihar (the first estimate
 
using the NCAER survey). The percentage of net income needed to
 
cover O&M costs remains less than 2 percent in both the States.
 
However, raising irrigation service fees still further to cover the
 
full capital costs as well as O&M costs leads to irrigation charges
 
in the range of 35 to 43 percent of the farmer's net income. The
 
implications of the figures in Table 14.19 are consistent with
 
conclusions drawn from Table 14.18, namely, that farmers generally
 
have the ability to pay for the full cost of O&M for irrigation
 
through irrigation service fees, but that the additional payment for
 
the full cost is not feasible.
 

Payments as a Percentage of Gross Income
 

Comparing payments for irrigation services with gross income is
 
conceptually less meaningful than either of the previous two
 
approaches to analyzing farmers' ability to pay. It does not,
 
however, require data on farm income, which are often limited to a
 
few specific surveys or projects. Estimates of the typical per
centages of gross income required as payments for irrigation under
 
the three alternative policy situations are presented in Table
 
14.20. Under the actual policies, these range between 0.9 percent
 
and 1.4 percent. They would range between 1.4 to 1.6 percent if
 
water rates were raised to cover O&M costs. However, about 30
 
percent of the gross value of output would have to be paid as water
 
rates (irrigaticrn charges) if irrigation service fees were raised to
 
cover O&M costs as well as full capital investment.
 

Role of Price Policies for Output
 

The objectives of the , ricultural price policies included uncer
 
the 1955 terms of reference of the Agricultural Prices Commission
 
(APC) are (1) to provide incentive to the producer for adopting
 
improved technology and for maximizing production, (2) to ensure
 
rational use of land and other production resources, and (3) to
 
consider the likely effect of the price policy on the rest of the
 
econor'y, particularly on the cost of living, level of aages, and
 
industrial cost structure. According to the revised terms of refer
ence (1978), the APC is required to take into account changes in the
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Table 14.19--Total direct and indirect payments for 
irrigation by
water users as a percent of the net 
returns to
a the farm
family resources under alternative policy assumptions
 

Actual Policy
Actual Policy Modified to Set

Modified to Set 
 Irrigation Service


Irrigation Service 
 Fees Equal to O&M Plus
Actual Fees Equal 
to Full Recovery of
Place Policies 
 O&M Costs Capital Costs
 

(percent)
 

Bihar 1.2 
 1.9 
 42.3
 
(1.8) (1 .9 )b .9 )b
(34
 

Haryana 1.7 
 1.9 
 39.1
 
Source: 
 Table 14.14.
 
aljet income estimates are presented returns
as 
 to all family
 
resources 
(including land, labor, management, and capital) under the
assumption that f,mily all
the owns 
 of the land farmed. These
estimates of net 
income are compared with the amounts of irrigationrelated payments required under the three alternative policies.
comparison is presented The
 

as the amount of the payment as a percentage
of the net income remaining with the water user 
after payment has
 
SEen made.

Figures in parentheses are based data
on from cost of cultivation
 

.tudies.
 

terms if trade 

0 

between the agricultural and the nonagricultural
sector. 
 The APC considers the cost of production, the demand, and
the supply of agricultural commodities and discusses various aspects
of policy with the 
 state governments, 
concerned ministries, and
concerned industry 
and trade circles. The report 
of the APC is
circulated to different economic
the ministries, planning 
commission, and state governments before 
it is put up for the approval of
the Union Cabinet. The final decision is taken at 
the cabinet level

(Tyagi 1982).


Broadly, 
two sets of administered prices are 
fixed by the
government (Kahlon and 1983,
Tyagi 12-13): '1) minimum support
prices for the country's major field crops, which are 
fixed annually
and meant to be the floor levels below which market prices should
not be allowed to fall; and 
(2) procurement prices 
for Kharif and
Rabi cereals at 
which the grain is to be domestically procured by
 

10 For a detailed discussion of issues 
relating to agricultural

prices and terms of trade, 
see Tyagi (1982), Rath (1985), 
and Mishra
 
(1985).
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Table 14.20--Total direct and indirect payments fo;- irrigation by
 
water users as a percent of gross production under
 
alternative policy assumptions
 

Actual Policy
 
Actual Policy Modified to Set
 

Modified to Set Irrigation Service
 
Irrigation Service Fees Equal to O&M Plus
 

Actual Fees Equal to Full Recovery of
 
Place Policies O&M Costs Capital Costs
 

(percent)
 
Bihar 0.9 1.6 28.9
 a 
 .5 )a
(1.4) a (1.5) (26
 

Haryana 1.3 1.4 29.3
 

Sources: See Tables 14.14 and 14.16.
 
Note: Gross production refers to gross value of output on a one

hectare irrigated farm assuming two crops of rice and
 
wheat. In Bihar, the intensity of cropping is 180, that
 
is, 1 ha of rice plus 0.8 ha of wheat. In Haryana, the
 
intensity of cropping is 170, that is, 1 ha of rice plus
 
0.7 ha of whedt.
 

aFigures in parentheses are from cost of cultivation studies of the
 
Ministry of Agriculture, New Delhi.
 

public agencies for release through the public distribution system.

The procurement prices are announced for major centers and sub
offices, which in effect increased the procurement of foodgrains

from 4.03 million tons in 1965, to 13.8 million tons in 1979, and to
 
30 million tons in 1985. It also expanded storage capacity from 2.9
 
million tons in 1972 to 4.6 million tons in 1985. The total storage
 
accommodation available to thP Food Corporation of India (FCI) was
 
17.2 million tons by January 1984. The FCI is also responsible for
 
supplying foodgrans to state governments for meeting the require
ments of their public distribution systems, that is, the foodgrains
 
sold through fair" price shops at subsidized prices. All these
 
developments have strengthened the market infrastructure and helped
 
provide adequate support to farmers and create confidence that an
 
agency exists that is ready to purchase the produce at the announced
 
prices.
 

Although, in theory, all efforts are made to ensure that the
 
farmers get remunerative prices, in practice the price that the
 
farmer gets for his produce depends on the organizational and
 
operational efficiency of the market structure. According to Kahlon
 
and Tyagi (1983, 413), "it is, therefore, not enough to have a price
 
support/ procurement policy for agricultural commodities. In fact,
 
it is more important to develop a market structure which enables the
 
farmer to realize at least the minimum support price." Analysis of
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data for the late 1970s on procurement prices and open market prices
during the harvest season shows that 
in the states where infristructure facilities are good (such as 
Punjab, Haryana, and western Uttar
Pradesh), the market 
price for wheat was 
higher than procurement
prices fixed by the government, but in Rajasthan the price of wheat
 was about 20 percent lower than the procurement price. Similarly in
Andhra Pradesh, Punjab, and Haryana, 
the open market price for rice
remained either equal 
to or higher than the procurement price during
the late 1970s, but 
in Madhya Pradesh and Orissa 
ihe price for paddy
occasionally was 
even lower than the procurement price (Kahlon and
Tyagi 1983, 415). The phenomenon of farmers getting prices 
14 to 18
 percent lower than the procurement prices 
for rice was reported for
the agricultural year 1985/86 for a 
few surveyed districts in
eastern Uttar Pradesh 
(J. P. Singh, personal communication).

It 
is quite likely that Farmers in 3ihar are receiving prices
much lower than the support prices or the prucurement prices
announced by the government due to 
 inadequate infrastructure for
purchasing 
and stnring foodgrains. By contrast, farmers 
in Haryana
are able to receive remunerative prices 
 for their agricultural


output mainly 
because of the governm-nt's infrastructural facilities. These differences have to 
be kept in mind when estimating the
aduitional benefits 
to irrigation across regions and over time. 
 A
comparison of water 
rates with procurement prices may not 
reveal the
 true relationship between input and output prices.
 

Domestic Prices Compared with Import Prices
 

The government policy on agricultural prices may be designed to
protect consumers 
from high prices rather than to allow producers to
get higher prices through sales in deficit regions within the
country or abroad (agricultural exports). 
 The first objective may
be achieved 
by zoning, or restricting 
the movemept of agricultural

commodities 
from one state 
or zone to another. For wheat and
rice, restrictions on imports and exports of 
foodgrains nay result
in domestic prices 
that are lower than the corresponding border

prices. As pointed 
out in a recent study (Mishra 1985), the
domestic prices of wheat and rice in 
India were lower
much then
their corresponding border 
prices in 1975 and 1980. 
 For example, in
1980 the domestic price of was
wheat US$177 per metric ton at the
official exchange rate and US$142 at the shadow exchange rate. The
corresponding border 
price was much higher: at US$308 per ton,
rhe negative values 
of the nominal rates of production (NRP) 
show

taxation, 
rather than protection, ef agriculture.


This is also 
a method by which returns to the use of irrigation
can be affected 
indirectly by macropolicies 
of trade restrictions,

zoning, and other administrative controls. These 
should be tlken
into account when analyzing the alternatives 
for raising resouruefrem the agricultural sector. Raising water rates is only
method; transferring resources 

one
 
from agriculture or irrigated
agriculture to "the 
rest of the economy" can also be achieved by
 

11 Zonal restrictions 
on the free movement of foodgrains were
 
followed from time 
to time in India.
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policics that affect orices of outputs and inputs as well as
 
policies that directly and indirectly tax incomes accrued in the
 
agricultural sector.
 

Terms of Trade between Farm and Nonfarm Sectors
 

Changing the terms of trade between the farm and nonfarm sectors
 
is another way to transfer resources from one sector to the other.
 
By changing administered prices of outputs and inputs, the govern
ment can affect resource flows from the farm sector to the govern
ment and to the manufacturers of agricultural inputs, implements,
 
and other commodities purchased by farmers. A detailed analysis of
 
commodity terms of trade in India is reported in Rath (1985). As
 
may be noted in Table 14.21, the ratio of farm harvest prices to
 
prices of inputs purchased from the nonfarm sector declined after
 
1974/75 and fell to very low levels in 1980/81 and 1981/82. This is
 
true for paddy and wheat in Bihar and for bajra and wheat in
 
Haryana. Although the ratio was slightly higher in 1982/83 in
 
Bihar, it declined or remained stagnant for the two crops in
 
Haryana. Similar trends are evident ii the ratio of farm harvest
 
prices paid by rural households for household consumption goods.
 
Not only did the ratio of these prices decline continuously (with
 
the exception of 1977/78) after 1974/75, but the level actually fell
 
much below the level prevailing in 1960/61. Thus, the changes in
 
farm harvest prices did not keep pace with changes in the prices of
 
inputs and other commodities purchased by farmers. The purchasing
 
power of goods produced by the farm sector definitely eroded as
 
well. These factors should be taken into account when considering
 
raising the water rates to recover O&M expenses and capital costs.
 
Such comprehensive analysis is needed to ensure that both the
 
productivity and the equity aspects of benefits from irrigation
 
projects are taken into account when foriiulating agricultural
 
policies.
 

Incidence of Direct and Indirect Taxes on Incomes
 

Apart from irrigation rates, farmers pay la.,d revenue, agricul
tural income tax, and indirect taxes on commodities and services
 
levied by the central and state governments. Tne amount of indirect
 
tax paid by a farmer depends on the quantity and type of commodities
 
purchased; these depend, in turn, on the level of income and
 
expenditure. An attempt is made here to estimate the amount of
 
indirect taxes paid by farmers who are using canal irrigation as
 
well as by farmers who do not use irrigation. The difference in the
 
amount of indirect taxes -aid by each category of farmers (those
 
with irrigated and those with unirrigated farms) provides the
 
estimate of indirect tax that ould be attributed to providing
 
gravity irrigation. This difference in the total taxes paid is
 
considered to be the indirect flow of financial resources as a
 
consequence of higher incomes and expenditures generated by the use
 
of irrigation.
 

Table 14.22 provides details of the assumption made in calculat
ing the incidence of indirect taxes. First, the area under two
 
sizes of farms (I ha and 2 ha) receiving canal irrigation in Bihar
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Table 14.21--Commodity terms of trade betwoon farm and nonfarm
 
sectors in Bihar and Haryana, 170/71 to 1982/83
 

Ratio of Fp,-m Harvest Prices to Prices
 
of Inputs Purcha'ed from Paid by Rural Households
 

Nonfarm S.~ctor for Consumption Goodsa
 

Bihara Haryanab Biharc
 

Year Paddy Wheat Bajra Wheat Rice Wheat
 

1970/71 
 143 117 89 138 109 88
 

1071/72 132 112 108 141 100 81
 

1972/73 144 138 187 
 135 102 96
 

1973/74 182 156
186 155 113 117
 

1974/75 183 111 131 112 182 
 108
 

1975/76 106 81 111
78 96 80
 

1976/77 116 92 103
82 94 73
 

1977/78 
 135 89 91 106 109 71
 

1978/79 115 
 89 81 107 88 68
 

1979/80 211 96 102 102 78 69
 

1980/81 96 86 94 
 91 82 75
 

1981/82 84 85 83 92 82 84
 

1982/83 120 103 81 92 
 111 97
 

Source: Nilakantha Rath, "Pres idential Address," presented to 
the
 
forty-fifth annual conference of Indian Society of Agricul
tural Economics, Vallabh Vidyanagar, Giarat, 27-29
 
December, 1985.


aData on the ratio of 
farm harvest prices to prices of household
 
goods were not available for haryana.
 
1961/62 = 100.
 

c1960/61 = 100.
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Table 14.22--Net income and incidence of indirect taxes in canal
irrigated farms in Bihar
 

Irrigated
 
by Canals Unirrigated
 

I ha I ha
Indicator 	 Unit 2 ha 2 ha
 

Area under each
 
category of farm Ha 0.48 0.70 0.48 0.70
 

Number of farms in
 
each category Million 0.48 0.35 0.48 0.35
 

Net income in each Rs per ha
 
category of farm per year 7,012 14,024 2,639 5,278
 

Annual per capita
 
income/expenditurea Rs 1,169 2,337 440 880
 

Monthly per capita
 
income/expenditure
 
in each category Rs 97 194 37 74
 

Annual a~ount of tax per
 
capita
 
Central taxes Rs 73 196 24 73
 
State taxes Rs 42 112 16 42
 

Total 
 Rs 115 308 40 115
 

Total annual tax for
 
each farm Rs 690 1,848 240 690
 
family
 

Total annual tax for
 
all farms in
 
each category Million Rs 331 647 115 241
 

lax as percent of
 
income/expenditure Percent 9.8 13.2 6.2 8.9
 

Source: 	 National Institute of Public Finance and Policy, Incidence
 
of Indirect Taxation in India, 1973/74 (New Delhi: NIPFP,
 
1978).
 

Note: It is assumed that the level of incidence in 1983/84
 
remained the same as in 1973/74.
 

aTaking a family size of 6 and assuming that nonagricultural income
 
balances savings and r!t income from agriculture represents total
 
orisumption expenditures.
 
The estimated tax incidence is determined on the basis of average
 
annual expenditure in each category.
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was estimated. 
 The total net area irrigated by canals (1.18 million
ha) was divided as follows: 0.48 million ha an
with average farm
size of I ha and 0.70 million ha with an average farm size of 2 ha.
This produced an estimated number of 
households
farm to with each size of
be 0.48 and 0.35 million, respectively. Net income in each
category was calculated based on 
the data used 
in Table 14.14. Per
capita income and expenditure was then calculated assuming (1) a
family size six
of adult-equivalents, 
(2) nonagricultural
equal, on average, to farm savings, and thus (3) net 
income
 

income
agriculture as the from
total consumption expenditure
Using the estimates of per capita expenditure, the 
of the family.
 
amount of taxes
paid per year was calcuiated using estimates from
by the National a study conducted
Institute of Public 
Finance and Policy, New Delhi.
This gave estimates of total 
indirect 
taxes paid by each farm family
to the central and state 
governments. 
 For example,
having, on average, a 1-ha irrigated farm would pay 
a farm family
 

a tax of Rs 690
per year. The estimated tax for irrigated farm would be Rs
a 2-ha

1,848, which 
is 13.2 percent of the total 
year. income or expenditure per
The corresponding figures 
for unirrigated farms would be Rs
240 for I-ha farms and Rs 690 
for 2-ha farms. These families would
pay 6.2 and 8.9 percent of their annual as
income indirect
respectively. taxes,
Multiplying 
these tax payments per family by the
total number of farm families 

the total 

in each category produces estimates of
indirect taxes paid by these 
groups (Table 14.23). The
total estimated taxes 
paid by farm families 
using canal irrigation
would be Rs 978 million (Rs 331 million plus Rs 
647 million). The
corresponding figure 
for families not using irrigation would be Rs
356 million (Rs 115 
million plus Rs 241 million). Thus 
the additional tax liability attributed to irrigation 
would be Rs 622
million (Rs 978 million minus 
Rs 356 million). According to
assumptions made and the estimates of the tax 
the
 

incidence used in this
study (based on the National Institute of Public Finance and Policy
study of 1973/74), around Rs 
400 million would be due 
to indirect
taxes levied by the 
central government (excise duties and
duties) Rs customs
and 222 million 
to state taxes (state excise, sales
taxes, sales tax on 
motor spirit, motor vehicles
and passengers, entertainment 
tax, taxes on goods


tax, and electricity duty). 
 These
estimates must be seen 
in the context of the following figures:
1984/85, the share of in
Bihar in total 
Union excise duties was Rs
5,165 million, total 
Bihar state taxes on commodities were Rs 4,372
million, and 
total revenue from indirect taxes 
 in Bihar was Rs
9,537 million.
 

Resource Flows Related to Irrigation Financinq: 
 A Comprehensive

View
 

As discussed above, it is important to 
take a comprehensive view
of resource flows 
related to irrigation financing 
in India. This
requires estimating 
the capital and current flows into the igricultural sector for investments 
and O&M expenses incurred on government-managed irrigation 
 systems. 
 It also requires estimating
subsidies 
on the use of fertilizers, electricity for 
water pumping,
and diesel oil 
for pumpsets and tractors. Resources flow out 
of the
rural 
sector through payments of 
land revenue, agricultural income
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Table 14.23--Incidence of indirect taxes on irrigated farms and
 
total tax revenues in Bihar
 

Irrigated Farm Unirrigated Farms
 
Total
 

1 ha 2 ha I ha 2 ha Additional
 
Incidence Farms Farms Total Farms Farms Total Taxesa
 

(million Rs)
 

Central
 
taxes 210 412 662 69 153 222 400
 

State
 
taxes 121 235 356 46 88 134 222
 

Total
 
indirect
 
taxes in
 
1984/85 331 647 978 115 241 356 622
 

Source: Table 14.22.
aCalculated from taxes on irrigated farms minus taxes on unir

rigated farms.
 

tax, irrigation charges, cess on commercial crops, and indirect
 
taxes on commodities used by households and rural enterprises.
 
Table 14.24 contains estimates of total resource flows related to
 
irrigation financing in Bihar in 1984/85. These are preliminary
 
estimates that need further refinement. They do, however, provide
 
an order-of-magnituue number with which to put in persuctive
 
various policy alternatives relating to irrigation financing. The
 
total O&M expenses in 1984/85, including revenue establishment, were
 
Rs 242.8 million for surface irrigation projects. Total O&M
 
expenses including electricity charges for public tubewells were an
 
estimated Rs 149.6 million Thus, expenditures on government
managed irrigation systems were Rs 392.4 nillion for 1984/85.
 
Against this, the revenue collected from the irrigated farm sector
 
was Rs 126.4 million from irrigation charges and Rs 622.0 million
 
from additional indirect taxes paid by farmers using canal irriga
tion (Tables 14.23 and 14.24). The net financial flows from the
 
canal-irrigation sector were Rs 505.6 million. When public tube
wells are also considered, the net flows are reduced to Rs 356.0
 

12 The analysis here is confined to current (annual) revenues
 
and expenditures owing to lack of data on capital transfers (that
 
is, plan funds).
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Table 14.24--Resource flows related to irrigation financing in
 
Bihar, 1984/8 5

a
 

P-source Flow 
 Indicator
 

Resource Flows into the Irrigation Annual Flowsa
 
Sector of Agriculture (million Rs)
 

1. Surface irrigation projects
 
O&M expenses 
 167.6
 
Direction and administration 
 4.5
 
Revenue establishment 
 70.7
 
Subtotal 
 242.8
 

2. State tubewell projects

O&M expenses (including revenue establishment) 90.3
 
Electricity charges 
 59.3
 

3. Private tubewells
 
Subsidy on electricity chargesb 868.0
 

4. Fertilizer subsidyc on imported
 
fertilizers u.ed on irrigated land 314.0
 

5. Subtotal for government-managed

irrigation (1+2) 
 392.4
 

6. Subtotal for governmen -managed 476.1
 
irrigated agriculture
 

7. Subtotal for the entire irrigation 1,260.4
 

sector (1+2+3)
 

8. Total for the irrigated agricultural sector 1,574.4
 

Current Revenue/
 
Expenditure Flows
 

Resourre Flows out of Agriculture (million Rs)
 

1. Land revenue and agricultural income tax
 
Gross collections 
 84.0
 
Cost of collection 
 93.0
 
Net revenues 
 -9.0
 

2. Irrigation sector direct receipts

Gross receipts 126.4
 
Other receipts 
 n.a.
 
Subtotal 
 126.4
 

Indirect receipts

Cess on commercial crops 
 n.a.
 

Continued
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Table 14.24--Continued
 

Resource Flow 	 Indicator
 

Current Revenue/
 
Expenditure Flows
 

Resource Flows out of Agriculture 	 (million Rs)
 

3. Indirect taxes/revenues
 

Additional incidence of indirect taxes
 
on households (canal-irrigated farms only) 622.0
 

Share of indirect taxes on agroprocessing
 
industries
 

Share of direct taxes on manufacturing
 

Export revenues attributable to irrigation
 

Reduction in import revenue due to irrigation n.a.
 

4. Subtotal (2+3) 	 748.4
 

Net financial flows (excluding land revenue)
 

1. Net financial flows for canal irrigation 748.4 - 242.8 
- 505.6 

2. Net financial flows for government
managed 	irrigation 748.4 - 392.4 

- 356.0 
3. Net financial flows for the total
 

irrigation 	sector 748.4 - 1,260.4 
= - 512.0 

4. Net financial flows for irrigated agriculture 748.4 - 1,574.4 
= - 826.0 

n.a. Not available.
 
... Not applicable.
aIncludes only current revenues and expenditures.
 
bAssumes that the entire losses of the State Electricity Board are
 
from rural electrification, mainly state and private tubewells.
 
According to the report of the Committee on Power, Government of
 
India (1980), rural electrification losses in 1976/77 were Rs 1,568
 
million compared with overall losses of Rs 1,118 million.
 
cFertilizer consumption (total NPK) in Bihar estimated at 0.225
 
million tons, or 2.7 percent of !ndia's total consumption. Fer
tilizer subsidy estimated at Rs 18,320 million, or Rs 2,234 per ton
 
of NPK. Hence total fertilizer subsidy was Rs 503 million. Subsidy
 
on imported fertilizers alone was Rs 1,744 per ton or Rs 392
 
million. 80 percent of fertilizer consumption is assumed to be on
 
irrigated land, distributed between government irrigation and pri
vate tubewells on the basis of area irrigated, with a ratio of 1:2.
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million due to their high O&M costs 
and very low irrigation bene
fits. If gross collections 
of land revenue are also considered,

the areas 
irrigated by canals (1.18 million ha) contributed about Rs

27 million, an average Rs 23 per ha. Thus the total estimated
rurrent 
resource flows or revenues to the central government and
 
state government from canal irrigation 
were much higher than the

expenditures in 1984/85. 
 The gross receipts obtained directly from

the farmers 
by water rates were only 17 percent of the total
receipts from this sector. Similarly, net resource flows into canal
 
irrigation (Rs 
116.4 million equals Rs 242.8 million minus Rs 126.4
million) were about the same as subsidies on the use of imported

fertilizers (Rs 103 million) consumed on these farms. 
 This analysis

shows that canal-irrigated agriculture is providing substantial

financial and real resources indirectly through commodity taxes and

other means. Efforts to raise more resources from this sector need
 
not be confined to the mechanical approach that raises water 
rates
 
to 
cover O&M expenses plus a percentage of capital costs.
 

ISSUES FOR DISCUSSION
 

Contrary to the neneral impression, water rates in Bihar

increased about 70 to 90 percent 
in nominal terms over the past

decade, while those in H~ryana did 
not. In real terms, the farmers

in Bihar are expected to pay higher rates than Haryana farmers for
 
using canal irrigation for paddy and wheat. However, in
farmers

both states pay a very small proportion (between 2 and 3 percent) of

the net benefits due to irrigation or of the gross value of output

cf irrigated agriculture. If irrigation charges 
were raised to
 
cover the operation and maintenance expenses of irrigation works,

the proportion of net benefit due to irrigation being diverted for
irrigation-related payments would 
increase moderately. However, if
 
wate- rates raised cover full O&M
were to costs and capital invest
ment, the share of net benefits being diverted to 
irrigation-related

payments would be substantial (50 to 90 percent). The welfare and

disincentive effects of raising water rates to cover O&M costs as
well as full capital charges should be evaluated, and the prospects

of "full cost recovery" must be considered and analyzed. In this
 
context, the following issues 
are presented for discussion.
 

Should Water Rates Be 
 Raised to Cover Full Costs in Existing

Projects?
 

The first issue to consider is whether water rates should be

increased to cover O&M charges as 
well as 100 percent of capital

costs? This policy is not 
desirable either for economic efficiency

or for equity considerations. The principle of "full recovery"
cost 

implies that water rates should be increased from between Rs 100 and

130 to between Rs 2,350 and Rs 2,450 
per ha. These increases are

substantial and account for 
almost two-thirds of the estimated net
benefit due to irrigation. 
 Even if 50 percent of the amortized

capital costs (Rs 2,300 per ha) were recovered along with O&M costs

(Rs 113 to Rs 135 per ha), the increase would be substantial, that
 
is, more than ten times.
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Apart from the fact that it would be politically unacceptable,
 
such an increase is likely to discourage farmers from demanding
 
water for irrigation. Since India's irrigation projects are
 
designed for protective irrigatior and irrigation water supplies are
 
uncertain and erratic (except for some influential farmers at the
 
head reaches), farmers would certainly respond by opting out of the
 
canal irrigation network. Some farmers would opt for rainfed
 
agriculture, while others would invest in private sources of
 
irrigation (tubewells, wells). Since capital costs of existing
 
irrigation projects are "sunk costs," there is no justification for
 
insisting on recovering these capital charges from the present
 
generation of farners, particularly when this insistence will reduce
 
crop yields and employment or encourage investment in alternative
 
irrigation devices. At best, there i justification for recovering
 
the variable component of C&M costs through water rates. Thus,
 
for completed projects, the appropriate criterion for pricing water
 
should be the short-run marginaI costs of operating and properly
 
maintaining the irrigation works.
 

Given the "sunk capital costs" for existing projects, insistence
 
on recovering full or even part of the capital charges would distort
 
investment choices. In areas where groundwater is available, it 
would promote investment in electric motors or diesel engines and 
produce, in turn, excess demand for electricity or diesel oil. 
Given the high capital costs of rural electrification arid high 
transmission and distribution losses, such a policy woulu require 
diversion of investments in electricity generation and distribution. 
In situations where electricity is not available, this would result 
in high import costs of diesel oil or high capital costs of oil 
refining coupled with foreign exchange outflows to import crude oil. 
Both results are undesirable from the viewpoint of economic eff i
ciency.
 

Apart from resulting in inefficient allocation of resources,
 
recovering capital costs of completed projects is also inequitable
 
for the following reasons. First, the high capital costs of major
 
irrigation projects in India reflect cost and time overruns due to
 
inefficient management as well as a significant amoijnt of resource
 
"leakage" by unscrupulous officials and constructors. As argued by
 
P. K. Rao (1984, 2),
 

The officially reported cost estimates are over-estimates of
 
real costs incurred in project development and maintenance,
 
due to significant leakages, corruptIon, and inefficiencies
 
commencing with cost escalation in executing project works.
 

. As a whole, it appears that only about half of the
 
officially cstimated costs should be taken as real costs.
 

Similarly, the costs of 08,1 have been increasing mainly because of 
increases in the wages and salaries of workers and officials. As 
noted elsewhere in this paper, 80 percent of the O&M expenses are 

13 As discussed in Duane (1975, annex 3), the O&M costs have an
 

overhead component, which is available only by abandoning an
 
irrigation project.
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for salaries and wages, and 
the expenses on the entire revenue
administration are 
for the purpose of employment creation and
provide considerable political mileage. 
thus
 

It is unfair to ask farme[I
to bear 
 the burden of these ever-increasing expenditures.
Increasing water rates to cover the full 
 costs of an existing
project is not justified on 
the grounds of either economic efficien
cy or equity.
 

Should Full Cost Recovery NewBe the Basis for Water Pricina for 
Pro iects? 

It may be argued that 'full cost 
recovery' should be the basis
for determining water charges 
so that beneficiaries or project 
users
contribute to the investment 
costs of the project. As shown by
Duane (1975), desirable forms of cost 
recovery satisfy the following
requirements: 
 (1) they have the power to discriminate between a
project's direct beneficiaries 
 and nonbeneficiaries, that is,
between water users and nonusers; (2) they either guide the efficient allocation of resources 
or are neutral; at worst, they
interfere as little as possible in this regard; (3) at least one
instrument 
has the capacity to permit progressive rates of charges;
and (4) they are fair, in that they require users who are equally
poor or equally rich to pay the same 
charge for the same benefit or
service. Duane (1975, 14) 
accepts, however,
 

that there are some circumstances perhaps in which the
relevance of efficiency pricing 
can be dismissed a priori.
For example, existing canal projects which are designed for
continuous field-to-field flooding and where 
ldck of control
structures are 
of little consequence--many 
of the paddy
growing areas of South 
and Southeast Asia--would simply not
allow the 
 required discrimination 
 against "non-buyers."
There are 
other situations 
also: where canal authorities
 
cannot enforce their preferred patterns of 
water distribution even 
under existing arrangements, because 
of undisciplined, unlawful user behavior and their 
lack of enforcement

ability. 
 It would be quixotic to attempt sophisticated
improvements 
to water marketing if more fundamental problems

like these were left unchanged.
 

Since the situation 
in most of the canal systems in India 
is similar
to the ore described 
above, putting too much emphasis on cost
recovery and financial returns from new would be
a project not 

desirable.
 

Financial returns (or cost recovery) may 
not, however, be a
major criterion tor evaluating new projects 
for sanction. The
 

14 According to Rao (1984, 3), 
 "the reported expenditure on
 
operations and not be
maintenance might 
 on the relevant type and
magnitude, from the agricultural production view-point; in other
words, the unproductive, irrelevant, 
and extravagant expenditures
that might be incurred on 
this account cannot be expected to be paid

for by the users."
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contribution of a new irrigation project is assessed with the help
 
of socia' benefit cost analysis, which hai been the accepted
 
methodolog., of project selection in India. Thus emphasizing
 
financial returns or cost recovery, even for a new project, is
 
likely to d stort the choices for allocating investment in the
 
irrigation sector.
 

Should Water Rates for Canal Irrigation Be Abolished in Eastern
 
India?
 

It is suggested here that water charges should be abolished or
 
merged with land revenue, particularly in eastern India where these
 
charges are collected from millions of farmers. It is argued that
 
abolishing water charges would improve economic efficiency as well
 
as equity in the eastern regions.
 

As shown earlier, the cost of collecting water charges in Bihar
 
is more than the actual revenues obtained. Almost 5,000 persons at
 
,he field level are engaged in socially unproductive activities such
 
as preparing water bills, verifying them, and collecting dues (which
 
influential farmers do not pay anywa)). Abolishing water charges
 
would release this manpower at the field level for productive
 
activities relating to irrigation water management, such as organiz
ing farmers for water use, providing information about maintenance
 
Iqui gments, as well as carrying out routine maintenance activi

es.yg This would, one hopes, result in better management prac
tices and water use and therefore in higher economic efficiency.
 
Abolishing water charges would not affect the use of water (that is,
 
it would not waste water or distort cropping patterns) because the
 
existing rates are Jo low that tl y do not affect the water demand
 
choices of farmers in any case. If water rates cannot be in
creased for political reasons and, given the design and management
 
of irrigation systems in India (particularly in eastern India, which
 
has field-to-field flooding), higher water prices cannot play a role
 
in the efficient allocation of water, abolishing water rates (or
 
merging them with land revenue) would improve economic efficiency.
 

Abolishing water rates would also be more equitable because the
 
existing rates and the present method of collecting them help
 

15 See India Irrigation Commission (1972). Recently a Commit

tee headed by Nitin Desai gave detailed recommendations regarding
 
presanction appraisal of irrigation projects in India. For a
 
detailed methodological discussion and a case study of social
 
benefit cost analysis of a major irrigation project in Bihar, see
 
Sinha and Bhatia (1982).
 

16 It is understoud that in Bihar the revenue collection
 

machinery v'vs also responsible for some maintenance activities
 
before these functions were separated recently. This could be
 
easily restored.
 

17 In economic terms, the existing rates are so low that they
 

do not cut the demand function for water, if any. Lowering these
 
rates or equating these to zero would not affect water demand.
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influential farmers 
in the head reaches of the canals. With the
abolition 
of rates, the general complaints of small farmers about
heing charged without receiving water would also be removed. 
 Having
no water 
rates to be collected and 
paid would reduce corruption
among the field staff, which would help small 
and marginal farmers.
 

Should Electricity Charges Be Abolished in Eastern India?
 

If canal water were provided free, equity among users would
require that pricing 
 of other forms of irrigation be changed
correspondingly. 
 This suggests (1) free boring of tubewells, (2)
free electricity to existing owners of electric motors, 
(3) ;,iterest-free loans to purchasers of new electric 
motors (which could
also be subsidized), and (4) higher subsidies to light diesel oil
(LDO) along with interest-free 
loans for diesel engines run on LDO
(as against high-speed diesel oil). Although the detailed 
macroimplications would have to be worked out, these policy 
decisions
would seem to improve economic efficiency and promote equity (both
interpersonal and interregional). 
 It is argued here that providing
these facilities to increase 
the use of groundwater would result 
in
higher incomus, employment, and revenues.
tax Since the easternIndiao states of Bihar, Orissa, West BPngal and 15 districts ofeastern Uttar Pradesh have not received adequate investments fordeveloping canal irrigation (for 
both witer resources and environmentil considerations), this 
region should now be provided all the
facilities for using groundwater. Apart from increasing irricacion,
increased water would lower
pumping al o 
 the witer table in some
regions, thus reducing waterlogging and salinity. The revenue
implications of these suggestions 
would not be very significant

because in the present circumstances o71 y part of the electricity
consumption in rural areas for
is paid (which explains the high
distribution losses) arid the tariff charged 
is not more than 15 to
20 percent of the real cost of 
providing electricity to rural 
areas
(see India, Planning Commission 
1987). In such circumstances, not
more than 10 percent of the costs are recovered from the farmers.
Providing electricity free of cost would 
improve the use of electric
motors (for the period for which 
electricity is available) and
 reouce the price at which water 
is sold to farmers who do not nwn
 
electric motors. 
 This would discourage the tendency to
size motors use largeand encourage the improved use of because
water the
farmers might invest in water-conveyance systems. This will, of
 course, provide water to resource-poor small and marginal farmers at
 

18 As 
shown in the paper by Dr. Pant (Chapter 18) the state
 
electricity boards recover only a small part of the 
total bills on
 
rural electricity.
 

19 See Shah 
and Raju (1988) for the experience of Andhra
 
Pradesh in using flat-rate tariffs. Power consumption per tubewell

reportedly increased 50 
percent after a switch to 
flat rates.
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prices they can afford. 20  The revenue implications of such a move
 
would not be very siorificant since only 10 percent of the estimated
 
cost is presently rualized.
 

This is not to argue that those who benefit from the services
 
provided b the state should not pay for them. Rather, the point is
 
that if a system is recovering only 10 to 15 percent of the costs,
 
then it is better for the physical condition of the system (design
 
of canal systems, extension of electricity distribution systems over
 
large areas) and for political reasons to provide these basic inputs
 
free of cost so that all users can benefit from investments, which
 
would improve economic efficiency and equity.
 

Should Cost Recovery be Concerned Only with Direct Water Charges?
 

As shown in this paper, the revenue flows that are one result of
 
higher incomes from canal irrigation are much more significant than
 
the direct recoveries through water charges. In Bihar, revenues
 
from indirect taxes (Rs 622 million) in 1984/85 were much higher
 
than both the direct collections and the O&H e~penses on irrigation
 
projects. Taking a comprehensive view of resource flows related to
 
canal irrigation shows net resources flows from canal irrigation to
 
the exchequer. O&M expenditures should be detached from collection
 
of water charges, and maintenance works should be carried out on the
 
basis of physical needs of the systems. Separating O&M expenditures
 
from cost recovery would improve economic efficiency as well as
 
equity.
 

20 Since boring would be done free of cost and electricity
 
would be available without charge, a number of farmers are expected
 
to invest in these devices, thus increasing the number of sellers
 
and reducing water charges.
 

http:afford.20
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Managing Improved Water Supply:
Lessons from the Kerala Water Authority 

Bhanwar Singh and Radhika Ramasubban 

If we are to find lessons in sustainable managerial improvements

for irrigation by studying innovations from domestic water supply,
we must begin by recognizing the similarities and dissimilarities 

the two sectors (or two branches of 

in
 
the same sector). While water
for irrigating crops and orchards concerns only one (albeit,


crucial) sector 
of the economy and some sections of the population,
water for drinking and household needs concerns e,'eryone. All

households need water for drinking 3nd other domestic 
requirements.

Every household must 
satisfy this basic need, in varyiioq degrees,
irrespective of its 
occupational and income characteristics, with or
without cash income. In the past, providing drinking water acquired
an almost sacred character. 
 Digging wells and cleaning, deepening,

and repairing ponds to augment water 
-esources for drinking and
domestic needs have traditionally been a form of 
charity undertaken

by individuals and institutions. Governments 
have also undertaken

this activity mainly 
to relieve a famine or drought. Paying for
water has never been 
a traditional 
feature of Indian villages.
Rather, in procuring water, expenditure of time substituted for
 
expenditure of money.


With simultaneous population growth dwindling
and traditional
 sources of water, and with the 
rising global consciousness of the
importance of 
clean and safe water for good health, schemes to
improve the water supply have 
been taken up by most governments.

These schemes are capital, technology, and management inte sive.
The improved supplies 
save time and augment income (by generating

new jobs and skills due as this 
sector grows); moreover, better

health ultimately Itads to better empl. yment 
and higher income;

these facts have 
aided the argument for introducing a monetary

element into the consumption of drinking watei . Most lessons inwhat is sustainable and what is not will come from sharing ex
perience 
 in this common task of carrying out the schemes and
generating the resources for 
 future investments. 
 That so-called
improved water schemes must recover at least 
 operational and
maintenance costs 
is universally recognized. The notion that part
of the capital cost ought to be 
recovered for augmenting present
schemes 
and providing for future investments or debt servicing is
 
gaining prominence.


Whether for irrigation or for drinking water, the focus remains
 on 
the same commodity: water. Improvements in the supply of water

for irrigation often make larger quantities availaule for domestic
 use. Of course, in some instances reckless exploitation of groundwater sources for irrigation has, long
in the run, had a pernicious

effect on the availability of drinking water.
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Declaring the 1980s to be the InternaLional Drinking Water
 
Supply and Sanitation Dec~de has focused special attention on the
 
problems in this field. Although nearly one-third of the population

in the world is still without acces- to good quality water, in the
 
past few years the investment for ..ipplying water to rural com
munities all over the world has grc4: phenomenally. Just as there
 
are many disconcerting factors in not being able realize the full
co 

benefits of these investments, there are also many ',seful signals to
 
be picked up if we are to free ourselves of despair.


Approximately US$1.5 billion are being spent per year on rural
 
water supply in different parts of the world. By the turn of the
 
century, universal coverage through the improved water schemes will
 
necessitate a three- to five-fold increase over the current level of
 
investment in this While countries governments
sector. some 
 and 

have adopted the strategy of first covering the areas that can be
 
reached easily and less expensively, others have concentrated on
 
tackling the problem areas. The government of India made it very

clear that government funds must first be directeo to cover the
"proalem" villages or 
areas, that is, those with no access to good

quality water within a depth of 15 meters or a distance of 1.5 km,

where the incidence of water-borne diseases is high, and where
 
traditional sources of water contain excessive chlorides, fluorides,

iron, and other toxic elements. In India the proportion of people

with access to a protected water supply has reportedly increased
 
rom 31 to 47 percent. This is perhaps an over-estimate. A survey


of hand pumps in the states of Orissa, Rajasthan, Madhya Pradesh,

ard Tamil Nadu revealed that only half of the villages serviced by

the hand pumps ure actually able to use them; moreover, 75 percent

of the hand pumps installed in India are out of action at any given

time. Fhe situation with public taps is only slightly better. The
 
government of India has admitted that the lack of attention 
to
 
maintenance compromises the usefulness of water supply systems in
 
rural areas by 30 to 50 percent. The inability of crash programs to
 
improve the water supply drastically is not uncommon. It is
 
believed that one in four rural water supplies is out of order 
in
 
most parts of the developing worlu and that, in some countries, the
 
construction of new facilities is not even Keeping pace with the
 
rate of failure. Commissioning improved schemes without realistic
 
measures for supporting the maintenance operations inevitably leads
 
tc such consequences. System maintenance has depended heavily on
 
government finance and technical support, exerting acute pressure on
 
government spending a of resource
at time severe coostrai:,ts.

Altnough the commitment of the government of India and the concerned
 
state governmen:s, which is in the form of grants for capital Lusts,

is likely to remain substantial over the long term, the working
 
group appointed by the government of India recommended that opera
tion and maintenance costs be recovered from 
the beneficiaries.
 
There are also signs that the top-down approach to the management of
 
these services might be giving way to management by grass-,'oots

institutions. A change in attitude toward providing house 
connec
tions may help raise resources for maintaining the improved water
 
services.
 

The stage is, therefore, set for administrative, financial,
 
technological, and policy changes. By detailing the experience in
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Kerala, our intention in this chapter is to unfold the nature of
 
these changes and 
see what promise they hold for meeting the
 
challenge of evolving self-sustaining mechanisms for supplying

improved water to rural populations.


Providing water services in Kerala is nearly the 
 exclusive
 
responsibility of the Kerala Water Authority 
 (KWA), which was
 
created first through a government ordinance in 1984 and supported

through a legislative act 
in 1986. It functions as on autonomous
 
authority. Apart from improving and regulating water supply, it is
 
also responsible for wastewater collection and disposal. 
 The scope

of our discussion is confined to the former. Earlier these 
func
tions were performed by the Public Health and Engineering Department

(PHED). The changouver from a government department 
to an autono
mous authority would, it was argued, streamline the planning,

execution, and management of water supply and sanitation systems.

It was also hoped that the new organizational form would be better

equipped to raise financial resources from institutional sources of
 
finarce--botn internal and external--and adopt
to a better financial
 
management system.
 

The :roves for this organizatioral chtnge coincided with the
 
negotiations that the government of Kerala was conducting with the
 
governmeit of the Netherlands and with the World Bank. UNICEF was
 
also finanLing drinking water schemes in the state. 
 It is quite

likely, therefore, that the 'mmediate motivation or stimulus for 
the
 
change in ')rganizational form came from the desire to facilitate 
these rFrnniations. 
 Nevertheless, the attempts to streamline the

plann*ng, execution, and management aspects followed almost im
medijtely. Management and tinancial consultancy services were hired 
to suggest improvements in the organizational plan, including the 
delegation of powers and defining of job responsibilities, staffing
pattern, ,oject planning, materials management, and financial
 
account ng systems.
 

To consultants reviewed different forms of 
 organizational

structure for the KWA and finally recommended a structure based on
 
three operational regions, supported by a planning and services
 
division based at the headquarters in Trivandrum. This framework
 
allowed for the decentralization of the functional aspects of the
 
KWA, headed by chief engineers in the three regions and in the

planning and services division, who would report directly the
to 

managing director. The opportunity to scrutinize this plan came
 
when the World Bank set up its appraisal mission prior to making a
 
definite commitment to financino investments in the water sector in
 
Kerala. The apprai-1] mission was of the opinion ihat the post of

'inancial advisor and chief accounts officer should be on par with
 
that of chief eryineer, as he/she oulht to provide leadership in the
 
financial management of the KWA. Th;e appraisal missicn also felt
 
that f;-rther decentralization was needed in the fun'tional aspects

to reduce both costs and the 
load of the managing director, who was
 
directly responsible for far too many functions. The government nf
Kerala ruled that all saictioned posts needed its prior approval.
The KWA, backed by the consultants' report, could now approach the 
government and seek to be vested with powers to sanction and fill
 
any post that carried a pay scale below Rs 2,500 per month, a

position equivalent to that of deputy chief engineer. The appraisal
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mission pointed 
out that instead of expressing this demand in
 
monetary terms, the KWA should clearly express level these
the of 

positions and thereby avoid any distortions due to price rises and
 
salary revisions in the future.
 

The need for maintaining close links among the various depart
ments of the government, local bodies, and members of the public was

recognized in the organizational structure of the KWA. The secreta
ries of the departments of health, finance, development, and local
 
administration are members of 
its board of governors. Two represen
tatives from local bodies and a member 
belonging to a scheduled
 
caste or scheduled tribe are 
also appointed by the government of
 
Kerala to the KWA board of governors.


The KWA has its own fund, the Kerala Water Authority Fund, which
 
is a local fund that is credited all money received except by way of

loans or on behalf of the Authority, It also has another fund
 
called the Kerala Water Authority's Loan Fund, which is also a local

fund, but is credited all the money received by or on behalf of the
 
Authority by way of loans. In addition, the KWA is empowered 
to

constitute other that perform its
funds it needs to functions
 
efficiently. 
 Again, the KWA is thE sole agency authorized to borrow
 
money for water supply and sewerage works. The government of Kerala
 
by and large guarantees the repayment of loans and the payment of

interest on all loans made by or transferred to the KWA. The
 
government may from time to time, 
after due appropriation by the law

of the state legislature, make grants, subventions, capital con
tributions, and advance loans to the KWA.
 

The KWA is entitled to fix--by notification in the Gazette--the
 
cost of water 'o be supplied by it according to volume and also the
 
minimum cost co be charged for each connection. It may provide

water meters to consumers and charge rent on them. It can demand a
 
sum of money as security from any consumer, provided it pays

interest at the official rate. 
 It is also entitled to charge fees
 
for connecting, disconnecting, and reconnecting the water supply, or
 
for testing or supervising any other service rendered or work
 
executed or supervised. Any sum due to the KWA--from any tax, 
fee,

cost of water, meter rent, penalty, damage, or surcharge--is

recoverable as arrears of 
land revenue.
 

For insight into how the improved water service operates at the
 
grass-roots level, 
we covered six sites in northern Kerala, and our
 
observations are based mainly on field visits over 
four months. We

covered three environmental settings: (1) an area with relatively

abundant traditional sources 
of water, (2) an area with adequate

quantities of water 
available through the traditional sourcms, but
 
of poor quality due to saline intrusion, and (3) an area that is
 
water scarce. In each of these environments we selected two sites:
 
one in wnich the improved water supply had existed for a few years

and a substantial number of house connecLions had been given and
 
tariffs collected; and that similar the site
one was to first in

socioeconomic and environmental conditions 
including the traditional
 
sources of but not an
water, that did have improved water supply.

In the latter sites an improved water supply scheme has been
 
recently installed; pipes have been 
laid, and the service will be
 
available to consumers within a year's time. In the process 
of

selecting these sites, we have briefly reviewed at least another
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twenty such schemes. The insights gained during this process are
 
also included here. The details of the objectives, scope, and
 
methodology of our field survey form the subject of another study;
 
here we confine ourselves to observing the issues outlined in the
 
first section of this chapter. Similarly, interarea and intersite
 
comparisons are kept to the minimum. And, as we await the results
 
of statistical exercises that will impart a quantitative dimension
 
to each of these aspects, our observations remain, at best, tenta
tive.
 

The improved water service is provided mainly through stand
 
posts; only a small proportion of households have been provided with
 
yard taps (house connections). Most of the schemes are very small,
 
using groundwater or surface water as their source of raw water.
 
While the tasks of tapping the source, acquiring lana for storage

tanks and pumping stations, laying the distribution pipes, and
 
maintaining the system are solely with the KWA, local institutions-
the panchayats--are responsible for recovering operation and
 
maintenance costs and granting house connections. In some cases
 
these costs are recovered directly by the KWA itself. The tariffs
 
vary from one scheme to another depending on whether the scheme is
 
old or new, whether panchayats are involved in managing it or
 
whether it is managed entirely by the KWA itself. The tariffs range

from Rs 0.50 to Rs 1.00 per thousand liters of water.
 

The amount of water available to households has undoubtedly

improved with the commissioning of these schemes. We have come
 
across only one improved water supply facility in a state of
 
disrepair or disuse. Maintenance problems do exist, but render the
 
service only partially ineffective rather than totally unusable.
 
For example, when a public tap was leaking due to a defective tap,

the maintenance staff responded by sealing the tap and cutting off
 
the water supply to that point until pressure from the community

mounted, rather than by repairing or replacing the tap initially.
 
Pipes also get damaged, and it can take several months to repair or
 
replace them. The situation in which most of the distribution line
 
is rendered inoperative within the first few years of installation
 
seems to have been, by and large, avoided. Complaints about meters
 
being of poor quality and requiring frequent repair or replacement
 
are common, but these problems have no impact on the systems'
 
ability to provide water. Pumps have had to be repaired often--as
 
often as fifteen to twenty times . year--and this has, on occasions,
 
disrupted the service. This also raises operation and maintenance
 
costs since each repair costs an average of Rs 2,000. Pump failure
 
is mainly due to volatile fluctuations in the power supply.
 

The constraints on the amount of water that can be made avail
able to the community are mainly on the supply side and not due to
 
the disuse or disrepair of the system. Most often the schemes are
 
small, either because the source itself is limited, or because the
 
amount sanctioned is too small to permit larger schemes. The
 
national norm of 40 liters of water per capita in the design of
 
improvrd water schemes is considered low in the context of water use
 
practices in Kerala, which implies that even the predetermined

number of beneficiaries requires more water than is currently

provided by the scheme. Given the higher population density in the
 
state and the absence of an effective demarcation between one
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locality and another in most villages (only the scheduled caste
 
pockets appear to be, by and large, homogeneous), the pressure on
 
any scheme based on a predetermined number of beneficiaries is
 
likely to increase.
 

The other constraint--in many ways the most serious--is the
 
absence of a durable supply of electric power. Even when no
 
limitations are imposed by the source and the system appears to be
 
capable of supplying greater quantities of water, it fails to do so
 
because electric power is available only for a limited number of
 
hours in the day. The erratic timing of the power supply and
 
fluctuations in voltage, apart from damaging the pumps, reduces the
 
pumping hours even further.
 

Hardly an) improved water supply scheme can provide water for
 
eight or ten hours a day. A few provide water for about six hours a
 
day. Many are able to keep up a supply for only four hours, while
 
some offer a feeble two to three hours a day. The inevitable
 
results are long queues at the stand posts, or public taps as they
 
are called in Kerala. In many places as many as forty to fifty
 
persons stand in a queue and wait up to an hour to get their turn.
 
As a result, rationing mechanisms have evolved. In some places, a
 
housenold is allowed to fill up to two pots, in others the maximum
 
permitted is four. The flow of water from the tap is usually so
 
weak that hardly anyone gets a second chance in the queue. Those
 
with yard taps (house connections) do not have such a severe problem
 
with getting sufficient quantities of improved water, but their
 
number is very limited. House connections ara not available to more
 
than 15 or 20 percent of the households served by the water supply
 
schemes.
 

In a situation such as this, the improved waLer service is
 
reduced to the level of a mere supplementary source for meeting
 
water requirements. In the areas with abundant supplies of good
 
quality water from traditional sources, a sizable number of house
holds have their own wells. There are also a good number of public
 
wells. Water levels in the wells, however, start dropping from
 
November/December, and by April/May only a few wells are capable of
 
supplying water. The piped water is useful as a standby arrangement 
for the owners of dry wells, who can turn to the yard tap or the 
stand post when their wells dry up. The yard tap or stand post 
allows those who have been using a neighbnr's well to shift away 
gradually and with dignity, as fewer and fewer wells are available 
for d,awing water in the dry season. At other times, the water from 
the yard tap or public tap implies a smaller number of trips to the 
neighbor's wel . or fewer buckets drawn from one's own well. In 
areas with abundant but poor quality water from traditional sources, 
the quantity of water availabie tni-ugh the taps has saved some of 
the time, distance, and effort involved in procuring water from the 
extremely limited traditional sources that supply good quality 
water. The relief is much greater during the dry season, when these 
sources shrink even further. In the areas where water has tradi
tionally been scarce, piped water may not provide full freedom from
 
want or from the need to cover relatively long distances to fetch
 
water, but it does provide some water when and where it is needed
 
most.
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In all, there can be no doubt that water
piped in northern
Kerala has improved people's lives by augmenting the supply of 
water
for drinking and other domestic needs. The quality of piped 
water
differs from one 
scheme to another. 
 Where the pipes are not cleaned
6rd where the water at the 
source, particularly in some borewells,
has turned acidic, piped water is considered inferior in quality,
and rightly so. Apart from 
this, people have no preconceived

notions that would make them reluctant to use this service. In some
 cases the wells 
are extremely well maintained and persons using them
not entirely wrong in believing that piped water
are is no better
than well water, wlich they prefer for drinking and cooking.


Apart from -emoving the supply constraints, several other
features need to be taken care of 
if the service is to qualify for
the term "improved." 
 In t.is reoard, the planning of distribution
lines and stand posts deserves utmost attention. In their initial
phase the schemes 
 invriably tended to start the distribution

pipelines 
from -he paits of the village that are most centrally
located, which are 
also the pockets where the relatively better-off

esidents By
.- live. the time the distribution pipes are extended to
other parts of the village, the 
system has already exhausted its
operational capacity. 
 This leads 
to weaker flows, shorter duration
of supplies, and 
longer queues at stand nosts in the localities that
 are covered later. ihe pipes are laid one
only along side of the
road, which creates major problems since the road must be cut for
connections on othei The
the side. rationale offered for this
practice is that KWA not
the does have to acquire any land other
than that required for reservoirs, pumping stations, and treatment
 

works.
 
The defects in the distribution pipelines and other factors that
make the service ineffective for 
 the majority of the population are
a direct outcome of the top-down approach, wh'ch does not appreciate


the need to consult the local people. Our discussions with groups
of people at sample sites suggest that local populations observe the
planning and laying of the distribution pipelines with keen 
interest
and show a greater anticipation of the problems to
cue differences

in altitudes and in the size of pipes than was 
probably expected of
them. In their view, passing distribution pipes through private
lands is not a major problem, provided the people are taken into

confidence and tte transmission lines are designed for the maximum

benefit of the eri:ire community.


The absence cf consultation 
with the local population is also
responsible or the faulty location stand posts.
of 
 Since stand
 posts are set at fixed irtarvals, say every 200 meters or so, they
are either too close to or too 
far froi the intended beneficiaries.

Some are situated in the center of a cluster of houses, each with
its own privwte 
well !n'some cases a stand post serves as many as
70 to 80 households, while 
in others it is relevant to only five ur
ten households. There are also examples of stand posts being
located at that are
points flooded during the monsoons, thereby

making them inaccessible for that period.


ihe gap between when a scheme is samictioned and when it is
actually commissioned is often too long, robbing the service of any
credibility it might otherwise have enjc~ed. A two-year 
gap is
 common, and in some cases the gap has 
been up to four or six years.
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In sites where the lag between the laying of the distribution lines
 
and the projected date of commissioning is unduly long, widespread
 
skepticism prevails about what the system's performance will
 
actually be like--not a happy prognosis for an improved water supply
 
system. People stoutly maintain that they will not believe they
 
will get piped water until they see it flowing regularly for at
 
least a month. The decline of credibility of drinking water schemes
 
is also fueled by political factors. The gimmick of supplying water
 
by temporarily connecting distribution pipes to some other scheme in
 
the neighhorhood during the electioneering period or on the days
 
that elections are held has made people doubt the intention behind
 
the schemes. People's frustrations have also flared up, particular
ly in the areas of acute scarcity, when unannounced testing of a
 
yet-to-be commissioned scheme has resulted in water flowing in the
 
pipes round the clock for a day or twe and abruptly shutting off,
 
virtually forever, as far as the people are concerned. These are
 
also the sites where people will, in al1 likelihood, not receive
 
more than three to four hours of running water per day when the
 
schemes go into operation. A closer two-way communication between
 
systems and their intended beneficiaries cannot be stressed suffi
ciently. Interestingly, we observed a neutral attitude moving to a
 
positive one--albeit cautiously positive--in the sites where the
 
commissioning of schemes promises to follow closely the laying of
 
pipelines.
 

The local bodies--panchayats--have been involved in recovering
 
maintenance and operation costs. Since responsibility for maintain
ing the service is with the KWA, it bills the panchayats for the
 
costs incurred by way of salaries for the operating staff, electric
ity charges, repair of pumps, and sundry expenses such as the
 
ptrchase of chemicals. The panchayats have the power to levy a
 
water tax, which most of them do on the basis of a proportion of the
 
rated value of the individual dwellings. Alternatively, the
 
panchayats can meet these costs from their grants or other revenues.
 
For house connections, the application to the KWA has to be routed
 
through the panchayat. The latter forwards the application to the
 
KWA along with an application fee of Rs 10 and a security deposit of
 
Rs 50, which is now being raised to Rs 500. On sanctioning the
 
connection, the KWA is entitled to a certain proportion of the
 
connection cost as a supervision charge. The tariff for house
 
connections, which ranges from Rs 0.50 to Rs 1.00 per thousand
 
liters consumed, is fixed by the panchayat. Every connector is
 
provided with meter for which he pays a certain sum of money to
 
the KWA. The bills are prepared and the charges collected by the
 
panchayat, which remits the money to the KWA after deducting 7
 
percent for billing and collection costs. In some cases, the KWA
 
itself has undertaken the task of billing and collecting the charges
 
for house connections. The recovery of operation and maintenance
 
costs through the panchayats is the most burning problem with the
 
KWA. Table 15.1 gives an idea of arrears with a number of pancha
yats in different subdivisions of northern Kerala. Table 15.? shows
 
that most of consumers' payments are made within sixty days oF
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Table 15.1--Arrears of mdintenance charges due from panchayats, 1984
 
and 1987
 

Name of Division 


Kasargod 


Cananore 


South Battery 


Dadagara 


Calicut 


Malappuram 


Palghat 


Shornur 


Edappai 


Arrears Due as of
 

December 3, 1984 


(Rs) 


1,718,524.00 


2,395,807.66 


1,320,211.52 


1.562,000.00 


3,654.366.59 


3,144,534.17 


2,963,326.85 


2,695,104.62 


935,875.90 


December 3, 1987 Increase 

(Rs) (Percent) 

3,226,702.00 87.76 

5,888,016.00 145.76 

2,378,860.00 80.19 

3.5'3,2:.5.07503 

5,089,333.00 39.27 

7,020,948.01 123.27 

5,832,039.00 96.81 

4,104,271.81 52.29 

2,772,360.00 195.23 

Table 15.2--Payment schedule followed by consumers 
in Elapully
 
Panchayat
 

Payment Within
 

Months 10 Days 11-20 Days 21-30 Days 31-60 Days 
60 Days
 
or More
 

(consumers) 

April-June 87 (81.05) 6 (5.3) 1 (0.6) 8 (7.9) 5 (4.7) 

July-
November 71 (67.2) 22 (20.5) 1 (0.8) 11 (10.2) 2 (1.3) 

December-
March 58 (53.5) 17 (16.6) 11 (11.1) 11 (10.6) 2 (2.2) 

Note: Figures in parentheses are percent of consumers paying 
in
 
each period.
 

http:935,875.90
http:2,695,104.62
http:2,963,326.85
http:3,144,534.17
http:3,654.366.59
http:1.562,000.00
http:1,320,211.52
http:2,395,807.66
http:1,718,524.00
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receiving the bill. The panchayats' main problem in making payment
 
to the KWA is their poor resource base.
 

Active involvement of the people themselves would appear to be
 
the most important mechanism for increasing financial viability and
 
system maintenance on a sustainable basis. With the existing levels
 
of education, social and political awareness, and the force of the
 
need for this service in Kerala, local communities could easily be
 
the most important input for aiding the planning and execution of 
these schemes and guarding against the pitfalls arising from the 
top-down approach that has been followed hitherto. Women's groups
should receive special attention in this regard. Some of these 
groups feel that matters would definitely take a positive turn if 
women were put into the driver's seat since women are the driving 
force behind meeting the family's needs for water. Some women even 
said they would volunteer to train as pump operators. It was the 
women who expressed a greater willingness to pay higher tariffs and 
who felt most frustraLed by the lack of local control ol the 
maintenance staff. Again, it is they who suffer most because of the 
tensions arising from overcrowding and long queues at stand posts.
The practice of giving piped water in the middle of the night in 
order to coincide with the electric power supply has had a great
impact on their ives and self-esteem and agitated them greatly; 
they could become willing partners in any initiative to improve the 
service. 

Wherever possible, the endeavor in designing water schemes
 
should be to stay small. A number of small schemes, designed to the
 
specific physical and financial resources and geographical and
 
demographic characteristics of an area are more likely to produce

the maximum good for the maximum number.
 

Incorporating demand into project planning reouires in-depth

understanding of the characteristics of the new and existing water
 
snurces and of the socioeconomic and demographic characteristics of
 
(.e intended beneficiaries. This requires quick and reliable demand
 
surveys to examine relationships between demand on the one hand and
 
technical choices (scale, timi-g, technology) and financial choices
 
(tariffs, subsidies, and cost mecovery targets) on the other.
 

The main conclusions emerging from this study are applicable to
 
both domestic and irrigation water services. Attempts to impart a
 
dynamic element in the organization of services by changing from the
 
conventional governmental department to an autonomous agency, which
 
derives its immediate stimulus from the need for greater flexioility

in building its financial resource base and adopting a better
 
financial management system, also impart a dynamic element in the
 
functioning of these water services. This is mainly through a
 
greater delegation of powers, precise definition of job respon
sibility, and intensive training programs. The need to establish
 
decentralized links with local institutions in order to reach the
 
users, whether for the purpose of monitoring the service through

different stages of design, execution, operation, and maintenance,
 
or for collecting water charges, remains as great as 2ver. Attempts

in this direction must include a greater appreciation of the nature
 
and functioning of village-level institutions, a cooperation-seeking

attitude on the part of water authority personnel, as well as a
 
strengthening of the resource base of the village panchayats. In
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addition to 
the crucial need for demand assessment and the technical

and financial 
choices discussed above, enlisting the support of thr
local neople and making use 
of local knowledge of technical issues,

such as altitudes and outlet locations, are as relevant to domestic
 
water systems as they are to irrigation systems.
 



Part IV 
Groundwater Development

in Eastern India 
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Overview
 

Ruth Meinzen-Dick 1
 

The chapters p-esented in this section identify needs and poten
tial for groundater development and conjunctive use, with special
 
reference to eaztern India. The first chapter by T. Prasad and I.
 
D. Sharma, and the second chapter by Niranjan Pant, both make the 
case that the eistern region lags behind the rest of India in 
agricultural production and many other economic indicators despite 
its plenfiful groundwater and other natural resources, which provide 
the potential for development. These two papers identify technical 
and socioeconomic issues related to increasing groundwater use in a 
context of large numbers of small and resource-poor farmers. The 
third chapter, by Tushaar Shah, draws on an empirical example from 
Gujerat in western India to present a strategy for developing 
conjunctive use of groundwater in the command of surface irrigation 
systems. 

Prasad and Sharma show that an expansion of groundwater use is
 
needed not only to increase irrigatlog year-round, but also to
 
provide drainage for optimal use of surface irrigation. They argue
 
that groundwater, surface water, and drainage must be treated
 
together in an integrated framework. Developing an understanding of
 
the hydrologic relationships involved in conjunctive use is a key
 
area for research if the objectives of integrated water use are to
 
be realized.
 

The gap between eastern India and the country as a whole is
 
demonstrated in tables on development indicators presented in the
 
first two chapters of this section. The low level of infrastruc
tural development, particularly rural electrification, has retarded
 
groundwater use. Not only is the proportion of villages with
 
electricity low in the eastern states relative to the rest of India,
 
but the power supply for pumpsets in electrified villages is low and
 
erratic. Although diesel-powered pumpsets have increased rapidly,
 
they -,ain an expensive means for farmers to extract groundwater.
 
Increasing the availability of electric connections and of electric
 
poi.er *emains a key measure for removing the energy constraint on
 
grondwater exploitation. However, as Ramesh Bhatia points out in
 
Chapter 14, providing cheap electricity involves considerille state
 
subsidy since electricity rates do not cover the cost of power
 
gereration and distribution.
 

Issues of technology choice and ownership are central to policy
 
decisions on groundwater development. Matching well capacity to
 

1 This chapter draws on introductory remarks by Basawan
 

Sinha, and Mark Svendsen's nutes from the workshop discussion.
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holding size is difficult when, 
as in much of eastern Indiia, over 80
percent of holdings 
are very small (under 2 ha) and fragmented.
Although deep tubewells under 
public ownership and management have
been promoted as a means of providing greater access to groundwater
for small farmers who are not otherwise able to afford their own
tubewells, state tubewell performance 
has been far below expecta
tions and below that of private tubewells.
 

Niranjan Pant's chapter discusses a range of policy options to
promote private groundwater development with equitable distribution

of the benefits to small farmers. The most 
direct policies are
subsidies and credit 
for wells and pumpsets. Technological innovations to reduce the scale and 
cost of tubeweils and lifting devices
provide another avenue. 
 He also discusses experience with institutional alternatives, including consolidation of holdings, community

tubewells, and markets for groundwater.


Simply increasing the exploitation of groundwater does not
ensure its use.
optimal Tushaar 
Shah's analysis of conjunctive use
in a canal irrigation system shows that it is not to
easy realize
the potential complementarity between surface well
and irrigation,
with surface systems providing recharge of the water 
table and wells
providing 
drainage. Encouraging groundwater use under private
initiative does not result in an optimal pattern. 
 Farmers near the
head of 
the system, where groundwater availability and the need for
drainage are greatest, are not likely to inve!.t in wells when they
receive sufficient water 
from the surface sy:;tem. Investment in
wells is greatest at 
the tail end of the systemi, where recharge is
 
least.
 

What policy instruments are available to improve the 
pattern of
conjunctive use? location
The of public tubewells is under 
state
control, which entails deciding 
whether to place them where the
water is or 
where the demand is--whether to use them for drainage or
irrigation. Inducing individuals to invest in wells at 
the right
location is more difficult than 
placing public tubewells. 

suggests financial and other price incentives 

Shah
 
to encourage the use
of wells in areas 
with high water tables to prevent waterlogging and
to make more canal water available at 
the tail end of the system.
Control over electricity provides another 
means of state influence over private groundwater use. Tiis incries cont-ol over power
connections, tariffs, and avai lability 
of water. Spacing regulations for power connections have been 
widely used in attempts to
prevent over-exploitation of groundwater, but 
such policies have had
little success. Rcther than achieving optimal use of the resource,
they have protected the 
existing patterns of access. This benefits


the early investors at the expense of latecomers, who are often
smaller farmers. The level and structure of power tariffs also
affect groundwater use since flat 
 rates per well encourage more
groundwater extraction than charging users per unit of power
consumed. 
 Finally, erratic availability of electricity is a
constraint 
on pumpset operation. 
 Scheduled power rationing--a form
of warabandi for electricity--was discussed 
as a preferable way of
dealing with power shortages because 
't would increase the relia
bility of well operation.


In summarizing the need for 
an integrated view of 
water resource
development, 
Ramesh Bhatia points out that there 
is little communi
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cation among the people involved in groundwater development, elec
trification, and canal operations. Without coordination between
 
the personnel of these agencies, conjunctive use strategies are
 
unlikely to be effective. Similar pressures for interagency
 
coordination in surface irrigation led tr the formation of the
 
Command Area Development Authority (CADA). Examining the CADA
 
experience is therefore useful for identifying the problems of and
 
potential for formalized coordination.
 

Constraints on the optimal use of groundwater and the develop
ment of conjunctive use include resource and institutional limita
tions--inadequate infrastructural resources (especially in the
 
eastern region), limited resources of farmers, poor management of
 
state tubewells, and lack of coordination among agencies involved in
 
groundwater development policy. Moreover, informational constraints
 
also retard effective exploitation of groundwater. The chapters in
 
this section therefore direct attention to areas for further
 
research.
 

Prasad and Sharma identify both technicai and economic questions
 
that need to be addressed if conjunctive use is to be implemented. 
In particular, the rates of groundwater recharge from seepage under
 
surface systems and the rates of dravdown of the water table from 
well irrigation need to be empirically measured in command areas. 
Such data need to be collected ovp, . nuliber of years to show 
responses to fluctuations in rairfall aiu different levels of
 
groundwater exploitation.
 

Collecting data is not an end in itself. The data need to be
 
analyzed and methodologies for designing irrigation infrastructure
 
and management systems developed. Shah's chapter illustrates how
 
even basic data on groundwater levels collected in the Mahi Right
 
Bank Canal Project in Gujarat can be used to examine the impact of
 
alternative management strategies.
 

Pant's chapter highlights social and economic aspects of ground
water development, particularly related to farm size and organiza
tional arrangements, that merit further exaiiination. The chapter
 
reports on recent field studies on several topics, including ground
water markets. The list of reports, agencies, and contact persors
 
at the end of the chapter indicates the wide range of agencies
 
invclved with and the sources of official data and statistics
 
relating to well irrigation. This appendix represents a valuable
 
tool for future research on groundwater development, particularly in
 
eastern India.
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Groundwater Development for Agriculture in 
Eastern India: Problems, Prospects, and Issues 

T. Prasad and I. D. Sharma 

Eastern India 
had been a region of affluence and the center of
Indian prosperity 
for long periods in history. After almost
uninterrupted progress and prosperity, a gray period in its 
history
seems to have set 
in about 1200 A.D. 
 The process of gradual decline
began to manifest itself in stresses 
in the lives of individuals,
administrative and political upheavals, and 
associated phenomena
the late 17th century. The declining conditions in eastern 
in
 

India
influenced the course of history of the country: 
the downfall of the
Moghul Empire, the advent of British rule, and the mass struggle for
 
freedom.
 

Due to the region's natural 
endowment of congenial agroclimate,
fertile lands, ample
and water, agriculture has always been
backbone of its economy. Periormance of agriculture 
the
 

in this region
has determined the economic condition of the people and, 
in turn,
shaped the destiny of the nation. 
 The past prosperity, gradual
decline, and future prospects of this region are 
vitally related to
its agricultural performance and productivity.
The natural endowments of climate, 
land, and water that made
agriculture the 
base of past prosperity have 
not gone through any
systematic or cataclysmic changes. 
 Out of these endowments, the
first 
two are not liable to lose their significance or suitability
for agriculture, 
nor have they done so in the 
course of history.
They also do not provide much scope for manipulation. Thus, these
endowments do not explain the gradual 
decline of agricultural performance of this ragion (Prasad, Kumar and Kumar 1987).
The natural 
enoowment of water resources 
is different. Water is
a renewable, dynamic 
resource whose occurrence and distribution over
time and three-dimensional 
space are governed by laws depending on
hydrologic, hydraulic, topographic, and other factors. 
 The requirements of water for agriculture are 
governed by agronomic, climatic,
soil, and crop factors. As a result, the 
natural pattern of
availability of water 
in space and 
time is not consonant with the
pattern of 
its requirements for agriculture. Moreover, the natural
 

1 Data collection and analytical work that support 
this chapter
 
were carried out under the auspices of 
the Center for Water Resources Studies at Bihar College of 
Engineering, Patna University. 
 The
facilities 
of this Center, such as its Reference Library, Computer
Unit, and Reprographics 
Unit were used extensively for preparing
this chapter. We acknowledge their contribution and thank the
research and secretarial personnel 
and other members of the staff of
the Center for helping us in this endeavor.
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space-time distribution of water in eastern India is marked by dis
tinct seasonality, considerable variability, and extremes of occur
rences, resulting in recurrent floods and frequent droughts. Thus
 
human intervention in the natural water regime is imperative to
 
bring about conformity between the natural availability and the
 
agricultural requirements of water and to manage it to the optimum

advantage of mankind. Without such intervention, water will not
 
serve the needs of agriculture in spite of its abundance in the
 
aggregate. Moreover, the vi'gin water resources regime is liable
 
to cause damage and devustation through floods and droughts.
 

Human intervention in the water resources regime, like inter
vention in all natural systems, is a mixed blessing. It is apt to
 
cause adverse side effects or give rise to consequences that may
 
prove counterproductive in the long run. Circumspection and care
 
are therefore called for when such intervention becomes necessary.
 

This aspect explains the gradual decline of agricultural
 
productivity and the progressive impoverishment of eastern India.
 
It also holds the promise of economic emancipation and rightful
 
prosperity through an increase of agricultural productivity commen
strate with its natural endowments. The hope of India for increas
ing food prodrction and meeting its growing requirements in the
 
near and mid-range future lies in this promise.
 

Broadly, water resource management for optimal use in agricul
ture will be the approach of any strategy to realize this prospect.
 
On account of considerable hydrologic interaction between surface
 
water and groundwater, groundwater development will have to play a
 
major role. It is in this context that the prospects, problems, and
 
issues related to groundwater development ir eastern India are
 
studied and dealt with in this chapter.
 

AREA OF STUDY AND ITS FEATURES
 

Eastern India, comprising 15 eastern districts of Uttar Pradesh
 
as well as the states of Bihar and West Bengal, has a territory of
 
348 thousand sq km and a population of 166 million persons. It
 
accounts for 24.2 percent of the population of India and only 10.6
 
percent of the geographical area, which means that it is densely
 
populated. The average dens'ty of population in the area is 477
 
persons per sq km, compared with the national average of 208. In
 
West Bengal the density is as high as 615. The economy of the
 
region is predominantiy rural and agricultural, with 73.4 percent of
 
the main work force engaged in agriculture compared with the
 
national average of 66.7 percent. In Bihar and eastern Uttar
 
Pradesh, it stands at about 79 percent. Simi larly, the low per
centage of urban population (16.6, which is lower than the country's
 
average of 23.3) indicates the low l.vel of diversification of its
 
economy. Except for a small hilly and plateau area, most of the
 
land is plain and cultivable. The ret sown area is 53.4 percent of
 
the total geographical area in the region, which exceeds the
 
national average of 43.4. This area reaches 83 percent in the
 
alluvial plains.
 

Despite an economy highly dependent on agriculture, this
 
region's agricultural performance is low. The average yield of
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foodgrains was approximately 
1,300 kg per hectare during 1984/85,
compared with over 
2,800 kg in Punjab in the same period. Low yield
is a basic factor contributing, to 
the economic backwardness of the
region and is reflected 
in several indicators.

The per capita annual consumption of power, which is 
an index of
development, was 106 kwh 
during 1983/84, compared with 154 kwh in
as
the country a whole. literacy rate
The stands at 30.6 percent,
which is below the national 
average of 36.2 percent. The underdevelopment of the 
economy is reflected 
in the low net domestic
product per 
capita, Rs 583 during 1983/84 (at constant 1970/71
prices), compared with Rs 
764 for the country as a whole. In Bihar,
it stood as lojw as Rs 458. The percentage of rural population
living below the line of poverty during 1983/84 vas about 48,
compared with the national 
average of 40 percent. The various
figures and indexes related to 
this region are given in Table 
17.1.
 

SIGNIFICANCE OF IRRIGATION AND IRRIGATION DEVELOPMENT
 

Because agriculture 
is the main source of livelihood for
bulk of the population and the backbone of its economy, the 
the
 

importance of developing agriculture in any prog,-am of 
economic regeneration of the eastern region 
can hardly be overemphasized. Agriculture in this region, however, is still 
 largely dependent on the
vagaries of monsoon: 35
the only percent of the total cultivated
 area is irrigated, and the remaining 65 percent 
is rainfed. The
whole of eastern India lies in the humid zone with an annual average
rainfall of about 
1,350 mm, which is sufficient for th. Kharif
 
crops . 

The occurrence of 
rainfall is. however, distinctly seasonal and
highly erratic. The onset and recession of the monsoons are quite
unpredictable. The 
consequences of such unpredictatility become
very serious in a region like eastern India where paddy is the most
important crop, covering over 
70 percent of the net area 
sown. 
crop is highly sensitive to droughts. 
This
 

The entire crop may fail for
one or 

point is the severe drought of 1966/67 


want of two critical waterings. The most pertinent case in
 
in bihar when the production
of foodgrains decreased 
by 52 percent, from 7.53 million tons 
in
1964/65 to 3.62 million tons in 1966/67 (Table 17.2). 
 Over ,he same
period, the production of rice fell by 70 
percent, from 4.91 
to 1.47
million tons. 
 In several districts the production of rice decreased
 over 80 percent. For example, 
the production rice
of in Gaya
District (Bihar) during the 
1966/67 drought decreased 84.2 percent.
Similarly, because of The complete failure of the monsoon during
1908, the production of Aman rice 
in the high rainfall district of
Nadia (annual rainfall = 1,407 mm) decreased to 13 percent of the

normal crop output (Majumdar 1987).
Herein lies the crucial role of irrigation: the artificialsupply of water to the plants and crops. Irrigation brioges the gapbetween rains, thereby saving the crop from 
failure for want of
moisture 
 and imparts an element of stability to agricultural
activity. Thus irrigation provides 
insurance against agricultural
droughts and the vagaries of 
rain, which are common in eastern India


(Willcock 1984, 87).
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Table 17.1--Broad features of eastern India, 1983/84
 

Eastern
 
Eastern Uttar West
 

Feature 	 India India Pradesh Bihar Bengal
 

Area (in sq km) 3,287,263 348,477 85,848 173,877 88,752 

Population (in millions) 685.18 166.07 41.57 69.92 54.58 

Share of area (percent) 100.00 10.57 2.61 5.29 2.67 

Share of population 
(percent) 100.00 24.24 6.07 10.20 7.91 

Population density 
per sq km 208 477 484 402 615 

Percent of urban 
population 

23.31 16.62 10.66 12.47 26.47 

Literacy rate (percent) 36.17 30.55 24.61 26.01 40.88 

Percent of main work force 
engaged in agriculture 66.69 73.41 78.91 79.23 61.54 

Per capita net domestic 
product, 1983/84 
(in 1970/71 Rs) 764 583 487 458 816 

Rural poverty ratio 
(percent) 40.4 47.87 46.48 51.35 43.84 

Per capita electricity 
consumption 1983/84 (kwh) 154 106 109 91 123 

Annual rainfall (mm) ... 1,350 1,100 1,272 1,750 

Net sown area 
area 

to total 43.42 53.36 65.51 43.59 60.79 

Fertilizer consumption,
 
1983/84 (kg per ha of
 
total sown area) 44.90 44.91 65.63 2S10 ,15.20
 

Sources: 	India. Central Statistical Organization, StatistiLal
 
Abstract of India, 1985 (New Delhi: Government of India,
 
1987); Uttar Pradesh, Directorate of Agricultore, Agricul
tural Statistics of Uttar Pradesh, 1983-84 (Lucknow:
 
Government of Uttar Pradesh, 1986); Central Electricity
 
Authority, Nlew Delhi, and State Electricity Boards of Utter
 
Pradesh, Bihar, and West Bengal.
 
Not applicable.
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Table 17.2--Impact of 1965/66 drought on crop production, by region
 

Food Grain Output Rice Production 

Region 1964/65 1966/67 Decline 1964/65 1966/67 Decline 

(100,000 tons) (percent) (100,000 tons) (percent) 

India 893.6 723.5 19.04 393.1 304.4 22.56 

Eastern India 189.6 125.6 33.76 124.2 71.3 42.59 

Eastern 
Uttar Pradesh 51.7 35.6 31.14 17.5 8.4 52.00 

Bihar 75.3 36.2 51.93 49.1 14.7 70.06 

West Bengal 62.6 53.8 14.06 57.6 48.2 16.32 

Sources: India, Ministry of Agriculture, Directorate of Economics
 
and Statistics, Area and Production of Principal Crops,

1984/85 (New Delhi: Government of India, 1986); Uttar
 
Pradesh, Directorate of Agriculture, Statistics of Main
 
Crops in Uttar Pradesh, 1950/51-1967/68 (Lucknow: Govern
ment of Uttar Pradesh, 1953-70); Bihar, Directorate of
 
Statistics and Evaluation, Annual Season and Crop Reports,

1964/65-1967/68 (Patna: Government of Bihar, 1967-70); and
 
West Bengal. Bureau of Applied Economics and Statistics,

Statistical Abstract of West 
 Bengal , New Series, 1 975
 
(Calcutta: Gnvernment of West Bengal, 1976).
 

Over 80 percent of the rainfall in the area takes place during

the four rainy months from June to September. As a result, in the
 
absence of irrigation, cultivation is mostly confined 
to the monsoun

months. By providing 
water during the lean months, irrigation

extends the period of cultivaLion beyond the monsoon and facilitates
 
multiple cropping. In addition, it adds substantially to agricul
tural output by transforming the cropping pattern in favor of high
value, superior crops that require more water 
and away from inferior
 
crops that require less water and by facilitating the use of modern

inputs, such as fertilizers, pesticides, and improved seeds 
(Hussain

1978, 2). The crucial role of irrigation as a basic productive

input has been enhanced considerably by the advent of the new crop

technology of the green revolutior (Satpathy 1984, 1). Controlled

and regular supply of water 
is the essential precondition for intro
ducing the new technology, which is responsible for the substantial

rise in agricultural output 
in India since the mid-sixties. It is
 
no wonder, therefore, that irrigation is the "most proximate cause"
 
of the disparities in the growth of crop output in India 
(S. K. Rao

1971). Elsewhere, such as Japan after 
the Meiji Restoration (1868),
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Korea and Taiwan since the 1920s, and Mexico since the 1940s,
 
periods of high growth in agriculture have been periods of extension
 
in the area under irrigation adding to considerable irrigation
 
facilities as a result of past investments (Raj 1970). The2 same has
 
been the case in Punjab and Tamil Nadu in recent times.
 

In view of the siuinificance of irrigation, considerable effort
 
arid investment hav, , ,luade during the current plan period to
 
develop irrigation facilities in the country. As shown in Table
 
17.3, Rs 193.31 billion was spent on irrigation in the country
 
during the plan period until 1984/85. The net irrigated area
 
increased over 100 percent (Table 17.4), from 20.9 million ha in
 
1950/51 to 41.8 million ha in 1984/85. In the same period, Rs 49.97
 
billion was spent on irrigation in the three states of Uttar
 
Pradesh, Bihar, and West Bengal, which comes to 25.9 percent of
 
India's total plan expenditures on irrigation. As shown in Table
 
17.4, the aggregate irrigated area from various sources in eastern
 
India increased 67.4 percent, from 5.53 to 9.26 million ha.
 

SIGNIFICANCE OF GROUNDWATER IRRIGATION FOR EASTERN INDIA
 

If the groundwater in a region is in adequate quantity, of
 
acceptable quality, and econcinically exploitable, it is a viable
 
source for irrigation. It car be used as an exclusive source or as
 
an alternative, complementary, or supplemental source--in space as
 
well as time--to surface water. In eastern India, particularly in
 
the alluvial plains that constitute a major part of it, use of
 
groundwater for irrigation is both attractive and imperative on
 
several counts.
 

A larqe body of groundwater underlies the alluvial plains, where
 
several layers of high-yielding aquifers extend to depths of 1,000
 
to 3,000 m. In these layers of aquifers groundwater occurs under
 
unccnfined, semiconfined, or confined conditions. Groundwater also
 
exists under artisan conditions in very deep aquifers (1,500 m or
 
deeper) in an extensive area in the Gangetic alluvial plains of
 
eastern India (Reserve Bank of India 1984, 133). The technical
 
feasibility and economic viability of tapping these aquifers are
 
being investigated. Water tables exist at shallow depths, varying
 
from between I and 4 m in postmonsoon periods to between 3 and 8 m
 
in premonsoon periods. Arinual recharge to groundwater from various
 
sources such as infiltration of rainwater, seepage from canals and
 
other water bodies, and percolation of irrigation water is estimated
 
to be 50 cm to 75 cm. Apart from this vertical recharge, con
siderable recharge to aquifers takes place horizontally as water is
 
absorbed in the highly pervious Bhabar Zone consisting of boulders
 
and cobbles deposited at the sub Himalayan foothills in a width
 
ranging from 10 to 20 km. All the rivers that drain the Himalayas
 
must cross this zone and thereby recharge groundwater supplies in
 
aquifers throughout the thickness of deposits that underlie the
 
plains. The quality of groundwater throughout the upper Gangetic
 
plain is excellont to good, except in a few isolated areas where
 
some caution and investigation are needed before planning for large
scale use of groundwater for irrigation.
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Table 17.3--Expenditure on irrlgation, ny five-year plan
 

Uttar Pradesh,
 

Plan Sector India 
Bihar, and 

West Bengal 
Uttar 

Pradesh Bihar 
West 
Bengal 

(million Rs) 

First Major/Medium 3,800 545.1 308.1 110.9 126.1 
Minor 660 199.4 58.0 141.4 n.a. 

Second Major/Medium 3,800 626.1 254.3 285.2 86.6 
Minor 1,420 297.7 156.7 122.7 18.3 

Third Major/Medium 5.810 1,313.2 549.0 653.6 109.7 
Minor 3,280 834.8 574.9 126.3 133.6 

Annual Major/Medium 4,340 1,150.1 489.3 556.4 104.4 
Minor 3,260 1,231.8 741.5 314.0 176.3 

Fourth Major/Medium 12,370 3,333.2 1,797.1 1,304.6 231.5 
Minor 5,130 1,811.4 1,109.7 407.3 294.4 

Fifth Major/Medium 24,420 7,555.1 5,085.3 2,039.3 430.5 
Minor 6,310 2,435.1 1,435.0 607.2 392.9 

Annual Major/Medium 20,560 3,690.7 1,544.8 1,639.4 506.5 
Minor 4,970 1,160.1 428.8 430.5 300.9 

Sixth Major/Medium 75,160 17,960.0 9,204.1 7,094.6 1,661.3 
Minor 18,020 5,822.5 2,931.8 2,081.6 809.1 

Total Major/Medium 150,260 36,172.6 19,232.0 13,684.0 3,256.6

until Minor 43,050 13,792.8 7,436.4 4,231.0 2,125.4
 
1984/85
 

Total 193,310 49,965.4 26,668.4 17,915.0 5,382.0
 

Share of major/medium
 
in total expenditure
 
(percent) 77.73 
 72.39 72.12 76.38 60.51
 

Sources: 
India, Planning Commission, Five-Year Plan of India (New
 
Delhi:Government 
of India, various years); Bihar, State

Planning Board, Selected Plan Statistics, 1986 (Patna,
 
Government 
of Bihar, 1987); West Bengal, Bureau of Applied

Economics and Statistics, Statistical Abstract of West
 
Benqal. 1976/77 (Calcutta: Government 
 of West Bengal,

1978); and Uttar Pradesh, Directorate of Statistics,

Statistical Abstract of 
 Uttar Pradesh, 1981 (Lucknow:

Government of Uttar Pradesh, 1982).
 

n.a. Not available.
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Table 17.4--Expansion of irrigated area, by source
 

Region and
 
Year Canal Tank Tubewell Open Well Others Total
 

(100,000 ha)
 
India
 

1950/51 82.95 36.13 a 59.78 29.67 208.53
 
1964/65 112.23 47.80 a 80.75 25.22 266.00
 
1980/81 152.92 31.98 95.27 82.07 25.81 388.05
 
1983/84 162,40 37.83 109.73 85.48 24.11 419.55
 
1984/85 158.61 33.30 112.65 87.23 26.00 417.79
 

Eastern India
 

1950/51 10.34 8.87 n.a. 14.76 17.36 55.34
 
1964/65 20.19 8.40 3.80 13.37 11.92 57.67
 
1980/81 32.52 6.22 33.50 5.05 12.96 89.87
 
1983/84 32.77 4.60 39.70 3.51 9.40 89.98
 
1984/85 32.48 4.88 40.59 3.71 10.95 92.61
 

Eastern Uttar Pradesh
 

1950/51 0.93 n.a. 0.8 11.94 5.83 18.78
 
1964/65 3.03 2.96 2.25 10.48 2.09 20.81
 
1980/81 9.99 0.99 18.68 2.37 1.08 33.11
 
1983/84 10.88 0.81 20.66 1.43 1.13 34.91
 
1984/85 11.52 j.77 21.22 1.50 1.14 36.15
 

Bihar
 

1950/51 6.62 4.65 n.a. 2.69 8.76 22.72
 
1964/65 7.75 2.10 1.55 2.72 i.96 22.08
 
1980/81 14.37 1.18 10.01 2.43 8.73 36.72
 
1983/84 14.65 1.44 12.18 1.78 5.24 35.29
 
1984/85 13.70 1.47 12.97 1.95 7.75 37.84
 

West Bengal
 

1950/51 2.79 4.22 n.a. 0.13 2.77 9.91
 
1964/65 9.41 3.34 n.a. 0.17 1.87 14.79
 
1980/81 8.16 4.05 4.82 0.25 3.15 20.43
 
1983/84 7.24 2.35 6.87 0.30 3.03 19.79
 
1984/85 7.26 2.64 6.40 0.26 2.06 18.62
 

Sources: 	India, Central Statistical Organization, Statistical
 
Abstrict of India, 1985 (New Delhi: Government of India,
 
1987'; Directorate of Agriculture, Uttar Pradesh and West
 
Bengal; and Directorate of Statistics and Evaluation,
 
Bihar.
 

n.a. Not 	available
 
a Included in open wells.
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If water tables exist at 
shallow depths in the Gangetic plains,
tubewells exploiting unconfined aquifers will have low lifts. Even
the tubewells exploiting deeper aquifers in the upper 
Gangetic
plains, which 
will mostly be under confined conditions, will have
low or even lower lifts than those of shallow tubewells because
their piezometric surface is high. 
 Thus, exploiting groundwater
from the alluvial plains of eastern 
India will be economically

viable and the danger that mining groundwater will lead to Excessive

lifts is quite remote.
 

Apart from the attractiveness of groundwater irrigation
eastern India, such use is imperative on the following counts 
in
 

(see

Prasad 1988):
 

(1) There 
 is substantial hydrologic interaction between the
surface water and groundwater occurrences in the alluvial
plains. Due to the relatively high water table in these
plains, regimes of occurrence and distribution of both

surface water and groundwater are interdependent and
sensitive to any use and management of the water 
resources.

Thus, irrigation exclusively by water
surface sources is
bound to result in a gradual rise in the water table of the

alluvial plains. This may 
lead to encroachment of the 

zones by water and possibly 

root
 
to salinity and waterlogging.
This situation will adversely affect 
agricultural produc

tivity and progressively deteriorate over the years.
Thus, exclusive surface water irrigation in the alluvial

plains may prove counterproductive. Its only effective
 
antidote is conjunctive use of groundwater.


(2) Due to the seasonality of the river 
 flows, diversion

schemes for surface irrigation 
are not capable of meeting
the full irrigation requirements and realizing the full
agricultural potential of region.
this Typically, a

diversion surface irrigation scheme can 
hardly achieve an
irrigation intensity of than
more 120 percent, whereas an
irrigation intensity 250
of percent is feasible with the

agroclimate, soil fertility, and water availability of this
region. This intensity can be achieved only by 
 high

storage schemes or use
conjunctive groundwater (Prasad and
 
Prasad 1988).


(3) Drainage is an important and sometimes constraining

consideration in irrigation 
development in the alluvial
plains. 
 Without efficient drainage, irrigation will not be
fully effective 
or optimally productive. Groundwater use
 
promotes subsoil drainage.
 

GROUNDWATER IRRIGATION DEVELOPMENT
 

In view of the vital significance and vast potential of groundwater irrigation in eastern India, groundwater irrigation develop
has not been satisfactory compared with surface
ment 

irrigation
development. As in Table nearly
seen 17.3, 75 percent of plan
expenditures for irrigation have gone to 
create potential through

major and medium surface 
irrigation projects, both throughout India
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as well as in eastern India. The ultimate irrigation potential has
 
been assessed at 73.5 million ha for surface water and 40 million ha
 
for groundwater for 
the whole of India and at 25.7 million ha for
 
surface water and 18.5 million ha for groundwater for eastern India
 
(Table 17.5). The three states of this region have nearly 39
 
percent of the country's irrigation potential and 46 percent of its
 
groundwater potential, but only 17 percent of the total geographical
 
area and 22 percent of the total sown area.
 

Table 17.5--Ultimate irrigation potential 
and potential developed,
 
various years, 1950-85
 

Uttar Pradesh.
 
Bihar, and Uttar West
Potential India West Bengal Pradesh Bihar Bengal
 

(1,000 ha)
 
Major/medium potential
 

Ultimate 58,475 21,310 
 12,500 6,500 2,310
 

Developed
 
1950/51 9,705 3,397 
 2,553 3,404 440
 
1968/69 18,154 3,607
6,016 	 1,294 1,115

1979/80 26,612 10,007 6,029 2,452 1,526

1984/85 30,497 11,279 6,813 
 2,879 1,587
 

Minor (surface) potential
 

Ultimate 15,000 4,400 	 1,900
1,200 	 1,300
 

Developed
 
1950/51 6,400 2,250 600 
 850 800
 
1968/69 6,500 2,264 	 856
608 	 808
 
1979/80 8,000 2,580 710 925 945
 
1984/85 9,400 2,820 
 576 1,206 1,038
 

Groundwater Potential
 

Ultimate 39,/62 18,500 12,000 4,000 2,500
 

Developed
 
1950/51 6,500 2,470 2,300 170
 
1968/69 12,508 4,820 4,200 500 120
 
1979/80 22.000 10,025 8,130 
 1,410 485
 
1984/85 27,974 14,304 11.414 2,216 
 674
 

Sources: 	India, Planning Commission, Five-Year Plan of India (New

Delhi: Government of India, various years); 
 and India,

Ministry of Water Resources, Groundwater Development in
 
India (New Delhi: Government of India, 1986).
 

... Negligible.
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At the beginning of the planning era in India, major emphasis

was given to developing surface irrigation and controlling floods,

where feasible and needed, particularly in eastern India. Due to
 
India's long experience with canal irrigation, uncertain assessment

of groundwater potential, lack of availability of pumping equipment,

and constraints on energy required for 
 pumping, among others,

adequate attention was not given to groundwater development in the
 
public or private sector.
 

From the Third Five-Year Plan onward, situation to
the seems

have changed in favor of groundwater irrigation, judging by the
 
expenditures in successive plan periods (Table 
17.3). In the wake

of the severe drought of 1966/67 in eastern 
India, particularly in
 
Bihar, the rationality of groundwater irrigation and its advantages

over surface irrigation in situations of severe drought were poign
antly realized by the people, the government, and concerned organiz
ations. This provided a great boost to the development and expan
sion of groundwater irrigation in the country, and 
in eastern India
 
in particular. The statistics on 
the exparn ion of irrigated area by

source (Table 17.4) and the trend of 
developing groundwater extrac
tion structures in the private as well as state sectors (Table

17.6) clearly reflect this trend. At the end of 1984/85, the number
 
of state and private tubew211Is in eastern India represented 37
 
percent of the total number of tubewells in the country, with only

about 13 percent of the net sown 
area of the country in eastern

India. This makes for 
 a higher concentration of tubewells in
 
eastern India 
than in the rest of India. The number of private and
 
state tubewells per 1,000 ha of afea sown is 67 0.93,
net anid 

respectively, for eastern India, compared with 24 and 
0.32, respec
tively, for all of India (Table 17.7).


Although the statistics 
on groundwater development in eastern

India look somewhat impressive in terms of irrigated areas by source

(Table 17.4), potential developed compared with ultimate potential

for groundwater irrigation (Table 17.5), and development 
 and
 
concentration of groundwater e)'traction 
structures (Tables 17.6 and

17.7), the impact of groundwater development on productivity and

total agricultural production 
 is not evident. Although only 23
 
percent of the groundwater irrigation potential, in of
terms 

cultivable areas, remains to be developed, not than 30 percent
more 

of the potential safe yield of groundwater is being used (Table

17.8). In view of this, the 
 future prospects for groundwater

development in eastern India will 
be in the following areas:
 

First, groundwater will 
 have to be used to achieve maximum
 
feasible irrigation intensity in eastern India, which on the average

is estimated to be 250 percent. This will facilitate multiple

cropping, more 
desirable cropping patterns, and cultivation of high
value and high-yielding crop varieties.
 

Second, conjunctive groundwater 
use will have to be promoted in

the command areas of surface irrigation projects to prevent and
 
reverse the process of waterlogging and salinity. It is estimated
 
that in the Gandak Project 21 and 40 percent of the irrigation

potential created are affected by waterlogging and soil salinity,

respectively (Agnohotri and Joshi 
1985). Similar findings have been

reported by Kosi (see Bijar College of Engineering 1979) and other
 
projects in the region. Due to these adverse effects, the overall
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Table 17.6--Development of groundwater extraction structures,
 
various years, 1950-85
 

Eastern Eastern West 

Year India India Uttar Pradesh Bihar Bengal 

(thousands) 

Open Wells 

1950/51 3,855 497 39 2a 105 ... 
1960/61 4,542 563 4 23 a 140 ... 
1968/69 6,110 619 394 225 
1980/81 7,982 628.5 274 333 21.5 
1984/85 8,726 664.5 280 352 32.5 

Private tubewells
 

1950/51 3 ... ... ... . 
1960/61 22 3.5 1.5 2 ... 
1968/69 360 83 59 12 12 
1980/81 2,411 796 392 216 188 
1984/85 3,359 1,240 608 408.5 227 

State tubewells
 

1950/51 2.40 n.a. n.a. 0.20 
 n.a.
 
1960/61 8.90 n.a. n.a. 0.97 n.a.
 
1968/69 14.70 n.a. n.a. 1.27 1.31
 
1980/81 36.19 14.73 7.45 4.61 2.68
 
1984/85 46.17 17.26 9.24 4.94 3.09
 

Sources: 	India, Central Ground Water Board, Statistical Brochure,
 
1983 (New Delhi: Government of India. 1984); India, Central
 
Ground Water Board, Ground Water Development in India (New
 
Delhi: Government of India, 1986); Uttar Pradesh, Direc
torate of Minor Irrigation, Census of Minor Irrigation
 
Sources (Lucknow: State Planning Institute, 1976); Bihar
 
State Water Development Corporation, Patna.
 

Negligible.
 
n.a. Not 	available.
 
a Estimated by the author.
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Table 17.7--Average number of groundwater extraction structures per

1,000 ha of net area sown, 1984/85
 

Region 	 Open Well 
 Private Tubewell State Tubewell
 

India 	 61.13 
 23.53 0.32
 
Eastern India 35.83 
 66.86 0.93
 
Eastern Uttar Pradesh 49.78 108.00 1.64
 
Bihar 	 46.44 
 53.50 0.65
 
West Bengal 6.08 42.50 0.57
 

Source: 	 Calculated from data in Tables 17.1 
and 17.6.
 

Table 17.8--Groundwater potential and use, 1984/85
 

Usable
 

Region 	 Resource Net Draft Use
 

(million 	ha m per year) (percent-)"
 

India 	 41.98 
 9.99 23.80
 
Eastern India 7.58 
 1.83 24.14
 
Eastern Uttar Pradesh 2.77 0.83 30.00
 
Bihar 	 2.87 0.68 
 23.69

West Bengal 1.94 
 0.32 16.50
 
Pun.jab 	 1.31 
 1.08 82.29
 
Haryana 	 0.88 
 0.62 70.34
 

Sources: 	India, Ministry of Water Resources, Groundwater Development

in India (New Delhi: Government of India, 1986); and State
 
Groundwater Directorates for Uttar Pradesh, West Bengal,
 
and Bihar, unpublished data.
 

production from the commnnd areas of such projects 
has not regis
tered the anticipated increases.
 

Eastern India seems 
to have 	lagged behind other states in the
 
field of groundwater development. The region accounted for about 25
 
percent of the total area irrigated by groundwater in India during

1950/51 (Table 17.4). This dropped to about 22 percent during

1984/85, reflecting the relatively slow development of groundwater
 
resources in the region. 
 The main reason for this is that India,

including eastern India, has been using groundwater with open wells
 
for irrigation since time immemorial. Open wells still account for
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about 44 percent of the total area irrigated by groundwater in the
 
country. Tubewell irrigation developed rapidly in India as a whole
 
during the plan period, including eastern India. However, while the
 
expansion of tubewell irrigation in the country as a whnle simply
 
added to irrigation thr'.jgh open wells, in eastern India it sub
stituted for them. That is, tubewell irrigation replaced irrigation
 
through open wells. In fact, eastern India witnessed a 75 percent
 
net decline in the area irrigated through open wells, from 1,476 te
 
371 thousand ha during the plan periods.
 

GROUNDWATER DEVELOPMENT ISSUES
 

Groundwater irrigation development in eastern India has not been
 
commensurate with the need and potential. In fact, eastern India
 
has slipped behind other states. This can be attributed to certain
 
unresolved issues that have inhibited or adversely affected ground
water irrigation development. The dominant issues are discussed
 
below.
 

Public versus Private Tubewells
 

As noted earlier, open wells have lost their popularity as a
 
means of groundwater development in eastern India. Tubewells remain
 
the only suitable means for developing groundwater resources fully
 
in the region. Tubewells fall into two broad categories, state
 
(deep) and private (shallow). While the state tubewells tap deep
 
confined aquifers (more than 100 m below ground level), are large in
 
size, and are fitted with high-powered water lifting pumps (17.5 hp
 
capacity), private tubewells tap shallow aquifers (less than 60 m
 
below ground level), are small in size, and are fitted with small
 
power pumps, typically of 3 to 5 hp capacity. The Iverage discharge
 
of a deep tubewell in the area reaches about 150 m per hour, while
 
that of a shallow tubewell reaches 30 m3 per hour. The average cost
 
of a state deep tubewell in the region at 1988 prices is around Rs
 
600,000, while that of a private electric tubewell is around Rs
 
12,000. The average irrigation potential (command) of a state tube
well is 100 ha, while a private tubewell averages 10 ha.
 

Deep or large tubewells are not suited to the majority of
 
farmers in India, especially in eastern India, who are mostly poor

and have very small landholdings. As shown in Table 17.9, about 89
 
percent of the holdings are marginal or small, accounting for more
 
than 50 percent of the total area. Holdings above 10 ha comprise
 
only 0.4 percent of the total number and account for just 7.5
 
percent of the area. Thus, farmers can neither afford 
to install
 
such costly tubewells nor make full use of them, since their
 
holdings are not only small, but also divided and fragmented.
 

Of course, the state can install and administer large tubevells
 
for the collective use of farmers. Many state tubewells have been
 
installed. Uttar Pradesh and Bihar have been pioneers in this
 
field. In 1950/51 Uttar Pradesh and Bihar accounted for 100 percent
 
of the state tubewells in the country, and even now the region
 
accounts for 37.4 percent of all public tubewells in the country.
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Tacle 17.9--Distribution of holdings in different size groups, 1981
 

Eastern Eastern 
 West
 

Size Class India Uttar Pradesh Bihar Bengal
 

Number 	 (percent)
 

Less than 1 h.; 75.37 79.58 75.44 69.99

1-2 ha 13.50 12.41 11.04 19.55
 
2-4 ha 7.78 5.77 8.62 8.84
 
4-10 ha 3.00 2.00 4.28 1.90

10 ha and above 0.36 0.25 
 0.62 0.02

All holdings 100.00 100.00 
 100.00 100.00
 

Area
 

Less than I ha 29.48 35.19 26.67 29.16
 
1-2 ha 21.11 23.35 14.89 31.21
 
2-4 ha 23.26 21.00 
 23.44 25.26

4-10 ha 18.66 15.16 
 24.48 10.71
 
10 ha and above 7.48 5.31 10.53 3.66
 
All holdings 100.00 100.00 
 100.00 100.00
 

Sources: 	Uttar Pradesh, 1961 Agricultural Census (Lucknow: Govern
ment of Uttar Fradesh, 1983); Bihar, 1981 Aqricultural

Census (Patna: Government of Bihar, 1983); and West Bengal,

1981 Agricultural Census ( ilcutta: Government 
of West
 
Bengal, 1983).
 

These state tubewells suffer, however, from major handicaps.

Like canals, tey experience distribution problems, and their water
 
often fails to reach the tail end of their commands. Second, if any

part of a private tubewell is out of order, the owner (farr-er) loses
 
no time in getting it repaired. But there are often nordinate
 
delays in getting state tubewells repaired due to departmental

procedures ano the indifference or lack of discipline of tubewell
 
operators. The consequences become serious during periods of keen
 
demand. Third, constructing field channels through the lands of

different owners 
 often produces feuds and trouble in efficient
 
irrigation of Sometimes channels closed
lands. the 
 remain as
 
farmers fight over who should benefit first. Finally, the govern
ment fails i) provide adequate funds to repair and maintain them.
 

State tu'ewells are invariably powered by electricity. For the
 
past several years, however, the power supply in the rural areas of
 
eastern India has been far from satisfactory. Delays plague efforts
 
to fix electrical faults, replace burnt transformers, an(, replace

stolen conductors. The worst happened in Bihar in 1984/85 when over
 
57 percent of the public tubewells were inoperative due to some
 reason or other. As a result, state tubewells in the region are
 
highly undependable and inefficient; they exhibit large gaps between
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their potential and their use. The average irrigated area per 
state
 
tubewell in eastern India 
during 1982/83 and 1984/85 amounted to
 
only 31 ha compared with an average command of 100 ha.
 

Private (shallow) tubewells, on the other hand, suit the holding
 
structure in the region because they are small. Because of their
 
low cost, they are also more likely to fall within the means of
 
farmers in the area. The economic cost of irrigating through state
 
tubewells appears 
to be higher than that through private tubewells
 
because state tubewells have high fixed costs and are grossly

inefficient. Table 17.10 contains data depicting the cost of
 
irrigation through state and private tubewells 
in the region. The
 
actual cost of irrigation through state tubewells comes to Rs 3,323
 
per hectare, which is much higher than the cost through private

tubewells: Rs 1145 for electric and Rs 1,474 for diesel. The cost
 
differential is even higher if we account for the gestation lag.

which is significant in the case of state tubewells, but practically
 
absent in tnat of private tubewells.
 

It is sometimes argued that state tubewells cater to the needs
 
of small and marginal farmers who cannot afford to have their own
 
tubewells. However, it is difficult to conceive of a state tubewell
 
caterinc exclusively or largely to the needs of small and marginal

farmers. There is no practical way to prevent other farmers from
 
taking water from state tubewells. Even if state tubewells exclu
sively meet the requirements of small and marginal farmers, they 
are
 
a very costly operation at the rate of Rs 3,323 per ha. The market
 
in iirigation water is cheaper than the cost of irrigation through
 
state tubewells. The average price of water for a 5 hp diesel
 
tubeweil comes to Rs 12 per hour. At most 100 tubewell-hours will
 
be needed to irrigate (five waterings) one hectare of crop. Thus,

the cost of irrigation by purchasinr water per hectare of cropped
 
area wil be about Rs 1,200, which is much less tnan the cost of
 
irrigating through state tubewells. Thus, socially it may be
 
cheaper for the government to send ioney orders to small and
 
marginal farmers so that they can purchase 
water on the market
 
rather than to provide them with irrigation through the current
 
system of state tubewells.
 

Under the circumstances, the development of small private

tubewells appears tc be the most appropriate strategy for developing

groundwater resources in the region. Actual developments have been
 
along the same lines. The majority of tubewells are small, private,

and shallow. Such tubewells account for 98.7 percent of all
 
tubewells (private and state) and 88.5 percent of the 
area irrigated

through tubewells. The development of private tubewells in eastern
 
India has not, however, been as successful as it has in many other
 
parts of the cuuntry. The instaliation of these tubewells requires

significant amounts of money, which are beyond the reach of 
the
 
majority of farmers in the region who are mostly poor, and have
 
small and fragmented holdinys. For the same reason, access to

institutional credit ha- been very limited. The slow and limited
 
pace of rural electPification has further dampened the development

of tubewells. The average density of private tubewells in eastern 
India w:q 67 per thousand 6 of net area scwn in 1984/85, much lower 
than Lhat in Punjab (134 pe- t , d,,A) 
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Table 17.10--Economics of public and private tubewells in eastern
 
India, at 1988 prices
 

Indicator 


Basic features
 

Project cost (Rs 1,000) 

Irrigation potential (ha) 

Effective life (years) 

Capacity in Shp)


a
Discharge (m per hour) 


Annual charges (Rs)
 

Capital cost
 
Depreciationb 

Maintenance 

Interest 


Cost of the operator 


Electricity or fuel 

60 paise per kwh 


Total annual charge 


Annual irrigated area 


Private Tubewell
 
State
 

Tubewell Electric Diesel
 

22a
600 15
 
100 10 10
 
20 20 15
 

17.5 5 5
 
150 30 30
 

10,500 385 472
 
12,000 500 1,000
 
60,000 2,000 1,500
 

12,000 600 675
 

cost at 
8,500 895 2,250 

103,000 4,580 5,897 

(ha) 31 4 4 

Cost of irrigation (Rs per ha) 3,322.6 1,145 1,474
 

a Includes the cost of electrification incurred by the tate
 

Electric boards.
 
Depreciation calculated by the sinking-fund meth.d. The annual
 

sinking charge
 

i
equals 
(1,i), i
 
where i = interest rate, which has been calculated at 10 percer;t, 
and T = Time, or effective life of the project, in years. 
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Access to Groundwater by Small and Marginal Farmers
 

As noted earlier, the installation of tubewells requires consid
erable amounts of money, which may not be affordable to small
 
farmers. The availability of institutional credit is also positive
ly correlated with the size of landholdings. The sale price of
 
irrigation water is high and not very attractive to the average
 
farmer. As a result, the benefits of private tubewell irrigation
 
have largely remained confined to prosperous regions and farmers.
 
This necessitates an examination of the situation in the eastern
 
region, which is predominated by small and marginal farmers.
 

Table 17.11 contains data on the distribution of groundwater
 
structures and area irrigated through them among different sizes of
 
holdings in tne state of West Bengal and the district of Nadia--a
 
district that has one of the highest levels of groundwater develop
ment in the state and depends almost solely on groundwater for its
 
irrigation. Small and marginal farmers lag behind in groundwater
 
use both in the state as well as in Nadia District. However, the
 
holding structures and irrigation development lag is more pronounced
 
in the district than in the staLe, whose holding structures and
 
irrigation development are more heterogeneous, thereby confusing the
 
whole picture. It is possible that the districts with big holdings
 
have little development of groundwater, making it appear that the
 
development of groundwater is low in large holdings in the state as
 
a whole. On the other hand, a district is likely to be more
 
homogenous than the state ard hence more likely to give a clearer
 
view of the situation.
 

Nadia District has no large holdings, only marginal, small, and
 
medium holdings, but groundwater use varies sharply among these size
 
groups. The average number of tubewells per thousand ha of net area
 
sown amounts to 106 among marginal holdings, which is much less than
 
that among medium holdings (194 per thousand). Similarly, the
 
percentage of the net area sown that is irrigated by tubewells is
 
only 13.4 for marginal holdings compared with 24.5 for medium
 
holdings. However, marginal holdings are further ahead of other
 
holdings in irrigation through open wells, both in the state as well
 
as in the district. The picture is similar in Bihar Pnd eastern 
Uttar Pradesh.
 

From the above data, it is clear that small and margina, ;:armers
 
in the region lag behind in tubewell irrigation. This calls for
 
concerted effort in the form of subsidies and facilities to enable
 
them to capture the benefits of tubewell irrigation. The stage of
 
groundwater development in Nadia is much higher than that in the
 
state as a whole. As a result, the level of groundwater development
 
even for marginal farmers in Nadia is much higher than that for the
 
largest holdings in the state, stressing the fact that greater
 
development of groundwater resources can be an important means of
 
providing small and marginal farmers with access to irrigation. In
 
areas with maximum groundwater development, the sale price of water
 
is moderate, enabling more farmers to reap the benefits of irriga
tion.
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Table 17.11--Distribution of groundwater structures and irrigation

in different groups of holdings in West Bengal
 

Number per 1,000 ha of NSA 
 Percent of NSA Irrigated

Size Group
 

Wells Tubewells Wells Tubewells
 

West Bengal 

Less than 
1-2 ha 

1 ha 46.30 
26.89 

42.10 
49.68 

0.70 
0.54 

4.50 
5.25 

2-4 ha 26.25 52.66 0.58 5.43 
4-10 ha 12.62 53.46 0.52 5.53 
10 ha and above 0.24 2.00 0.02 0.19 

All holdings 29.79 46.99 0.57 4.93 

Nadia 

Less than I ha 19.13 105.91 0.19 13.41 
1-2 ha ... 137.15 17.37 
2-4 ha 1.81 180.77 0.05 22.89 
4-10 ha 4.04 193.78 0.03 24.54 
10 ha and above ... ... ......
 

All holdings 6.43 145.35 
 0.07 18.41
 

Source: West Bengal, 1981 gricultural Censu; (Calcutta: Government
 
of West Bengal, 1983).
 

NSA = Net Sown Area.
 
... Negligible.
 

Energy Alternatives and Use of Groundwater Structures
 

Rural electrification has played an important role in the
development of groundwater irrigation 
in India since the mid-1960s.
 
Eastern Idia, however, lags behind other parts of the country in

rural eiectri~ication. As of 1984/85 the percentage of villages

electrified in the region 
was 51.5, much below the national average

of 64.3 (Table 17.12). The process of rural electrification in
 
eastern 
India has been extensive rather than intensive. The average

number of electric connections (pumpsets) per electrified village
 
was 5.1, which is about one-third of the national average of 15.4.
 
In West Bengal, it is as low as 2.0. As a result, the average

consumption of electricity per hectare of net area 
sown in 1984/85
 
was 115 kwh, which is below the national average of 140 kwh. It is
 
as low as 50 kwh in West Bengal.
 

Still, a good number of groundwater structures are fitted with
 
electrically operated pumping devices. 
 Electric tubewells accounted
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Table 17.12--Rural electrification in eastern India, 1984/85
 

Percent of Villages Number of Pumps per Electricity
 

Area Electrified Electrified Village Consumption
 

(Kwh per 	ha NSA)
 

India 64.28 15.41 	 140
 
Eastern India 51.52 	 5.09 115
 
Eastern
 
Uttar Pradesh 56.31 	 6.31 205
 
Bihar 48.64 5.85 	 93
 
West Bengal 50.43 2.0? 	 50
 

Sources: 	Data from the Central Electricity Authority of India, New
 
Delhi, and state electricity boards of Uttar Pradesh,
 
Bihar, and West Bengal.
 

TdLble 17.13--Average working hours per day for electric pumpsets and
 
tubewells, various years, 1960-81
 

Year Uttar Pradesh Bihar West Bengal Punjab
 

1960/61 4.58 3.59 n.a. 3.21
 
1975/76 3.35 3.67 1.62 3.95
 
1977/18 3.77 2.08 1.28 3.84
 
1978/79 4.41 1 22 1.45 5.10
 
198C/81 4.06 2.42 1.40 4.90
 

Sources: 	Calculated with data from the Central Electricity Authority
 
of India, New Delhi, and the state electricity boards of
 
Uttar Pradesh, Bihar, and West Bengal.
 

for over 32 percent of the tubewells in the region in 1984/85.
 
Hence adequate and regular supply of power is of crucial sig
nificance for the proper operation of electric tubewells. For the
 
past decade, however, the electric position in the area has been far
 
from satisfactory. In fact, it has been highly erratic and inade
quate. This is reflected in the drastic fall in the average working
 
hours that electric pumpsets function per day in the region. The
 
worst happened in Bihar where the average declined from 3.7 hours
 
during 1975/76 to 1.2 hours during 1978/79.
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In view of the erratic supply of electricity, many farmers have

invested in diesel pumpsets, particularly after the 1979/80 drought.

This happened on 
two counts. First, most of the new groundwater
 
structures were fitted with 
diesel pumps. Between 1980/81 and

1984/85, while these structures rose by 482 thousand, electrical
 
connections for irrigation rose only 71 thousand. The rest (more

than 85 percent) were presumably fitted with nonelectrical devices,

mostly diesel operated. Second, many farmers who invested in
 
electric 
pumps now have diesel pumps as well because they are not
 
sure of getting electricity when they need it most. They use the
 
diesel pumps alternately with the electric ones on the same 
ground
water structure. This led to growing dieselization of groundwater
 
structures in the area: the percentage share of diesel in the total

number of tubewells increased up from 60 in 1980/81 to 68 in

1984/85. For 
the same reason, the average size of the electric
 
pumping device is also high in relation to the needs of small
 
farmers, who want to 
 lift dS much water as possible within the

limited hours of electric supply. The process of growing dieseliza
tion and duplication (having electric as well as diesel pumps for
 
the same structure), along with keeping oversized electric pumps,

however, constitutes an element of overcapitalization in a capital
scarce region like eastern India.
 

Dieselization is not an ideal solution to the problem 
since it

is a costly alternative. The cost of a diesel pumpset 
is about 50
 
percent higher than that of 
 an electric one. Their operating

charges are higher sti 11. Even if we account for 
the subsidy on

electricity supplied to agriculture, the operating cost of an
 
electric pump will be just 45 percent of that of a diesel one.

discharge of water, too, 

Thhe
 
from diesel pumps is significantly lower
 

than that 
from electric ones of the same capacity, since quality

control of diesel engines is not very effective. This raises the
 
cost of lifting water through diesel pumps. Finally, since electric
 
power is charged on a flat rate per hp installed, the owner of an
 
electric tubewell and pumpset has the built-in incentive to sell as
 
much water as possible. The amount he earns by selling water is a
 
net gain that he earns without spending anything extra. On the

other hand, with a diesel pump, he has to buy fuel for every hour of
 
operation. The sale and purchase of their water is also very

limited on account of prohibitive rates, for example, Rs 12 per hour
 
for a 5 hp diesel pump compared with only Rs 4 for an electric pump.


Besides these cost calculations, one great advantage of electric
 
pumps from the farmer's point of view is that since payment of the

electric bill is not daily 
or weekly, he can postpone payment for
 
months if he does 
not have ready cash. This is not possible with a
 
diesel pump, which requires ready cash. This impedes their proper

working since most farmers 
do not have ready cash all the time.
 
Some other advantages of electric pumps are their relatively long

life, low maintenance charges, easy operation, and high depcnd
ability. Finally, 
diesel pumps are very heavy compared with
 
electric pumps and are difficult to transport from one place to

another. The problem becomes serious when all plots 
are cropped and
 
pumps must be transported manually. At least six men are 
needed to
 
carry a 5 hp diesel pump. All these factors impede the use of

diesel pumps. They 
have been adopted mostly as an emergency
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measure, and their use is confined to the bare minimum, when no
 
other option is available.
 

Because of these factors, the area irrigated through groundwater

structures has not 
increased much, despite significant increases in
 
their number. The result is that 
the average irrigated area per

groundwater structure 
has declined continuously. Thus, as shown in
 
Table 17.14, the average irrigated area per private tubewell
 
decreased from 3.6 ha in 1980/81 to 2.9 ha in 1984/85. Over the
 
same period, the area per open well decreased from 0.8 to 0.6 ha,

and from 35.9 to 27.1 ha 
for public tubewells. These decreases
 
reflect the growing under use of 
capital in a capital-poor region.
 

Table 17.14--Average irrigated area per groundwater structure in
 
eastern India, 1980-85
 

Percent of 
Electric 

Average Irrigated Area (ha) 

Year Tubewells State Tubewells Private Tubewells Open Wells 

1980/81 39.94 35.88 
 3.55 0.80
 
1981/82 38.80 34.90 
 3.25 0.6e
 
1982/83 36.59 35.82 3.16 
 0.61
 
1983/84 34.21 31.06 3.11 
 0.54
 
1984/85 32.30 27.13 2.90 
 0.56
 

Sources: Calculated with data 
from the Central Electricity Authority

of India, New Delhi, and the 
state electricity boards cf
 
Uttar Pradesh, Bihar, and West Bengal.
 

Conjunctive Use
 

Although there has been increasing recognition that conjunctive
 
use is a suitable strategy for irrigation development in the
 
alluvial plains of eastern 
India. it has hardly been implemented so
 
far. This is because of the unresolved issues related to conjunc
tive use--both in the physical as 
well as the socioeconomic domain.
 
Conjunctive use signif ies integrated 
use of the two interacting
 
sources- rurface water and groundwater--for irrigation, as distinct
 
from supplemental use or alternat ive 
use in time and space. The
 
following unresolved issues related to conjunctive use are identi
fied as follows:
 

Phys ical
 

(I) What are the mechanics, magnitude, and rates of seepage and
 
infiltration from various sources when the water table 
 is
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shallow? What are the various practically feasible ways to
 
accelerate or decelerate these rates?
 

(2) How does the groundwater table respond to various processes
 
active in the alluvial plains, such as infiltration, seepage,

evaporation, evapotranspiration, and groundwater discharge?


(3) How does the use for irrigation of groundwater from various
 
aquifers affect the groundwater table, groundwater regime, and
 
other related processes?
 

(4) Although the methodology of designing an irrigation system based
 
exclusively on surface water or on groundwater is well 
 es
tablished, that of designing an irrigation system based on
 
conjunctive use is not so well known or established. In
 
designing the system, the various physical factors and objec
tives, as indicated earlier, should be taken into account.
 

(5) What should the criteria for operating an irrigation system

designed for conjunctive use be in order to achieve the objec
tives optimally?
 

Socioeconomic
 

(1) What should the con(ept of ownership of surface water sources
 
and groundwater sources be? What should the role of public and
 
private initiative and enterprise be in the development, use and
 
managemejit ; the two sources for irrigation?
 

(2) How should the economics of use of the surface water and ground
water sourctr for irrigation be determined and regulated? How
 
should the question of subsidy, incentive, and disincentive in
 
relation to the use of the two sources for irrigation be
 
resolved in order to promote the desired conjunctive use?
 

(3) What shou;d the administrative and management structure be for
 
conjunctive irrigation?
 

(4) Various externalities relating to agricultural economics, land
 
laws, other inputs for irrioation agriculture, and, most
 
important, availability of power for groundwater use, have an
 
impact on conjunctive use of surface and groundwater for
 
irrigation. How should these externalities, primarily availa
bility of power, be managed?
 

CONCLUSIONS
 

In natural endowments for agriculture, eastern India is perhaps

the most gifted region of the country. Paradoxically, it is also
 
economically the most backward. AgriLalture provides the base and
 
backbone of the economy, and low agricultural productivity explains
 
the poor ecoromic performance. Low agricultural productivity In
 
spite of the region's attractive natural endowments is explained

largely by ineffective management and use of the ample water
 
resources for agricultural development.
 

Increasing use of groundwater for irrigation is an important

element in the strategy of water resources development and manage
ment for agriculture. Given eastern India's abundant groundwater of
 
suitable quality, which occurs in different layers, under both
 
unconfined and confined conditions, of high-yielding aquifers that
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are recharged vertically as well as horizontally, groundwater
 
development for irrigation is an attractive technical and economic
 
proposition. Moreover, groundwater irrigation in eastern India is
 
imperative for (1) promoting multiple cropping and cultivation of
 
high-value and high-yielding crops to increase the irrigation

intensity to its feasible limit of 250 percent and (2) relieving and
 
preventing waterlogging and salinity ir the shallow water table of
 
the alluvial plains, particularly in canal-irrigated commands, and
 
effecting efficient subsoil drainage. These conditions are neces
sary to having productive irrigation on a long-term, sustainable
 
basis.
 

Groundwater irrIgation has expanded rather rapidly in this 
region, particularly iinthe wake of the severe and widespread 
drought of 1966/67. This development, however, has been inhibited 
or impeded due to certain unresolved issues, including (1) whether 
groundwater development should be promoted in public or private 
sectors, (2) how access of small and marginal farmers to thIs comimnon 
property resource should be ensured, (3) how the availab1lity of 
power. an important constraint to developiig groundwater irrigation, 
can be handled, and (4) how the concept and technique of conjunctive 
use of surface water and groundwater can be implemented in canal 
command areas. Full efforts must be made to resolve these issues 
satisfactorily, to ensure groundwdter development for optimum 
agricultural productivity, and thus to ensure thc economic emancipa
tion and prosperity of eastern India. 



18 
Groundwater Issues in Eastern India 

Niranjan Pant
 

Different official documents 
and reports have treated eastern
 
India differently. For the purposes of 
the present chapter, eastern
 
India is defined to include the 
states of Assam, Bihar, Orissa, West
 
Bengal, and 15 districts of eastern Uttar The region
Pradesh. 

contains a population of about 212 million, representing 31 percent

of India's population. Although endowed with rich natural 
 re
sources, the region 
lags behind others in agricultural, industrial,

and technological developments. Its population density is high: it
 
contains 31 percent of India's population in about 18 percent of the
 
total geographical area.
 

Historically eastern India was the most 
prosperous agricultural

tract 
in the country. Even now, it has the potential to achieve a
 
high level of agricultural development. 
 It is endowed with fertile
 
alluvial 
soil in most parts, good rainfall, abundant water, par
ticularly groundwater, and a plentiful supply of labor. Despite

these fivorable factors, the region's rich 
agricultural potential

has not been exploited properly. Its farmers depend largely on
 
natural forces of agriculture and practice traditional farming,

which is wasteful and low yielding, despite the high population
 
density and pressure on land.
 

AGRICULTURAL LFVELOPMENT
 

The following examines the development of different parts of the
 
eastern region in relatior to that of the country as a whole. In
 
Table 18.1 we put togethe- all the indicators of development that
 
were available from seconda-y 
.ources. Even a casual examination of
 
the table brings out two ckp acteristics vividly. The first is that
 
the eastern region state, generally lag behind the country as a
 
whole 
on all indicators that are positively related to development

and are 
well ahead of India in indicators that are detrimental to
 
development. The 
 second point is that eastern Uttar Pradesh,
 
consisting of 15 districts out of the 56 districts 
in the state, is
 
more backward than the rest of 
the state.
 

The eastern region is densely populated, which exerts a great

deal of pressure on land. The only exceptions to this are Assam and
 
Orissa. There is also a high preponderance of rural people living

below the poverty line. All parts of the region have a higher
 



lante b.i--indicators at development in eastern inoa and inola, various years
 

Iter, Assam Bihar Orissa 

East 
Uttar 

Pradesh 

West 
Uttar 

Pradesh 
Uttar 

Pradesh 
West 

Bengal 
All 

India 

1. Density cf population, 1981 
(per square kilometer) 186 402 169 484 479 377 614 221 

2. Percent cf rural population 
below the poverty line, :984/85 43 51 45 n.a. n.a. 46 44 39 

3. Per capita income at current 
prices, 1982/83 (Rs) 1,501 1,022 1,308 n.a. n.a. 1,439 1,595 1,868 

4. Per capita assistance disbursed 
by financial institutions, 
March 1984 59.12 54.37 115.54 n.a. n.a. 80.68 164.12 177.99 

5. Percentage of small 
holdings, 1976/77 

aro marginal 
82.24 86.72 73.60 90.82 80.77 85.77 89.30 72.60 

6. Percentage of drea under small 
and marginal holjings, 1976/77 42.60 41.56 37.90 54.62 41.10 45.56 60.40 23.50 

7. Average size of nolding 
1975/77 (hectare) 1.37 1.11 1.60 0.82 1.31 1.18 0.99 2.00 

8. Percent of gross irrigated area 
gross croppea area, 1980/81 

to 
16.63 32.60 19.60 40.36 61.60 46.33 20.20 28.60 

9. Percentage of consumption of 
electricity in agriculture to 
total consumption, 1982/83 1.50 13.00 2.10 25,41 39.83 28.35 1.20 18.60 

10. Percentage of electrified villages 
to total inhabited villages, 
March 1984 43.40 48.50 47.90 52.14 62.77 51.99 48.10 60.10 

(Continued)
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-----------------------------------------------------------------------------------------

Table 18.1--Continued
 

East West
 
Uttar Uttar Uttar West
Item 	 All
Assam Bihar Orissa Pradesh Pradesh Praoesn Bengal 
 India
 

11. Fertilizer consurmction, 1983/84

(kilogram per hectare) 
 4.00 35.90 12.90 67.83 
 88.66 64.34 54.80 
 46.30
 

12. Pe-centage share of rice 
to total
 
area 	under foodgrain, 1980/81 90.30 E5.50 60.70 34.00 12.00 21.00 
 84.90 31.00
 

13. 	Productivity of rice, !983/84

(quintal per hectare) 11.22 10.80 11.57 10.14 
 14.61 11.59 14.78 
 14.58
 

14. 	Productivity of to-a foodgrains,

1983/84 (quintal per nectare) 12.79 10.62 
 10.05 11.73 16.09 12.1 
 14.81 11.62
 

15. 'alue of output per hectare of gross

area 	sown, 1980/81 (Rs) n.a. 
 1,170 1.059 n.a. 
 n.a. 1,334 1,655 1,804
 

Sources: items 
4, 5, 6. 7, 15: Reserve BanK of Inoia, Report 
of Agricultural Productivity in Eastern
(S. R. Sen's Comittee Recort), Vol. 
 ('New 	DeiTi: RBI, 1); Assam, Directorate of
Economics and 
Statistics, Statistical Handbook, Assam (Guwanati: Government of Assam, 1984).
Item 2: A Social and Ecromic Atlas of india. 
(New 	Delhi: Oxford University Press, 1987).
0
3 ana 4: Bihar, State 'annlng Board, Selected Plan Stazistics (Patna: Government of
 
Items 

Bihar, 1986); Items 9-13: 
India, Directorate of £conomics and Statistics, Indian Agriculture
In Brief. 20 ed. 
 (New Deini: Ministry of Agriculture, 1985); Uttar Pradesh, Planning
Department, District-wise 
Indicators of Develocment (Lucknow: Government of Uttar Pradesh,
1986); and Uttar Pradesn, DIrectorate of Agricultural Statistics and 
Crop 	Insurance, A Study
of Agricultural Development in 
Eastern Uttar Pradesh (Lucknow: Government of Uttar "Pradesh,
198B6).
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percentage of poor than the country as a whole, and eastern India
 
lags behind the country in per capita income. The per -apita

assistance disbursed by financial institutions is much lower In
 
Assam and Bihar, but close to the all-India average in West Bengal.


The number and area of small and marginal holdings (up to 2
 
hectares) are higher in the eastern region than in the rest of
 
India. In 1976/17, such holdings made up the highest proportion of
 
holdings in eastern Uttar Pradesh (91 percent) followed by West
 
Bengal (89 percent), Bihar (87 percent), Assam (82 percent), and
 
Orissa (74 percent). The average for India was about 73 percent.

This trend continues today. Moreover, eastern India has 44 percent

of India's small and narginal holdings and 43 percent of the area
 
under such holdings. As a result, the average size of the holdings
 
in the eastern region is much smaller than that in the rest of the
 
country.
 

The ratio of gross irrigated area to gross cropped area in
 
eastern Uttar Pradesh and Bihar is greater than the average for
 
India. Eastern Uttar Pradesh is also well ahead of the average for
 
India in agriculture's consumption of electricity in relation to
 
total consumption. However. the agricultural electricity consump
tion is extremely low in Assam (1.5 percent), Orissa (2.1 percent),
 
and West Bengal (1.2 percent). Consumption of fertilizer in easLern 
Uttar Pradesh is far ahead not only of other eastern region states 
but also of the average for India. The other state that stands 
ahead in fertilizer consumption is West Bengal. All parts of 
eastern India, however, lag behind India as a whole both in the 
number of villages with electricity as well as in the value of 
output per hectare of gross area sown. 

Although rice is the most important crop of eastern India, its
 
productivity is quite low in all parts except West Bengal. In fact,
 
the productivity of rice is lowest in eastern Uttar Pradesh, even
 
though fertilizer consumption, electricity consumption in agricul
ture, and gross irrigated area as a percentage of gross cropped area
 
are highest in eastern Uttar Pradesh. Under these circumstances,
 
the low rice yt ids in eastern Uttar Pradesh are inexplisable.
 

GROUNDWATER DEVELOPMENT
 

Low use of available groundwater is the main cause of the
 
-astern region's agricultural backwardness. These four states and
 
15 districts of Uttar Pradesh contain about 29 percent of the
 
nation's groundwater potential. Exploiting groundwater potential

intensively in a planned manner could help improve cropping intern
sity, promote crop diversification, and increase crop productivity
 
per unit of land and per cultivator. Consequently, development of
 
groundwater in eastern India is givyn the highest priority

various official reports and documents.
 

1 India's Sixth and Seventh Five-Year Plans place special
 
emphasis on groundwater development in the eastern region. See also
 
Reserve Bank of India (1984) and India, Planning Commission (1985a).
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The overall development of groundwater in India as of June 1986
 
was 27 percent, but 
in the eastern region it was only 17 percent of
 
the groundwater 
potential (see Table 18.2). Tne development of
 
groundwater was highest in eastern Uttar Pi desh percent)
(31

followed by Bihar (28 percent), West Bengal (19 percent), Orissa (7

percent), and Assam (4 percent). Examining these data with the
 
gross irrigated area as a percent of gross cropped area shows a
 
positive relationship between the two and a rank order that is the
 
same as in groundwater development (Table 18.1).


On the one hand, the low yield of rice, the main crop of the
 
eastern region, is due to the low level of irrigation. About three
fourths of the rice area is still 
 cultivated under uncertain
 
monsoon conditions, affected by floods as well as droughts (India,

Planning Commission 1985a, 
I). On the other hand, 83 percent of
 
groundwater 
 potential remains untapped. The concerned state
 
governments should aim to exploit groundwater to the maximum extent
 
possible. The Sen Committee is of the opinion that 
 in select
 
compart areas with good groundwater potential, batteries of tubewell
 
bores should be sunk by the state governments under a 100 percent

centrally sponsored scheme. 
 The report points out that accelerated
 
agricultural development in the region has to be spearheaded by

massive provision of tubewells and pumpsets (Reserve Bank of India
 
1984, 1:123-125).
 

SUBSIDIES FOR TIUBEWELLS AND PUMPSETS
 

Subsidies ar. available for groundwater development, that is,

boring and purchasing tubewells and pumpsets. The subsidy amount
 
comes '-nm two sources: central and state governments. Under the
 
cent sponsored scheme for helping snal and marginal farmers
 
incr, ie agricultural production, a sum of Rs 1,000 million has been
 
provided annually to the state governments since 1983-84. The
 
amount is proviceC on a 50 percent matching basis. The scheme en
visages an annual outlay of Rs 500,000 per block 
in all states and
 
union territcries. Out of this, Rs 350,000 subsidizes only minor
 
irrigation work. 
 At the district level the program is coordinated,

monitored, and implemented by the Dis'rict Rural Development Agency

(DRDA). The of is 25 percent for small
rate subsidy farmers, 33.3
 
percent for marginal farmers, and 50 percent for scheduled tribe

farmers. In calculating the amount of subsidy that is paid, the
 
rate of subsidy mentioned above is applied to the unit cost of the

project as fixed by National Bank for Agriculture and Rural Develop
ment (NABARD) for different agroclimatic regions in the country. A
 
subsidy is also provided for failed wells taken up by individual
 
farmers. The subsidy limit in this case 
is Rs 1,000 per well or the
 
actual cost incurred, whichever is less.
 

.Asubsidy also exists for community irrigation projects in which
 
more than 50 percent of the landholders in the project command are
 
small and marginal farmers who own at least 25 percent of the 
iand.
 
At least ten farmers should be covered 
by any such work. In such
 
cases, the government of India shares on a 50:50 basis with the
 
state governments that portion of the cost of the project that is
 
apportionable to the lands of small and marginal farmers 
in the
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in India.
Table 18.2--Groundwater potential 
1986
 

Net
 
Ground
Net Ground- Ground-

water
Usable water water
Number of 
 Developed
Blocks Recharge Used Balance
Districts 


t)
 
State 


(miI ha m) 


16
 
22 302 3.989 0.654 3.335 


Andhra Pradesh 
 n.a. n.a. n.a. n.a.
 
n.a. n.a.
Arunachal Pradesh 4
1.598
13 134 1.673 0.075 


Assam 28
2.063
38 587 2.880 0.817 

Bihar 22
2.016
218 2.569 0.553
19
Gujarat 
 0.324 60
95 0.814 0.490
12
Haryana 17
0.060 0.010 0.050
12 69
Himachal Pradesh 6
0.180 0.010 0.170 

Jammu and Kashmir n.a. 75 


19 175 1 .390 0.270 1.120 19
 
Karnataka 18
0.559
12 148 0.680 0.121 

Kerala 13
4.413
459 5.081 0.668 

Madhya Pradesh 45 


30 366 2.970 0.652 2.318 22
 
Maharashtra 
 ... 0.008 ...
 

6 26 0.008
Manipur ...
... 0.020

3 24 0.020


Meghalaya n.a. n.a.
n.a.
n.a.
n.a.
n.a.
Mizoram 

... 0.003
21 0.003
3
Nagaland 7
1.789
314 1.915 0.126
13
Orissa 86
0.264
118 1.815 1.551
12
Punjab 38
 

27 236 1.365 0.523 0.842 

Rajasthan n.a.
n.a.
n.a.
4 n.a.
Sikkim 

n.a. 
57
0.930
15 377 2.140 1.210 


Tamil Nadu ... 0.06017 0.060
3
Tripura 34
5.210
895 7.861 2.651
57
Uttar Pradesh 19
 
15 335 1.960 0.365 1.595 


West Benjal 

27
39.433 10.746 28.687 


Total 


East Uttar 31
1.953
15 n.a. 2.830 0.877 

Pradesh 17
1.960 9.298
n.a. 11.258
84
Eastern india 


State Groundwater Directorates data.
Source: 

... Negligible.
 
n.a. Not available.
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command. 
 In addition, 
water rates
should be 50 percent of the 
for small and marginal farmers
 

The state rates fixed for other farmers.
government may also, through
the its own
irrigation department, agency (such as
Tubewell Corporation,
take free boring and DRDA),
on the lands of under
provided the small and marginal
cost an farmers,
of individual 
borewell
of Rs 3,000, falls within the
Rs 4,000, limit
or Rs 5,000, which are
for subsidy payments the ceiling amounts
to individual
tegrated Rural beneficiaries under
Development Programme the In(IRDP).
cash payment is made Under this scheme no
to the farmers
the boring, and debits the cost to 

and the state agency undertakes
them. Where the
and bores is higher than cost of drilling
these ceiling limits,
is borne by the beneficiary the additional cost
farmer (India, 
Ministry of Agriculture
Department of Agriculture and Cooperation 1986).
There are 
5,011 blocks

subsidy for 

in the country, and for each olock,
minor irrigation the

provision of over Rs 

is Rs 350,000. This means 

including 1.75 billion in subsidies an annual
 

the contribution of state 
for minor irrigation,
governments.
eastern The
region alone, which amount for the
 

million. However, nowhere 
has 1,632 blocks, comes to Rs 571.2
 

the in the central government are
states available even details for
though
toring the financial 
a form has been devised for moniand physical progress under various
of the scheme. This form components
is communicated
so that quarterly to the state governments
information 
can be
form provides detailed collected and monitored. The
information
characteristics. on physical 
 and financial
Each state government
quarterly progress reports to 

has to send consolidated
the agriculture
Department commissioner
of Agriculture at the
and Cooperation
engineer (for minor and
irrigation) a copy to the chief
 
central of the government of
government India.
offices, INithe
financial the standard answer
details is that the financial to queries about
 
reports are available with the 

and physical progress

state governments.
Except for the 
 central 
 gove;nnment 
 subsid),
components are supplemented by the state government's 

other subsidy

In addition, each state own resources.
government 
has its
to different categorie. of 

on norms for subsidies
beneficiaries.
100 percent subsidy For example,
is available to in Bihar a
scheduled castes
borings and 
tubewells and tribes for
and pumpsets.
percent. In Orissa,
Uttar Pradesh, has 
this subsidy is 75
however, no speciaI
scheduled castes subsidy for
and tribes, who are
subsidy covered under the
program. general


The most ;mportant 
aspect of
benefits must the subsidy program
percolate to is that its
those for
Various evaluations have 
whom the subsidies are meant.
fuund that the 
benefits
involving subsidies often accrue of the schemes
 

the findings of the 
to the wrong persons. According to
Program Evaluation 
O-ranization
mid-term appraisal cited
of the in the
Planning Commission,
Integrated Rural the benefits
Development Programme (IRDP) 

of the

relatively are
rich families who being diverted to
have power and
Studies conducted by status in the village.
some research
official agencies institutions


indicate that only 10 
and even some
percent of
of funds ailocated to the 

the Rs 5 billion
 program 
between 
19.-81
actually reached the poor families for and 1982-83
whom it was 
intended (Adise
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shiah 1984, 16). The following case reported in the Sunday magazine
 
illustrates the contention clearly:
 

A loan meant for those belo the poverty line, and a mil
lionaire among the takers--yes in Katsari village in Madhya
 
Pradesh. The millionaire, ex-Sarpanch, Gangraj Singh of
 
Katsari in Sanchi Development Block, who owns over 22
 
hectares of land besides houses, has been sanctioned loan
 
under the IRD scheme, for digging a well and installing a
 
pump (cited in Pant and Rai 1985, 6).
 

In fact, the Times of India (August 17, 1987) reported that the IRDP
 
is actually being used to develop the economic conditions of rural
 
officials from village level worker to block development officer and
 
also officials of the departments like industry, agriculture,
 
horticulture, and animal husbandry.
 

In Uttar Pradesh under the centrally sponsored Small and
 
Marginal Farmers and IRD programs, facilities for free boring are
 
provided to small and marginal farmers up to a cost of Rs 3,000. In
 
addition, 25 percent and 33.3 percent sub!;idies ar' also available
 
to small and marginal farmers, respectively, fo, pumpsets and
 
tubewells. However, the government of Uttar Pracesh has enhanced
 
the rates of subsidy through its own resources to 33.3 percent for
 
small farmers (1 to 2 hectares of land) and 50 percent for marginal
 
farmers (less than 1 hectare). Apart from this, in the hilly and
 
rocky areas of the state, where free boring is not feasible due to
 
adverse hydrological conditions, various ocher forms of subsidy have
 
been provided. In eastern Uttar Pradesh the districts of Allahabad,
 
Varanasi, and Mirzapur are covered for these subsidies. In addi
tion, the IRDP provides a 50 percent government subsidy on the
 
capital cost of community irrigation works, subject to certain
 
conditions (Pant and Rai 1985, 44).
 

The data available in Uttar Pradesh did not provide the figures
 
in financial terms. The office of the chief engineer of minor
 
irrigation gave us figures pertaining to the number of cases in each
 
district in which free borings were provided and subsidy was given
 
for the purchase of pumps and tubewells. In each case, the ap
proximatt amount was Rs 6,000. Hence to translate the figures into
 
financial terms, we multiplied the physical achievement of each
 
district by 6,000, which produced the approximate total subsidy
 
provided in the district. According to these calculations, during
 
the financial year 1987/88 a total subsidy of Rs 390 million was
 
provided to 50 districts of Uttar Pradesh under the Small and
 
Marginal Fa-iiers Program for free boring and installation of
 
tubewells and pumps. Out of this, about Rs 183 million, ur about 47
 
percent of the total subsidy, went to 15 eastern Uttar Pradesh
 
districts. Rs 138 million (about 35 percent of the total) went to
 
19 districts of western Uttar Pradesh The rest of the amount, 18
 
percent of the total, was given to the remaining 16 districts.
 
Eastern Uttar Pradesh clearly received a much higher proportion of
 
the subsidy, perhaps because it has the largest concentration of
 
small and marginal farmers in the state.
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SUBSIDY ON POWER FOR AGRICULTURE AND IRRIGATION
 

The high dose 
of subsidy for agv-iculture and irrigation 
can be
understood by examining Table 18.3. 
 All states subsidize the use
of power for irrigation. However, extent
the of the subsidy is
marginal in Gujarat, where the 
difference between domestic 
use and
use for irrigation is about one paise per unit, 
which is practically
no differpnce. 
On the other hand, Punjab sells electricity at about
62 pai3 pa r unit for doiestic use and 10 paise per unit for
irrigation purposes. 
 Among the East Indian states, the highest
subsidy is provided by Bihar, 
which sells electricity for domestic
use at 54 paise per unit ano at 
about 
11 paise per unit for irrigation. The lowest subsidy is given 
by West Bengal, which sells
electricity at about 54 
paise per unit for domestic use but at 35
paise per unit for irrigation. 
 Close behind is Uttar Pradesh, which
charges 62 paise per for
unit domestic use and 
 sells farmers
electricity for irrigation at 
36 paise per unit.
Table 18.4 presents trends in the 
average rate which
at state
electricity boards sell 
water to the agriculture/irrigation 
sector.
The highest increase in 1987-88 over 1980-81 is found 
in Uttar
Pradesh, which recorded a phenomenal rise of percent.
107.1 
 On the
other 
 hand, Bihar showed a marked decrease of 54.4 percent.
Although Uttar Pradesh recorded the highest 
increase in electricity
charges to agriculture, the ratio

relation to 

of electricity to agriculture in
total use was highest in Uttar Pradesh (see Table 18.1).
As a consequence 
of the heavy increase in electricity rates ill
Uttar Pradesh, the State Electricity Board, which was losing
3,466 million 
in 1985-86 on electricity sold 
Rs
 

to the agricultural
sector, reduced its losses to Rs 2,065 mi " ion 
in 1987-88. Bihar,
on the other hand, lost Rs 1,888 million in 1985-86 and Rs 2,090

million in 1987-88.
 

LEGISLATIVE AND REGULATIVE ASPECTS
 

Two opposite trends 
are juxtaposed in eastern 
India. On the one
hand, constant emphasis is laid 
on making greater use of groundwater
through pumps and tubewells. 
 To facilitate 
this, considerable
subsidy is provided both 
for tubewell development and 
use of power
for lifting water. On the other hand, 
more and more groundwater
experts are 
demanding regulatory and legislative measures to support
controlled extraction, 
balanced use, regulated development, and
proper conse-vation nf groundwater resources. 
 Before
further with we go
the issue of legislative and regulatory measures, 
any
 

following two 
facts, which appear contradictory in nature, 
the
 

should be
 
kept in mind.
 

First, although estimates of groundwater development 
in different states vary greatly, 
none dispute the low development
groundwater in the eastern region. 
of
 

In fact, as we move 
from west
(Punjab) to east 
(Assam) the level of groundwater development
 

2 rhis section is based on data drawn from 
India, Planning
 
Commission (1987).
 



laDoe io.a--Average rate Tor saie OT elecTriClty, Dy Cosegory, 1tooo 

Industries
 
State Sale Overall
 

E ectricity Agriculture/ Low High Outside Average
 
Board Dorrestic Ccrr.rerclal irrigation Tension Tension the State Rate
 

T-paise per Kwh 
sold-
 -


Andhra Pradesh 47.0 96.5 6.0 62.0 71.8 68.0 50.3 
Assamr 55.0 68.0 30.0 53.0 53.0 82.6 56.5 

B'har 53.6 85.9 11.4 138.8 106.7 40.5 79.0 
Gujarat 59.6 59.6 58.5 92.8 85.4 ... 78.7 
Haryana 41.0 66.0 20.0 50.0 78.0 45.0 42.7 
H,;rachal Pradesh 44.0 82.0 20.0 53.0 53.0 38.0 49.0 
Jammu and Kashmir 31.6 45.5 15.0 19.0 n.a. 53.4 30.0 
Karnataka Board 48.9 140.7 12.7 80.9 65.2 61.0 54.9 
Kerala 44.5 78.0 33.0 32.0 27.2 ... 39.8
 
Madhya Pradesn 38.8 95.9 27.5 81.5 86.9 ... 67.0
 
Maharashtra 48.0 84.1 9.0 67.8 90.7 65.0 63.4
 
Meghalaya 44.0 68.0 21.0 55.0 55.0 40.0 47.2
 
O-Issa 35.0 77.0 20.5 46.3 55.7 ... 52.2 
Punjab 62.2 100.5 9.6 63.3 58.1 53.5 42.2
 
Rajasthan 58.1 97.8 26.3 77.0 85.0 53.5 63.8
 
Taril Nadu 52.6 96.0 11.1 80.0 73.0 39.3 55.7
 
Uttar Pradesh 62.3 79.7 35.5 86.0 91.5 47.4 66.8
 
West Bengal 54.2 77.1 35.3 63.8 94.4 ... 79.5
 

Electricity departments
 

Manipur n.a. n.a. n.a. n.a. ... ... 52.5
 
Mizorarr 63.0 73.0 ... 22.0 60.0
 
Nagalanda 64.0 74.0 ... 62 C 62.0 50.0 61.0 
Tripura 60.0 65.0 35.0 40.0 ... ... 50.0 
Chandigarh 27.0 78.0 15.0 33.6 39.2 ... 42.7
 
Delhi 44.3 94.0 23.0 80.0 98.0 ... 75.9
 
Goa, Darran, and Diua 49.8 75.5 35.5 64.8 82.6 ... 64.5
 
Pundicherry 55.5 136.8 14.3 72.2 69.0 ... 60.0
 

Soirce: India, Planning Commission, Power and En.; gy Division, Annual Report on the Working of State
 

Electricity Departments (New Delhi: Government of :ndia, 1987).
 
a198 5/8 6 . Electricity Boards ano 


... Negligible.
 
n.a. Not available.
 



264 

Table 18.4--Trends 
in the average electricity rate for sale 
to the
agriculture/irrigation sector, by 
state electricity

board, 1980-88
 

Increaje
 
or
 

Decrease
 
State in
 

1987/88
electricity 
 1986/87 1987/88 
 over
boarda 1980/81 1984/85 1985/86 
 (RE) (AP) 1980/81
 

(paise per Kwh sold) 
 (percent)
 
Andhra Pradesh 19.8 
 6.1 6.0 
 6.0 6.0 
 -69.7
Bihar 
 25.0 12.5 
 11.4 11.4 
 11.4 -54.4
Gujarat 27.4 45.9 
 51.4 58.5 
 55.6 102.9
Haryana 17.1 
 19.4 20.0 
 20.0 20.0 
 17.0
Karnataka 
 22.4 10.1 
 11.0 12.7 
 12.7 -43.3
Madhya Prddesh 34.3 26.6 
 27.7 27.5 
 27.5 -19.8
Maharashtra 
 16.0 9.7 8.9 
 9.0 9.0 
 -43.8
Punjab 
 10.0 12.9 
 11.4 9.6 
 9.4
Rajasthan 19.2 29.3 23.4 

- 6.0 
26.3 26.3 
 37.0
Tamil Nadu 
 16.3 12.2 
 11.2 11.1 9.5 
 -41.7
Uttar Pradesh 18.3 
 27.9 28.0 
 3 5.5b 37.9 107.1
 

Source: India, 
 Planning Commission, Power and 
 Energy Division,
Annual Report the of
on Working State Electricity boards
and Electricity Departments

India, 1987). (New Delhi, Government of
 

Boards with substantial sales 
to tie agriculture/irrigation sector.
 
Revised to 
24 paise subsequently.
 

diminishes markedly (see 
Table 18.2). As indicated above, overall
development of groundwater in the region
eastern 
 is about 17
percent, which is considerably lower than 
that cf the country (27
percent). The highest development in the region 
is in eastern Utta"
Pradesh 
(about 31 percent), but development 
in Assam and Orissa is
quite low (4 and 7 percent, respectively). 
 Thus, a lot of groundwater potential is available in the eastern region.
Second, the 
eastern region has a preponderance of 
very small
farmers who practice 
traditional agriculture 
and use traditional
lift irrigation devices and dugwells. 
 In fact, the biggest sufferers of the tubewell revolution in the eastern 
region are the very
small and marginal farmers. Farmers who 
operate traditional water
lifts encounter serious 
problems when tubewells are installed
the water 
level starts declining in the short 
and
 

run. Such temporary
depletions of the water 
table, which are likely to occur at times of
peak crop when
demand tubewells operate simultaneously, adversely
affect crops the
under command of traditional water lifts 
 (Pant
1987, 219). In the 
extreme case, farmers who use traditional lift
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lift any water until the well owner who
devices may not be able to 

has the larger capacity stops operating his pump.
 

state
Under the Constitution of India irrigation is under 


jurisdiction, which means that administrative and legislative
 
have to be
 measures for regulating and contrulling groundwater will 


undertaken by the state governmerts. The role of the central
 
unlike several other countries.
govrnment is advisory. In India, 


as resource. Philippines,
groundwater is treated a private In the 


if a farmer wants to lift groundwater, he must apply for a water
 

permit from the National Water Resource Council; a farmer in India
 

need government permission to exploit groundwater.
does not 

Even though groundwater resources in eastern India are plenti

be regulated because
ful, the exploitation of groundwater should 

arise from the creation of saline and alkaline water in
problems 

some areas and the depletion of the water table in others. In 

addition, the issue of spacing remains unresolved as far as private 
users of groundwater are concerned in the absence of regulative 

measures.
 
I' we leave the question of relative abundance of groundwater in
 

the country as a whole, India's water
the eastern region and talk of 


resources are bountiful
not for agriculture even under wholly
 
Commisirrigated conditions. According to the Second Irrigation 

in the
sion, the ultimate irrigation potential that could be created 


percent of the cultivated area
country may be aciequate for about 50 

The
(India, Ministry of Irrigation and Power 1972, 1: 55-58). 


Expert Working Group of the Planning Commission suggests that the
 
could establish 12 million
ultimate groundwater potential of India 


4 million private shallow tubewells, 12 million electric
dugwells, 

pumpsets, and 60.000 public tubewells
pumpsets, 5 million diesel 


(India. Pl nnirig Commiision 1971). The creation of private shallow
 

diesel pumpsets, and ;)ubl ic deep tubewells has already
tubewells, 

limits. National Commission on Agriculture rias
crossed these The 


also emphasized the problems of overpumping and argued strongly in
 

favor of state intervention to rationalize the extraction and
 

Ministry of Agriculture and
distribution of grouidwater (India, 


Irrigation 1976, 22).
 
afflicted by problems.
Groundwater resources in India are 	 twin 


On the one side, in several parts of the country large-scale
 

development and extraction of groundwater resources in excess of
 

to the uncontrolled 	overexploitation
replenishable recharge have led 

due to
of groundwater (Dogra 198F, 161-162). On the other side, 


improper planning and implementation of mojor surface water irr iga

tion schemes, particularl, in canal command areas, the water table
 

has risen alarmingly and caused significant water-logging and soil
 

large areas unproductive. In this regard
salinization, rendering 

of Sharda Sahayak
two cases are worth 	mentioning. The first is that 


in Uttar Pradesh where, according to the report
Irrigation Project 

of the task force, the gross irrigated area is 400,000 hectares but
 

the area that has become waterlogged and consequently unfit for
 
500,000
cultivation due to a defective drainage and design is 


hectares (India, Ministry of Agriculture 1984, 8). The second case
 
where
is that of Saryu Canal Irrigation Project of Uttar Pradesh, 


8,000 hectares of cultivated land, 3,250
because of the project 

hectares of forest have been
hectares of grazing land, and 1,250 
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destroyed. while the area 
it was envisaged to irrigate is lcss than
8,000 hectares (Singh and Afroz 1987, 221-228).
Extraction of groundwater using loans from 
institutional
cing agencies finanis controlled and regulated through
measures administrative
such as 
 having to clear proposed
through the respective state 
groundwater 
schemes
groundwater organization and adhere 
to
the density and spacing criteria for new groundwater structures set
by NABARD 
for different agroclimatic 
zones
whole country is grouped 

in the country. The
 
groundwater potential: 

in th.e following three categories of
(1) white (safe) areas with
development groundwater
below 65 percent, 
(2) gray (semicritical) areas with
development between 65 and 85 percent, and (3) dark (critical) areas
with development 
above 85 percent. Clearing 
a groundwater program
in the white area is quite easy and 
requires less scrutiny based on
ad hoc norms, whereas 
in gray and dark areas, the clearance requires
many detailed 
 microlevel 
 studies and 
 surveys for 
 groundwater
resource assessment 
and estimation.
In the absence of 
legal provisions,

measures the existing administrative
can check only the 

tional loan 

poor class of farmers who need instituassistance 
for extracting groundwater. These restrictive measures 
 cannot, however,

extracting water from critical 

prevent affluent farmers from
 areas at 
the cost of
farmers. poor neighboring
This situation 
denies 
equity and social 
justice
who need it most--poor farmers. to those

Even in some
Pradesh, trie lowering areas of Uttar
of groundwater levels has
wells. dried up shallow
In Daha area 
in Meerut District
Varanasi and Gyanpur Tehsi 1 in
District, groundwater 
levels have decreased appreciably due
to unplanned, large-scale groundwater exploitation.
The Constitution 
assigns 
water resources
tures, which are to the state legislathe appropriate authorities for passing legislation
on groundwater unless two or more


In 1970, 
states desire central legislation.
a working group 
was constituted oy
draft the government of
to India
a model bill for controlling


"The Ground and regulating groundwater.
Water (Control and Regulation) B1i11, 1970"
lited in December 1970 was circuso that all the
and enact it as law. 
states could consider, adopt,
No state government paid any heed.
government emphasized The union
the need again
enacted legislation through 
in May 1976, and Gujarat
a President's Act during 1976, which has
not been implemented. 
 Sinha and Ratti 
(1988, 147-156) propose that
state legislation shoul' 
allow no new groundwater structures
state or private) withou' (either
a prior certificate of approval 
from the
State Ground Water Authority.


Changing 
the mode, pattern, and
may be the most effective mechanism 
extent of groundwater charges
 

unmindful overexploitation of 
for checking the unplanned and
 

plead groundwater. Supporters of this
that states should view
introduce legislation 
 that contains
suitable provisions for 
collecting 
revenue
structure of from every groundwater
the 
state on an annual 
or semiannual
exception would be dugwells and wells 
basis. The only
 

to Saksena in hard rock areas. According
and Agarwal (1988, 122-127).
to the extent of Rs 1, Rs 
if only token revenue rates
 

owners of boring, private 
4 and Rs 0.50 per month were charged the
tubewells 
or d-gwells
rahats, respectively, the with pumpsets, and
state exchequer would earn Rs 57.1
per mi;lion
year in Uttar Pradesh given the present 
position: 757,149
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private tubewells or dugwells with pumpsets, 1,245,829 borings, and
 
22,373 rahats. The groundwater revenue so earned would yield a
 
twofold benefit. On the one hand, it would control the use of
 
water; on the other, it would finance the detailed and village-level
 
hydrological investigations needed throughout Uttar Pradesh.
 

POWER POSITION
 

The installed capacity of the country, which was a mere 1,713
 
mega watts (mw) in December 1950, h .J risen to 46,795 mw by the end
 
of 1985-86. About 64 percent of the total installed capacity is
 
thermal power (coal- based plants), 33 percent hydroelectric power,
 
and 3 percent nuclear power. India had no nuclear power before
 
1969-70, and the proportion of nuclear power has remained almost the
 
same since 196,-70. TnL increase in installed capacity has been
 
substantial (luring various five-year plans, ranging from 28 percent
 
(end of the Fourth Plan) to 94 percent (end of the Third Plan). The
 
gross electricity generation, which was 5,107 kwh in December 1950,
 

rose to 170,045 kwh during 1985-86. About 67 percent was thermal,
 
30 percent hydroelectric, ano 3 percent nuclear (Central Electricity
 

Authority 1986, 2-3). Hydropower resources were perhaps as much as
 
66,000 mw, represent ng an annual generating c3pacity of 345 kwh.
 

However, in industrialized and uri:nized regions where power demand
 
is high, available hydropower resources are fully used. The
 

unexploited hydropower potential lies mostly in the northern and
 

northeastern regions, where demand for power is low (Senqupta 1985,
 

116). Generation grew substantially during various five-year plans,
 
ranging from 4, 6 percent (at the end of the Fourth Plan) to as much 
as 97 percent (at the end of the Sixth Plan).
 

The consumption of electricity was 4,157 gwh in December 1950 
and rose to 114,049 gwh at the end of the sixth plan (1984-85). 
Consumption has grown substantially during every five-year plan, the 

percentage varying from 34.5 (at the end of the Fourth Plan) to as 

much as 94.6 (at the end of the Sixth Plan). The industrial and 

agricultural categories constitute The major consumers of electrici
ty. The increase for the agricultural sector has been substantial,
 
from 3.9 percent in 1950 to 18.8 percent at the end of the Sixth
 

Five-Year Plan The same is not true of the industrial sector,
 
which was consuming 62.6 percent of the electricity in 1950 but only
 

55.5 percent at the eno of the Sixth Plan. In fact, industrial
 

consumption increased slowly up to 1963-64 and declined gradually
 

thereafter (Central Electricity Authority 1986, 5). Although per
 

capita power con3umption has leapt from 15 units (kilowatt-hours) in
 

1947 to 190 units today, it is far short of the 7,000 to 10,000 

units per capita that is common in developed countries. Although
 

the large sum of Rs 340 billion :s provided for power in the
 
Seventh Five-Yer Plan, by 1990 the ggp between demand and supply is
 
estimated to have grown to 10,000 mw.
 

The Rural Electrification Corporation (REC) was set up in July
 
1969, in pursuance of a recommendation made by the All India Rural
 

3 See India Today, September 15, 1987, 36.
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Credit Review Committee. In the 
course of a comprehensive review of
rural credit, the committee concluded that 
a massive program
rural electrification ofwas essential to developing agricultureIndia further inbecause the "new strategy" basedmulticropping on high yields andimplied year-round irrigation.irrigation would have 
A large part of that
to c.,,e from groundwater extracted by electric
power. The functions of REC extend beyond providing financialassistance 
to state electricity boards in order extend their
to
rural distribution 
systems. 
 It has the specific responsibility of
ensuring that the 
schemes it finances 
are formulated 
in accordance
with the prescribed norms 


various 
of economic viability and coordinated with
other development programs


to in the rural areas. The aim
increase agricultural production. is
 
sibility It also has special responfor promoting and developing 
rural electric cooperatives

(Charlu and Dutt 
1982, 176).


Rural electrification 
 is the backbone 
of efforts
groundwater. The to exploit
vast, untapped groundwater 
resources
subjected to the desired level of 
could be
 

use for
if adequate irrigated agriculture only
power supply were available to 
 lift groundwater.
However, scarcity of electricity is severe in all parts of East
Indian states. The scarcity is somewhat

imported from the central 

mitigated by electricity

sector or 
from other states. Table
presents the contribution of imported power to 

18.5
 
from the internal the energy available
 resources 
of each state 
in 1986-87 and 1987-88.
Among the eastern Indian states, Bihar
proportion of its electricity: 38.5 percent 

imports the highest

of the total electricity used in 1986/87. Close behind 
are Orissa and Assam. Uttar
Pradesh and West 
Bengal import 
the lowest proportion of electricity.
Ovrall, all state electricity 
boards imported 21 percent.
eastern All
Indian states 
were above this average, except 
Uttar Pradesh
during 1987/88 and West Bengal during 1986/87.
A brief description of 
the power scenario wil 
help clarify the
problem of power shortage in the eastern 
regicn. The development of
Bihar's electrical 
power infrastructure has 
been slow, and only 24
percent of its hydropower potential 
has been developed. The per
capita consumption of energy 
is one of the lowest in India. During
1951-54, average per capita consumption of energy in India
from 18 to increased
146 kwh, compared to an increase 
from 20 to 89 kwh over
the same period 
in Bihar. Bihar's total installed capacity for
power generaLion (about 980 
mw at the end of 1984/85) represented
only 3 percent of the country's capacity, although
10 percent of India's population and includes 

the state holds
 
a major
industry in Damodar area of heavy
Valley. 8ihar only
meets 
 half of its power
demand 
from its own generation and 
imports the remainder from Uttar
Pradesh, West Bengal, Orissa, and Nepal.


within Bihar other than 
The main energy contractor

the electricity board (BSEB) is DamodarValley Corporation. Presently only about half of the villages inBihar have electric power, compared with 60 percent in India as awhole. 
 The problem of power shortage for groundwater lift isfurther accentuated 
because only 
 13 percent of electricity is
consumed by the state's agriculture sector compared with 
an average
for the country of about 19 percent (Table 18.1).
Power supply 
in West Bengal is primarily produced by 
the West
Bengal Electricity Board (WBSEB). with the Calcutta Electric Supply
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Table 18.5--Share of power imported ti energy availability (net generation and Import), by agency,
 

1986/87 and 1987/88
 

1986/87 (RE) 1987/88
 

~~---------

Total as Percent
Total as Percent 


Central Inter- of Net
 

Sector state Generation 

Central Inter- of Net 


Sector state Generation
 
Total and Import
Agency Sources Sources Total and Import Sources Sources 


_-ilon nK.. peen (illion Kwh (peentT--


State electricity board
 

Andhra Pradesh 1,628.0 0.0 1,628.0 11.0 1,358.0 0.0 1,358.0 9.2
 

29.5 290.0 110.0 400.0 25.6
Assam 310.0 120.0 430.0 

Bihar 1,836.0 333.0 2,169.0 38.5 2,426.0 509.0 2,935.0 38.6
 

Gujarat 1,560.0 700.0 2,260.0 16.8 1,675.0 240.0 1.915.0 12.7
 

Haryana 516.0 
 0.0 516.0 9.4 1,064.J 0.0 1,064.0 16.0
 
427.0 297.0 38.0
Himachal Pradesh 72.0 414.0 486.0 43.5 70.0 


Jammu and Kashmir n.a. 700.0 700.0 44.0 432.0 
 443.0 875.0 48.7
 

Karnataka Board 1,045.0 1 22P 0 2,265.0 2^ 6 1,253.0 1,220.0 2,473.0 19.1
 
716.0 11.3
Kersla 420.0 0.0 420.0 8.4 716.0 0.0 


1,940.0 14.0
Madhya Pradesh 1,610.0 140.0 :,750.0 13.8 1,800.0 140.0 


Maharashtra 1,800.0 2,500.0 4,300.0 16.7 2,226.0 2,685.0 4,911.0 18.2
 
0.0
Meghalaya C.0 0.0 0.0 0.0 0.0 0.0 0.0 


O-Issa 3.0 957.0 1,000.0 22.2 285.0 1,750.0 2,035.0 33.8
 

Punjeb 655.0 76.0 731.0 6.9 1,660.0 120.0 1,780.0 14.8
 

Rajasthan 2,067.0 658.0 2,725.0 37.1 2,265.0 583.0 2,848.0 37.7
 

(Continued)
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Table 
 B.5--Contlnued
 

-
 -
 -


1986/87 (RE) 
 1087/88
 
----- -----Total as Percent--------------Total
~--------------------------------------as Percent
Central incer-
 of Net Central 
 Inter-
Sector state of Net
 

Agency Generation Sector
Sources Sources state Gencration
Total and Import Sources Sources Total 
 and Import 

T,,TI-TT---. . rcen! T --- . .T - )TTTT 
State electricity board (continued)
 

Tamil Nadu 5,186.0 0.0 
 5,186.0 36.2
Uttar Praoesh 3,400.0 
5,604.0 0.0 5,604.U 37.7
200.0 3,600.0 
 21.3 3,862.0
West Bengal 610.0 290.0 149.0 4.01.0 19.6900.0 15.2 
 1,380.0 
 515.0 1,895.0 25.0
 

Total 22,258.0 8,308.0 31,066.0 21.0 
 28,366.0 8,891.0 
 37,257.0 20.8
 

Electricity departments
 
Manipur 
 128.0 0.0 
 128.0 93.4 
 130.0
Nagaland 53.0 0.0 130.0 88.5
38.0 91.0 99.5
Tripura 0.0 6i.0 54.0 Z5.0 99.0
42.0 42.0 
 38.2
Chandigarh 0.0 10.0 10.0 7.7
0.0 349.0 349.0 100.0
Delhi 0.0 383.04,108.0 383.0 100.0
0.0 4,108.0 
 75.7 4,294.0 0.0 4,294.0 72.6
Goa,and DamanDiu 
 195.0 301.0 496.0 
 :00.0
Mizoram 0.0 227.0 300.0 527.0 100.0
20.0 20.0 
 46...
Pondicherry 0.0 39.0 39.0
0.0 284.0 284.0 100.0 58.0


0.0 311.0 311.0 100.0
 
Total 4,484.0 1,034.0 
 5,518.0 81.3 
 4,712.0 1,077.0 5,789.0 

-
 -


Source: India, 0
Planning Corrmission, ower 
and Energy Divisior, Annual 
Report ontne Working of State
Electricity Boaros anc Electricity Deoartments (New Delhi: 
 Governrent of India, 
1987).
n.a. Not available.
 

81.4 
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Company (CESC) being responsible for supplying power to the Calcutta
 
area. WBSEB has a total installed capacity of about 1,200 mw from
 
various generating stations. It is also interconnected with the
 
grids of the neighboring states of Orissa, Bihar, Assam, and Sikkim.
 
The energy consumed for agricultural purposes represents only 1.2
 
percent of total consumption, and only 48 percent of the villages in
 
the state have electricity (Table 18.1).
 

In Uttar Pradesh, the installed capacity of the power system at
 
the end of 1984/85 was 4,120.8 mw, of which 66 percent was thermal
 
and 34 percent hydroelectric. Uttar Pradesh has 9.6 percent of the
 
country's installed capacity. A major shortcoming of power genera
tion is that thermal plants do not work satisfactorily. The
 
thermal system load factors were between 37 and 39 percent during
 
the past few years. According to CEA, a plant load fdctor of 65.6
 
percent cai be reasonably achieved, and electricity boards should
 
take remedial actions to achieve this level. The performance of the
 
hydro stationi is linked to the run-of-the-river flows and thus the
 
vagaries of ionsoon seriously affect energy availability. The
 
percentage of electricity consumed in the agricultual sector of
 

eastern Uttar Pradesh is 25.4 percent, which is the highest among
 
the eastern states and is much higher than the national average rK
 
18.6 percent. The percentage of electrified villages in eastern 
Uttar Pradesh (52.4) is also the highest among the eastern region 
states and close to the national average of 60 percent (see Table 
18 .1). 

The installed capacity in Orissa at the end of 1984/85 was 1,135
 
mw, representing 2.7 percert of national installed capacity. The
 
proportion of electricity consumed in the agricultural sector was
 
,lust 2 percent, arid 48 percent of the villages in the state were
 
electrified (see Table 18.1).
 

The installed capacity of the power system in Assam is 425 mw,
 
and all of it is thermal power, representing I percent of the
 
country's installed capacity. Although hydroelectric power potcn
tial exists in the state, it has not yet been exploited. Assam also
 
consumes a low proportion of electricity in its agricultural sector
 
(1.5 percent). Only 43.4 percent of its villages are electrified,
 
which is lowest in the eastern region.
 

The country in general arid the eastern region in particular are
 
witnessing an alarming trend. All parts of the eastern region are
 
facing shortages of electricity, while the number of electrically
 
operated tubewells are increasing overwhelmingly. Table 18.6
 
presents the number of diesel and electric pumps in the country and
 
in each of the eastern Indian states during different plan periods.
 

The first trend of note is the tremendous growth in the number
 
of electric pumpsets--froin 0.2 million at the end of the Second
 
Five-Year Plan to 8.7 million at the end of January 1988. The
 
second noticeable fPeture is the small contribution of eastern
 
India, particularly Uttar Pradesh, t.o the growth of electric pump
sets. At the end of the Second Plan, eastern India had 6.6 percent
 
of the electric pumpsets in the country, and Uttar Pradesh alone had
 
5 percent. Eastern India contained 11.6 percent of India's pumpsets
 
at the end of annual plans in 1969, and Uttar Pradesh accounted for
 
6.9 percert of electric pumpsets. After 1969 the increase in the
 
number of electric pumpsets was small in eastern India in general
 



Table 18.5--Diesel and electrical pump sets installed, various years, 1961-88
 

Second Plan Annual Plans Fifth Plan Sixth Plan 
 Seve-th Plan

March 1961 March 1959 March 1980 
 March 1985 January 19 88 a Total
 

Elec- Die- Elec- Die-
 ETec- Ce- Elec- DTie- Elec- Die- Elec- Die-

States tric sel 
 tric sel tric sel tric sel tric sel tric sel
 

Assam n.a ... 
 ... 0.20 1.68 0.50 3.61 0.60 1.45 n.a. 5.06 n.a. 

Bihar 3.20 3.20 50.00 38.00 151.99 128.0 241.70 173.00 72.43 n.a. 314.13 n.a.
(1.5) (1.4) (4.6) (5.3) (3.8) (4.8) (4.3) (4.9) (2.41 (3.6) 
Orissa n.a. 1.20 0.50 5.00 12.96 9.20 31.59 18.70 26.53 n.a. 58.22 n.a.
 

(0.5) ... ) (0.7) (0.3) (0.3) (0.6) (0.5) (0.9) (0.7) 

Uttar
 
Pradesh 
 9.90 8.40 75.00 85.00 361.75 i.00 526.79 1,231.00 189.66 n.a. 716.45 n.a.
 

(5.0) (3.7) (6.9) (11.8) (9.1) (31.3) (9.2) (34.6) (6.3) (8.2)
 

West Bengal ... 
 3.60 1.20 35.00 24.07 88.50 46.94 133.50 41.37 n.a. 88.37 n.a.
 
(1.6) (0.1) (4.9) (0.6) (3.3) (0.8) (3.8) '1.4) (1.0) 

All 
India 198.90 229.90 1,088.80 721.50 3,965.83 2,653.65 5,732.73 2 553.65 3,011.08 n.a. 8,743.80 n a.
 

(100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)
 

Number in 
 (percent)
 
eastern
 
India as
 
percent
 
of all
 
Idia 6.2 7.2 11.E 22.7 13.8 39.7 14.8 43.8 11.0 n.a. 13.8 n.a.
 

Source: India, Directorate of Economics and Statistics, Indian Agriculture in Brief (New Delhi: 
 Ministry of
 
Agriculture, 1982 ano 1985).


Note: Fig..es in parentheses indicate percentages.
 
a Rural Energy Division, Planning Commission.
 
... Negligiole.
 
n.a. Not available.
 

http:8,743.80
http:3,011.08
http:5,732.73
http:2,653.65
http:3,965.83
http:1,088.80
http:1,231.00
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and Uttar Pradesh in particular, but the rise in the number of
 

electric pumpsets was phenomenal in the rest of India.
 

Uttar Prade.h clearly holos the predominant position in the
 

region, turninq the scale in one way or the other. While
 eastern 

the growth of electric pumpsets has been slow in Uttar Pradesh, the
 

India and in Uttar Pradesh has

growth of diesel pumpsct in eastern 


Second Plan, eastern India
been dramatic. At the end of the 

contained 7.2 percent (Uttar Pradesh, 3.7 percent) of the nation's
 

Sixth Plan, eastern India
diesel pumpsets, but by the end of the 

percent and Uttar Pradesh alone coitained 35 percent.
contained 44 


in the number of diesel pumpsets and the
The tremendous increase 

in eastern India in general
relative stagnation of electric pumps 


be explained by their inadequate
and Uttar Pradesh in particular can 

rural areas. The adequacy and
and erratic electric supply in tileir 


Punjab supplements the shortages
regularity of the power supply in 
of groundwater.
of surface irrigation by providing timely extraction 


are as bad or as good as those in
The surface systems in Punjab 

an assured electric supply, which the
Uttar Pradesh, but they have 


eastern region does not.
 
The power shortage syndrome is vividly depicted in a recent
 

study of 3t.state tubewells of Phulpur Block, Allahabad District,
 
the study were collected for 11 months
Uttar Pradesh. The data for 


from Apr' 1980 to February 1981. During this period the average
 

tubewell ran 1,056 hours annually, which was about 12 percent of the
 

total time and much below the standard capacity of 3,000 hours that
 

run. In Uttar Pradesh the average hours that
 
a tubewell should 

tubewells ran declined from 2,305 hours in 1970/71 to 1,466 hours in
 

average loss per tubewell due to rostering wa's 5,625
1970/80. The 

for about 64
hours, or 64 percent of the total 8,760 hours. Thus 


the time there was no power supply Lo the tubewells
percent of 

(Shankar 1981, 15-24).
 

Bank tubewells rein-
Our own ongoing case study of the World 


forces this view of the power problem. The study contains a sample
 
three each from
of 165 respondents drawn from nine tubewells, 


The study found that 71.7 percent
Deoria, Lucknow, and Saharanpur. 

of the total sample faced perpetual problems in the working of the
 

tubewells due either to electric failure or to erratic and inade

quate electric supply. However, the differences among the districts
 
for instar .2,46 percent of
 were sijnficant. In Saharanpur (West), 


,. rcent in Lucknowthe respondentb faced problems, compared with 69 

in Deoria (East). The problem concerning
(Central), and l;6percent 


west to cast in Uttar
 power supply increases as we move from 


Pradesh.
 

4 The study funded by the Ford Foundation. New Delhi, is
 
to Small Farmers: Case Studies of
entitled "Ground Water Access 


Organizational Technological Solutions."
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ORGANIZATIONAL AND TECHNOLOGICAL ALTERNATIVES FOR GROUNDWATER ACCESS
TO SHALL FARMERS
 

The preponderance of 
small and marginal farmers
region is clear: in the eastern
less than one-fifth (18 percent)
geographical of India's
area contains nearly half
farmers of of the smallest farms and
the country. 
 The percentage

holdings of small and marginal
indifferent parts of the region
percent; Bihar, 86.7 percent; 

is very high: Assam, 82.2
Orissa, 73.6 
percent; eastern 
Uttar
Pradesh, 90.8 percent, and West Bengal, 89.3 percent.
Their low resource base, coupled with the 
limitations
size, place resource and if small
;ystem constraints
To combat on these small farmers.the size con:raint, small use of their land by do ng 
farmers make more efficientmultiple croppingirrigation and raking more usein their cultivation. Although only percent 

of 
cultivated 9 of thearea is multiple cropped 
in India, there
relationship between multiple cropping and farm size: 

is an inverse
 
27 percent for
farms under 0.4 hectare, 16 percent farms
1 percent for under 2 hectares, and
for farms of 
10 hectares 
and above (Singh 1979, 41).
inverse relationship also exists between the size of 

An
 
the percentage of irrigated area to 

landholding and
 
sown area.
for Indii, as a whole 

While the percentage

for all sizes farms
of is 21.4, it is 33.8
percent for holdings less than 1 hectare and 13 parcent 
for those of
10 hectares and above (India, Ministry of Agriculture and
1975, 27). Irrigation
Thus, the most 
necessary condition for multiple cropping
and increased 
crop productivity 
is the availability 
of assured
irrigation to 
small farmers.


This brings us to 
the desirability of
water irrigation to serve 
a proper mode of groundsmall farmers 
 in the eastern region.
Groundwater 
remains 
the most 
important underused
tion source of irrigain the region, which contains 29


potential, percent of India's groundwater
83 percent which
of remains unused (see 18.2).
Despite the development that 
Table 


tubewell water 
has iiken place in this region,
is rut of reach of smell farmers either because
initial investment the
costs 


because, 
are too high (for private tubewells) or
for economic and political 
reas, ns, small
last to farmers are the
receive water (as under public tubewells).
benetits As a result, the
to small farmers have 
been 
meager and are oincidental
rather than a matter of deliberate policy.
A well-directed 
effort


available to make the benefits of groundwater
to small farmers 
 is the most urgent r:eed
This brings to of the hour.
the fore the following question:
combination what feasible
of technology 
 and organization
farmers, can benefit small
and wnat policy interventions 
are required to obtain this
objective? 
 A four-week seminar 
discussed 
these questions
context of India in the
and Bangladesh and 
suggested work
first, on
improving traditional two fronts:

lift irrigation devices
predominantly on relying
human 


improving 
and aniral energy and second, developing and
new small-scale technology especially designed
farmers. for small
Such technology includes 
both hand- or bicycle-powered
pumps relying human
on energy and solar-powered micropumping units
designed specially 
for very small farmers.
interventions suggested The major policy
were to shift the balan.e of subsidies
favor of in
small farmers and redirect research toward 
the improvemcnt
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of simplea and indigenous irrigation devices (Institute for Develop
ment Studies 1980, 3-4).
 

One technolegical innovation in the form of a bamboo tubewell
 
hat been quite successful in the Kosi command area of the Bihar and
 
Gonda districts of Uttar Pradesh. This locally assembled tubewell,
 
constructed by village artisans from split bamboos, coconut coire,
 
old cans, and pith, is sunk by labor-intensive digging and powered
 
by a mobile diesel or electric pump. It is quite popular in the
 
Kosi region, with potential benefits especially for the small
 
cultivator (see Clay 1980; The Economist 1982, 57). The same
 
experiment is being successfully repeated in the eastern district of
 
Gonda in Uttar Pradesh. Bamboo boring reportedly has reduced the
 
cost of boring a tubewell by two-thirds and is the cheapest irriga
tion for a small farmer (Appu 1974; Chambers and Joshi 1983; Domin
 
1975; Verghese 1981).
 

A variant of the state tubewel', accompanied by technological
 
innovations in the distribution system that achieve highly efficient
 
water use and protect the interest of tail-end and small farmers,
 
is being tried in Uttar Pradesh with the financial support of the
 
World Bank. The pilot scheme began with 500 such tubewells in April
 
1980 in 12 districts of the state. The supposed success of this
 
pilot experiment ea-ned India a 35.3 million dollar loan from the
 
International Fund for Agricultural Development (IFAD) to finance a
 
second tubewell project in Uttar Pradesh. This second project
 
installed 2,200 tubewells and upgraded 750 existing tubewells to
 
benefit about 440,000 families (Development Forum 1983).
 

In spite of all the claims of success, the two tubewells visited
 
by the author in May 1982 in Lucknow District revealed that farmers
 
did not adhere to warabandi although project authorities had
 
prepared plans for seven-day rotations. 5 Further talks with the
 
farmers pointed out that there was no consolidation of holdings in
 
the commands of the tubewells and the holdings were fragmented and
 
scattered. As a rasult, the farmers did not observe warabandi and
 
took water to suit their convenience. The experience suggests that
 
technology is a means and not an end in itself. Invocating tech
nological solutions without paying due regard to the institutional
 
factors necessary for the success of technology is to indulge in a
 
target achievement-oriented ritualism rather than to work on a
 
problem-solving strategy. Tubewells apparently were installed
 
without proper planning or consideration of prevailing local
 
factors. In high-level meetings, emphasis was placed on the speedy
 
implementation of the project without proper evaluation of the work
 
completed (The Pioneer 1983). Because the government was making
 
such a heavy caj:tal investment (about Rs 400,000 for 100 hectares),
 
the tubewell command farmers should have been persuaded to con
solidate their holdings voluntarily. Indeed, voluntary consolida
tion of holdings should have been a precondition for the inst:'Ja
tion of a tubewell. In a similar situation, Sone CADA in Bihar made
 
consolidation of holdings a precondition for on-farm development
 

5 The visit to the two tubewell sites was carried out with 
Robert Chambers and was arranged by the chief engineer, public 
tubewells, World Bank. 
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(OFD) works, and succeeded in bringing about voluntary consolidation
 
(Pant and Verma 1983, 37-55).


Community 
tubewells provide an organizational alternative 
to
small 
farmers' irrigation in the eastern part of the Indo-Gangetic

region where holdings are 
very small and fragmented. In the absence

of consolidated holdings, private 
tubewells are not an economically
viable proposition. 
 However, a tubewell becomes economically viable
if it is owned by a group of small farmers in this region of
abundant groundwater. In the districts of Deoria (Uttar P.adesh)
and Vaishali (Bihar), community tubewells 
installed with the help of
voluntary organizations and operated collectively 
 by groups of
small and marginal farmers are doing 
a very satisfactory job (Pant

1984a; Pant and Rai 1985).
 

GROUNDWATER MARKETS
 

During field visits (January-February 1988) Orissa,
to West
Bengal, Assam, and Bihar, 
the sale and purchase of groundwater was
frequently observed. 
 The water was generally sold by affluent
farmers to less affluent ones. At times, however, very small 
sched
uled caste farmers who obtained a subsidy of 75 percent for installing pumps and tubewells sold water to their more affluent neighbors

who preferred to buy water than to 
install their own tubewells. In
all states of the eastern 
region water was sold at an hourly rate.
Rates varied 
fron, state to state and situation to situation, but
ranged between Rs 8 and Rs 
25 per hour from a 5 hp pump. According

to Shah and Raju (1988; see also Shah, Chapter 19 of this volume),
localized, fragmented, village-based groundwater markets are far
 more pervasive and important 
in their size, role, and implications

than most researchers and policymakers imagine. The following
provides 
brief examples of water sales encountered during field
 
visits:
 

6
 
Orissa
 

Behari 
Dorea owns about 4 hectares. He bought a 5 hp secondhand

diesel pump for Rs 3,000 and spent Rs 
1,000 more to repair it. fie
buys diesel at Rs 3.85 per liter from Pipli 
block headquarters,

which is 2 kilometers from his village. 
 He sells water at Rs 12 per
hour. He sells an average of 50 hours during Kharif and 80 
hours

during Rabi. He makes a profit of Rs 400 to 500 during Rabi and Rs
 
200 to 300 during Kharif.
 

Upreti Pradhan in Arwa village owns 
8 Gunthas (99 Guntha = Ihectare)--or 0.08 hectare--and buys water at Rs 
12 per hour.
 
Aparti Nayak 
in Arwa has 0.4 hectare and owns a 5 hp electric


tubewell. He sells water at Rs 10 per hour.
 
Mrs. Tara Sethi, Mrs. Bhasi Dei, and Mr. 
Lingaraj Sethi (all
scheduled caste) in Malibore, had a 3 hp electric 
group tubewell
installed by Orissa Agro-Industrial Corporation (AIC) at 
a cost of
 

6 Field visits were conducted near the Puri-Bhubaneshwar Road,
 
20-30 kilometers from Bhubaneshwar.
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Rs 13,489, of which 75 percent was a subsidy and 25 percent was a
 
loan through the Scheduled Caste Financing Corporation. According
 
to AIC.records the tubewell owners had 1.6 hectares, but the land in
 
the tubewell command was no more than I hectare. The owners sold
 
water to rich non-Scheduled Caste neighbors for irrigating 3
 
hectares of paddy during Rabi (sown in February and cut in June) at
 
Rs 8 per hour.
 

It is suggestive that water sellers with relatively large

holdings (Behari Dorea) or purchasers with very small holdings
 
(Upreti Pradhan) paid the highest price for water, while the sche
duled caste well owners sold water to wealthy farmers at a much
 
lower price.
 

7
 
West Bengal
 

Akbar Ali, in Mayana village, has 25 kattha (0.15 hectare) in
 
one place and 2 bighas (0.22 hectare) in another. He owns a 5 hp
 
diesel pump and both sells and buys water at Rs 10 per hour.
 

Bhadreshwar, from Kamdeopur, has about 2.8 hectares shared among

three brothers. The land is scattered in different places. They

bought an Usha 5 hp diesel pump in 1982 and sell water at Rs 14 per

hour. The rate is the same throughout the year, but maximum demand
 
is during the summer.
 

Surendra Nath Mandal owns 0.8 hectare, which is scattered in
 
four piaces. He buys water at Rs 14 per hour, but does not always
 
get water when he wants it. The author heard him reouest water on a
 
particular day and Bhadreshwar curtly refused him.
 

Assam
 

Atuar Rehman shares 20 bighas (2.2 hectares) among three
 
brothers. They have a tubewell with a 5 hp diesel pump, installed
 
by the Assam State Minor Irrigation Development Corporation, Ltd.,
 
in October 1986 at a cost of Rs 16,243. The brothers received a
 
subsidy of 33 percent. They buy diesel at Rs 3.50 per liter and
 
sell water at Rs 25 per hour.
 

Hareshwar Baidya has 14 bi(.ha (1.54 hectares) shared among three
 
brothers. They sell water at Rs 20 per hour.
 

Bihar
 

The rate at which water was sold in Purnea District was Rs 10
 
and Rs 12 per hour.
 

Eastern Uttar Pradesh
 

The rate at which groundwater is sold has remained at Rs 10 per
 
hour for the past several years.
 

7 Field visit was conducted in northi 2.1Pargana at a distance
 
of 30 to 40 kms from Calcutta.
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Group Tubewells
 

In Deoria (Uttar Pradesh) and Vaishali (Bihar) owners of group

tubewells sold water to outsiders. Our study (Pant and Rai 1985,

61) reveals that in Deoria as well as in Vaishali more water was
 
sold than was used by tubewell group members. 
 In Deoria, 25 group

tubewells irrigated a total of about 115 hectares of members' land
 
compared with about 193 hectares of nonmembers' land for which water
 
was sold. In Vaishali, 25 tubewells irrigated about 165 hectares of
 
members' land and sold water for about 181 hectares of nonmembers'
 
land. A differential water rate was charged nonmembers.
to In
 
Deoria, members paid Rs 1.98 per hour, while nonmembers paid Rs 6.02
 
per hour. In Vaishali, the respective charges were Rs 2.20 and Rs
 
10.16 per hour (Pant and Rai 1985, 65). In another study (Pant

1984b, 198) we found that on average 3.7 households purchased water

from each private tubewell in canal and state tubewell commands in
 
Deoria, Meerut, and Lucknow districts, Kripa Shankar (1988) in his
 
study of private tubewells in eastern Uttar Pradesh found that the

land of farmers who bought water accounted for nearly 40 percent of
 
the gross irrigated area, or 20 percent of Kharif, 51 percent of
 
Rabi, and 25 percent of Zaid irrigated area. The rest of the
 
irrigated area in the three seasons belongeo to well owners.
 

Some researchers ueiw t:'v',hat sale and
the existing purchase of
 
water can solve the problem of small and poor farmers. However,

this author does not share their enthusiasm because the existing

selling 
and buying of groundwater in eastern India is exploitative

in nature: rich farmers sell water to poor farmers who have to pay a
 
heavy price. In some cases the functioning even of the state
 
tubewells is sabotaged by water sellers who connive with 
the staff
 
of the state electricity board to increase the 
demand for private
 
water sales.
 

CONCLUSION
 

The eastern region of India is endowed with enormous natural
 
resources, but is quite backward in agricultural development. The
 
region has the necessary potential--from fertile alluvial soil in
 
most 
parts, good rainfall, abundant water, particularly groundwater,

and a plentiful supply of labor--to achieve a high level of agricul
tural development. The underexploitation of available groundwater

is a major cause 
 of this region's agricultural backwardness.
 
Groundwater development is only 17 percent of its potential in the
 
eastern region, compared with 27 percent inall of India. Extensive
 
use of available groundwater could help improve cropping intensity,

promote diversification, and increase productivity. The government
 
strategy is, therefore, twofold: to offer high subsidies to small
 
farmers for purchasing private tubewells and to install modernized
 
deep tubewells operated by different state governments.


The question of groundwater exploitation and balanced develop
ment in th, eastern region involves a variety of issues. Among the
 
most important to be considered are subsidies to poor farmers and
 
their impact; legislative and regulative aspects of groundwater

exploitation; 
 power supply and subsidized power for agriculture;
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technological and organizational alternatives for groundwater lift
 
and its management; and, finally, groundwater markets and their
 
pervasiveness.
 

Appendix 1: Sources of data
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1985/86. New Delhi.
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Indlvihuals and Offices Telephone
 
Office Residence
 

Central Ground Water Board
 

Chairman: Dr. D. K. Ditt, 236 Krishi Bhawan 382256 6440147
 
Chief Hydrogeologist: Mr. B. P. L. Sinha,
 
Jamnagar House
 

Senior Hydrogeologist: Mr. S. K. Sharma,
 
Jamnagar House
 

Director, Remote Sensing: Mr. S. C. Sharma,
 
Jamnagar House.
 

Chief Engineer (Minor Irrigation)
 

Lok Nayak Bhawan, B-Wing, 2nd Floor
 
Chief Engineer: Vacant 690828
 
Sr. Evaluation Officer: Mr. H. R. Misra 690262
 

617060
 
Evaluation Officer: Mrs. Rashmi Goyal
 
Executive Erigin e,-: Mr. V. V. S. Rama Rao
 

Planning Comaission, Irrigation and Command Area
 

Advisor: Mr. C. G. Desai, 261 Planning 388091 673809
 
Commissior
 

Joint Advisor. Mr. N. K. Dixit 246 389510
 
Planning Commission
 

Deputy Advisor: Mr. Navalawala 385481 Ext. 293
 

Eastern Region
 

Every state has certain common offices. Access to these offices
 
is necessary for obtaining data on groundwater and related subjects.

The offices that are common to all states are as follows:
 

Centr-6l Ground Water Board has its regional offices in Calcutta,
 
Bhubaneshwdr, Guwahati, and Lucknow. Bihar is governed by a
 
regional office in Calcutta, but there is one officer-in-special
 
duty in Patna. Patna, Lucknow, Calcutta, Bhubaneshwar, and Guwahati
 
have offices of tne State Ground Water Survey and Investigation
 
Organization and State Electricity Board Offices. They also have
 
appropriate NABARD and Rural Electrification Corporation. The
 
following presents a listing of the individuals contacted or who
 
should have been contacted. An asterisk indicates individuals who
 
were not contacted, while CI indicates those who were communicative
 
and informative.
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Orissa
 

Secondary Sources
 

Orissa. 1986. Report of the study group on the estimation of
 
ground water resources and irrigation potential from ground
 
water. Bhubaneshwar, Orissa.
 

Orissa, Inter-Departmental Committee for Review of Agricultural

Development in Orissa. 1984. Report. Bhubaneshwar, Orissa.
 

Orissa Lift Irrigation Corporation. 1985. A compendium of program
 
statistics. Bhubanesh ar, Orissa
 

Orissa, Planning and Coordination Department. 1985. Plan
 
information. Vol. I-A BasiL statistics, state planning
 
machinery. Bhubaneshwar, Orissa.
 

Orissa, Planning and Coordination Department. 1988. A report on
 
study on utilization of irrigat ion water in Orissa. Bhubanesh
ear, Orissa.
 

Orissa State Electricity Board. 1985. Annual administration
 
report, 1984/85. Bhubaneshwar, Orissa. 

Primary Sources at Bhubaneshwar 

Office 
lelephone 

Residence 

Mr. Niranjan Kar (CI) 
Director of Economics and Statistics 

51295 52863 

Dr. Mahanti 52535 52359
 
Director of Agriculture
 

Mr. Diwakar Misra 50180 51160
 
Engineer-in-Chief
 

Mr. K. iamamurthy 52677 55024
 
Vice-Chancelior
 
Agriculture University
 
Guwahati
 

Mr. Sunderrajan 52438 51454
 
Agriculture Production-Commissioner
 

Dr. Baidyanath Misra (CI) 50303 
 51165
 
Deputy Chairman, Planning Board
 

Mr. S. N. Misra (CI)
 
Deputy Secretary, Planning Department
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Office 
Telephone 

Residence 

Mr. S. Das 
Regional Director, Central 
Ground Water Board 

53181 

KNGK Shastri 
Chief rroject Manager, REC 

55611 
50148 

Mr. C. V. Rao 
Regional Manager, NABARD 

55892 

Mr. A. R. Pandey 
Deputy Regional Manager, NABARD 

52892 

Managing Director, Orissa Agro-
Industrial Development Corporation 

Mr. R. N. Mahapatra (CI) 
(Runs a private voluntary organization
where he invents agricultural implements 
for small and marginal farmers) 
Invention Centre 
62 Surya Nagar, Bhubaneshwar 

53364 

751003 

Mr. S.N. Pradhan (CI) 
Director (Technical), Orissa 
Lift Irrigation Corporation and 
Chief Engineer and Director 
Ground Water Survey and Investigation 

50195 50276 

West Bengal 

Dr. Samar Dutta* 
Director Agro-Economic Research Center 
Sriniketan, Vishwa Bharti 
West Bengal 

Mr. N. Kittus 
Director, Ground Water Board 
Calcutta 

290928 457484 

Mr. S. P. Sinha Roy 
Sr. Hydrogeologist 

299915 422143 

Mr. N. K. Bandhopadhyay (CI) 
Chief Engineer 
Minor Irrigation 

371911 
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Telephone
 
Office Residence
 

Mr. P. K. Benerji 248456 373493
 
Additional Chief Engineer
 
Minor Irrigation
 

Mr. T. P. Roy 372115
 
Director, State Ground Water Organization
 

Mr. Alak Ghosh 240793 723780
 
Superintending Engineer
 
c/o Chief Engineer, Agriculture
 

Dr. B. C. Poddar 442388
 
Director, State Planning Board
 

Mrs. S. Choudhury 282951
 
Assistant Secretary, Bengal
 
National Chamber of Commerce & Industry
 

Mr. S. K. Chakravarty 541758
 
Tagore Society for Rural Development
 
46 B Arvind Sarni
 
Cray Street (Near Hathi Bagh)
 
Calcutta
 

Assam
 

Secondary Sources
 

Assam, Directorate of Economics and Statistics. 1984. Economic
 
survey of Assam, 1983/84. Guwahati, Assam.
 

.. 1984. Statistical hand book. Guwahati, Assam.
 

.. 1987. Assam at a glance. Guwahati, Assam.
 

Prashad, K. K. 1980. Hydrology and ground water resource develop
nnt perspective. Guwahati, Assam.
 

Primary Sources
 

Telephone
 
Office Residence
 

Mr. B. B. Barua 
 35775
 
Managing Director
 
Assam State Minor Irrigation
 
Development Corporation, Guwahati
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Telephone
 
Office Residence
 

Mr. J. N. Patowary (CI) 26906
 
Chief Project Engineer
 

Hemi Gogoi
 
Retired CE and MD
 
ASMIDC, Guwahati
 
Bara Service, Guwahati 7
 

J. C. Mahanti 
 25088 87378
 
Chief Engineer
 
Minor Irrigation
 

Mr. A. C. Das (CI) 23731 24158
 
Additional CE, Zone I
 

Dr. K. K. Prashad 
 26299
 
Director CGWB
 
NE Region, Singh Niwas, Udaipath
 
R. G. Barua Road, Guwahat 781024
 

Mr. G. Dhoolappa (CI)
 
Sr Hydrogeologist, CGWB
 

Mr. Sawala 
 87215
 
Director, Agriculture
 

Deputy General Manager

NABARD, Panbazar, J. C. Das Road
 
Guwahati
 

Mr. J. R. Hatiborua, 27832
 
Joint Director of Administration
 
Directorate of Economics and Statistics
 
Assam, Guwahati
 

J. C. Barthakur (CI)
 
Research Officer
 
Directorate of Economics and
 
Statistics, Bhangagarh
 
Guwahati 3
 

Bihar
 

Secondary Sources
 

Bihar, Directorate of Stat'stics and Evaluation. 1980. Bihary
 
statistical handbook. Patna, Bihar.
 

-. 1983. Bihar through figures. Patna, Bihar. 
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Bihar State Planning Board. 1986. Selected plan statistics.
 
Patna, Bihar.
 

Research Institutions, Private Voluntary Organizations, and In
dividuals
 

A. N. Sinha Institute of Social Studies, Near Gandhi Maidan, Patna,
 
800 001.
 

Lalit Narani Misra Institute of Social Sciences, Bailey Road, Patna
 
800 001.
 

Agricultural Finance Corporation, Rajendra Nagar, Patna 800 016.
 

Mr. 	K. D. Dewan, Consultancy Cum Guidance Centre, PO Vaishali,
 
District Vaishali 844128.
 

Mr. 	Munispal Singh, General Secretary VASFA, PO Vaishali, District
 
Vaishali 844128.
 

Telephone 
Lffice Residence 

Mrs. Malti Sunita Sinha 21165 
Secretary Minor Irrigation 
New Secretariat 

Mr. D. K. Sinha 
Joint Secretary 
Minor Irrigation 
New Secretariat 

Mr. Biswas 
Project Coordinator 
(World Barnk Tubewell) 
Srikrishna Nagar (Bagicha) 
Patna 

Mr. R. B. Sinha 
SE, Technical 
PA to Project Coordinator 

Mr. R. S. Raghunath 
CE World Bank TW (South) 
Boring Road 
Patna 

Mohd. 0. Owas, 
CE World Bank (TW) 
North, Muzzaffarpur 
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Telephone 
Office Residence 

Mr. C. N. Sharmer 21870 21740 
Director, Staff Ground Water 
Organization, Meethapur Farm 
Patna 

Hr. C. J. Prashad 
Sr. Hydrologist, CGWB 
Kankar Bagh, Patna 

Dr. T. Prashad 50631 50786 

Mr. Bpsawan Sinha 25838 
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Managing Conjunctive Water Use in 
Canal Commands: Analysis for Mahi Right
Bank Canal, Gujara 

Tushaar Shah
 

This chapter presents an empirical analysis of the interaction
 
between canal irrigation and groundwater systems in canal commands.
 
The externalities produced by canal irrigation projects are widely

recognized; indeed, increasing awareness of the diseconomies imposed
 
by waterlogging and the consequent buildup of salinity on top soils
 
has contributed in substantial measure tu the growing disenchantment
 
with major irrigation projects (sea, for example, Bowonder and
 
others 1987, 331-341; Joshi 1986, 4'6-423; Joshi and others 1987,
 
198-206). External economies of canal irrigation are also
 
recognized; in fact, in building a convincing case for canal
 
irrigation Professor Dhawan argues that a major chunk of the
 
benefits that may justify further investment in canal projects
 
emanates from the highly salutary effect of those projects on the
 
productivity of private investments in groundwater irrigation
 
(Dhawan 1988b, 23).
 

INTERACTIOIN BETWEEN CANAL PROJECTS AND GROUNDWATER SYSTEMS
 

Conjunctive use of ground and suriace water has for long been
 
talked about as something that would lessen the diseconomies and
 
maximize the positive externalities of canal irrigation. An opera
tional strategy to promote such conjunctive water use is, however,
 
nowhere in sight. The way the term conjunctive use is defined and
 
understood is part of the problem: at 'east three concepts of con
junctive water use are in vogue:
 

(1) 	The first implies that farmers usp wells as an on-demand
 
irrigation system, when canal water is inadequate, unreli
able, or both, to reduce moisture stress and maximize
 
irrigated crop yields. Nolavalli (1986) and Brahmbhatt
 
(1986), for example, use the term in this sense. The
 
effect of such conjunctive use would essentially be to
 
insulate the canal irrigators from the vagaries of the
 
canal svyzem, especially at the tail ends.
 

(2) 	The second concept of conjunctive use implies that
 
groundwater is pumped into the canals to augment the canal
 
water resources. This is, for example, done along the
 
Satlej-Yamuna canal in Haryana (Michael 1983). In the
 
Khairpur Irrigation Project in Pakistan, saline groundwater
 
is pumped irto freh canal water to augment the latter's
 
supply without inc,-easing the salinity levels of the
 
blendeu waters beyond acceptable levels (O'Mara 1984). In
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the process, such conjunctive ise also helps lower 
the
 
water table.


(3) The third and, in my view, the most important concept of

conjunctive use is implied in the 
%iorks of scholars like
Burt (1964, 80-93; 1966, 632-646) and Dasgupta (1986),

which suggest viewing 
a canal command as a watershed arid
aiming at optimal use of canal and groundwater resources in

the entire region. Professor Dhawan's emphasis on designing canal systems for extensive rather than intensive

irrigation uan ba seen 
as a derivative of this concept of
 
conjunctive use.
 

The operational and policy implications of this third concept of
conjunctive water are different
use radically 
 from those following
from the first two. Exploring them would involve detailed analyses
of the interaction between 
ground and surface irrigation systems
within different 
 parts of a canal command. Some of these
implications 
are explored in Shah (1988a) on a conceptual plane.
The remaindor of this chapter examines empirical evidence pertaining

to some of the hypothesas suggested 
in Shah (1988a) in the context
of the Mahi Right Bank Canal system encompassing the bulk of Kheda
 
DisLrict in Gujarat.
 

THE SETTING
 

Gujarat has five major irrigation projects. Of these, the Hahi-
Kadana Project is the largest if,investment and cultivated command
 area (CCA). 
 The first phase of the project, completed in the 1940s,
involved the construction of a pickup weir on the river Mahi
Vanakbori in the Balasinor 
at
 

taluka of Kheda District. The Kadana
reservoir (Panch Mahal District), completed in the
in 1980 second
phase, made additional live storage of 1,470 million 3 
m available

for irrigation. The system covers seven 
talukIas of Kheda District
(Thasra, Anand, Nadiad, Petlad, Matar, Borsad, and Khambha,) through

a canal and distributary network of 
5,600 km. The canals are not
lined below 250 cusecs (7 cumecs), and the canal system extends up
to 40 ha blocks, which may be reduced 
to suit the stream size.
Figure 19.1 shows a niap of the Mahi Right 
Bank Canal (MRBC) system.


Initially, the project provided protective irrigation largely
for Kharif crops and, 

with 

to a limited extent, for Rabi crops; however,

the completion of the second phase, 
water was also supplied in
Rabi and Summer. The irrigation potential 
created by the project is
some 260 thousand ha; in reality, 
however, the maximim irrigation


achieved was just 135 thousand ha in 1982-83, about 52 percent of
or 

the design potential. Table 19.1 presents trends 
in the area ;rrigated by the system during 1963/1986 period; Figure 19.2 shows the
changes over time in the quantity of water released at the head in
different seasons. To be noted is the sharp rise 
in water available
for irrigation during Rabi 
and Kharif seasons since Lhe early 1980s.
Canal irrigation 
is used for paddy (53 percent), jowar, bajra, and
other Kharif cereals (11 percent), wheat (9 percent), and cash crops

such as 
cotton and tobacco (18 percent).
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Table 19.1--Increase in canal-irrigated area in the Mahi Right Bank
 
Canal command, 1963-86
 

Average for Years Kharif Rabi Summer Total
 

(ha)
 

1963/64-1969/70 26,175 6,984 915 34,073
 
1970/71-1974/75 48,790 13,550 1,990 64,311
 
1975/76-1979/80 57,512 19,864 1,947 79,324
 
1980/81-1984/85 75,384 25,647 23,707 124,738
 
1985/86 66,389 26,011 16,711 109,112
 

Figure 19.1--Map of Mahi Kadana Irrigation Project, Gujarat
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Figure 19.2-- Water released in the head reaches of the Mahi Right
 
Bank Canal Command, 1964-86
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Source: Data from Irrigation Departnent, Mahi Right Bank Canal Project, Vadodaro 

The climate of the MRBC command area is dry and semiarid except

during the southwest monsoon season, when the region receives 96
 
percent of the ennuaI average of 823 
mm of rainfall spread over 35
 
days. Several parts of the command often 
suffer a consecutive
 
period of two to three years of substantially less rainfall than
 
normal. The soils in the area 
are deep, formed as they are by

alluvial deposits carried by Mahi and Sabarmati rivers. The soil

profile varies from loam to sandy loam; 61 percent of the area has
 
soil w th a moisture holding capacity of 38 to 
44 percent by weight;

the remaining has a moisture holding capacity in the range of 44 
to
 
56 percent. Nearl, half of the area toward the west 
has hydraulic

conductivity of less than 0.03 
cm per hour; but 39 percent, mostly

in the northeastern pa-t, has hydraulic conductivity values between
 
0.5 dnd 5.0 cm per hour kWater Technology Centre 1983, 52-76).


Extensive investigations of so.l samples from the MRBC command

by the Water lechnology Centre, Delhi, diviu_ the area into three
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soil zones (Figure 19.3). Zone 1 represents well-drained, noncal
careous, sandy loam soils with low salinity; this zoine covers all of 
Thasra and Anand talukas and over half of Nadiad, Petlad, and Borsad 
talukas. Zone 2 represents somewhat calcareous soils, varying from 
sandy to clayey loam with moderate salinity; it includes much of 
Matar and small parts of Borsad and Petlad talukas. Zone 3. 
consisting of imperfectly drained clayey soils with relatively high 
salinity and CaCO contents, is comprised almost entirely of 
Khambhat taluka (Water Technology Centre 1983, 68). 

Figure 19.3--Soil zones in the Mahi Right Bank Canal Command Area
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IMPACT OF MRBC OPERATION ON WATER TABLE CHANGES
 

An excellent system of monitoring the variations in the subsoil
 
water table evolved and implemented by the Gujarat Irrigation
 
Department since 1.57 highlights the direct and rubstantial impact
 
of canal irrigation on groundwater condition,. Two readings are
 
taken each year of the depth of the water table frum the ground
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surface--one before 
the onset of the monsoon and one a-'er its
completion--on a sample of 
1,450 wells 
in the MRBC command area. A
standard analysis prepared routinely by the Department's soil survey
officer compares the situation in 1957 with that 
prevailing in the
year being re L,,.cd.
A typical example of such analysis, with minor
modification., is presented in Table 19.2.

The rise in the 
water table between post- and premonsoon levels
during i 	 given year measures the change in storage as a result of,
for example, seepage of rainfall and seepage 
from canal irrigation
(conveyance and field irrigation return flow), 
 net of groundwater
witndrawals during monsoon Likewise,
the months. 
 the fall in the
water table between the postmonsoon 
level and the premonsoon level
of the 
following year represents the depletion of the aquifer a
result of net groundwater withdrawals minus canal 	

as 

irrigation seepage
during the dry months of the Rabi and Summer 
seasons. Subsurface
flows also play an iirrortart part in explaining 
water table movements (Central Ground Water Board 1984, 
17).


In areas where the groundwater table has risen to less than 1.5
meters from the ground surface, the 
process of upward salt movement
under 'he thermal 
gradient 	and its accumulation in the root 
zone
assumes 
critical 	proportions; in areas where 
the water table is in
the 1.5 
to 3.0 meter range, the situation is less critical but quite
serious, especially when the water table 
is rising over years :Water
 
Technology Centre 1983, 207).
 

Table 
19.2--Rise in the groundwater table in the Mahi Right Bank
 
Canal command, 1957-84
 

Depth of 	Water 
 1983
Table from the 

Ground Surface 1957/58 Premonsoon 	

1984
 
Postmonsoon Premonsoon
 

(m) (ha) 
 (per- (ha) (per- (ha) (per- (ha) (per-)

cent) cent) 
 cent) cent)
 

Less than 1.5 0.0 0.0 1.3
3.8 20.6 7.0 2.9 1.0
1.5-3.0 
 2.6 0.9 43.8 14.9 74.1 25.2 34.4 11.7
3.0-6.0 
 18.1 6.1 74.4 
 25.0 66.7 79.1
22.7 26.9
6.0-9.0 15.3 5.2 41.7 14.2 132.5 45.1 44.9 15.3More than 9.0 257.9 87.8 131.1 44.6 0.0 132.5
0.0 45.1
Total 293.9 100.0 293.9 100.0 293.9 100.0 293.9 100.0
 

Source: 	 Gujarat Department of Irrigation, Soil Survey Division,

"Mahi Right Bank Canal Project: Report on the Behavior of
the Sub-soil Water Table, 1983/84" (Vadodara, 1984).
 

Table 19.2 shows that no more 
than I percent of the MRBC
command had a water 
table depth of less than 3 meters and that 88
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percent had a water table lower than 9 meters in 1957-58; by 1983,
 

however, over 32 percent of the command area had a water table depth
 

of less than 3 meters and 7 percent had one less than 1.5 meters.
 

Further, almost the entire command is experiencing a long-term,
 
secular rise in the water table, although at varying rates (as shown
 

in Table 19.3). Nearly 40 percent are experiencing an average rate
 

of water table rise of over 0.35 meters a year. This trend conforms
 

with what is reported in many other canal commands. For example,
 

Bowonder and others (1987) have observed similar increases in the
 

areas with a critically high water table in the command areas of
 

four major canal irrigation projects; indeed, in the Naqarjuna Sagar
 

Project command, they found a direct and strong relationship between
 

canal water releases in different years and a rise in the water
 

table (Bowonder and others 1987, 334).
 

Table 19.3--Secular rate of rise in the groundwater table in the
 
Mahi Right Bank Canal command, 1957-84
 

Rate of Rise per
 
Year (Average in
 

Meters) Area in Ha Area as percent of Total
 

More than 0.69 1,175 	 0.4
 
0.35 to 0.68 111,079 	 37.8
 
0.0 to 0.34 146,050 49.7
 
No change 21,451 7.3
 
Fall of 0.0 to 0.34 14,105 4.8
 
Total 293,860 100.0
 

Source: 	 Gujarat Department of Irrigation, Soil Survey Division,
 
"Mahi Right Bank Canal Project: Report on the behavior of
 

subsoil water table: 1983/84" (Vadodara, 1984).
 

SPATIAL PATTERNS IN WATER TABLE MOVEMENTS
 

Figure 19.4 plots the movements in water tables in each of the
 

seven MRBC talukas over the 1967-85 period. A random sample of 155
 

wells was chosen out of a total of 1,450 for which data on water
 

table fluctuations are available. The observations plotted are
 

simple averages of the readings for sample wells falling in each
 

taluka. 	 The first sample of 1,450 wells was across
well dispersed 

villages 	so that the simple average used is a good indicator of
 

water table changes in the taluka. Note that the levels of the
 

water table at different locations would be affected by topographi
cal features, but that temporal changes would not.
 

Several features of Figure 19.4 must be noted. First, in
 

talukas like Thasra, which is located at the head of the canal
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4
Figure 19 . --Behavior of the groundwater table In the 
seven talukas
in the Hahi Right Bank Canal Command: 1967-85
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system, and Matar, the bulk of which has only imperfectly drained
 
soils, the water table was already quite high in 1970 when this
 
analysis begins. Second, the trend rate of rise in the water table
 
has been far slower in these talukas than in Borsad, Anand, and
 
Nadiad talukas where the water table was lower at the start. The
 
carrying capacity of the aquifer has been rapidly reached, as it
 
were, and many parts of these talukas can now retain only small
 
portions of seepage from rainfall precipitation and canal flows. In
 
many low-lying areas of these talukas--such as the villages of
 
Kalsar, Agarwal, and others in Thasra and much of Matar and neigh
boring villages from Khambhat and Petlad--the diseconomies of water
logging have already reached serious proportions. In the low-lying

lands in some Thasra villages, many fields have long since been
 
abandoned and are devoid of much vegetation even during the summer.
 
Third, the areas that are far away from the head and have well
drained soils also have experienced a rapid rise in the water table,
 
but this has had an entirely salutary effect of the type that
 
Professor Dhawan describes for the Mula command: stimulating rapid
 
and major investments in groundwater irrigation (Dhawan 1987a, 37
52).
 

Extensive analyses aimed at identifying dominant patterns in
 
time series data on water table movements in each of the seven MRBC
 
talukas yield insight into the interaction between surface water and
 
groundwater flows. The monsoonal rise in the water table is
 
explained largely by monsoon precipitation and canal water releases
 
at the head during the Kharif season; also, the monsoonal rise tends
 
to be greater in areas with deeper groundwater tables. These
 
analyses also show that during the Rabi and Summer seasons, the
 
water table declines everywhere; such decline is accelerated where
 
groundwater pumping is substantial and is arrested when canal water
 
is released during the Rabi and Summer seasons. Substantial
 
differences mark the manner in whiLh this equilibrating process
 
operates in different parts of the command. Awdy trom the head, in
 
the villages of Borsad, Nadiad, and Petlad, where premonsoon water
 
tables are low, the monsoonal rise in the water table is large; but
 
heavy groundwater pumping during the Rabi and Summer pulls the water
 
table down, while at the same time Rabi and Summer canal irrigation
 
have little impact since many of these areas do not receive canal
 
water except during Kharif. Near the head, where premonsoon water
 
tables are already high, the monsoonal rise tends to be marginal, as
 
does groundwater pumping during the Rabi and Summer.
 

The extent to which groundwater is pumped varies across
 
talukas; regression analysis indicates a strong quadratic relation
ship between the buildup of pumping capacity and the depth of the
 
water 
power 

table. An equation with 
indicates the following: 

high t-ratios but low explanatory 

WEM = 9.4 + 2.5 WL - 0.086 WL2 (19.1) 

(2.91) (3.37) (-2.64) 

R2 (adjusted) = 0.126 F = 5.4 

WEM (water extraction mechanisms) represents the number of 
energized wells per 1,000 ha of farmland in & given year; WL 
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represents the postmonsoon water 
level in that taluka in the

corresponding year. 
 Data were pooled for all seven talukas for the
1970-84 period; dummy variables for the taluka terms found
were
insignificant and dropped. Several problems with this 
equation

prevent a firm conclusion; the explanatory power is low because

several other relevant variables were omitted due to lack of data.
WEM itself is a poor indicator of actual pumping in a given year;
the capacity composition of energized wells may vary greatly across
talukas and over years, and so may their actual use. In spite of
these problems, the equation has some value in that it suggests 
an
inverted U-shaped elationship between the buildup 
 of pumping
capacity and secular changes 
in the water table. It indicates that
groundwater pumping tends be
to less intensive in areas where the
water table is either too 
high or too low than in areas where it
fluctuates aroind 12-17 meters. As the water table recedes 25
to 
meters 
or below, the economics of groundwater pumping become

increasingly unfavorable; capital costs of tubewells increase, and
Lfie water yield obtainable with a 15 
or 20 hp motor decline sharply.
Moreover, a private farmer cannot 
bore to a depth greater than 45 m.
While overcoming this 
restriction is not impossible, it does cost
 money and hence acts as a deterrent. On the other extreme, where
 

high, groundwater pumping is either not
water tables are economic as
in Thasra, at the canal head where cheap canal 
water is plentiful

and reliable, or not possible as 
in Matar and parts of Khambhat and

Petlad, where groundwater is saline.
 

The time series analysis suggested great scope for fruitful work
by bringing into the analysis many variables excluded in the present
exercise. Conclusions based on the analysis here would suffer from
 poor stati5tical properties, and therefore none 
 is attempted.
Certain trends are clearly indicated, however: for example, if
larger reservoir capacity could 
 permit increased canal water
releases during the Rabi 
 and Summer at the expense of Kharif
releases, the overall efficiency in the use of water would improve.
It would also lessen the buildup of water tables near the 
head
 
reach.
 

VILLAGE-LEVEL ANALYSIS OF CROSS-SECTIONAL DATA
 

An alternative mode of analysis was used 
to check if the set of
relationships postulated earlier 
ield under a different formulation

using different data. A subsam le 
of 71 villages was chosen from
the original sample 
of 155 so that alM areas (though not all
talakas) were proportionally represented. For each of these villages, the percentage of cultivated area 
Jncer canal irrigation (C)
was computed from the 1981 district 
census handbook. Data on total

installed tubewell capacity (hp) 
 were compiled from the local
offices of the Gujarat Elect-icity Board and used to compute the
ratio of installed hp per ha of cultivable land (HPHA) for each
village. Then, 
from a large map of the MRBC system, the distance in
km that canal water travels along the main canal, branch canal,

distributary, minor, and subminor 
to reach each of the 71 sample
villages was estimated. The hypothesis was that 
a village served by

the tail end of a distributary emanating 
from the tail end of a
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branch gets less canal water than one served by a distributary
 
starting from the head of a branch, and so on. Finally, for each
 
village, the total rise in the water table--pre- as well as post
monsoon--was computed over the entire 1967-84 period. The basic
 
objective was to examine whether the system has a built-in tendency
 
to move toward an equilibrium in which the wat2r table is contained
 
within an upper limit above which land productivity would suffer due
 
to waterlogging and upward movement of salt, and a desirable lower
 
limit, which would stimulate rapid and sustainable groundwater
 
development. Cursory examination of data and visits to sites in
 
various areas of the command indicated thut there is no such
 
tendency and that, in fact, the system might over time become highly
 
unstable. As one moves to villages away 'rom the canal head and the
 
main canal, the abundance and reliability of canal irrigation

declines, as does the secular rise in the groundwater table.
 
Further, the bui Idup of water extraction capacity, the only major
 
antidote to a monsoonal rise in the water table, is inversely

related to the distdnce from the head and the main canal.
 

Extensive analysis of cross-sectional data from 71 sample

villages suggests a strong tendency for the system to move away from
 
equilibrium. From a number of equations estimated, four are of
 
special interest and reported here.
 

Lonq-term rise in the water table 1967-84
 

RWL = -0.915 + 0.0211 CI - 0.843 HPHA + 0.582 WL67 (19.2)
 
(-0.58) (1.83) (2.16) (b.84)
 

R2 
(adjusted) = 0.475 F = 27.88
 

RWL = -0.121 + 0.039 DMNBR - 0.301 DDIMISM + 0.501 WL67 (19.3)
 
(-0.060 (1.71) (-4.00) (8.44)
 

R2 (adjusted) = 0.569 F = 31.79
 

The rise in the water table over the 1967-84 period (RWL) in 71
 
sample villages is explained by two equations with different sets of
 
independent variables. In equation (19.2), the differences across
 
the sample villages in the long-term rise in the water table are
 
directly related to the proportion of farmland under canal
 
irrigation (CI) and inversely related to the buildup of pumping
 
capacity in the village (HPHA). More significant than these two was
 
the initial water level in 1967, which has a large positive coeffi
cient.
 

This is also true for equation (19.3), which indicates that the
 
rise in the water table tends to remain constant as one moves to
 
villages away frnm the head but along the main or branch canals
 
(OMNBR), but it decreases sharply as one moves to villages farther
 
alnng the distributaries, minors, and subminors (DDIMISM). In
 
particular, as the distance that the canal water travels in the
 
distr'butary, minor, and subminor before it reaches a village

increases by I km, the rise in the water table in that village tends
 
to be one-third of a meter less than elsewhere, other things
 
remaining the same.
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Installed pumping capacity (HPHA)
 

HPHA = 
0.00209 + 0.0284 WL67 + 0.00!09 DMNBR + 0.017 DDIMISM 
 (19.4)

(0.01) (4.71) 
 (C.41) (2.32)
 

- 0.388 DSi - 0.267 DS2
 
(-2.54) ' (-1.6)
 

R2 
(adjusted) = 0.415 
 F = 10.94
 

The buildup of private groundwater pumping capacity (installed
 
pump hp as a ratio of cultivable land in ha for each sample village)
increases as 
one moves away from the head, especially along distrib
utaries, minors, and subminors (DDIMISM) at of 0.17 HPHA per
a rate 

10 km. This is a high rate considering that the maximum sample
value of HPHA is about 1 3. Ds and Ds2 
are intercept dummy
variables assigned to villages fa ing zones
in soil 2 and 3,
respzctively. Zone 1 with its well-drained soils and low salinity

is best suited for groundwater development, while zone 3 is the
least suited. The signs 
of the dummy variables reflect these
natural disadvantages although the coefficient is only significant

for zone 2. Further, much electrical pumping capacity, our measure
HPHA, was installed during the 1970s, mostly areas away from the
in 

head and the main and branch canals 
where water tables were low

toward the late 1960s; hence, the coefficient for WL67, the depth to

the water table in 1967, is positive and highly significant.
 

Canal Irrigation Percentage (CI)
 

CI = 45.68 - 0.094 DMNBR - 1.55 DDIMISM (19.5) 
(4.043) (-0.61) (-3.06)
 

R2 
(adjusted) - 0.12 F = 5.84
 

Topographical variables a
have strong impact on the CI of a
village; several villages right at 
the head of the MRBC and the

Petlad branch have low 
C values because of up-lying lands where
canal water 
can reach only when pumped with diesel engines. The
exclusion of thi and other variables resulted
has in unacceptably

low values of R in Lquation (19.5). Even in its present form,
however, the equation -;hows evidence a strong
of inverse relation
ship between C and the distance of a village from a main or branch

canal along distributaries, minors, and subininors. 
 A village 10 km
from a branch is likely to have 15.5 percent less C than one located
at the head of a distributary. As with the earlier 
equation,

distance along a main or branch 
canal is of no statistical significance, but distance from either 
of them along a distributary,

minor and subminor is.
 

Equations (19.2), 
 (19.4), and (19.5) provide a recursive system
that suggests a logical basis to the direct relationship (equation

[19.4)). It indicates that the rise in the 
water table tends to

decrease as moves
one away 
from the head of the main and branch
canals as a result of two variables that move in opposite direc
tions: HPHA tends to increase, and CI tends to decline. This
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recursive model clearly suggests that, left to itself, the MRBC
 
system would continually move away from the water balance equi
librium defined earlier. Rising water tables would engulf increas
ing areas near the head, and groundwater exploitation would keep
 
lowering the water table (or preventing it from rising to economi
cally optimal levels) at the peripheries.
 

TOWARD A STEADY STATE WATER BALANCE EQUILIBRIUM
 

Planning and investing in elaborate drainage works and the
 
lining of canals are widely recommended as a precondition for
 
optimum use of water and land resources in a canal command. The
 
preceding analysis for the MRBC project suggests that more than
 
drainage and canal lining is involved. Drainage only removes
 
unwanted water to areas where it cannot damage land productivity,
 
but cannot make it available to far-flung areas where water may have
 
high value. Lining of canals may be somewhat more beneficial; it
 
reduces seepage and makes more canal water available at the tail
 
ends. Professor Dhawan's argument in favor of designing canal
 
systems for extensive, rather than intensive, irrigation makes great
 
sense in the context of this analysis, but the main question still
 
is how to operationalize this suggestion. Clearly, designing the
 
system for a particular pattern of use is not the whole answer,
 
since even as it is designed, the MRBC system cannot supdly water to
 
a large numLer of peripheral villages where the minors and subminors
 
have hardly ever become wet.
 

Establishing a long-term water balance equilibrium over the
 
entire command would require discouraging canal irrigation use and
 
encouraging groundwater irrigation near the head and along the main
 
and branch canals. This would be an antidote to water table buildup
 
and the most effective way to secure an extensive spread of canal
 
water resources. Achieving this at the head and along the main and
 
branch canals automatically improves the service to the tail ender
 
as much as a canal system (with a certain configuration) possibly
 
can. In the process, it obviates the need to make huge investments
 
in drainage and lining; ensures as much equity as possible in the
 
spatial distribution of access to water (directly from the canal
 
system or indirectly through groundwater); and finally, minimizes
 
the diseconomies of waterlogging and soil salinity.
 

Clearly the 'default' pattern that tends to emerge in the
 
absence of deliberate and well-directed policies aimed at altering
 
it is the opposi4 e of this equilibrium pattern. Near the head and
 
along mains and branches, the use of canal water tends to be very
 
intensive and groundwater irrigation is resorted to only sparingly
 
(See, for example, Brahmabhatt 1986 for canal and groundwater use at
 
the head, i,ddle, and tail reaches of the MRBC). Field visits to
 
villages in lhasra taluka, in fact, revealed substantial disinvest
ment in wells in the head reach (Saiyed 1988, personal communica
tion); once canal water supplies were assured and available, several
 
farmers actualy filled up their wells to bring the land so released
 
under crop cultivation. Low water rates for canal irrigation,
 
abundance and ease of canal water supplies, and facility of deferred
 
payment (often, of no payments) for canal water, were among the oft
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cited reasons 
for the declining preference for groundwater irriga
tion in the head reaches.
 

On the other hand, the rapid increase in the HP"A--the installed
hp of pumping capacity per ha of cultivable land--from less than 0.1
in the head reach to 0.6 to 1.2 
in Borsad, Anand, Nadiad, and parts
of Petlad talukas located far from 
the head conceals the existence
and operation of highly complex 
social institutions for private
exploitation and sharing 
of groundwater in these latter 
villages
(described in detail 
as village-level groundwater 
grids by Shah
1988a, 1988b). Typically, each village has 25-40 private tubewells,
powered by 
20-30 hp motors, which irrigate all or the bulk of the
village farmland through a complex rtwork of 
crisscrossing underground pipelines. Irrigation is supplied on 
a sale basis at a price
reflecting a surprising degree 
of uniformity not only within a
village but wi'Lhin a 
whole region. Intense competition among
sellers contains arbitrary or collusive behavior and ensures 
access
to groundwater 
to the land-poor farmers who cannot 
afford investing
wells.
in their own In Navli, typical among such villages and
studied intensively by 
IRMA, 24 private 
water sellers irrigate some
283 hectares of highly fragmented holding:; for the equivalent of 2.4
seasons through privately established 
and maintained underground
pipeline networks of 
some 60 km (Shah 1988b, 6). On equity as well
as efficiency groinds, these 
highly developed groundwater markets
have attractive and socially desirable properties.

A major complaint against these 
water markets--that 
the water
sellers 
in Gujarat charge unusually high water 
prices compared with
their pumping costs dnd with the 
prices charged by wate- sellers in
other states (Shah 1985)--was 
removed when the Gujarat Electricity
Board recently switched 


This 
from metered power tariffs to flat rates.
switch resulted in a state-wide 30-60 percent reduction in the
price of groundwater 
sold by private wellowners. In much of MRBC,
whe-e water markets are active, water 
prices fell from Rs 25-30 per
hour of pumping to Rs 15-18 per 
hour for 20 to 25 hp wells aid
resulted 
in the substantial redistribution of the irrigation surplus
in favor of 
the generally resource-poor water 
buyers (for evidence
 

of this, see Shah 1988b, 19).

The einergence and development of groundwater narkets tend 
to be
strongly influenced by canal irrigation. In the h.ad reaches of the
MRBC, water markets exist in primitive and limiteu forms only in uplying villages 
or areas where canal water is neither reliable nor
adequate. 
 Even here, cheap canal irrigation keeps exerting a
constant downward pressLre on groundwater prices. Shah and Raju
(1988, A-27) found prices charged by well owners in a Thasra village
that were 40 percent lower than in Anano 
and Borsad talukas. Over
time, one can expect 
some of these well owners competing with canals
 to withdraw from the water markets.

The dramatic impact canal
of irrigation on groundwater markets
was recently demonstrated in Anklav, 
a village in Borsad 
taluka
falling at the tail end of a subminor. Although the village had two
canals, little land 
was actually irrigated by canal water, 
which
seldom reached 
one of them; a very active groundwater market
operates 
in the village and irrigates some 486 hectares with 45
private wells. Last year, as part of its 
action research program,
the irrigation department 
made structural improvements that in
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creased the availability of canal water in a part of the village
 
served by six private tubewells. In a short period of time, these
 
well owners faund their buyers increasincly unwilling to buy water
 
from them. While all other sellers cut their priL.s from Rs 25 to
 
Rs 15-18 per hour consequent to the change in the power tariff
 
policy, these six cut their prices doi to Rs 6 per hour in a bid to
 

1
keep their unwilling clients. It .oked to be only a matter of time
 
before they wound up their operations altogether and the water
 
market disappeared from this part of the village.
 

In many parts of Gujarat and several other states, groundwater
 
markets produce important economic, social, and ecological effects,
 
the most important being that they open up access to groundwater
 
irrigation to many more farmers than own wells. In most areas, this
 
implies that much more groundwater is pumped by existing wells than
 
would have been the case in the absence of markets. In areas like
 
Mehsana District in Gujarat and Coimbator- in Tamil Nadu, water
 
markets are correctly seen as contributors to the overexploitation
 
of the aquifer. By the same token, active water markets can greatly
 
enhance the value of private tubewells in supplying vertical
 
drainage in waterlogged and high water table areas. The catch
 
involved in bringing this about, as these analyses show, is that
 
such water markets seem to operate the least well in precisely the
 
areas where they could produce the maximum social benefit. Like all
 
market institutions, groundwater markets are the outcome of the
 
interplay of economic stimuli; and in the present arrangement, most
 
economic and noneconomic stimuli encourage water markets where they
 
can do the least ecological good and discourage them strongly where
 
they can produce the maximum social good.
 

MANAGING CONJUNCTIVE WATER USE: POLICY OPTIONS
 

Most existing canal system management policies and practices
 
militate against the water balance equilibrium necessary to use
 
water and land resources efficiently in a canal command. An example
 
is offered by the pricing of drain wate,'. Along many branch canals
 
in the MRBC, constructed surface drains remain filled when the
 
canals are full. The c,,!y ;ay to dispose of the water from these
 
drains is by encouraging the neighuz-ing farmers to use it for
 
irrigation; it is necessary to do so bec_:,se the drains function
 
well only if the large bodies of water tney hold are removed
 
periodically. Yet, the farmers who use drain water for irrigation
 
pay more than those who use canal water: they have to pay half the
 
canal irrigation charges and pay for pumping water from the drains,
 
which are usually lower than the canal and the neighboring fields,
 
often by hiring diesel engines. Naturally, few farmers, especially
 
along the canal banks, choose to use drains for irrigation; as a
 
result, drains remain permanenLly full and drain surplus water less
 
effectively. One could think of no logic in this system of charging
 
for drain water irrigation. Actually, the irrigation department
 
should pay farmers along the canals to irrigate from drains and not
 
from canals, since if the irrigation department were emptying the 
drains regularly, they would incur substantial costs, which are 
saved when farmers irrigate with drain water. 
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The greatest obstruction to making the transition to equilibrium 
is the lack of coordination between the agencies managing
the canal system and those in charge of 
groundwater development.

Private investments in pumping capacities in different locations are
governed by the relative--and not absolute--availability, reliabili
ty, and economics of groundwater compared 
with canal irrigation.
When the per crop-ha charges for canal water are 
substantially lower
than the costs of groundwater irrigation, they encourage profligate
use of canal vater, choice of water-intensive crops, and strong
preference for canal water 
irrigation in areas close to 
the head and
along main and branch canals, where 
it is reliable and plentiful.

Encouraging groundwater irrigation 
in these areas is largely a
question of changing the relative economics.


These considerations 
are absent in the policies followed by
canal as well as groundwater managers. The siting 
and licensing
norms used by the latter agencies are, for example, the same in
Thasra villages, where new private tubewells can 
create big positive
externalities, as are
they in Borsad. A tubewell in Thasra cannot
be bored deeper than 45 
m; a farmer cannot get a license for a
tubewell that 
 falls within the theoretical command of a state
tubewell; the spacing required between 
two private tubewells is the
 same in Thasra as elsewhere in the district. Needless mention
to
that no special rebates or subsidies are offered either on 
capital
or operating costs to potential well 
owners in the head reaches and
along the main and branch canals are
nor efforts made to prevent

existing well owners 
from filling their wells.
To be sure, 
the utility of tubewells in controlling water table
movements is recognized by irrigation sector 
managers. Under a
special program, the 
 Gujarat Gr.undwater Resources Development
Corporation undertook to establish public 
tubewells 
 in the MRBC
command area as a means to 
promote conjunctive water use and to act
 as an antidote to 
water table buildup. One nave
would expected
these 
tubewells to be concentrated in areas suffe: ing 
from already
high or rapidly rising water 
tables. In realit., the majority were
located in areas 
where private water markets were already doing a
roaring business, where canal irrigation was not available, and
where these tubewells could operate viably. Only 6 of the 283
public tubewells specifically established 
under the MRBC program
were located in 44 villages that the soil survey officer
declared as having a water table less than 1.5 

had
 
meters from the
surface; and none were established in some 90 villaqes where the
water table was between 1.5 and 3.0 meters 
(Gujarat, Department of
Irrigation, Soil Survey Division 
 1984; Groundwater Resources
Development Corporation 1986). Although the question remains
their quantitative significance even 

of
 
if they had been located right,
there seems little 
point in such tubewells seeking commercial
viability that is in direct conflict with the social goal of
promoting groundwater irrigation. 
 Two clear implications are that:
(I) public tubewells in caial commands should be 
located primarily
where water tables are rising dangerously and not where private
tubewells are already doing well, 
and (2) public tubewells located
thus should aim to achieve maximum groundwater irrigation as a
means to discourage canal irrigation by subsidized pricing of 
water.
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One approach to generating a large-scale impact might be to
 
reward private farmers for producing water table control as a
 
positive external effect of groundwater irrigation. This approach

would require several reversals. It would imply encouraging farmers
 
along the canals to irrigate from drains without charging them (if
 
not by paying incentives). A major aim would be to alter the
 
economics of canal versus groundwater use especially in the head
 
reach and along the main and branLh canals. The leeway available to
 
do this is limited io the ablsence of volumetric pricing of canal
 
water, which is assumed to be beyond the realm of practicality in
 
the foreseeable future. But a substantial increase in canal water
 
charges and their effective recovery would help make groundwater

irrigation somewhat less unattractive to farmers who can choose
 
between the two.
 

Clearly. the existing tendency of groundwater agencies to treat
 
all parts of the command equally is inappropriate; rather than
 
controlling or regulating groundwater development activity in the
 
head reach and along canals, they should actively encourage it by
 
removing all restrictions and minimizing the hassles involved in
 
establishing wells. If this were accompanied by sujbstantial subsi
dies for capital as well as operating costs of tubewells, specif
ically in areas with high or rapidly rising water tables and fresh
 
groundwater, it is Lighly likely that the groundwater grids that, 
at
 
present, operate away from the canal network in Anand, Borsad,
as 

and Nadiad talukas would spring up in villages in the head reach and
 
along canals and provide lateral drainage as a byproduct of ir
rigated farming. These subsidies have a clear purpose--to promote

groundwater use in the parts of the canal command where, on their
 
own, farmers would not find investing in wells worthwhile--and a
 
clear spatial dimension; confusing them with antipoverty subsidies
 
defeats their purpose.
 

The likelihood that such a mix of policies would establish
 
equilibrium tendencies is high for several reasons. Private farmers
 
are known to have a strong preference for well irrigation because it
 
offers them control over the timing and quantity of water applica
tion--so much so that farmers in the middle reaches of MRBC often
 
prefer to use well irrigation even though it may cost 7 to 8 times
 
more than canal irrigation (Water Management Synthesis Project

1983, xvii). With sufficient incentives and favorable administra
tion, the response of private farmers would be greater in magnitude

than public tubewells could ever achieve. Even where they are
 
today, public tubewells in the MRBC do not account for more than 10
15 percent of groundwater irrigation in any village. Further, as
 
groundwater irrigation increases in the head reach and along canals,
 
more canal water will reach the peripheral areas. This would
 
achieve more extensive spread of canal waters and also improve

recharge to the groundwater reservoirs in the peripheries.
 

In parts of Matar and Khambhat, where soils are imperfectly

drained and groundwater saline, the problem will pe-sist. Perhaps

public tubewells should be concentrated only in such areas and
 
should promote the second variety of conjunctive water use such as
 
that tried (not very successfully, itwould seem) in Pakistan, where
 
public tubewells pumped saline water in canals, thereby lowering

the water table and augmenting canal water resources with acceptable
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salinity levels. If successful, such a scheme would reduce the
 
salinity levels in top soils over time, especially if the saline
 
water pumped were drained and fresh canal water used for irrigation.
 



Part V 
Planning Irrigation Investment for 

Long-Term Agricultural Growth 



20 
Modeling Aggregate Supply and Demand 
Effects of System-Level Irrigation Investment 

Mark W. Rosegrant
 

Irrigation development is one of the foundations of 
 India's
 
strategy for agricultural growth. The growth in area irrigated

through both public and private investment in the past three decades
 
is impressive. 
 The area irrigated in India increased from 23
 
million ha in 1950/51 to 60 million ha in 1984/85. Of this ir
rigated area, 25 million ha was in major surface systems, 9 million
 
ha in minor surface systems, and 26 million ha in groundwater
 
systems. The most rapid growth was 
in groundwater development: the
 
area under groundwater increased fourfold after 1950/51, while the 
area under major and minor irriction doubled. 

With the rapid growth in exploitation of the potential area 
irrigated, the real costs per hectare for developing new systems
in India rose dramatically. India's development plan calls for 
continued aggressive expansion in irrigated area, so real costs 
should continue to increase as irrigation development proceeds. In 
addition, the performance of iany existing systems is disappointing,
producing relatively low yields and cropping intensities. The 
combination of increasing costs and lower than benefitsexpected 

from irrigation points to the 
critical need to use the resources
 
available for irrigation development more efficiently. A par
ticularly important resource allocation issue is the balance between
 
investments to improve the performance and productivity of existing
 
systems and investments to develop new irrigation systems.
 

Many of the chapters in this volume look in detail at the poten
tial for improving the performance of existing irrigation systems.
Amung the alternative interventions considered are improvements in 
the main system, pricing and financing policies to affect incentives 
in the use of water, improvements in irrigation management, and 
conjunctive use of surface water and groundwater. The chapters
generally adopt a system-level analytical perspective and a case 
study approach. This type of study provides a rich perspective on
 
the issues, but does not imm:iediately permit a broader assessment of
 
the trade-offs among investments and policy interventions that could
 
assist policymakers 
 in planning aggregate irrigation development.
The papers thus illustrate a common div is ion in the analysis of 
irr'gation development in India and, more generally, in Asia. 

Research on the impact of irrigat on investment ter.Js to 
concentrate on the system at the level either of the farm or 
irrigation syst2m or on requirements for aggregate irrigation

investment. Analysis of aggregate investment requirements generally

does not take into account detailed results from system-level
 
analysis. This note presents a simple model that attempts to bridge
 
the gap between analysis of the system-level effects of investment
 

7. 
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and policy interventions and aggregate investment policy. The model
 
provides a method for deriving the aggregate production implications

and supply and demand balances from estimated system-level impacts

of irrigation investment. It traces the aggregate impact of
 
alternative irrigation investments on investment and operations and
 
maintenance costs, physical service area, cropping intensity, area
 
harvestcd. yield, production of crops, fertilizer demand, labor use,

labor income, farm income, food and feed demand, and supply and
 
demand balances.
 

The model disaggregates the total irrigated and rainfed area for
 
a specified crop into a set of defined land classes. Alternative
 
types of irrigation investments are then interpreted as shifting

land from one class to another based on an estimated rate per unit
 
of investment. Each land class is characterized by levels of
 
cropping intensity, crop yield per hectare, fertilizer and labor
 
use, and specified rates of change in these variables with respect
 
to output and input prices, technological change, and other factors.
 
Crop production, input demand, and labor and farm income over time
 
in the model are thus a function of the initial physical area in
 
each land class, the initial cropping intensity and crop yield for
 
each land class, the values of price elasticities and other response
 
parameters specified for 
each land class, the level of investment by 
type of irrigation invest.iant, and the rate of shift in land fno-OM 
one class to another per unit of investment. The detailed supply
side model is combined with a simple food and feed demand component 
to generate supply and demand balances.
 

The model can be specified for as many crops and regions as data
 
3nd research resources permit. This presentation of the model 
framework describes the rice subsector of a three-crop model. 
Generalization to additional crops is straightforward. The follow
ing set of equations formally describes the rice subsector:
 

IRRIGATION INVESTMENT
 

1. AIRR(J,K) = Z [AIRRL(J,K) + AINV(J,K,L)]
 
L
 

2. COST(JK) = [1.0 + GCOST(J,K)] * COSTL(J,K)
 

3. CIRR(JK) = Z COST(J,K) - AINV(J,K,L)
 
L
 

4. TOM(J,K) [1.0 + GOM(J,K)] * OML(J,K) * AIRR(J,K)
 

where
 

AIRR(J,K) is the total physical irrigated service area in
 
region J and land class K;
 

AIRRL is the total physical irrigated area lagged cne year,
 
AINV(JK,L) is the annual level of a nee physical irrigated ser

vice area generated in region J and land class K and by investment
 
of type L (with an appropriate lag structure specified);
 

COST is the annual cost per hectare of new investment (J and K
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refer to region and land class, respectively, throughout this note);
 
COSTL is the annual cost per hectare of investment lagged one
 

year;
 
GCOST is the annual growth rate in real cost per hectare of
 

investment;
 
CIRR is the total annual cost of investment;
 
TOM is the total annual cost for operations and maintenanue;
 
GOM is the annual growth rate in real cost per hectare for
 

operations and maintenance; and
 
OML is the annual cost per hectare for operations and main

tenance lagged one year.
 

PRODUCTION AND INPUT DEMAND
 

5. ARICE(J,K) = [1.0 + GCIR(JK)] * ARICEL(JK)
 
+ 	[DPRICE(J) * EARICE(JK)
 
+ 	 DPWHT(J) * EARWHT(J.K) + OPOTH(J) * 

EAROTH(J,K)] * ARICEL(J,K) 
+ 	[{AIRR(JK) - AIRRL(J.K)}/AIRRL(J,K)] * 
ARICEL(JK) 

6. YRICE(J,K) = [1.0 + GYR(J,K)] * YRICEL(J,K)
 
+ 	 [DPRICE(J) * EYRiCE(J,K) 
+ 	DPFERT(J) * EFRICE(JK)
 
+ 	DWRICE(J) * ELRICE(JK;] * YRICEL(J,K)
 

7. QRICE(J.K) = YR!CE(J,K) * ARICE(J.K)
 

8. FRICE(J,K) = [1.0 + GFERTR(J,K)] * FRICEL(J,K)
 
+ 	[DPFERT(J) ERFFER(JK)
 
+ DPRICE(J) ERFER(J,K) + DWRICE(J)
 

ERLFER(J,K)] * FRICEL(2,K)
 

9. LRICE(J,K) = [1.0 + GLABR(J,K)] * LRICEL(J,K)
 
+ 	[DPFERT(J) ERFLAB(J,K)
 
+ 	DPRICE(J) * ERLAB(J,K) 
+ 	DWRICE(J) ERLLAB(J,K)] * LRICEL(J,K)
 

10. CSFRIC(J,K) = PFERT(J) - RICE(JK) 

* 
11. LINRIC(J,K) = WRICE(J) LRICE(J,K)
 

12. FINRIC(J,K) = PRICE(J) * YRiCE(J,K) - CSFRIC(J,K)
 
- LINRIC(J.K) - FIXRIC(J,K),
 

where
 

ARICE is the area harvested with rice;
 
GCIR is the annual growth rate in the area harvested from other
 

factors, such as technological change;
 
DPRICE is the percent change in the price of rice from the
 

previous year to t'ie current year;
 
EARICE is the rice area elasticity with respect to rice price;
 
DPWHT is the percent change in wheat price;
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EARWHT is the rice area elasticity with respect to wheat price;

DPOTH is the percent change in the price of other crops;

EAROTH is the rice area elasticity with respect to the price of
 

other crops;

ARICEL is the rice area harvested lagged one year;

YRICE is the rice yield per hectare;

GYR is the annual growth rate 
in rice yield from other factors;

YRICEL is the lagged rice yield per hectare;

EYRICE is the rice yield elasticity with respect to rice price;

DPFERT is the percent change in fertilizer price;

EFRICE 
is the rice yield elasticity with respect to fertilizer
 

prico:
 
DWRICE is the percent change in wages of labor 
 in rice
 

production;
 
ELRICE is the rice yield elasticity with respect to wages;

QRICE is the quantity of rice produced;

FRICE is fertilizer use on rice per hectare;

GFERTR is the annual growth rate in fertilizer use from ther
 

factors;
 
FRICEL is lagged fertilizer use;

ERFFER is the elasticity of ferti lizer use with respect to
 

fertilizer price;

ERFER is the elasticity of fertilizer use 
with respect to rice
 

price;

ERLFER is the elasticity of fertilizer use with respect to
 

wages;
 
LRICE is labor use on rice per hectare;

GLABR is the annual growth rate in labor use 
from other factors;

LRICEL is lagged labor use;

ERFLAB is the elasticity of labor 
use with respect to fertilizer
 

price;
 
ERLAB is the elasticity of labor use with respect to 
rice price;

ERLLAB is the elasticity of labor use with respect to wages;

CSFRIC is the cost of fertilizer per hectare of rice;

PFERT is the price of fertilizer;
 
LINRIC is the labor income per hectare on rice;

WRICE is labor wage for rice production;
 
FINRIC is farm income per hectare of rice;
 
PRICE is the price of rice; and
 
FIXRIC is the cost per hectare of rice from all inputs other
 

than fertilizer and labor.
 

POPULATION, INCOME, AND CONSUMPTION
 

13. POP(J) = [1.0 + GPOP(J)] * POPL(J)
 

14. PINC(J) = [1.0 + GINC(J)] * PINCL(J) 

15. CRICE(J) = CRICEL(J) + [EDRICR(J) * DPRICE(J)
 
+ EDRICW(J) * OPWHT(J) 
+ EDRICO(J) * DPOTH(J) + EDRICE(J) * 
GINC(J)] * CRICEL(J) 
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16. CFRICE(J)= CFRICEL(J) + [EFRICR(J) * DPRICE(J)
 
+ 	 EFRICW(J) * DPWHT(J) 
+ 	EFRICO(J) * DPOTH(J) 
EQRICE(J) * GINC(J)] * CFRICEL(J) 

17. CONRIC = [ *[CRICE(J) POP(J))
 
J
 

18. RFEED = [ *[CFRICE(J) POP(J)),

J
 

where
 

POP is population;
 
GPOP is the annual growth rate in population;
 
POPL is lagged population;
 
PINC is per capita income;
 
GTNC is annual growth rate in per capita income;
 
PINCL is lagged per capita income;
 
CRICE is per capita consumption of rice for food;
 
CRICEL is lagged per capita rice consumption;
 
EDRICR is the elasticity of demand for rice with respect to rice
 

price;
 
EDR T CW is the elasticity of demand for rice with respect to
 

wheat p, ice;
 
EDkICO is the elasticity of demand for rice with respect to the
 

price of other crops;
 
EDRICE is the elasticity of demnid for rice with respect to per
 

capita income;
 
CFRICE is per capita consumption of rice for feed;
 
CFRICEL is the lagged feed consumption of rice;
 
EFRICR is the ela-ticity of demand for rice for feed with
 

respect to rice price;
 
EFRICW is the elasticity of demand for rice for feed with
 

respect to wheat price;
 
EFRICO is the elasticity of demand for rice for feed with
 

respect to the price of other crops;
 
EQRICE is the elasticity of demand for rice for feed with
 

respect to per capita income;
 
CONRIC is the total food consumption of rice; and
 
RFEED is Lhe total feed consumption of rice.
 

SUPPLY AND DEMAND BALANCES
 

19. TRICE = X QRICE(J,K)
 

J,K
 

20. RMWS = RMSQ * TRICE
 

21. RSTCK = RSTCKL + DRSTK
 

22. RIMP = CONRIC + RFEED + RMWS - TRICE - DRSTK,
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where
 

TRICE is total rice production;

RMWS ismanufacturing, waste, and 
use of rice for seed;

RHSQ is the rice
percentage of production used for manufactur

ing, waste, and seed;
 
RSTCK is rice stocks;
 
RSTCKL is rice stocks in previous year;

DRSTK is the change in rice stocks; and
 
RIMP is the net imports of rice.
 

The definition of land classes within the model 
is based on the
level of disaggregation 
necessary to identify meaningful distinc
tions in performance ac-oss land classes 
and on data availability.
The following is one possible set of land classes for paddy in

India: rainfed lowland; rainfed upland; deep water; surface 
pump;
wellpoint; shallow tubewell; 
deep tubewell; and four classes 
each
 
for reservoir, large diversion, medium diversion, 
small diversion,
and large, 
medium, and small tank irrigation systems, including
unimproved systems, s Iple improved systems, intensive improved
systems, and systems with conjunctive use of groundwater. The typeof investment that shifts land from one class to .nother followslogically from the definition of land classes. 
 An unimproved medium

diversion syst,-i, example,
for shifts to the intensive, improved
medium divLrsion class through 
 intensive (relatively high cost,
 
capital intensive) rehabilitation investment.
 

The important research problem posEa by this 
model is how to
estimate 
the per hectare inves'ment costs 
by type of investment and

the land-class specific cropping 
intensities, areas harvested, crop

yields, fertilizer use, 
 labor use, costs of production, area and
yield elasticities, arid other 
parameters characterizing each land
 
class. It is anticipated that estimates 
of these parameters will be
made by 
a variety of techniques at both the irrigation-system level

anO at more aggregate levels of measurement. The study will require

new fieid wnrv, review of completed field work; analysis 
of secondary regional and national data, 
including econometric estimation of
 area ano yield elasticities synthesis 
 of existing econometric
 
2stimates; and use of 
expert opinion. rhe degree to which 
these

estimates can .e disaggregated will be 
the binding constraint on the
 
level of detail in the model.
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Name 	 Institution Country
 

V. Rajagopalan Tamil Nadu Agricultural Coimbatore, India
 
University
 

R. Ramasubban Centre for Social and Technical Bombay, India
 
Change
 

C. Ramaswamy Tamil Nadu Agricultural Coimbatore, India
 
University
 

,orge Ramirez International Food Policy Washington, D.C.
 
Research Institute U.S.A.
 

P. S. Rao International Irrigation Colombc, Sri Lanka
 
Management Institute
 

Mark Ronegrant International Food Policy Washington, D.C.
 
Research Institute U.S.A.
 

H. Sanwal Command Area Development Uttar Pradesh,
 

Program (IAS) India
 

R. Sakthivadivel 	 Anna University Madras, India
 

K.J.S. Satya Sai Institute for Economic Growth New Delhi, India
 

Tushaar Shah Institute of Rural Management Anand, India
 

Indradeo Sharma A. N. Sinha Institute of Social Patna, India
 
Studies
 

P. P. Shirahatti 	 Operations Research Group Baroda, India
 

Bhanwar Singh 	 Centre for Social and Technical Bombay, India
 
Change
 

Basawan Sinha 	 Former Engineer-in-Chief, Bihar, India
 
Irrigation
 

Mark 	Svendse,i International Food Policy Washington, D.C.
 
Research Institute U.S.A.
 

L. P. Swaminathan Tamil Nadu Agricultural Coimbatore, India
 
University
 

A. Vaidyanathan Madras Institute of Development Madias, India
 
Studies
 

Sudhir 	Wanmali International Food Policy Washington, D.C.
 
Research Institute U.S.A.
 

Note: Institutional Affiliations refer to April 1988.
 


