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WATER CONTROL INSTITUTIQONS AND AGRICULTURE:

A Comparative Perspective

A.Vaidyanathan
INTRODUCTION
Background
1 Irrigation institutions, and more specifically the relation

between Irrigation and general political authority, has attracted much

attention from social scientists and historicans since long. More

than a century back Marx ha d suggested that the apparent peculiarities

of Oriental society, which had been noted even earlier by classical

economists like Mill, may have something to do with the technical and
/

organisational compulsions of water controll Weber had also postulated

a similar connection between the necessity for irrigation and the import-

@t role of the bureaucracy in ancient Rgypt, west Asia, India and China.gj

This line of argument was further elaborated by wittfogelgfinto a general
theory concerning the inherent tendency of hydraulic societies to become

centralised, despotic states.

"If irrigation farming depends on the effective handling

of a large supply of water, the distinctive quality of
water - its tendency to gather in bulk - becomes insti-
tutionally decisive. A large quantity of water can be
channelled and kept within bounds only by the use of mass
labour and this mass labour must be coordinated, disciplined
and led. Thus a number of farmers eager to conquer aird
lands and plains are forced to invoke organisational
devices which - on the basis of pre~machine technology -
offer the one chance of success; they must work in coopera-
tion with their fellows and subordinate themselves to a
directing authority....



"The effective management of these works involves an orga-
gational web which covers, either ~he whole, or at least

the dynamic core, of the country'’'s population. In conse-
quence, those who control this network are uniquely prepared
to wield supreme political power™ (Wittfogel, 1957: 18, 27).

2, Social anthropologists interested in exploring cross-cultural
regularities and the fzctors underlying them were neturally attracted
by this hypothesis for, at a time when "historicans of culture were
emphasising differcnces between civilisations, Wittfogel was postulating
a single basic factor that brought all these civilisations into being"
(Steward, 1%80) For the same reas»>n it alsc provoked sharp critical
reaction. The ensuing controversy stimulated a number of sgystematic
and detailed studies of irrigation institutions in different parts of
the world including Indonesic (Geertz, 1959, Jay, 1969), Ceylon (Leach,
1961 Chambers, 1°77), Tanganiyaka (Gray, 1963), Iraq (Fermea, 1970), Cen -
America (Price, 1971), Spain (Glick, 1968, 1972), Mexico (Hunt and Hunt,
1874), Spain 2nd US {Moas an . Andursen, 1978), ond Japan (Kelly, 1980);

Thailend (Potter, 1971) and Taiwan (Pasternak, 1872).

3. These studies revealed that the institutional arrangements by
which irrigation was sat up and managed are extremely varied; that
there is no systematic correlation between the existence of irrigation
and the nature of the overall politicel auvthority; and that there is nc
general tendency. for irrigation societies to be:centralised, bureaucratic

or authoritarian. As Steward put it recently:

"The, thirty ye¢ars since Wittfogel's first publications...
have produced a vast amount of field work which have
thrown doubt on the universal applicability of the irri~
gation hypothesis. It is clear that in many instances
irrigation has bcen ascribed excessive importance and
that in others its development seems to have been. the
result rather than the cause of the grcwth of States.™
(Steward, 1980:4).



4. While there is impressive evidence to cast doubt on the Witt-

fegel hypothesis, we do not have an alternative hypothesis regarding

the determinants of the form of irrigaticn institutions or their rela-
thpﬂﬁp tc political authority. Part of the difficulty arises from the
anbiguities in the concept of 'centralisation' and of 'irrigation crgazaisi-
tion' which runs through most these studies. For instance, as Hunt and

lnt have noted, there is a tendency to confuse between two distinct tyjes

of centralisation:

"..0One refers exclusively tc authority in terms of the

irrigaticn system. The other refers to generalised

political authority which may involve other functiocns

of control outside or above simple water control. In

one case authority is exercised cver diffcrent decisions

making rights in terms, exclusively, of the sccial and

technical needs of the irrigation system per se. In the cthex

case authority is exercised over water as one aspect of

a complex pclitical role or of a large multi-functicn

political machine." (Hunt and Hunt, 1976: 132).
S This point is alsc emphasised by Kelly who goes on to
fecus on the need for greatcr clarity in the concept of 'irrigation or d
nisation' itsaelf. Irrigaticn, he points cut, has several phases (numel-
tontrol of the water scurce, the delivery of water, the actual azplic tios
of water to crops, and drainage) each of which involves a number of 'Is-
tinet functions (namely, 'facility construction', operation end miintenrcn,
wter allocaticn and conflict resclution). In view of this it is inajyr -
jriate, and certairly misleading, to speak of 'irrigation c¢rganisacion’
i if it were a single unit handling all phases and functicns; rothwer 3t
has to be viewed in terms of arrangements for performing the various

functions in each of the phases of irrigation and water control. Kally

1980: 14-20).
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6. Moreover as alyeldy nenvion:sd, wost of the above studies view
water control institutions primarily in teiwas of their relation to
general political authority. Though they document the wide variations
in internal structures and processes of thesc institutions (as distiact
from their external form), there is hardly any attempt at examining

the significance of these variations or the reascns therefor. It is

of course recognised that instituticns for water control have to be
viewed in relation to agro-climatic esmnditions, the ‘teéhnology of wate
control and of agriculture, land tenure and other factors which definme
the context in which these institutions functicn and which to some extent
conditions theiv chnracLer&istics.-li/ However, while most of the studies
give some information on the physical and technological conditions of the
study area, they do not always bring out the relations between them amd
the structure and working of water controi institutions. This calls for
systematic comparative studics of water control systems in different age
climatic, technological and sociomcconomic contexts. Though the need
for it is appreciated (.Downimj and Gibscn 1974; Coward Jr.1980), suchs
are altogether rare. We however have a few studies of the evolution ef
watcr control institutions in specific regions of China (Hamashima 1940) (.
(Tamaki 1979; Hatate, 1979, 1981; Kelly 1980) and Taiwan (Vander Meer 187}

Pasternak 1972) which throw some light on these inter*relations.-s—/

7. In recent decades the role of water control in agricultural devs-
lopment has come tc attract meore and more attention, That expansion l\ﬁ

improvement of water control facilities (and in particular irrigation) has
a crucial role in increasing agricultural production in densely populate
developing countries is by now coﬁmoﬁplace wisdom. Mcst countries in Ash

attach great importance to rapid development of :irrigation and flood cest



#d have spent massive amounts for this purpose. However experience

shows that there is grecat deal more to this thar the construction of

reservoirs and canals. The effective utilisation of these facilities

is often found to be impeded by the inabjlity to complete the construction

of terminal distribution and land improvement works, and the lacunae in

the organisations for proper maintenance and operation of these facilities

o a continuing baéis. This has stimulated much interest in the problems
rilating to the design of water control institutions: what the 'right' design
should be; and what the impediments to implementing the right design are.

W now have a sizeable literature on these questions (see for example

(ovard Jr. 1980, IRRI 1978, Wickham 1971).

L Unfortunately much of this literature also tends to focus on insti-
titions per se with what seems to be an excessive pre-occupation with
{iffercnces in form, e.g., cormmity managed vs. bureaucratic systemg;and.
entralised vs. decentraligsed systems. Not only is there no necessary
torrelation between form and effectiveness, but the appropriateness of
institutional forms cannot be decided independently of the agro-climatic,
tehnological and land tenure conditions. Which again stresses the need
fr, and value of, comparative and historical studies of irrigation insti-
titions in a variety of natural, technological and tenurial contexts so
that we can have a bettef understanding of the nature of institutions
nited to different contexts and the extent to which they can be expected

te improve agricultural performance.



Objectives and Scope wi Paper

9. The compexity of the task is too obvious to be stressed. Never-
theless it is worthwhile, as a beginning, to attempt at least to sort out
the key clements of the physical, the technological and socio-economic
environment which have a Dbearing on the nature of the water control
problem and hence on the institutions for handling it. It is to this end
that this paper is addressed. Hepefully it will help in the formulatio
of a omore comprehensive and better-articulated framework in which com-
parative studies of water control institutions, their role and evolution

can be undertaken.

10. The scheme of the paper is as follows: Since the ultimate purpose
of water control is tq help increase agricultural production,. it is appre
priate to start by spelling cut the relation between water control and
agricultural production. Tais is the subject of the following section.
Section 3 deals with the construction of water control and distribution
systems and the role which institutions,along with other factors,play ia
shaving them. The subsequent section is concerned with the maintenance
and the operation of water control systems. Both are aspects of continuiy
management usually handled by the same organisation. Nevertheless they
are functionally distinct and should therefore be considered separately.
main point is that while the rcle of institutions in managing the recurre
continuing tasks of maintenance, water allocation and conflict resolutio
is much more crucial to the effectiveness of water control than during
construction, this role is ccnditioned by the physical characteristics of
the system and by factors other than water which determine the returns

to irrigation. Persistent or acute conflicts within the irrigation systk



ed/for a change in the returns to irrigated farming induce changes in
water control procedures and eventually in system design. At all
ftages we draw liberally on the available descriptions of water contr@l
oystems in different parts of Asia (and more particularly India, China
@4 Japan) to illustrate the argument. The main points of the discussicn
which are suggestive rather than conclusive, and their implications vor

frther studies are highlighted in the concluding section.

2. WATER CONTROL AND CROP PRODUCTION

i,  Water serves two essential functions in plant growth: I ma'uteyr -
¥% plant temperature within tclerable limits and facilitates the abeo.oic:
of nutrients. Plants can only use the soil/moisture available withir thea.
mot gone. There is usually a certain maximum amcunt of water which e

field of given goil type and depth can hold at a particular point of Tinme
Men the soil moisture stock falls below this level plants find it inrc: sasin; ly
{ifficult to maintain the rate of transpiration necessary to regulate i
wature.  Uptc a certain point ,‘ the plant has internal adjustment mech filew
ts cope with moisture stress without any adverse consequences to its v:.i b,
Mt beyond that point, which varies with crop species and variety, ¢ -

tinved stress begins to have adverse effects on the vital life prrece=-u

i the plant, including its capacity for photosynthesis. These 2 iver.e

¢ffects increase as the moisture stress increases until in the excror.

@se the plant wilts to death. The amount of moisture available in un

ot zo;me also affects the volume of nutrients which the plart can sosc.-n

i the efficiency with which they are utilised: 1In general the mesw b
@nt the scil moisture, the larger the volume of nutrients which plants

¢m absorb and the greater the efficiency of their use. Additicrally, .u



the case of paddy water plays an impcrtant rcle in regulating soil

temperature and in controlling the growth of weeds.}-/

i12. From the purely agrcnomic viewpcint, the 'ideal' soil moisture
regime can be defined as that level at which the plant is free from-any
moigture stress and can realise its full genetic pctential (prévidaﬂthﬂ
othey inputs are used in the required measure)., Fields under crops are
continually losing soil moisture on account of transpiratioh by the plants
and evaporation from the exposced soil between them. Losses due to such
evapo-transpiration (ET) must therefore be replenished premptly in order
that the plants are not subject to any moisture stress. It so happens tht
ET (under conditions ¢f no moisture stress) depends largely cn sollar
radiation, humidity and cther climatic factorsgj Except in the case of
paddy, which needs substantial amounts of water for puddling and for

keeping the field submerged, the nature of the crcp grown seems to wmake

no significant differente .~

13. The "seascral . prefile of ET is typically of the shape denoted by EE
in Fig.1l: It is relatively low in the winter and gradually rises to reach
a peak in the summer months before falling. In the absence of irrigatien
the only source c¢f 50il mecisture is local rainfall. If the quantum and
seasonal distributicn of effective rainfall (i.e., that part of the raix-
fall which is absorbed and retained in the soil) is such that the losses
due to ET are prowmptly and fully repleﬁished, year-round cropping is
possible »without any need for irrigation. The only limiting factor

would ¥hen De the winter temperatures.

14, The abcve situaticn can obtain 1f the seasonal distribution of
effective rainfall more or less coincides with that of ET. Such a situ-

tion is however very rare. As a rule, in most parts of Asia the distrik
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Fig.1: Seasonal pattern of Evaporation LET] and Rainfall {RR]

of rairfall relative to ET foll-ows the pa‘iter*n shovn in the above figure:
Mfective rainfall (RR) is less than ET in the relatively dry months and
exceeds it durlpg Lo polny :‘;\',;1::-‘.1.. In other words, the moisture available
ison .he average more than ac qﬁate to meet cro; -water requirements in

% rainy season but falls sho.x‘t of it during the rest b.f the year. The
relative positions of £T and RR, which is one lupoatant manifestation of
o climetic conditions, have a major bearing on the timing of sowings,

the duration of the crop scason as well as the nature of crops grown ﬁnder
ninfed conditions. The greater the seasonal concentration of rainfall and
the larger the gap between ET and RR, the shorter is the period available
far raising crops wholly on the basis of rainfall. The function of irri-
ption (and water control genmerally) is to bring the seascnal pattern of

nter availability more closely in line with that of ET.

{5 There are several aspects of this: In the first place, even where
m the average and taking a season as a whole, the amcunt of rainfall is

alequate to meet crop water needs, its distribution within the season is
P ’
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often so variable that wainfesl by iteelf can not be trusted to ensure

that soil meisture is maintained at appropriate levels throughout the
growing season. The variability in the date of onset of rains and in the
amount of rainfall during the early phases of the scason affects the date
of sowing as well as the rate of germination and establishment of the young
plants all of which obviously have a significant bearing on the eventual
yields. Similarly dry spells during critical stages of plant growth

(which varies with crops) can reduce eventual yields considerably. Under
these conditions irrigation has an important role in ensuring that the

soil moisture supply is adequate especially during critical stages of

crop growth irrespective of the unpredictable variations in rainfall during
the growing season. The lower the total rainfall, and the greater its

variability during the season, the more important the role of irrigation.

16. In many parts of Asia, especially in south Asia, the nature of crops
which can be grown dwiding the wet seagor is also conditioned by the unrelia-
bility of rain and by the fact that the t.tal quantum of precipitation .-

is low. Thus in most parts of peninsular India rainfed lands can grow only
millets, pulsesj%ilseeds during the monscon seascn. Under these conditions,
irrigation works which augment the total supply of water during the rainy
season enable farmers to grow crops like paddy which yield much more than
other crops but require a larger volume of water. The impact is even more
dramatic in arid regions like Rajasthan, Punjab ani/much of Pakistan where

rainfall is scanty even during the mensocn season.  In such cases the

possibilities of rainfed agriculture are severly limited: A relatively

high proportion of land is under pastures or kept fallow, and the rest
of it used to grow species and varieties of crops (mostly millets and
pulses) which can survive on small and precarious moisture supply and

whose yield potentials are by the same tcxen low. Introduction of -irrigation



11

in such a context enables a significant expansion of cultivated area,
an extension of the cropping season and a switch to an altogether new

ind more productive cropping patterns.

7. Coﬁtmlling soil moisture conditions, however, does not always or
utclusively depend on irrigation: In many circumstances, the problem is
to protect cultivated lande from inundation and provide effective drainage
in areas prone to water logging. Flooding arises from spells of heavy
rainfall concentrated in a short period and is liable to be éspecially
uridus in the plains along the lower reaches of ‘large wrivers. Swamps
ad marshes, mostly in the estuaries of major rivers often require ela-
orate drainage works tc remove excess water and make the land suitable
for cultiva\"tion. (Extensive areas of cultivated land both in China and
Japan were in fact reclaimed by this means.) Besides, in all irrigated
tracts, efficient drainage is essential to prevent waterlogging and
salinity arising from indiscririnate irrigation. In view of these, the
concept of water control relevant from the viewpoint of agricultural
poduction should obviously be broader than irrigaticn and must cover

flood control and drainage as well.

8. It is clear that water control could contribute to increased agri-
cultural productipn in 'oné or more of several ways: It can raise yields

of particular crops and make them more stable.by facilitating planting

it the optimal time and by enlarging scope for fertiliser use; it can
centribute to increasing the intensity of crépping by reducing the extent

of fallowing and/or by extending the effective cropping season; and ij:

wmables a greater diversity of crops to be grown permitting in the process

1 gwitch of high productivity, -high value crops. However the precise magni-

tude of the increase in productivity per unit area (and in total production)
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depends not only on the extent of
quality, but also on several other

the genctic cheracteristics of the crop varieties grown.

19.

on the praductivity c¢f a given crop variety.

the watur contrel system and its

factors notably climate, soils and

To illustrate the point let us consider the effects of water contrel

In figure 2 OO1 represnets

the yield vresponse curve of a given crep variety to fertilisers under

rainfed conditions: OO2

denotes the positicns of the response curve at

the limit of the genetic potential of the same variety under ideal soil m

conditicns, (i.c., when the crop is not subjected to any moisture stress

and 00

-, = s
How far ajart JO1 9

at any stage of its pgrowth).

are depends in

part on the reliability and seascnal distribution of the rainfall.

060, -

- 00, -
0f 2
003 -
|
Nutrients/y,,
Fig.2:. Procduction possibilities under different moisture

for a given creop variety.

20.

rainfed

ideal moisture
cenditions

less~than-id:
moisture rep

regimes

The more ample the rainfall and the more even its seasonal distributi

relative to ET, the smaller is likely to be the incrcase in yields as a

result of water control.

The genctic characteristic of the crop variety
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wuld influence the extent to which the fertiliser response curve

wuld shift when 'no moisture stress' water control is introduced.

ht in general yields per hectare are likely to be higher at any given
level of nutrient use and the maximum amount of nutrients which the plants
¢ use to be also higher under ideal moisture conditions than under

rainfed cultivation. '(002 assumes that other elements of crop husbandry

nch as control of weeds, pests and diseases are adjusted as necessary

te realise the full potential of the variety in use).

#. The production possibilities are likely to be lower than 002 if

the 'ideal' moisture regimes is not achieved. The possibilities under
lesg-than-ideal water control is denoted by 00-3. (Obviously there are,

In principle, an infinite number of positions between.rainfed and

'ideal' water control conditions). The achievement of 'ideal' water

tontrol essentially depends on how :successful the system is in regulating
the timing and quantum of irrigation supplies, as well as drainage, so

that the relevant soil profile is kept at or near field capacity in

ill stages cf the crop. For this there are both physical and institutional
srerequisites: Among the former are the design of the distribution network
vhich effectively reashes all the fields and permits regulation of the flow
of water to diffefent fields; an adequate drainage network; and careful
pading and levelling of fields (or alternatively, facilities like
srinklers and drip irrigation). At rthe institutional level it is necessary
to have a set of rules and procedures for the proper maintenance of the
ystem; determining and enforcing a schedule of distribution in the light
of seasonal conditions; and for resolving the conflicts among users in

relation to both maintenance and water allocation.
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22. The yield nutrient relz.lons jresented in figure 2 give 2
stylised picture ¢f production possibilities fur a particular cro
variety under at varying levels of fertiliser use, under different soil-
moisture regimes. We can also lcvk ac preduction possibildities in

yield - soil moisture relation at a given level of
terms of /fertiliser aprlicaticn. In figure 3 each curve:rortrays the

effect of variations in soil molsture on yield, ‘koéeping the level of
fertilisers constant. Take OA D1 for instance. It implies that if

total moisture available to the plant is less then a the cycph will not g
maturity. Beyond that »scint as moisture supply increases yield will

alsc increase but a declining rote till it reaches a maximum. Further
increases in moisture may after a while depress yield. The mcisture-yield
curve will shift upward as the level of nutrient is increased; but again
beyond some level of application,which depends on the crop and its penetic

potential, increase in nutrients will not make any difference to yield.

QA Dp represents has maximum yield potential of the crop.

yield/

[ A ——

Quantum of soil meisture
Soil-moisture

Fig.3: Yield response curves at different levels of fertilisation.



15

233,  "Moisture Supply" in figure 3 refers to total supply of moisture

fwing the growing period from rainfall and irrigation . Clearly,

the effect of irrigation on yield depends on how much moisture is availa-

Me from rainfall. The higher the rainfall relative to the crop-water

reed, the lower is likely to be the effect of irvigation When rainfall

swprlies OB of soil moisture, +the marginal product of irrigation at

the maximum yield D1E/81E which is lower th;n DlF/ClF corresponding to

# situation when rainfall contributes OC. The introduction of a more

fwtiliser-responsive strain: of the same crop, would shift the OAD1
denoted by OAD!, -

upvard, fwhich implfes that the incremental output per unit of water

fer any level between A and D is hi_gher than with the old variety.

Finally it is relevant to note that in figure 3 water input denotes

the quantum of soil rﬁoisture supplied by irrigation which is different

from the total water supplied by irrigatib.n, the former being invariably

lewer. Out of the total water tapped at the source of irrigation,

besides sheer waste, a part is lost in the process of conveying water

another part

to the field and/on the field itself. The percentage losses on these

aceounts, which is a measure of the technical efficiency of an irrigation

system, depends on a variety of factors some of which (e.g. the distance

wer which water has to travel) depends on the size of the irrigation

system; others (like the technical specification of the distribution net

wrk, the lay-out of the fields and the extent to which they.are graded and

levelled Jon project design; and yet others on the quality of maintenance

¢ techniques of water applicatiorhs—-/ All this underlines the need to

view water control - in a broader perspective: The effect of irrigation

Is not entirely a function of how will a system is designed and managed.

Imortant as these are, they are powerfully eonditioned by the larger
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material and sccial centext. Tn arder te appreciate these inter
relations we will consider first the factors which shape the character
cf water contrcl systems and then proceed to a discussion of their

operation.

3. CONSTRUCTION OF WATER CONTROL WORKS

24, The construction of water control works covers several distinct
phases from controlling and harmessing a water source, through the
laying of the distribution/drainage network reéching down to-the farm
level, to preparation of land for'efficient:irrigation. The institutiem!
aspects concern the location of the respdnéibility”for planning, design
and construction ¢f the facilities in each phase, for mobilising the
necessary resources and resolving conflicts which arise in the process.
Of particular interest in tius cornection is‘tﬁe relative roles.iof the
State, local institutions and private effort in each of these activities
and the factcrs which determine the particular mix of roles in different

situations.

Variations in Organisation

25. There are marked differences between countries and regions in the
manner in which construction of water control systems is crganised. Ir
contemporary times th.: State everywhere plays a prominent rcle in pla-
nning, regulating and assisting the dévelopment of irrigation, flood
control and drainage projects. The extent of its direct invoclvement
in the process however, varies. In India,éj for instance, the natiomal

and the state governments bear. a much greater direct responsibility
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than most other countries in Asia (including China): In the case of

nrface irrigation works, it is the govermment agencies which do the
jeeparatory surveys, design projects and undertake the actual construccion.
Tl some two decades back the government undertook the responsibility

for constructing the main reservoir, the main and branch canals and
distributaries upto a certain level (usually outlets covering about 40 ha
tr 80); the farmers were expected to construct field channels beyond

this level and also make the land improvements necessary for irrigation.
fowever, since then there is a clear trend towards the government assvming
responsibility for these works as well. For this purpose a new insti-
tutional arrangement, in the form of Command Area Development Authorities,
separate from the departments responsible for the construction of the main
facilities, has also been devised. The cost of all these programmes is
financed initially from the budtet and to some extent through financial
Institutions. The department: concerned procure the necessary materials
ad sometimes do the construction with their own staff and labour speci-
fically. hired for the purpose. The more common practice, however, is

to entrust the construction (including the task of recruiting the

mcessary labour and supervising it) to contractors selected by a
"tendering” procedure. The farmers do not contribute any money or labour
it the time of construction. The cost of works is supposed to be recovered
from the beneficiapies in easy instalments over a period of several years
in the form of !'betterment levies'. But little is actually collected

to that in effect the beneficiaries hardly contribute anything to the

wst of developing water control facilities.

%. In the case of groundwater, the states role is more limited:

bart from organising surveys of groundwater potential, providing
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technical advice and scme Arilling cquipment, and laying clectricity
transmission lines, its involvement in actu:l construction is confined
to the relatively 1arge—sized tubewells in North India. The great bulk
of the work of digging/drilling, construction of channels, land levelling
and installation cf pumps is done by the farmers themselves, typically o
an individual basis. However, the government is the principal source of
finance, which is.given directly (both as loans and as grants) and indirect
in the forms of -loans through financial institutions. This assistance
is usually adequate to cover most of the initizl costs and the tcrms are

relatively soft.

27. Compared to India, the higher levels of government in China and

on Japan pley a much more limited role in practically every phase and

the users and their crganisations bear a correspondingly larger respon-
sibility both for censiructicn and for mobilising.the necessary rcsmnve&y

Thus in China

"The planning, design, a construction and operation of
".specific projects takes place at four different levels
depending cn the size of the projcct. The general prin-
cipal is that the respensibility for a project which
affects two or more units is taken up by the unit of
the next higher rank. A corrcollary is that each unit
which benefits from a project contributes labour and
inpvestment in proportion tc¢ its share of the benefit.
Thus the central government, through the project bureaus
of the Ministry of Water Congervancy, takes the responsi-
~bility for majcr dams and power station prcjects and
labour to "supplement statc investment funds is contri-
Jbuted by all provinces that will benefit. Provincial
governments are responsible for irpigation projects
which affect more than one country or municipa.ity.
Country (or municipal) governments usually undertake the
diversions cr reservoirs which affect more than one
communée... At the local level commune. or production
brigade units plan, construct and opecrate numerous
projects of all types.: (Greer, 1979: 116-7).
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28, As a matter of fact a high proportion of the water conservancy
development works in China consists of projects of the last category.
Government policy has consistently emphasised the importance of the
people's communes and their constituent units exploiting the possibi-
lities of such development on the basis of their own initiative and
effort. These local works include projects tco harness water sources
within the boundaries of the commune/brigade as well as the construction
of distribution/drainage networks and land improvement necessary to

make effective use of opportunities opened by larger projects undertaken

by higher levels of government.

29, Even more striking are the differences in the method of resource
mobilisation. In China, unlike India, the beneficiaries are expected

to constribute a large share of the project costs at the time of
construction itself, Thus the cost of projects undertaken by communes/
brigades/production teams are to be met wholly out of their own resources.
Since labour is the main resource needed for construction of these works
and accounts for the bulk of the costs, the mobilisation of resources
takes principally the form of labour contributions by members of the
beneficiary units. The ccmmunes are also expected to mobilise labour
contributions for projects undertaken by the prowvincial/mational govern-
ment which benefit their areas. Durigg the Big Leap period such contri-
butions were sought and obtained even for projects which did not directly
or immediately benefit them. Despite controversies over the basis

of labour contributions and concern over the problems of effective
organisation of a highly&aria.ble labour force, the principle of bene-
ficiaries contributing directly to construction has been maintained.

And though labour contributions are now limited to units which directly
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benefit from a prcject, the megnitude of these contributions is very
large amounting in some cases to as much as 80% of the total project costs
(Vermeer, 1977: 260-1). It is relevant to note that the practice of
mobilising lab@ur for both local and national projects of water control

(and for public works generally) has a long tradition in Chinese history.

30, In post-war Japang/ the planning and construction of water
control works, most of which are for the expansion and modernisation

of pre-existing systems, is the responsibility of the Land Improvement
Districts (LID). These LIDs of which there are 13,000 at present,aré
constituted under a special legislation specifically meant to improve
water control by constructing new storages to augment, the water supply,
rationalising the layout of irrigation. and drainage canals and reorganisis
the physical laycut of plots tec permit more effective water control at
the field level and also facilitate mechanisation. The LIDs are asso-
ciations of farmers in the scervive area of water control systems (usually

. . ;fstems .
formed out of users organisations of local /built in the past) and

managed by elected representatives of its members.

31, The prefectural and the national governments undertake designing
and construction only of barrages (or storages) and canals which serve
more than cne LID, In all other cases the government provides technical
advice (in matters of engineering and design) and financial assistance
(half the cost is borme.by the national govermment, one-fourth by the
prefecture and liberal loan facilities to cover the balance). While
all this gives the government considerable influence over the general
conception and design of the projects, the formal responsibility for
decisions on all these matters as well as the awarding of contracts

rests with the LID management.
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Historical antecedents

3, To some extent thesc variations are a reflection of differences

in the historical evolution of the government's role in relation t:-

vater rescurce devélopment. In India, from what littlc we know abi v
irrigaticn history of the pre-British period, it would seem that corsi-
¢erable development rof local irrigation works had taken place, egpecislly
in south India, under essentially local leadership even before the umx . . :
of nified states of any significant size. (Ludden, 1973). 'Similr:p
{evelopments may have taken place in north India as well, but the stole
seems to have ylayed a more direct and prominent rcle in developing sz
of the larger irvigation systems like, for cxample, the Jamuna znd Do
Ganga canals and the elaborate system of flocd irrigetion in Bemi~i

(Barris 1923, Habib, 19g2 ).

#. During the early phases of British rule, the govermment did not

take mich interest in :i.rr-igation development. In south India, for instouce,
sson after the British take-over, the government assumed responsibility

for rehabilitating tanks which had been damaged by war and neglect as woll
s fop their subsequent upkeep.li/ In the first half of the 19th ceancury,
the State spent substantial sum on rcconstructing old systems of surfiu.o
irrigation, scme of them very large by even modern standards. New "yl .¢ s
were then taken up as commercial ventures. But since they were not uxc.i-
table, progress was slow till the end of the 19th century. Thercaftes
pblic iyrigaticn construction incraased rapidly possibly as a respor e

t: recurrent famines and partly for strategic sonsiderations.é-/ Alndst

all the new projects were for surface irrvigation; not only mcre they

large in terms of ccst and area covered, but many of them involved censyructior

f reservoirs of a size altogether new to the subcontinent. By all
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accou ts, there was nc attemp . tc extract contrilutions whether in
money or labour, from the potential beneficiaries cr toe involve them

in any way in the conception cr implementation ¢f the projects. The
post-independence period witnessed o massive expansicn in the scale of
development in all types of irrvigation and flood control projects; bat
the compesiticon has shifted marikedly in favour of ground water. Though
groundwater development is largely in the private sector, it depends
heavily on technical and financial support fro;cn?%tate. Surface irrigatim

works continue to be dominated by large storage works.,

3y, Beth in China and Japan, by contrast, have had a long and sustae
tradition of. water conservancy development through local effort, and of
requiring beneficiaries to contribute labour and materials for constructio
even when the government undertock projects. In China huge projects te
control fleols of th: Yollow and the Hwai rivers, and to divert river
flows to irrigate extensive - eas, were taken ur as fair back as 500 B{
or even earlier, and the practice of using corvee labour established
then has continued through out subsequent centurics. The rcle of isnch
undertakings in shaping Chinese history and their significance for the.
nature and organisation of ‘government in Chine has attracted much atta-
tion. (Chi, 1936; Wittfogel, 1957} ."'-6~/ The fact remains however that
these large projects account for but a fraction of the tctal effort which
has gone into the develcpment of water conservancy and in particular
irrigation. Not only was there a great deal »f censtruction (smaller
dykes, distribution networks and land davelcpment) at the local lewel
essential before the benefits ¢f the large projects could be realised,
but a good part of irrigation was in any case derived from essentially
local works, which seem to have been conceived, planned and constructed

by, or under the leadership of, local landlords, clan leaders, and the
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Gentry using local resources (mcstly labour) with occasional help and
_support from the government and from merchants. Even in the case of
large projects mobilisation of corvee labour, which cn occa_sion could
reach staggering dimensions, was widely used in project construction
by both provincial and national govemments.z—/ Despite¢ the far reaching
chénges in other aspects of eccnomic, political and administrative orga-
aisation of Chinese society after the Revoluticn, one can thus see a
certain continuity in regard to the organiéation and financing of water

censervancy construction.

35, The Japanese experience shows an unmistakable trend towards

goving government involvement not so much in construction, but in guiding
and finaﬂcing water control development. (Tamaki 1977, Hatate 1978).
Historically early develcpment of irrigaticn consisted, almost exclusively,
of small localised developments organised by feudal chieftains and lcrge
and ‘owners with the -ho..lp of local labour. As the limits to such works
vere reached and/or significant improvements in techniques of water

contrél became available, larger projects requiring suppert of and inter-
vantion from supra- local political authority were taken up. This was
mnetimes the result cof pressures from below but often they also reflected
the effort of ambitious local rulers to enlarge their revenues and extend
the domain of their power. Regicnal and national govermments took a
particularly active part in water conservancy during the 17th and 18th
ceturies and financed part of the costs, but the local participation
centinued to be very important. Even during tﬁe 19th century when the

mle of naticnal government increased signifiéantly, the government
gmerally insisted that the beneficiaries bear the bulk of the costs

of new projects. It was only in the 19203 that the government, under

messure of growing food shortages,substantially liberalised the scale
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and terms of assistance o v ater cuntrol pPOJects;~/ For a variety
of reascons the process has been carried c.nsiderably further in the post-
war pericd. 3ut a hich degree of user involvement in and centrol of

the developmental activities has been maintained.

Scale and complexity of Projects

36. Tc a considerable extent, the difference in the role of the
-government reflects difference in the scale and complexity of the works
involved. This is of course the central point of the Wittfogel thesis
on the role of the State in hydraulic society. The argument simply is
that large scale, technically complex watér control works call fer
mobilisatich of resources and organisational capacity on a scale far
beyond the capability of lccal communities or private enterprises and
can cnly Lo Lkandled Ly the povernment. This implies that where projects
of .arge size and/cr complcxrity figure more prominently in the mix of
water conservancy works, one may expect to fiﬁd the State playing a more
prominent role in the planning and construction of these works. Such

an associaticn in fact seems to exist in the three countries just discuss

37. Thus in India about two thirds of the total irrigatcd area is
estimated tc be under surface water irrigation the great bulk of it from
canals as distinet from tanksfy and other small, local sources. The
canal systems ,consisting of both diversion works and storage bascd
projects, ave typically large by the standards of the rest Asia (except
perhaps Pakistan). Projects irrigating 100,000 ha. or more arc common
and account for about half of the arez served Ly surface irrigation
scurces; there are as many as 10 systems serving 500,000 ha. cr mere am
the larsest (the Bhakra-Nangal) irrigates some 1.3 million ha. Reser-

voirs with a storage capacity of more than 500 million cubic meters eack
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vhich there arz some 50, account for 80 per cent of the total storage
capacity (147 billion cubic meters), while tanks and small ponds are
estimated to account for less than 10 per cent (Rao, 1979). Large scale
canal irrigation projects deminated irrvigation devclopment during the
British rule; in the.post-Independence era. the absclute scale of

activity has risen steeply cven though in relative terms their impotrtance
had aeclined as a result of an even more rapid expansicn of grouncdwater

10/

development .—

38, In China, during the mid-fiftiem (the latest pericd for which the
relevant information is available), surface irrigation accounted for over
80 per cent of the irrigated area most of it (over .90 per cent) consisting
of 'farm ponds and weirs' and ‘gravity systems based on small Jditches

and aqueducts'. Large gravity canals, wh:.ch wculd include the bigger
river diversion works (scme of them of ancicnt origin) serve less than
me tenths ¢f the country ‘s iiripueted areauiy This bringsout the
dominance of relatively small, cssentially local projects in Chinese
brrigation system. And as menticned earlier, the construction of such
mojects tcgethber with the improvement of existing local systems through
communal effort has been the highlight orf the post-revolution period as

well,

39, It is in the case of flood control and drainage works that the
government played and continues to play the major rcle. Many of the
tlassic examples cf massive public works in ancient Chinese history
e in fact works of flood control (especially in the Yellow and the
fawai river basins) and in navigation canals (like the Grand canal).

In recent times too this has veen the pattern: Lesides the constructicn
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of new embankments and improving existin; ones along the major rivers,
there has Leen a large programme for construction of reservoirs. The
number of reservoirs with a capacity of 100 million cubic meters or more
(most of which were meant for flcud control vather than irrigation)
rose from 10 in 1949 t¢ 300 in the later seventies (Nickum, 1981:6), The
government necessarily had to play a leadiny rcle in the design and ce
struction of these works which were not only huge but also required
coordinated planning of entire river basins cutting across provincial
boundaries. That even in these projects a large part of the coust was
met by labour centributions frem the areas benefitted by them remains

a distinct feature and cne which cannot be explained in terms of the

scale and complexity of the projects.

40. In Japar, as i China, the bulk (75 per cent) of irrigated area
is served by river diversiors and pends. Even now reservoir based syste
are estimatcd to serve barely cne sixths of the irrigated area (Fukuda,

12
1976:88) .~/

The Japancse irrigation systems arce large in number and
their average size is quite small. If we consider each Land Improveament
District as one project (or system), the average size of an irrigaticn
project is barely 250 ha; there are hardly any systems serving more
than 20,000 ha;lg/ Flood control and drainage were of course essential
for expansion of paddy cultivation and in some areas (like the Kanto
plain) involved relatively large scale construction and high level-of
technique. But nowhere did these werks reach the scale found in China.
Much cf it could be and was handled by local rulers well before the
emergence of a unified national government. The relatively more promine

role of the government in tiic poust-war period is consistent with the

programme for construction of new storages, invclving integration of
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pre-existing irrigation communities and LIDs. But therc were also
sther factcrs behind the enormous increase in the volume of financial

assistance rfiven by the state.

41, Given that the scale of 1prcjects has some bearing cn the nature

and extent of state involvement, the guestion arises as to what determines
the type of oprojects which are undertaken. The nature of water control
needed for agriculture depends on agro-climatic conditions, while what is
feasible is conditioned by topography, geological conditicns and the state

of the arts in hydraulic engineering; and what gets actually selected from

the feasible set is a function of yet other,essentially acocio-eccnomic,

factors.

Agro climatic factors

42, “Wel hiave already explained at some length (see seetion 2) how rainfall
ind evapcration are the twe basic climatic variables which determine the
nature of the water contrcl needed for efficient agriculture. Different
configurations of these variables imply different problems in the attainment
ad maintenance of appropriate soil moisture conditions. Censider for

lstance the two different confifjurations portrayed in figure 4.

8., In A - which is a stylised picture of the climatic pattern chera-
eteristic of much of south Asia - temperatures are throughout much higher
than in B - which approximates to the climate characteristic of much of
east Asia. Consequently A has a higher evapo-transpiration (ET) in
practically all seasons and c%:rtainly wver the year as a whole compared

to B. On the c¢ther hand the -verage rainfall in A is lower and its



28

- / .
E ; L
/ {
/ \ T
R e . R =
Jan June Dec Jan “June Dec

Figure 4: Climatic patterns typical of South and East Asia

seasonal concentration much more pronounced. The combined result of
these difference is that the 'dry' season in A is not only longer but,
the moisture deficit (i.e., the excess of ET over effective rainfall)
"is also larger. (See Table 1). Under these conditions irrigation
needs of the dry season, being relatively large in relation to crop-
water needs, can be met only if the surplus water from the monsoon
season is stored either on tha surface or underground for use in the
dry season. Which of these possibilities is in fact available however

depends on topography and geology.

Ly, Thus in the Indc-gangetic plain, though the general climatic
pattern follows the pattern A, the rivers flowing through the plains
have unusually large catchments which includes the Himalayas. The
céntribution of snow melts from these moumtains is an important factor

in making all the major rivers in this region perennial. The topography
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of the plains also permits irrigution by diverting the river flow to

feed canal systems some of which are quite large.-jﬁ/ Apart from the

Indus valley systems of antiquity, several large canal systems based on
rn-cf- the-river have been constructed in this region both before

anl during British rule. DBut as the possibilities of river diversion got
hausted, further cxpansion has increasingly depended on storage.ﬁl

The geology of the plains is exceptionally favourable for groundwater
storage but the intensive exploitaticn of this resource had to wait the
introduction of energised pumpsets (which rcduced the cost of lifting
vater) and the availatility of techniques for tubewell construction (which

16/

rade it possible to tap deeper strata of the sub-surface storage).—

¥. In south India by contrast, the rivers are mostly seasonal; there
are no extensive plains along the course <’ the major rivers; and 'geology
is not favourable for groundwater. sterage. Irrigation development in this
irea was traditionally l.csad <o asing local topographic variations to
impound rainfall in small ponds for seasonal irrigation which also served
i a means of improving groundwater recharge in their command area.ﬂl
Barring diversion works in the deltaic regions of the major rivers (the
krishna, the Godhavari and the Cauvery and to a limited extent in the
saller river basins) the bulk of the irrigation in south India in pre-
Independence period was from ponds and wells.l—s—/ The development of tanks
irrigation seems to have reached a point of saturetion even before the
Iritish came. Further significent expansion of storage irrigation in
this tract required the construction of large storages upstreacdm and/of
cheaper techniques for lifting groundwater. The technology -m2quired

for storage dams did not develop indigenously and became availalle only

in the last century or so. Economical techniques for exploiting -ground

water 4id not become available until much later.
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Y&, By coriPzat In worl Asic feotioen D) sracipitation is higher

and at any rate hetter distributed relati: . to ET; the duration of

the season when there is a soil moisture deficit (under conditions of
rainfed farming) is shorter; and the maymitude of the deficit relative
to crop water needs is smaller .ji/ Rainfall being more evenly distri-
buted most of the rivers are perennial. In China given the enormous
extent of the catchment area énd the fact that the rainy season in the
upper parts of the catchment trends to be somewhat earlier than in the
lower part of the river basin (where most of the agriculture is concentm
probably means smaller seasonal varlations in river flow in lower reachet
Under this conjunction of circumstances, it is possible for China tc
meet the dry season moisture deficits with the help of diversion works,
ponds and surface water Lifts. Both in China and in Japan, despite the
dominance of paddy, which is water-intensive, large canal irrigation
systems, and in particular those based on storage, are relatively receat

phenomena,

L7, By the same token, the rvelative abundance of water in these

countries makes floods a more serious problem. Effective measures te
regulate seasoral floods and ensure proper drainage of excess.. water is
essential especially in the lower reaches of river basins and the

esturaine areas. These works tend to Le relatively large in terms of
both size and the extent of area benefitted compared to irrigation pre-
ducts. The flood pirotection works of north China are”among the largest

water control works in the world.
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Technology of water coriol

48, The constraints imposed by the state of hydraulic engineering
and construction technology have been greatly relaged in moderm times
because a large accumulation of proven technigues is availeble and

has become more easily accessille. DBut these constraints were quite
important in earlier times. The level of engineering and construction
skills required for local ponds and shallow wells is of an altogether
different order compared to what is involved in the construction of
larger reservoirs and extensive canals. For reasons which are far
from clear, significant progress in technology took place in some

situations and at certain times hut not in others.

49, Thus in China sustained efforts to control her major rivers led

to mdjor advanced in techniques of flood centrol occurred fairly early

and this made it possible 1o implement massive works even in the pre
christian era. (Neeaham, 1$71). Lul corresponding improvements in
storage dam construction and groundwater exploitation did nct come

about even in situations where the potential for such works existed

and the limits to development on the basis of simpler techniques

tad been reached. That the technology of storage based systems did not
develop indigenously in India and did not become available till recently
mst have been one of the factotrs which arrested the growth of irrigation

in that country.

50. The relevant technology of water control from the viewpoint
ef agriculture of course extends for beyond what is used for harnessing
water scurces; it comprehends techniques for regulating conveyance of

water and its efficient application to crops, idere perhaps more than



anywhers ¢lse, o¢ne can s:o e Lloas interconnection between, the
physical and the organisaticnal aspects i water control. Efficiency
of water management is crucially dcepaident on the working of institatis
operating the system and within limiits mey even make up for defects ia
syztem design. TLut the physicel desiyn of the system (embodied in the
structures- through which the flow of water tc different parts of the
system are regulated; the specificetions, design and layout of the
irrigation-drainage channel network; the quality of land preparatien;
and the irrigation technigue used at the field level) set definite
limits within which the institutions have te cperate. And it is alse
relevant to note that notions of 'efficient' water use are thenselves
conditioned by the state of knowlelge regarding water-yield respenses
again bhas been constantly changing. There is a striking diffepence
in this respect also between east and south Asia. Most of the Japansse
and Taiwanese systems, and some at lcast of the Chinese have been
"mocdernised" and achieved a ievel of sophistication in the design of
distribution networks and control devices, as well as the management
of water deliveries which stands in marked contrast to South Asian

systems.

Economic and Social facters

5i1. Whether and to what extent technically feasible opportunities
for water control are exploited, and hew sophisticated to systems ene,
of course depend on economic censideraticns, i.e¢., by the magnitude
of potential benefits from these works relative tc the costs of deve
loping them and by the returns to 1lternative use of available reseus:
The ¢cconomic calculation mav not always be explicit; in fact there is

little evidence of such calculation behind much of water conservancy
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ievel pment at any rate until recentlv. Novr is ihe caiéﬁiﬁé'iinde-
dipendent of the scclal and political cont:ixt. Nevertheless there

mst have been some cconomic rationale understocd in a broad sense

even if it is only implicit:—a—ﬂ For instance the intensification of
agriculture throuyh irrigaticon rather than extension of rainfed farming
wcbably reflects the dasindliing scope for (or, equivalently, rising

costs of) extending the area under cultivation and/cr the possibility,
wfer the prevailing apro -~limatie and tachnological conditions, of
realising a laryer velume of to*l:al/pr'oduction with given resources under
irrigated farming. It is also economically ratiomnal that improvements in
the technology of yaater contrcl (e.g., energised pumping, tube wells)
vhich reduce the cost of water, and innovetions in cultivation (like the
istroduction of new crop spec.es and varieties, or of newer and cheaper
wurce of plant nuvirients) which increase -he potential returns to

irrigated agriculture should stimulate larger investments in water control.

52.  The economic calculetion is relatively straightforward when the
investments are -1‘.'3ﬂ_e.w_*t.r".~:en by an individual landowner fcr his own benefit.
Nt when the investment is_made for the collective benefit of several
idividuals, the calculus is affected by the way the necessary resources
we mobilised; the basis on which costs and benefits of such investments
e apportioned among the beneficiaries; and on the way the system is

tspected to be nanaged {especially in the matter of water allocaticn).

3. These problems arise even in situations where private property

in land dces not exist and where the use c¢f land and other productive
nsources as well as the distributicn of their product are decided
mmunally. The experience of the Chinese communes, which come closest

t this type in modeyn times, suggests that agreements over the distri-



bution of preduce and the Lasis un which members are to contribute
labour for capital formation are not easy to rcach and their enforcesnt
is not without difficulties. (aArcn 1950 ; Nickum 1981: Crook $

Crook 1962). The difficultles apre greater in the more common situeticn
characterised by private ownership of lend and unequal distribution ¢f
that resource resulting in an uneven distribution of output and a rels-
tively high degree of concentration of 'surpius’ in the hands of larger
land owners. At one extreme, when the bulk of Iend is ownad an¢ culti-
vated by a small group, it is the interest of this group which is
decisive in determining whether or not water control investment will
be carried cut and on what scale. In some situations the land éwners
had at their command *serfs® whose labour they could use for constructiy
irpigation works, or for land improvement. But this is not a necesaay

condition.

54, The typical situaticn Ju one in which ceonirol over land is not

so absolute and cwners do not cultivate 211 their lands directly. When
ownership of land is widely distributed and/or when a gubstantial part
of land is cultivated by tenants, agreement over whether to invest in
water control and how much is tc be contributed by various beneficiaries
must necessarily confront the question of how the benefits will be diswd
buted. The decision could@ in principle be made by a consensus ameng
all the parties involved but this seems rave. In any event it is the
configuration of interest and power in the community which will determim
whether and what kind of ‘enforceable! compromise 1z feasible in a giva

situation.
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-5, The task becomes rmore Jifficult when the scope of water control
wrks extends beyond individual communitie; and when villages lose their
iselation and become more and more integrated with the economy and

plity of larger territorial complexes., The former means that

esrdination and resource mobilisation have necessarily to be managed

by @ supre-village authority. The latter has the effect of loosening

‘the connection between mobilisation of 'surplus' and.its use for water
control, making the connection less and less direct. The extent and
moner of mobilisation as well as its disposition is increasingly
inflvenced by the configurations of intevests and power over & much wider

area and further away from the village.

56,  Historically investments in water control were promoted or
mdertaken by supra village authorities, cager tc extend their command

wer territory, rescurces (by way cf rent and taxation) and hence, power.
In 8¢ ie cases, like China, tl..se authorities ha” the power to enforce
whilisation of corvee labour and the capacity to organise them for the
eomstruction of large scale works. But often they also offered éncourage~
¥eats (by way of concessional taxaticn for instance) to merchants and

large landowners (or 'their_retai_ners) to invest in agriculture {(including
the construction of water control works). Examples of this can be found
i practically all countries (see for examp_le, Kelly, 1980; Ludden,

1878; Takaya, 1975 ).

7, Interestingly, however, there are also several instances of
reluctance on the part of these rulers to use their resources (collected
metly through rent and taxes) for water contrel works: Thus, in the

Sa river system (the subject of Kelly's study), the domain rulers
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were remarkably reluctant te commit any resocurces of their own for s
purpcse even when it could have helped to reduce conflicts and make =i
existing system more effective. They preferred to let the loeal lon
and merchants dc much of the investment and even encouraged them to -+
This way the rulers were able t¢ use their resources for purposes -huh
were more important in their priorities. Similarly, in south Asie thu:
a large prcportion of farm output was appropriated as rent by the landk
and as land revenue by the State, investment in water control was iisite
Evidently consumpticon of the rulers, tribute tc¢ higher powers, defence

and other uses cemmanded a higher priority in deciding the dispositionu
this “surplus®. During the British rule it was only in the later 1%th

century when a succession of famines and concern for securing the strate
gically important areas in north west India altered the priorities thet

significant new investments in irrigaticon begen to take place.

58. The nature of the land revenue system, land tenures, the compesit’
and interests ¢f the ruling groups, and the extent to which agricultunis:
could make their interests felt are all clearly important factors in
determining how much surplus was extracted, by whom and for what purposa
it was used. There are alsc interesting questicns (raised by Wittfceel
others) as to the extent to which water contrel itself affected the nos
of politicel authority and whether the choice of projects in any giver
situction was. dictated wholly by techno-ecénomic cene ldevaticns ang whee
it was influenced by the interest of the ruling groups in extending che
power by controlling a critical resource like water. These issues wm
censiderable historical interest but need not concern us here. In uny
case in contewporary times the role of govermment in promoting develos

has beccme important cverywhere (and dominant in sume) and the necussi
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for large -scale public investment in water ccnservancy is widely accepted.

59, While the role of govermments has become important, significent
differences persist in the relative roles of government in mobilising
resources and channclling their uz<¢. In the Chinese system the respon-
sibility for constructing water contwol works and for mobilising the
necessary resources for the purpose is more widely diffused among different
levels of government and the potential beneficiaries; there is also
greater congruence in the location of these functions especially at the
60@l|une level and below. It is noteworthy that in some essential respects
the current: practicas ave a eontinnation of a long tradition. . This is
ebvibﬁsly s8¢ in respect of the form, and possibly the scale, on which
locél resources are mobilised. Its enforcement continues to depend on

a strong centre of political power at the local level - a role which used
to be played by landlords/gentry/burcaucr cy is now played by the party
cadres. There is however 2 major difference in the distribution of costs
relative tou benefits amon; the Loncficizries and this chahge is directly
related to the change In the ccntrol over land and the distribution of its
produce. In Japan tco there was a long tradition of local constructicn
and despite a big rise in the extent of national govermment involvement
the tradition of autonomous. .organisations managed by users continues

to be strong.-

60. In India, as élr'eady noted, local institutions play a far less
important role in water conservancy development. Even in regions (li]?e
south India) where they had, the advent of British rule invariably
~weakened them and increased the role of the governmént bureaucracy..
Such limited investments as were made in. irrigation works was mostly
preempted for relatively large projects in areas which were strategi-

. .2 . .
cally important or were liable to famme.z/ While technical -ecmpulsions
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nc doubt dictated a larger rcle for government, there was much that
local effort could do. :But the trend towards weakening of local institu-

tions was if anything intensified in the post independence pericd.

61. At present the farmers/village institutions play hardly any role
either in planning, resource mobilisation or constructiongga- A}l these

functions are highly centralised in the hands of the state and the national
governments. One conseqguence of this has to shift the responaibility fer
solving conflicts between farmers and the rest of the community as well
as between farmers from different regions to higher levels of government.
Since the route to power is through the electoral process and since farmers
are numerically one of the largest segments of the electorate, the govern-
ment has been remarkably reluctant to make the farmers contribute to the
cost of water control development and enforce collection of such contri-
butions (in the form of betterment levies) which are part of declared
policy. Indeed the trend towards a general reduction in the burden of
taxation on farmers,which had set in even during the British period)ms
been greatly intensified since Independence. ‘The farmers as a class have
been able to exert pressure and succeeded in winning a variety of conce-

ssions relative to the rast of the econcmy.

62. On the other hand the demand for extemsion of irrigation facilities
has been consistently greater than could be met by the resources available
to the governmment and this despite large increases in the allocation for
water control projects. Fcr the ruling party, public spending is also a
means of providing patronage to constituents fhereby securing or enlarging
their power base. Consequently there has been a tendency to 'spread’

- the patronage as widely as possible by allowing projects to be launched

without sufficient preparatory investigation and appraisal; by spreading
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available resources over a large number of projects at the risk of
teleying the completion £ al o) and Ly ouvecumbing to pressures for
.udending the canal network in pzrticular projects far beyond the
level which can be served with the available water supply in each.
That constructiun contracts are = lucrative source of political fuﬁds

has undoubtedly contributed to laxity in wmatter of cost control.

§3. Whils the above factors place the Indian farmer at a relative
dvantage in terms of getting the government to bear a relatively high
proportion of the cost of water resource development, they cannot

explain why enllective effort by lLeneficiaries to expand and improve
essentially lccal resources of water has heen so limited in relation

te the opportunities. Opportunities in this categery include modernisa-
tion and improvement of exisiing taocks; expansion and integraticn cf
existing local systems; construction of field luvel distribution channels;
and land consolidation and improvemernt. Scme of these augment water
supply, others can recduce losses in conveyance and application thereby
facilitating more effective use of water. In all these cases individwml
farmers can go only a limited way,; but combined action by groups of bene-

fieiaries could be mcre productive for everyone.

B4, That such action has not taken place more widely than it has cannct
be due to difficulties of finding resources because_the government has

beer providing liberal éssistamce by way of subsidies and low interest
leans. It could be that the potential returns of such investments are

not attractive enough; but this goes against the weight of expert opinion.
¥hile recognising that 'expert' opinicn may not always be correct, it

seems mcre probable that the real difficulty lies in the allocation of

costs relative to the distribution of expected benefits among the potential

beneficiaries.
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60. The difficulty arises nartly because the total potential bene-
fits tc the collective investment are uncertain.zgv Even greater uncertiin
attaches to the benefits which any particular beneficiary can hope to
obtain with reascnably assurance Lecause it i1s ccntingent on the manner
in which imprcvad Ffacilities are managed and on the access tc and costs
of complementary inputu. In so far as 'uncertainty' regarding total
benefits arises from inadequate knowledee, it can be reduced by educatism,
demonstration and, failing bHoth, by actual experience. Uncertaintyrwym-
- ing“the benefits accruing to particular beneficiaries is more difficult
to take care of because it depends on the location and the initial quality
of the lend. The reore importan? difficulty 1s that the actual increse
in preductivity of a particular piace of iand depends, in the case cf

irrigation, on how the imprc -:d conditions of frrigation supply resulting

. . e s . 24
from the collective effert is allocated on a continuing bas;sfg-/

66. The mere enunciation ur legislation of a set of rules for gulding
these allocations i nou endlgn; 4T 4o 28sential that the beneficiaries
are agreed about the fairness of the allocations snd that they are
reasonably confident tbat the ovules will in fact be implemented. The
beneficiaries' view of The fairuszs of the rules as well as their confi-
dence in the abitity of the operaticnal organisation to enforce them ave
therefore likely to influernce the prospects of their participaticn in the
initial ccllective Inveciment. %The possibility of owercoming the
vagaries of the state—pug?q%}%kﬁnloping supplementary well irrigation
on an individual Lasis weakens whatevee compulsion there may be for coapt
tive acticn.- The uncertainty about distributicn of benefits arising
from collective effort in floud control and drainage would seem to.be 3
some that less serinus probles in as much as they do not involve a conti-

nuing problem of water allcciticn which characterise irvrigation.
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§7. If the above line of reasculng is correct, cne should expect

greater willingness to join a ccllective effort in the case of flocd
control and drainage than Iin irrijration; and in the case «f irrigaticn,
vhen the projcet augments water supply and makes its more assured; wher:
the crop patterns are homogeneous: and there are strong local institutions
wkich can Le trusted to manage the allcenticns fairly. Oue should 2lso
epect that a change in seed varieties wr other similar technological
improvements which increases the production potential for a given amount
ef water and hence the potential returns to ccllective investment,

would stimulate greater interest in such effcort.

§8. The few available studies of irrigation instituticns do not

pravide sufficient information to judge how far these expectation are Lurne
eut Sy experience. Nevertheless we woul:dl venture to suggest that the
stronger tradition of collectlive local effort in cast Asia may have

ttleest to some extent Leon shajed by the following circumstances:

Cempared to south Asiz, rainfzall in cast Asia is more ample and Letter

tistributed relative to crop water needs. In Japan and the major paddy

gowing tracts of China,shortage of arable land rather than lack of

wmter seems to be the more impcrtant constraint on production; and fleed
¢centrel and drainage were essential first steps to water control and
extending paddy cultivation and continue to be integral constituents

of water contrcl systems. It 1s significant that despite these ‘'advan-~
tages' the irocess of expansion and improvement of water control -systems
was far from being smooth or conflict free. Nor did it gather signifi-
cant momentum until cther conditions were favourable: Thus in Japan

rpid progress took place only after the Meiji restoraticn when land
reform and inflation brought about a significant reduction in the

jncidence of land taxation, and the introduction <f new agriculturzl
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techniques which, in coniucti.n with the rise i, paddy prices, signifi-
cantly increased the returns t¢ investment in boetter water control.
(See Hatate 1981, Kelly 1680, Shimpo, 1976 )g.E/Statc intervention threugh
legislation to facilitate these improvements and by offering liberal
finanecial assistance were also important contributory factcrs. But in
the case of land consclidation rragress was much slower despite the fact
that owners of land were permitted to raise rents to appropriate a part
of the increased productivity due to cénsolidation and improvement, and
alsc enatled consolidaticn to be dene without having to obtain unanim.us
agreement.gﬁ/ Again sipnificant progress had to wait till after the war
under the powerful and growing ccmpulsions to mechanise agriculture (aris
from the dwindling supply of, and rising costs of, labour for agriculture)

reinforced by liberal financial support from the government.

Conflicts in Construction

63. A commcn scurce of conflict in the censtruction phase arises

from objecticns Ly farmers and communities who are served by a pre-exist
system based cn the same source of supply as the proposed new project.
Such objections are based on the fear that the new project may adversely
affect the quantum, timeliness or reliability of water supplies to uses
of existing systems; it could alsc arise boecause the new projects create

cr aggrages flood or drainage problems outside its command.

70. Disputes of this category arise when attempts are made to
construct a barrage or reservoir upstream cf an existing system on that
river. Japanese irrigation history is replete with such instances 2%/

Typically, thcse alrcady drawing water from the same source are extremel;
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zealoud of their »ights and newcomers usually had to concede supericr
fights to the former before the new project could go ahead. This conce-
ssion could take several forms such as first claim to pre-cxisting users
ever available supplies in the new system; assurance of a minimum supply
equivalent to carlier uge; highar pricrity in times when rotation - is
introduced. Another way of reconsiling conflicts was to expand the rystem
but this iavariably refuired mediaticn Ly s higher -level authority anc
preferably combincd with financial suppert. fAn expansion preogramme usucall:s
imolved integration of pre-existing systems into the larger network and
again the formexr's aoncurrence was essential. Herc again agreements cver
the allocation of water in the enlarged system had to protect the rights
of pre-existing users before the project could proceed. These agreements
are a common feature in Japanese irrigation systems and though not always
reduced to a formal written document were legally recognised and were

{see e.g. Hatate 1979).
justiciable, /Thera e some reported instances of similar cenflicts in
Indic (Jayaraman, 1961; GOT, COPP). But no dotailed histories ccmparable

to what is available in Japan.

", Disputes of a bigger scale between different regicns, and even
countries, are triggered by proposals to construct large new projects to

tap rivers which flow through several distinct administrative and

3olj.tical units. Disputes over division of water supplies in respect of

river basins has been promiment in India and alsc other countries. Practical.
every major river in India is, or has been, the subject of disputes between
the riparian states. Some of these disputes have been quite protracted and
have adversely affected the water rescurce development programmes.

Mtempts to evolve 'objective and ratiomal! basis for allocations on the basis
of integrated river basin planning have nct been conspicuously sugccessful

and the matter continues to be handled through judicial and, more often,
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political mediaticn;gg

72. A second catcecry of disputes arise the area end/or particular
communities or farmers who would be served by a new srojects and over
regulaticns as to the tynes of crops which can he growa, In principle
it is possible to avoid such eonflicts by limiting the coverage to
areas which can be served by the available water supply consistent with.
optimum use of resources. But there are.always pressures for extending
the coverage of the systems. Given the difficulties of determining the
optimum coverage (the state of the arts in this area is still toc rudi-
mentary) these pressures are Jdifficult to resist. The more so in countries
like Indiz where water is notentially very ﬁroduc£ive and the political
pressures to extenl irrigation as widely as possible are great. However
in the grecess canals are uften over-exteuded in relaticon to available
vater supplied and only succced in shifting the difficult preblems to

the operaticnal stage. (w1 o further discussicn see para 132 toll3e).

73. Third, benwficiaries can, and invariebly -lo, disagree atout the
extent of the investment costs they are, as a group, expected to bear,
how this obligaticn is to distributed ameng thém, and the terms on which
it is to be recovered, There is clearly great diversity in the way this
is handled' in different countries.- In China the Lasis on which these
issues are settled seem quite clear and in that beﬂeficiaries are expected
to contribute directly the hulk of the costs at fhe time of construction
roughly in preportisn to the extent of Lenefit. (more precise informatim
on these aspects is difficult to ceme by.) This principles also seems
to be effectively enforceed. Japan too has well defined rules to decide
the extent of beneficiary liapility and the mechanisms to enforce them.
But in India, notwithstandings legislaticns requiring farmers to pay a
betterment levy, the farmers havesufficient political power to thwart

any attempt at enforcie; thesa: lialility.
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4. OPERATION OF WATER CONTROL SYSTEM

7. Unlike the construction of water controcl works, which is

sssentially an once-for-all or, at best,intermittent activity,

theirp operation involves tasks of a continuing nature. Basically

these tasks are to make sure that the physical facilities (dams, canals,
field chamneks, control structures) of the system are maintained in good
wmking.condition and to regulate access to and use of the facilities
provided by it. The latter function, in an irrigation system, involves
allocating water available in the system among different uses and users.
The mechanisms and procedures by which the decisions relevant to these
tasks are made end implemented defines.the “Irrigation Organisation'.
They can differ in one or merc of the following structural characteristics,
namely: The distraioution of tasks between different parts and layers

of the orgenisaticn; the leocus and the modalities of decision making;

the manner in which sunciicnarics are appointed and controlled; and the
relation betwecen irrigation organisation and the wider socio-political.

ﬂumework.lj

Structure of Irrigation Organisations

5. The simplest situation is one in which a water source is harnessed

and used by a single farmer for cultivating his own land. Here the farmer
MSon;y to decide how best the availlable water is to be allocated between
tifferent uses (crops/seasons) in relation to his objectives. The

westion of allocation between users does not arise . And, subject only

to technical constraints, he is fully in control of implementing the
iecisions. The probiem remains fairly simple even when the irrigation

tource supplies water to several users-whether because the supplics
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are in excass of the owner's nauwd or becausce the source is developed
purely as a business proposition - so long as the cwner has unfettered
right over the dispcsition c¢f the water. The best examples of such
a system are -individually owned wells or tubewells. Some large culti-
vators had, ond still do, have ponds und small diversion works for use e’
their own lands.g/'ﬂowever given the relatively small size of cultiva-
tion holdings irn most parts of Asia, develcpment of surface irrigatﬁm
works and even large sized tubewells require some form of collective
effort cr, mere coummonly, the initiative and resources of the State.
In these cases, typically, even small systems have to scrve several -
farmers, nc¢ one has over-riding rights over the managemcnt of the systes;
and the allocétion of bofh maintenance cobligations and water is subject
to the rights anderesponsibilities of different segments of the systen
ard/or users. In other werds, the problem of allucation between,users

_ and
is as important as that of illccatior betwcen uses (cropsfseasons). Itis
this which mekes irrigation organisation a rather unique and interesting

subject of study.

76. Organisations for management ¢f water control systems tend to be
differentiated in terms cf the role of bureaucrats (as distinct from
users) in management and the extent of centralisaticn of authority:
"Bureaucracy" refers to the‘corpus cof paid prcfessional staff hired
te carry out specified tasks in an crganisation within the framework
of certain recognised rules of procedure. Small localised systems
serving a few farmers can make dc with 2 simple crganisaticn and
manage all the tasks with the help of their own members. This is in
fact the case in most parts of Asia. Such systemstraditionally did ot

use any hired perscnnel; and poclicy makers and the administrators
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¥ere chosen from within the community by selection, election or rotaticn.

That the personnel are nct professionally trained however, does not mean

that they are not skilled.: In fact considerable knowledge and experience

in handling both technical and social problems of water management are
essential for smooth functioning of even small systems, and the functionaries

ire expected to have these attributes.

77, larger, multi-—community systems require more skilled and specialised
personnel for managing the technical tasks and also pefsonnel who can

give more continuous attention to the day-tc-day tasks of running the
system. Consequently as the size and complexity of the system increases
the need for paid, full time staff to handle both technical and routine
aministrative tasks alsc increases. But there are situations in which
the bureaucracy.'s role goes beyond technical and administrative functions
te comprehend making and enforcing policy. Therefore it is not sc much
the relience on paid, full-tine perscnnel as the role they play together
vith the manuer in which they are zppointed and controlled which rforms

2 neaningful basis for Jdistinguishing different classes of irrigation
erganisation. In this respect again there is a marked contrast between

the patterns prevailing in East -Asia and South Asia.

78, Thus in Japan because of the way irrigation systems evolved and

the predominance of small, local_ised systems ,user contrcl over the
management (in respect of policy formulation, daj-to-day administration
as well as appointment and control of operating personal) is very strong.
As mentioned earlier, irrigation works in Japan developed by extending
and improving small diversion wiers and gponds. It was only in the 1930s
that the higher levels of gecvermnment (prefectural and national) came to

play any significant role in the modernisation of the systems.
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Nevertheleasthe average size of the systoms remains quite small when
compared to canal irrigation systems of Scuth Asia. The greater complexity
of the systems and the growing difficulty in getting members to contribute
to system management along traditional lines, had led to greater reliance
on_ paid vrcefesaicnal staff, But with few coxceptions, all the staff are
effectively under the cuntrol of the LID which are managed by repreé&ﬂaﬁw
of users. Apart from laying down the general legal framework governing
LIDs and, in rare instances, managing of reservoirs and canals serving
more than -one LID, the state plays a relatively marginal role in the

operaticn of irrigation systems.gj

79. In China;i/'though from ancient times the State burcaucracy was
supposed to be responsible for managing water contrcl works, in actual
fact its role was limited to supervising the maintenance and operation
of large prcjects constructed by the State and that too to the central
reservuirs, carals and embankments. Lower levels of large systems,as well i
smaller systems mostly constructed with local resources end initiative,
were managed locally with their own personnel. Currently, for purposes
of operational management water control systems are organised into Irri-
gation Districts of varying sizes rahging from a few villages to
several communes or.éven prefectures. All these organisaticns have a
cerpus of paid professicnal and administrative personnel some cf whon
are cppointed and controlled by the Irrigation District while othefs
(usually those at the top level) are officials from the ccncerned pro-
fessional cadres of the government (Prefecture, Province of the Centre).
The latter are not fully under the control of the District Organisation.
By virtue of their technical expertise and being responsible to ensure
that the District is managed in accordance with general rolicy guidelines

issued by the Party, this category of personnel play a significant role



in making of moliuy. But they play *his role as members of a manage-
zent compittez in which the vepruseniatives of users and key Party
functionaries arezi%ggzbers, The Committee's decisions are then expected
tc be implemented by the officials. At lower levels, the rerresentatives
of users and purty officials play amuch more important role in policy

and reliance on paid officials progressively declines as one moves

tewards the basic user unit (namely the team). The personnel of the
cemmittees as well as the personnel for actually carrying out the tasks
are drawn mostly from within the jurisdiction of. each level. The

sperating personnel at each level are coatrolled by the management commitives

at that level.

8. The Iudien Cystems, py contrast, are dominated by and dependen™

o the State bureaucracy. Indian canal systems {(which serve L0 per cent
of the country's ivrigated area) tend to be larze compared to those of
fast Asia; most of taem, as pointed out in Scetion 3, were constructed
mder state auspices and using: stote rosources with very little parti-
cipation by beneficiaries. Nor did the beneficiaries have any role iun
designing the management sysitem. The pattern of organisation, the rules
and procedures to be followed and the staffing were. dedided by the
State (usually the provincial governments) with hardly any consuitat oi
with users. Thi: continues to be the case even now. The systen: docs nol
provide for participation by users in making cr implementing depisicnu
even at lower levels. Matters of system-wide policy are left {0 Zw
ceciced by th: 2tat: irripation department; eleborate formal vegulat? oL
(hets of legislations, wules, and operational manncrs) exist to gl

the mmagers of individual systems. These managers, as indecd parnctio ily

the entire technizni and administrative staff clown to the lowest lu7ci,
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5/

are appointed by the 3tat. G orament anddl answerable to it.—

al. That many c¢f the canal projects during the last century happened
to be built by the State in areas wifh no prior tradition or experience
in irrigation may have bheen a contributory factcr. However there are
instances where large scale canal irrigation was introduced in areas
which had alrealy developed locally built and managed irrigation works
on an extensive scale, but no attémpt seems to haw]:)_(en?zxxlde to inteprate
the new system with the pre-existing works eithep physically or institu-
tienally. The Sarada canal in UP is a case¢ in point. The introduction
of the governmeut canal displaced the local systems which already existed.
in the area and the traditional institutional arrangements associated
with the letter scems to have disintegrated.é/ In South India and in
Sri Lanka the stote showed a marked prediliction in faweur of =zssuming
a direct role in administration of even small scale and essentially
locas irrigation ponds by rc-lacing traditional irrigation functions
vwith state appointed personnel and by enactiﬁg formal regulations on

the management of such works.z-/

82. Some of this may have been dictated by objective conditions.
Thus, the substitution of cahals for older local systems in the Sarada
canal area may be due to the relative cheapness of canzl water and the
fact that, under the conditions then prevailing in the area, introductis
of the canal did not significantly increasc the returns to irrigated
agricultur'e.gl In South India, state intervention was at least in part
a response tc the Jisintegration of the traditional social order - itself
a direct. consequence cf the changes in land tenure system introduced
b§ the British - andthe resulting deterioration of tanks which affected

. 9 .
production and Gnvermment revenues.-—/ However, it should be noted that
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this basic pattern of management through a state bureaucracy with

minimal participation Ly users hae continued down to present times
although vast changes have take place in the techniques of production
and ip market conditions. MWnatever the reasons, the management of the
hﬁian (and generally South Asian) canal systems represent a high degree
of centralisation in the sense that the authority to make and implement

policy and tc resolve conflicts vests in a state controlled bureaucracy.

83. It seems useful for the sake of clarity to make a distinction

between two aspecis of centralisation of irrigation management: One might
be called the "functional' and the other the "political".aspect. The
furmer raflects the technical characteristics of the system which dictate
the locus of decision and the distributicn of decision-making powers
between different levels. TFor instance, compare a system which is

entirely based on canals fed by a single source (say a diversion work

or a reservoir) with one in which, besides the central source, there

are smaller storages/welle distributed over the command area. In the
first case, smooth working of the system requires centralised esordination
of the operation of canals and cutlets. And once the operational schedule
of the canals are determined, the amount and timing of water available

at each cutlet is more or less fixed. The management organ at the

outlet level can protest against upstream users taking toc much or can

try to take more than they are entitled to. But in either case, the
extent to which they can manipulate either the timing or quantum of

supply is limited. Their main function would be to distribute supplies
available at the outlet as between different parts of the area covered

by that outlet. By contrast, in a system with supplementary local

storage /wells, the intermediate level organs have much greater flexibility
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in mi aipulating the quentum, -iming and alloecation of water which alse
means that cotentially the invermediate management levels have a wider
range of decisicns to make end implement. The extent to which this
potential ic in fact used Lowever depends on several factors including
the degree of adequacy of Irrisaticn water supply relati?e to requirenert

of the command.

84, The ®pclitical® aspect ceoncerns the question of whe among the
various groups interested in the system makes the allocation decisicns,
on what basis and for whose benefit. The allocation decision has to be
derived from cortain nbjectives (which may or may not be explicit) to e
achieved by the system. Since every alleccation decision in a multi-user
oyotem implies a certain Aistribution of costs and benefits among tac
users, ite smooth Linctioning reyuiras a clarity regarding the goels
(which must recessarily comprehend  both the overall level of outpur
and its distributicn among differcnt parts cf the system), definition
of allocation rules consistent with these pgoals, and the capacity to
enforce them. It is cencelvabie that thesce metters can be settled by m
agreement ameng the users cr their vepresentatives. But when there is
no consensus ameng the users or between the users and the management en
these ratters, or if the consensus is frapgile, it will be ]ifficulttc
enforce the allecation rules and smocth functioning ~-f the system

reguires that there be scme higher authcerity to resclve the conflicts.

85. This kind of centralisation of authority exists even in traditiesl
0 . . -

user-managed systems.}—/ The most cobvioug casc is when the deminant

land hollers arc alsc the managers. But it is not necessary for the

dominant landowners to be directly involved in watcer management; they

may exercise authority through managers who are their nominces or subs
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conﬂicts tlreaten to get out of hand. Traditicnally the authority of
large landowners seems tohuve played an important role,at any rate

as an authcrity of last resort, in the functicning of local systems.

¥hen the composition of this group chanpged, as it did from time to time,
the working of the irrigotion organisations were also affected. There

are cases, of which the Vel Vidancs of Sri Lanka is an excellent instance,
vhere the overriding authcrity was formally vested with a functionary
backed by the State but they apgain seem to have been drawn from, or into,

the ranks of the well-to-do.

86. In multi-community systcms the large landowners per se seem less
likely to play the role of "ultimate arbiter"because there are so many
more of them and conflicts of intere.st among them are apt to be greater.
And where, as in modern Japan, China, and Taiwan, land reforms have
resulted in a relatively even distributicn of land, land ownership is

mch less important. Multi-community systemsrely more cn rules and
ddjudication procedures and on entrusting the implementation to persons
recognised by the community to be knowledgeable, skilled and fair. However
this cannot Le effective unless the users and the managers are broadly

in agreement over the system cbijectives and its regulations.-j-'-l-/ Even

then, thereifneed for a clear locus of authority for resolving disputes
¥hich the organisation cannct handle in the normal course. In several
systems, the top level functionaries are people whe command respect and
influence in the regicn on the basis of wealth or political influence.1—2/
In the case of China, a strong and active involvement of Communist Party

13/

cadres performs the same function.— On the other hand, one cannot assume

that merely because the management of irvigation organisation is centralised
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and vested with wide towcrs, The oovieal 2utho Jiy is in fact, or can

. _ in .
be, effective. Thus, as we shall sco later, the Indian canal systems ti
irrigaticn bureaucracy is not free t. excrcisc its very considerable
formal authority because the rulcs 4. not reflect or derive from geals
on which both users and managers ave broadly apgreed, Attempts on the

part of the bureaucracy tc enforce jtg rules are tbhwarted in mmyriad ways.

87. Since there are so many dimensione to irrigation organisation,

it is difficult to fin.d a classification which is simple and at the same
time meaningful. In any case, the form of the crganisaticn tells us

velatively little about how they in fact werk and how they adapt themsel
to changing circumstances. These questions arc best examined in relatie

the :

to May specific tasks of management in irrig-tion works - namely mairt:
of physical facilities and regulation of water allocation - are handla
concrete situaticns., Partly for conveniencé; ¢.1m'l pm_:*tly because of the
limited material available, our discussion wi’l for the most part focus
on the contrast between the traditicnal, local systems (relatively small

in size, with a high degrece of user involvemcit) and the large state-ra

canal systems in India.

88. The purpose of "maintenance” is to make sure that physical facili-
tian (Anwn, ecntrel stomotures, distribution networks) functicn amcothly
and at the level . performance for which they werc designed. Typically
in a suvface water gystem, this invelves periodic inspection of the

facilities to identify any deterioration (such us leaks in embankments,
erosion, - silting of canal beds, growth of weceds, malfunction of slui

etc.) and exccute the necessary repairs. Besides, the organisation nee
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to ve alert in identifyving major mel-functionsas they arise and have

tre capacity to correct them promptly:

89, Inefficient mainienarice could adversely affect the water deliverics
by rediving the volume of water carried by the canals; slowing down the
speed cf water flows; Increased waste due tc leakage and spills; and in
the extrome case a partial or total breakdown. All of these reduce the
volume ¢, water made available to the field; and hence the feasilble

level of praduction compared to the potential cf the system (given the
dezimn). The quality of maintenance affects the interest of both the
erzanisation as a whele (which is presumably interested in getting the
mamun production with the available water) and the users (whese output

and incores are directly affected by it).

. The strength or this common interest 1s however variable depending
23 i'. dces or the size of the system; the nature and extent of users!
awolvement in its development; the productivity of water control -irn a
fven situaticn; and the distributicn of costs relating to benefits
viiween different useri and/or parts of the system. The sense of

camon interest seems likely to be strongest and most widely shared in
1relalively small system which has bcen set up by the community of

wers ¥+ 0 have alsc made a substantial contribution to the cost of develop-
iy it 'n systems where irrigation leads to relatively big increase in
roducitivity of land {or when the potentiai loss of output on accoun: T
ooy maintenance is high)) and when there is adequate supply_) of wateyr
aese che needs of the eutire service area. On the other hand the
kezer and the mnore ewtensive a system,

rg 2ore difficult it is for users to appreciat: their common interests

i preper maintoanace of facilities at all levels. The importance of
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maintaining the wain canal o0 not o obvious tu the tailenders of a
system serving 100000 ha. as in one serv.ng 100 ha. The interest will
naturally be weakoer when the users have rot contributed any of their
own resources to developing the system and when the returns to irrige-
tion in terms of incrcased output is relatively small or uncertain.
And if all parts of_}:s]ﬁstew are not supplied the promised quantities er
if the supplies are irregular and uncertain, not only will the affected
segments have less interest in contributing to systems maintenance,

but they may actively resist such contributions as being "untair”.

91. Traditional comnunity irrigation systems of Asia fall in the
first category: For the most part they are the procduct of local
nitiative and resources; h: sher levels of government were seldom
involved to any significant extent in organising or financing their
construction; and typically they serve but a few villages. Available
acceunts of 2 number of the e gystems suggest that most of them have
evolved mechanisms and procedures for meintenance which work quite
smootth.—l-Ii/ however it would be erroncous t. suppose that they work
entirely on the strength of "mutual intcerest" or that the process is
frec of conflict. In @ small, clcse-knit community the force of custon.
and social pressure no doubt plays an important role in ensuring that
users fulfil their obligaticns.. But these are invariably combined with
explicit pennlties ranging from fines to loss of waterrights for non-

. (15
compliancel—

92. The irrigation organisation in all cases has the formal authority
to apply the sanctions but may not always be able to exercise it. For
instance, it cannot do anything which goes contrary to the interests of

other important centres of power in the community of which the dominant
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land owners are fetvhaps the meost important. Because of this, and the

fact that control over irrigation is itself an important additional

source of power, there is potential for centralisaticn of au‘thor'ity in
lecal irrigation corpganisation. Whether in fact this takes places depends,
however, on the extent of concentration of land ownership and on the

land tenure, It seems likely, that extent of land-lord dominance over
irrigation management would be-greater when a large porticn of the lund

is controlled by o single family than when there are a number of rela-

tively large'land owners belonging to different family groups or castes.

93, The land owners thcmselves are likely to have a direct interest

in maintenance and operation of irrigation when their own incomes are
rignificantly affected by the way it is managed: The active intercst

taken by large landlords of Japan in water control .management may have
something to do with the fact that they lived in the village and cultivated
a part of the land directly .l‘i/ In South India the traditicnal land tenure
system earmarked a certain percentage of produce for mginten_ance of

tanke and the land controllaes took active interesf in this task. In other
parts of this region, a large numbe);*.. of tanks were cowned by bgp diords.

S0 long as these tenure systems continued and the State's revenue itself

was determined as a sha:_oe of produce, there was strong. interest in both
local and supra-local centres of power in ensuring proper maintenance

of tanks. Apart from wars, the introduction of tenurial reforms carly
under the British rule weakened these traditicnal centres of willage
authority. This undcubtedly contributed to the deterioration of irri-
gation tanks during the 19th century. Under the new tenure land control,
and hence the power derived from it, wé)sifrglc?ng diffused. Though the
government ‘tcok over responsibility for maintenance, its functionaries clea

17/

were unable to get the work done. In Bihar too the traditional zamindars
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who had taken active interesc in maintaining local irrigation works
lost interest once the share rent system was replaced by a fixed rent
system. (Sen Gupta, 1980). Clearly there is a close connection between

18/

land tenure and the management of local water control systems.—

9y, In larger systems, the responsibilities are of necessity more
diffused and the perception of common interest in the maintenance of the
system as a whole tends to be weaker. Consequently the penalties and
sanctions also tend to be more formalised and impersonal. The mobilisa-
tion of labour contributions become more difficult. It is perhaps for

lapger . 8 .
_/g multi-community systems combine a

this reason that some of the
labour contribution by beneficiaries for maintenance of local facilitles
with a 1évy to meet the cost of maintaining facilities which fall in

19/

the jurisdiction of higher levels.— Where, as in China, maintenance
was sought to be done with labour contribution, a degree Jf cohesion
was necessary. The scope for differences over the performance of the
tasks and the sharing of costs also incrcase with the size cf the gystem
For all these reasons the role of the central management in maintaining
internal cohesicn and enforcing the regulation is apt to increase

with the size of the system. Further more, the larger the system the

greater the influence of the higher political authority in its fum-

ctioning especially when the latter is involved in setting them up.

95. Involvement of the higher level political authority (be it the
regional or the national govermment) in maintenance and operation of
water control has been and remains quite limited in Japan; it is com-
siderable in China and most striking in India. In China the maintenance
of relatively large irrigation and flood control works has been traditim-

the responsibility of the state bureaucracy who were expected to mobilise
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¢ervee labour to carry cut periodical repairs. But they needed the

help and support' of landowners, the Gentry and other. centres of local
pwer to effect the mobilisation.?_—o/ The quality of maintenance was apt
te suffer when government as a whole was weak and/or there were serious
onflicts of interest at the local level: We have an account of the
lewer Yangtze deltawhere the maintenance system broke dbwn as a result
of disputes over sharing of maintenance eests following a change in the
nttern of land ownership and the state was unable to rcsolve it satis-
fabtorily for several decades. Though the account pertains to 16th and
1%h centuries, it does highlight the inter-relation between water control
mintenance, land tenure and bureaucracy, as well as the inter-play of

interests at different levels. (Hamashima, 1980).,

%. The growing difficulties of enforcing corvee labour gradually.
led to abolition of the system. By the 19th century the cost of main-
taining public works was supposed to be met out of the general budget.
fewever the bureaucraéy was not allotted sufficient funds to carry out
the works for which they were supposed to be responsible. In some
aréas officials resorted, with the help of local leaders, to extra-legal
labour contributicn; there were attempts to narrow down the state's
responsibility for maintenace; in many cases officials simply neglected
this task. The general decline of the authority of the tentral fovern-
wnt undoubtedly was an important factor contributing to the relative
reglect of maintenance cf water control facilities under state control

21/

{ring the decades. preceeding the Revolution.—

. With the recrganisation of water contrcol management in the
st revolution period, labcur contribution for maintenance have again

decome impor'tant.—z—%/ Almost all the labour needed for maintenance and
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repair throughout the system is contributed by the beneficiaries.

The requirsments of items other than labour, as well as the cost of
the administration, are recovered in the form of water fees. While
the responsibility for planr{ing and executing maintenance works is
distributed between different levels, and local leadership is encouraged,
the available accounts (mostly relating to models of successful manage-
ment) highlight the key role of the party leadership at all levels of
the organisation through a combination of propaganda,political educatis
and even compulsion, in ensuring smooth working of the arrangements.
There are indications that when the party leadership i.s not strong or,
as it happened after the 1979 reforms, the Party involvement is reduced,

. s ons 4
the functioning of the water control organlsatlonsfédversely affected,

98. In India (and South Asia generally) the state has direct
responsibility for maintenance of practically all surface irrigation
systems, including ponds and other local systems which historically use
to be managed either privately or by the village community. Recestly,
some of the smaller village ponds have been furnéd over to panchayats
(which are supposed to be autonomous and representative with instituties
of local government but are in fact neither). They depend mostly on
subventions from the state governments and do not seem to take much
interest to tank maintenance. In all other cases the &tate public
works departments are wholly respcnsible for maintenance, the costs

of which are met ocut of allocations in the general budget of the State

government '2_?/
99, Users of state canals pay a water fees (which is sometimes

merged in land revenue) which are supposed to cover operational costs

(including maintenance and interest on capital) but are almost invariably
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quite inadequate for the purp se. Moreover, unlike dn China, such

fees are not earmarked for use by the system managers but get merged

in the general pool of resources. If the PWD has to compete with

ether departments for allocations from this pool, the managers of different
systems have to compete with each other and with claims of other

activities of the department. Maintenance of irrigation systems does

not seem to command a high priority in deciding budgetary allocations

at the State level or within the PWD.

100, The complaint of inadequate allocation is long standing and
there is stark evidence of the detericration in the condition of important
segnents of the irrigation systemg.i/And yet there has been hardly any
pressure either from the PWD officials or from the users to remedy the
situation ~he lack of concern among officials is perhaps understandable
for they are not committed to serving as managers of any particular
irrigation system, nor do thu'r careers depend cn how well this job is
done.—zé-/ The apparent passivity of users is more difficult to explain:
The sheer size of the systems, the weakening of collective interest due
to the development of independent supplementary source of irrigation
(especially wells and tube wells) and the fact that they bhave no role

at all in the management may bave all contributed.

Management of Water Allocation

The nature of the Problem

101, The other major task of irrigation organisation is to decide the
principles on which the available water is to be allocated among alter-

native uses and between . different segments of the service area; and
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device effcetive MmeChie:live L rvcelur.T Tor naking sure that the
allocaticns in fact conform te these principles. On the face of it
this would seem a straight-forward problem in resource allocation which

can be handled with the help of standard, though by no means simple,

techniques of economic analysis.

102. This is quite a reasonable view in the case of a system which
is owned and operated by a single entity (which could be an individual
or a cooperative) exclusively for its own 'benefit’ defined in clear
and unambipguous terms: Consider a farmer with his own tube well, who
wants to use the water from thet well along with his other resources
{(land, labour, eguipment and working capital) to secure the maximum
net income. The available w.oter can be used t< grow different crops,
the feasible set of which is determined v the soil conditions, eleva-
tion, topography, climate and other clements which go to make up the
agro-climatic envivernmoat 'ithin th. Timits set by the environment,
the farmer has to choose the crops to b¢ grown and the area to be sown
to each crop. Each crop has different water requirements, responds
differently to variationsin the amount of water and of other inputs.
Taken together they Aefine the "production function" ¢f different
crops. Given this information, the prices of each crop and each input,
and the volume of water and other inputs -available, the farmer can
work out the cptimum allocation of all inputs (including water)} as betwee

crops.

103. This is of course a rather simplified view of the problem in as
much as soil and topography varies even within a farm; the effect of
irrigation on crop yields J.opends not only on the total quantum of water

applied but also on when it is applied; response to water is not
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independent of fertilisers ard genetic potential of the crop varieties.
In principle, however, it is possible to allow for these in the calculation
of the optimum yprovided of course the necessary knowledge and data are
available .&Ei/ Quite sophisticated calculations, using models and com-
puters, are in fact made by large irrigated farms in countries iike

the U.S. An Indian farmer deciding on how to use his tubewell may not
g0 in for such sophistication. While he may simplify the problem 2nd
focus on a narrower range of choice variables than may be available,’

the optimation calculus is well-defined. Moreover whenver the user is’
wholly in control of the irrigation source, he should have no difficulty
(otuer than the constraints imposed by the system design and the availa-

bility of relevant data) to regulate quantum and timing of water deli-

veries to different parts of the farm and to different crops.

104. But in multi-user systems, the problem is to allocate available
water not only between diffecent crops {and seasons) but also between
users. One of the obvious institutional mechanisms for solving this
problem is the "market”. A well-functioning market is supposed to

ensure "efficient® allocation in the cense that the marginal productivity
of irrigation watcr between uses and users is equalised. In the process
the "right price" of water is also determined. There are of coursec

well known general questions whether markets de in fact work all

that well and whether the income distribution which results from it is
socially "just"™. But the more relevant point here is that the market or
even aliocation through pre-determined prices is,so little uscd in

irrigation management. These are several reasons for this$
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we need to
the quantity of water applied but alsc its timing/differcntiate between
time-cpecific inputs of irrigatiorn. Second, the productivity of irri-
getion is not independcnt ¢t the awmount ond the scasonal distri-
bution of rainfall beth of whick are highly viriable and unpredictable.
Third, the evenrua;ﬁyicld Leing the cumulative result of moisture status
at different stages of crop grawth, it is difficult tc evaduate the
contribution of & given amount of irrigation at a given point of
time without specifying the levels of input &t other pcimts in the seasen
Fourth, the response to irrigation is also conditioned by scil and other
physical conditions which can vary between different parts of the system
Finally, the suprly of water and its productivity te particular users is
not independent of the actions of other ucers. Whether or not e partieular
plet gets a given ~mount =f water depends not only on the seller (the
system) but zlse on the sonzvoovr of pouple holding other plots.  Since the
seller cannot contrcl the amount of water ne can supply a particular
plot at 2 particular time and the buyer cannot assess its marginal pre-
ductivity, it is not possible to have 2 ‘wellifuncticning' market. Allecat

27/

has to be deme by other means.=-

106, In order to cpprecizte the nature of the problems involved,
consider a multi-user system meant to dirrigate a single variety of a
particular crep. 3iven the total amount of woater available, the questies
of how large o¢n area is tc be equipped for irrigation has to Dbe deeided:
even at the stage of dJesign and constructicn. For this the designer
needs to know the rclation_between the moisture requirements and crop
vields. Leaving aside, for the sake of simplifying the argument, the

question of time-distribution of moistur: supply, let us focus on the
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por unit area (given the level of other inguts). This vclaticn is tyricelly
of the shape shown in figurce 3. Suppose that from a purely technical view
peint - s0il | topography and clevaticn - the system could serve a certain
irga, say X. Suppese further that the loasses in conveyance and applico-
tion are also given. Now if the cxpected supply of water in the system
{net of losses) together  with rainfall per unit of the potential service
irea can ensure 0D or more, therce is no problem. When the evailable
sipply is less then OD there is o choice between planning cn the basis of
previding OC to a part of the potential service area ur less than 0D to
the entire potential arca and hence fcwer uscers thereby behefitting. o
larger number of users. The total cutput ;xttainable in the twc cases are

mlikely t¢ be the same.

107, The problem is essentially similar when several crops with different
mter requirements are to be grown. in figure 5, QAC represents the moisture~
yield response cause nt = given level of fertilizer use of porghum/millet
andl.OA'D for rice. Sorghum needs less water but it yield potential is

aso less. Rice needs very much more water, but it alsc yieids much mcre.
8t us suppose that riec yields more both in absolute terms and relative

te irrgation water used. In this case the preoblem is to decide how the
irrigation water is to be allocated between scrghum and rice. Given

vater supply this decision determines both the tetal area irpigatec and

the total preduction. Mere area under rice means a smallr total irrigated
rrea but,under cur assumption, a larger output. Butfaveuring sorghum

Ire area, and possibiy more farmers, are _benefitted, but tctal cutput

ray be less.



108. In principle the irrigation organisation could design the

system geared whclly to ensuring the “officient” use of water (and oticr
resources) from the social view pcint. The optimum design should thea ie
the basis for determining the totzl area tc be irrigated, the crop patters,
the amcunt of water tc be allccated to different uses as well as the
economic price of water. If users were charged the economic price of
water so determined, the desired allocation of water between crcps and

8/

users could be ensured.gl- However, this logic is frustrated by several

factors, some general and some peculiar to irrigation.

108, In the first place, rwptimisation exercises, no matter how sephisti-
cated, cannut be ary more sclid or reliable than the concrete knowledge ax
informaticn which goes into it. In peint of fact, in most parts of Asia,
designers dc not have zdequate or reliable information on water supply,
yield respense to irrigation, irrigation efficiencies, soild conditions
and other relevant aspects . to permit such calculations. Systems are
designed on the basis of relatively crude data and rules~of~thumb.22/
Secondly, where the valuation of inputs and cutputs uncderlying the design
Aiffers from the prices actually facing farmere, and there is no eff@ﬂik
attempt tc bring them in line, the crop pattern and wafer use which is
optimal” for the individual farmer may diverge from the pattern pra&x&&ﬁ
by the system managers frem an overall efficiency viewpcint. Third,

even if the design were right, the system has to cope with the problem

of how shortages in water (which are inevitable from time tc time
because of the variations in rainfall) are to be shared among the
«:lgible users. Frourth, in systems with iixed crcpping patterns, the alle-
cation of the total acreage.under relatively water-intensive, but |
lucrative, crops as between‘different'parts of the system and among

different users could become cententious matter. Purthermcre in o
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- surface water system serving scveral users, the mere fact that
water has to first pass the fields at the upper level f the canal
netwerk beforce reaching those situated lower down gives the former an

oépcrtunity tu intefere with the allocation.

11¢. Undzr these conditicns it is Qifficult te decide the configura-
tion of the “efficient" system, and even more to cnsure "efficient®
water allocation on the basis of the prices aloné. At any rate most
surface water systems are set up by the user community with its own
resources or by the State using public funds. In cither casce considera-
tion of distributicn cannat be kept cut of project design cr operétion,
both of which represent some sort of a compromise or ccneensus vegarding
the balance between ‘efficiecncy' ané 'equity'. Here the pctential for
conflict in the course ¢f cperation even greater and price-based allo-
cation ig an cven less effective basis for allocation. Hence the
necessity for physical rationing of area irrigated, (both tctél and by
crop) and of the amount of water supplied te particular crop in the
light of available total supplies. The allocation procedures in pra-
ctically all multi-user system have tc define the basis ¢n which these
decisions will be made and ~lso the wmechanisms and procedures by which

they will bz enforced.

111. We have descriptions of hew these tzsks are managed in several
systems from all parts cf Asia, Thousgh these accoﬁnts leave much to
be desired - mest of them arc not sufficiently cdetailed, often the

distinction Letween which is supposed to be and what is gets blureed;
and they reflect different corcerns and perspectives Qf the authors -

they do help feocus on the significant differcnces in practice between
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different types «f systems azy:ss Acial

Traditionel Community Svstoms

112, Desexipticns ¢f the water allocation procedure in traditional
community - based systoms (vhich represent an important, and in some
countries the dominant, type of irrigation in ésia) are relatively more
numerous and some of them guite detailed. These systems vary from
fairly smell ones serving a2 singls village or a part of it (like the
Pul Eliya tark in Sri lLanka doscribed by Leach, 1961) to moderate sized
multi~commumnity systems like those ¢f Bali and Japan. They include irri-
gation based on storage pends, ¢iversion of river flow, or a combinatien
of the twc., Most of thom ave used wssentially for paddy cultivation,
which again is the Jominent characteristic of irrigation systems -in mest
parts of south east znd wvast Asia, and of traditicnal gystems in south
India an.! Sri Lanke, They v jencrelly relatively ol systems (some
are in fact several countrics c¢ld). Their current management practice
are the result oif a process of adaptation to changes in the land tenure,
prices, technology nnd the systom itself. Many of the systems have in
fact undersone significant trarsformations sometimes for the better (thr
extension and improvement) znd sometimes for the worse (through neglect

and conseguent dotericraticn).

113, The water allecation problem as we have seen, censists in deli-
miting the area tc be irrigated and deciding the amount of water to k
given to differont semments of the area entitled to irrigaticn. The
limits of service area mure cr less well defined (partly by topography
and partly by the amcunt of wotszr 2vailable) but variable: The area

which can be cffectively irrigated.in any ziven season depends cn the
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supply available in the pond or river. YNoreover, the area sought

to be irrigated as well as the supply of water may show secular change:
the service aren may be extended {(cn account of under demographic
pressure or a2z a metter of policy) and the effective supply of water
can be charged for better (by extending and/or improving the system)
or for worse (ﬁn accoumnt of negligent maintenance, damages from war or

natural evenis and, possibly, long term climate .changes).

114, The oxtert of area to be cultivated as well as the timing
of the start of irrigation in a particular sceason seems to be generally
decided by the irrigatiorn community as a whcle in the light of available
water supply and rainfall at the beginning of the season. Where the
entire service area cannot be irrigated, therc is the problem of
deciding how tc the reduction is tc be distributed. The basis seems to
vary widely: Sowme systems have worked out quite elaborate and ingeneous
arrangements to ensure equitable sharing of the reduction among all
users: For instance ir the case of the Ful Eliya tank (Sri Lanka) the
irrigable area is divided inte three segments according to distance
from the tank and the wetland holdings of every farmer ave equally
distributed betwecen these parts , «@ecause of this:

“Xf the viliagers are to cultivate rice in the old field

during the Yala season. they will decide from the start

either tc cultivate the whole of the field or (the upper

two thirds of the field or just (the uppermost) one third....

No pooling of proceeds or reallocation of holdings is

necessary since the land is already divided up in such a

vwiay that each landholder works the whole or two thirds or

one third of his total holdings as the case may be..."
{Leach, 1961).
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115. Chambers (1977) cites instances where the rationing of

arca is done on different criteria: In one case each user was guarantes
- full irrigetion for a limited acreage; any additional area would be
given water only if there is any surplus. In another, the farmers were
left free te decide how much they would sow. Thus rationing is not
always on the base of a proportionate reduction in acreage of all users
This is particularly true when differential rights to water are recognisd
In many systems (e.g., the Balinese subak, the Japanese systems as well
as in Thailand and Taiwan) it is established custom that some secticns of
the service area have superior rights and hence first claim cver availa
ble supplié%lT/ In general this differentiation is based on location:
upstream lands and communitics have priority over those downstream.
While this is partly a formal recognition of the inherent adventages of
upstream users, 1f often happens that they were also among the first te

develop the irrigation sourc»:..tg/

116. Acreage vationing is itself a way of rationing water but n:t
always sufficient and has tc be combined with rationing actual water
éupply, The latter is in any case essential when unexpected shortages d&
in the course of a seascn. Even in normal season, these systems have k)
physical devices and operational procedures (which can be Quite elaborete’
and ingenjous) to divide the available supplies among different plets
on some recognised basis.g—z—/' In times of shortage, besides rationir
acreage, the water allocation is also rationed even more strictly.

The basis and procedures vary. Some times (as in Pul Eliya) the physicad
design of the system is such that it is possible to make sure that tic
reduction in both area and water supply is shared in more or less of the
same proporticn by all users. But this seems exceptional: ‘The area ef

each land holding is not usually distributed in such a systematic way
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across lends with diffvcent picucs of water rights.  In such cases,

only rafioning as between different scctions of the command is attempted.
Rotation by canals cr distributories or outlets ér a coembinatiorn therecof
seems conmon.  Not infrequently this is subject te differential water
rights of different semments of the cowmand area. There arve & few

cases where supply of water for relatively water intensive creps is
rotated from yeer to year: Thesc are usually in are® where craps other
than paddy or mcre than one crop of paddy is raised in a year and the
available supply of water =2ven in a normal year is not sufficient to

. . . - g,/
permit all users tc grouw the water intensive and dry seascn crops.-ﬁf

117. Cocrdination of irpigation schedules with crop-water needs is
facilitated jin somc cases by collective agreemunt on the. scheduls of
cultivation opevaticn in ezch season. “‘Lus in Pul Eliya, iraditicnally,
“the villagers tzke a collective decision at the beginning of each seascn
regording which larnds and Lo, cuceh iz 1o be cultivated as well as the
schedule reparding “the dates on which 11e sluices will be open, the date

at which + sowing will be cewpleted, the varieties of rice which will ¢

sown and the date by which it iz planned to nave the harvest ready™
3u/

(Lexch 1961: 108). In some Jopanese systems also the fac{ that the

date of relemsing water for puddling ond transplantation is decided by

the irrigation community as a whole implies a certain coerdination in

the timing of operations. Wheré the systen ia relatively extensive and
the seasonal distribution of water supply does nct permit synchronised
pperations over the entire command, cultivation is staggered. Sometimes,
as in Bali, this staggering is elaborate and carefully coordinated in

an instituticnalised way.ég/ Staggering of c¢peraticns of a less controlied

: : 36
character is reperted in several cases;——/ There are a few examples of

systems {e.g., some of the Japanese pond-cum-capal systems and the Meichuan
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projeet of China) which cperate flexible delivery schedules which
are varicd according to the crop-witer needs in different segments

during the crop saeason.

118, The individusals or groursresponsible for the overall management
of the system make the allceation decisicns within the framcework of;mh§
cstablished by cenvention (or in some cases like the Sri Lankan tanks,
by state la#) ond supervise its implementoticn.  In multi-community
sysfems the function has tc be distributed between differcnt layers, e
layer being responsible for allccation within its jurisdiction subject te
tha limits set by the higher level. The basic unit at the field level
is usually a group of farmers served by the seme cutlet. While users
and other representatives parvticipate at all levels. knowledge, oxperiw
and skills in water mancgement ave piven consilerable weight in the choie
of-functicnaries.gz/ In larger multi-cowmunity systems, where a higher
crder of expurtise is needed, specialiste are hired by the crganisation.
In this way technical expertise and users'! interests arc combined in

arriving ot decisicns.

119, Vhere the system is fed by single pond or barrage, the top
level decisions op canal operation lerpely determine the amcumt znd
timine of suppliecs at lower lovels. The main task of the latter is te
sure .
make /that the supplies made available av that level are vut to effective
us¢ and distributed “fairly" among its consituents. Systems with
multinple sources and/or intermediate étorages permit greater flexibility
of allocation at all levels, but the maﬁagerial task is much mcre demand’
in terms of thc volume and quelity of informaticn required; alertness
cf the operating personnel; speed of communicaticns; and coordinafimmef
decisions. All this alsc calls for far greater rapport between operators

s \ - . 38
uscra. Meichuan is an exc:sllent case in polnt.~—/
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120, Palicinge of the syston, whth Ls cssential to ensure enforcement

of the water 2llocation, especially in tiues ~f shortage, 1s providod

fer at all levels through a syster of guards and watchmen whe are cither
appointed as regular ;>aic1' employecs (this praztice beinp usunlly restricted
to the higher levels of relatively larpe system) or by elssaigr:ing{. SOMe

of the farmers (somctimes for lonc pericds and semetimes Ly rotation)

-

te do this duty. Thce latter practicce iz cammoen at the lowest lovel Cf
39/

mlti-community systems. In either case guards are selocted for their

reliability and fairness, and remunerated by the members of the group

either directly or through a levy paid to the central organisation.

171.  Conflicts occur bouth between constituent units of the system and
awng members of cach unit o or the way allocations arce managed and cver
attempts to viclate the allocaticns. There seem to be well-established
ecoventicns as to how such situaticns are to be handled: The leaders

of a particular constituent rcup are expected to mediate disputes among
its members and at the same time to reprecent the interests of their
menbers as a whole in relation to other units of the system. Disputes
vhich cannot be resolved at one level are referred to the next higher
level. Conflicts which cannot be resclved by the irrigation organisatiuvn
Ry have tc be referred to hipher contres of power.  But it does not
fellow that the latter will always intervene decisively. Unfortunately
there are few detailed acccunts of the natur-e. :md incidence of actuzal con-
flicts over water allocations in such systems cr abocut how they are
resolved. The reneral impressicn that one gathers is that while conflicts
ire quitc common and sometimes violent, there are counter-vailing forces

vhich keep the organisation from breaking down“-q—q/
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122. Persistent conflicts wshich cannct be resclved satisfactorily
within the.existing framowork, is cne of the factors which could trigger
ncdifications in the creeniscoticnal fromewsrk and failing that, a redesig
of the systam itself: This is brought cut by the expericence of several
conerete prajects in Japan (e.g. Aka river system, Azusa river, 12 Ge (a
China (Mcichuan project) and Taiwan (Nan Hung). These cases
show that
however/ the intensificetion of conflicts in a .system is cnly a signal
that changes in its operational procadures and perhaps physical desige
are needed. Whether and vhon the chenges, and in particular sjstem
vedesipn, in fact 'také. rlace depends on the potential returms to the
investment ¢n system improvement as against other means of raising qutpuf;
the ability to mobilise puscurees. to finance such investment and on the
manner in which the costs and benefits from medificaticn will be distri-
buted. Even in Japan major system improvements Yook place in stages
spread over several decader in spite of the fact that these improvenents
meant more abundant and assured water supply and hence a significant
reduction in cenflicts amony users. Much the same was the case in the
Nan Hung project of Taiwan | Ir * yprchuan oo
the other hand such improvements secm to have been brought zbout in 2 $n
period, and the necessary resnurces mebilised wholly from the irvigatie
ccmmunity beecause the combinaticn of the comune system and strong.
local political leadership made it possible to secure an enforceable

solution.

123.  That a high level of conflict or increasing conflict does mot
necesserily lcad tc such improvements is highlighted by the state of tak
irrigation systems of South India and Sri.Lanka. In both these regiens,

irrigation supplies relative to nceds ARE muchscarcer than in east &siz
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d piven the low and wermizble roinfall relative to crep water needs,
ame would expect the potential returns tv irrigaticn tc be greater.
It is truc that the suprly of water in these systems is much less reliable,
ad therefore the returns ape more uncertain than in say Japan. Alse.
the precess of breceding superior crup strainsand improving cultivation
irectices hzd started much earlier in Japan. Major changes in bio-
chemical technole;y have been slewer to develop in south Asia. But this does
sxm to be an adequate exrlanation for the continued neglect of tank

. and . - . , < N .
mintenanes/the inability Lo eontain onaoastment of cultivation into tank

2 ' ey e ' . have Ted . .

keds and & other ‘prohibited' areacs, which /10 a prupressive reduction

i storas'e capacity and hence water supply.

125, -~ In more recent times duspite the rising prrices of paddy end the
introducticon . of HYV, no major change seems to have occurred in the

in south Asia.
moagencnt of tank irrigation / Any attempt teo change the existing scheme
wier-tandzbly gencrates resi.tznce because .the users cannot be surc
in advance about the cverall benefits from a change, and are in fact
likely to be apprehensiw about how it will affect cach one ¢f them.
Te orgenisaticn and the leadership needed to allay the users' lagitimate
irs and to convince them that their intercsts will be protected -
sath of which invelve a sustained process of education, persuasicn
al pressure - cvidently Jues not exist and has been sluw to develcp.
Tese difficulties are apparcntly being side-stepped Dy recourse tc
romdwater pumping on an indivicual basis ~ a phenomenon which by 211
) ' . . o 41/
wccunts has beceme  widespread oven in tank irrvigated arecs.— However,
il this 1s based on "casual observation" and not on any systematic

miies of the adaptation of systems t¢ changing situaticns. Hardly any

¥y of irrigaticn from this perspective is available in south Asia.
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Large State-managed Systems

125, At the other extreme, and in sharp contrast to the above category
of systems, are the large canal irripation prcjects of India (and scuth
Asia). The management of water allocaticn in the latter is conditicned
by the following characteristics: They serve extensive areas; until
recent times, most of them were fed by a single source (usually a resavil
unlike in most parts of south east and east Asia, they'cater to 2 wide

variety of crcps with different growing seasons and growth periods; an!

] decided .
the allocations are scuyght to be , hy the system managers witicuw
consulting the users. In large systems with numercus ucers

communication is more Jdifficult; changes in any particular segment ccld
have remificatioms over a wide area; and the task of coordination becomes
more complex. As a result, there is a preference for relatively simple
involve .
operational principles which necessarily/a certain rigicdity in schedules
and procedures. The scope for flexibility is further reduced when the
system receives all or the bulk of its supply from a single barrage cor
reservoir. The diversity of irrigated crops makes coordination of w.ter

deliveries with crop-water needs more complex than in system which use

irrigation mostly for paddy.

126, Throughcut India, the operation of canal systems and wther
control structures upto the Youtlet" [which irrigates anywhere wite 4 ke
is whclly the governments' responsibilify.ﬂz/ The responsibility for
overall menagement of the system is vested with a senicr government
official who is invariably from a permanent cadre c¢f engincers. The
entire prcject command is then divided into a hierarchy of smaller
operational units and sub units (usually by sections of main canal,
Eranch canals, groups of distributors, etec.) under officiak subordinate

t¢ the system manager. The officials in charge of the intermediate



levels arc usually from the engineers cadre;, the supporting staff as
well as those responsible for supervising the cperation and policing

at’ the lower levels are all employers of tﬁc stote. Each system is

suppc sed to be governed by codificd operational precedures -Jerived
partly from general legsisletion and partly frbm the desipn of the prcject.
Users or their representatives are not dircectly invelved at any staie

of the management (except below the outlet) and majcr changes in water
distribution policy usually require approval at higher levels of
govérnment. They have formga] power to enforce compliance and to punish
offenders. And in case of sericus viclations which create law and order
problems they can take the support of the state's police force. Below
the outlet, the management of allocations,?s of maintenance is entirely

with the users.

43/

127. In general the Indian canal syvstem— is geared to a certain crop
pattern (in terms of aree unders rat’y ond other seasonal crops and
perennials by mejor crop season) which is supposed to be decided and
incorporated into project design ¢n the basis ¢f a careful evaluaticn

<f the quantum and seascnal distributicn of rainfall; likely water
supply in the reserveir; the water requirements of different crors under
¢ifferent scil conditions; and the poliey regarding hcow the benefits are
to be distributed. The extent of area which can be sown to certain
Water intensive crops (like paddy and sugarcane) is alsc specified with
provision for penalties {nenal water rates and even Jdenial of water)

in the case of violations.. In some cases, annual rotation uf supplies
between different distributaries fed by amaincanal is incorporated

intc the desiyn to prevent excessive ccnecentraticn of water intensive
creps in the command. In general the systems are designed for centinucus

operation of the main canals except during the closure period which varics
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depending on the neceds of maintenance ani on the crop pattern.
The operation of Lranch canals and distributeries ave continuous in

some systems, rotated in others.

128. There are, however important ¢ifferences in the way the canal

. . oy In south India, on, |,
supplies are regulated in any particular year or season. the basis

of the supply in the reservcir,water is released to the command area
from a fixed date ét the beginning of the crcsp.season till the maturity
of the main crop. “... the main canal runs continuously and the distri-
butaries may be rctated in some projects with limited control structures.
In this system ne effort is made to ascertain the demand of the farmers
on & weekly or fortnightly basis which may vary due to rainfall and
the staggering of crop sowing from distributary to distributary and ysar
to year"” (Kathpallaz, 1980:6)}, The focus of equitable distribution in
south Indian system seemstc be more ob the regulation of crop patterns,

particularly in respect of water intensive crops, both overall and in

n
diffevent sogments of the command.-&---/

129. The annual cperation of the systems in West India are also
decided cn the basis of the supply pesition in the reservoir, but deli-
veries in different branches and distributgries are repulated on the
basis of the extent of area under diffeient crops (especially the water
intensive crcpg) in different parts of the command sanctioned by the
canal management on the application by farmers at the beginning cf each
season. In these regions, the water supply in the winter season is

rctated by distpibutaries as well as within cach distributary.
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13¢.  In north Indion zsycten -h1ic Yibe supply of water to different

disteibutarics end minors is werked out i.. advance depending on the forecast
five

of available water every seascon" thé proceduresare meant t(;m/"flexibility

te adjust the supply in the course of the seascrn™. (Kathpalia, ibil.)

This is done on the bgsis of "Zemands™ received from farmers, screancd

ky the successive levels ¢f canal officials 2’ chennelled up: io the

athority contrlling releases in . the main canzl. This process is supposeu

to be done at frequent intervals during cach scason, for cach minor and

distributacy, taking .into .account '‘th¢ rainfall in the area, the stage

of crop growth and the area undex diffeorent crops at the particular time"

arebeing taken “... to limit these demands within the available water

in the particular crcp season of the year. (ibid.). Rotation of supply

uswally by multiples of a week, between branches, Aistpibutaries and

tiners is common especially cduring the winter seison. There is reportedly

¢ retation between outlets located on a given distributary. The procedure

of the north Indian systems would seem to have a built-in method of handling

situations of shortage. The fact that water Is supposed to be released

en the basis of farmers' demand subject to official review in the lipht

sf overall water supply provides a potential means fcr enforeing. an

"equitable"” rationing of water in periods of shortage. Other systems

¢ not secem to have any well defined procedurce for handli_pg, shortages.

Tae reacticns of the canal management seem to be more or less. adhoc.

131,  But in point of fact even in north Indian ‘systems scheduling

is much less flexible than the abeve description would suggest. A
fetailed study of the working of the a&llocation procedures in the
dhakra canal system shows that-(in the late sixties) while the

rtation schecules 28 bgtween the <digtributdry channels enabled farmers

swved by each chamnel to be reascnably cirtain as to the date when they
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might expect tu wet supplies, it yave no puarantee as to the zmounts
they wculd ret. The lattér depended on the amcunt of watoer released
in the system which was highly variable. The uncertainty of timing and
volume of supplies zt the individual farmer level, which is determined
by a further rotation system below the channel outlets,.is ccnsiderably
sreater. (Reidinger, 1974). Where rotational scheduling is not in
vogue, as is typically the case in south India, and there arc no codified
grocedures for managing drought situations, there is not even the
iretense cf attemt;ing tc assure predictability of supplies and equitable
Aistribution of water tu cach outlef. In cffect the zreas close to the
head of the distribution channels have greater assurance of supply,

the degree of certainty falls sharply as one muves towards the tail end.
The experience of one canal system during a recent drought highlights
how slow the management is in reacting to water shortage, the ad hoc
manner in which it tries tc cope with the situation, and also the kind

cf vressures under which it has to opercte. (Wade, 1980).

132, Mcre cenerally, few systems seem to be able to conform tc allo-
cations visuvalised in the original design. The planned allocations are
bated cn assumptions regarding (a) the likely availabilitx?gater in the
system, its scasonal distribution, and variability; (b) the losses in
cenveyance, distribution and field app:lication of water which together
determine the ‘'technical effieciency" of the system; (c¢) the water require
ments of different crops; and (d) the pattern of cropping in Cifferent
sections of the commcn area. Many of these turn out to be cither erroness
or mutually inconsistent. The available information ¢n rainfall, s
flow and crcp water needs arce often inadeguate or unreliable. With the
best cf intention the project design calculation can and coften du go

45
wrong;“*én the post-independence period inadequacy of time and staff



81

devoted to surveys and desigu in velaticn to the volume of work

involved aleng with laxity in the technical and c¢conomical scrutiny

of projects before approval have contributed fo a significant lowering

in the quality cf designs. That there is political pressure to make it
appear that project benefits are to be widely distributed is an aggra-
vating factor. Under thesce circumstances it would be d4ifficult to ensupe
that the availability of weater, the size of irrigable area, crop pattern
and the water allocation plan, are at least mutually consistent, not to

speak of "efficient® cf “optimal".

133.  Such defects in design are compounded by difficulties in enforcing
the planned crop patterns (in terms of both extent of area under different
crops and their location). Mcst_Indian canal systems are characterised

by a shortage of water relative to irpigéple land. The rainfall relative
to crop water needs is typically low over the Jarger part of the year.
Conseruehtiy tie pote il Delrn Lo irrigation by way of increased yield
of particular crops and, even more, through shifts to high value crops

is large. This offers 5 powerful incentive to;violate both the crop
pattern and the irrigation quotas. The incentives are not - and perhaps
cannot be - neutrolised by apprepriate differential pricing of water by
use. The physicel control devices are too crude tc permit effective
regulation of the volume of water delivered to particular locations
necessary for propef rationing of water supply. The canal bureaucracy

has in principle a variety cf ways to enforce desired crop patterns

some of which (like localisation, regulatiny canal supplies, and policing)
have tc dc with operational procedures and cthers involve invo ki

S 46
sanction. But they dc not seen to have been used to much effectT—/ ’
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134. Since the available sunplies are inalequate to meet the needs

of the entire service area, an? since the timing »f supplies is highly
uncertzin, one naturally expects conflicts over water allocation to be
relatively intense¢ and widespreced in the Indian canal systems. Conflicts
among different segments of the command (upte the outlet level) one
suppesed te be mediated hy the canal bureaucracy. There is no mechanism,
in the formal framework by which users interests and operational constr.
can be made to confront cach other and compremises evolved. When authori
fail or users are disaffected, extra~institutional channels of influence

Eressure are invclved.

135, Reduction in the arca effectively irrigated is one way by which
the conflicts over water allccation seem to be éontained. This happens
not so much by desipn as 5} the head-reachers exploitipg their édvmr
tageous location. We have one insfance where the canal managers sought
to involve penalties over such violetions but gave up because the latter
coull muster the neccssary support at hisher levels cf government to
thwart the enforcement of regulationsjﬂz/ It is rather surprising that

this has not led thése at the perivhery and the tail end to mount a

N , = 48
sustained and organised effort tc scek redress,——/

136. The reduction in irrigated area does nct of course eliminate the
"conflicts"” over water. Azain not much is known about their nature and
magnitude, where they occur, how they manifest themselves and how thsy
sret resolved. All we know, in a general way, is that water is diverted
from canals and chamnels in violation of rules. Some times with the
connivance of officials, scometimes due To other neglipgence and, on
occasion, despite their effurts to enforce the reguiations. Apart from
the loecation of the channels (upstrecam channels can get away with

Yyiolation™ more easily than tail ehders), the ability of a2 group af
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to influcnce the cfficiuals twreiph persuasion, for a consideration or

by "political' pressure, seems quite important.

137. We know even less about the way allccations below the cutlet

are managed. Jn North India, a system of rotational supply accoerding
to cropped area to be managed bv users, but backed by legislative and
administrative support, was introduced in the late 12th century and
scemstoc have become a general practice in all systems. In other parts
of the country they have been slow to develop. The field channels are
nct constructed, and the distribution below the cutlet seems anarchic.
Pburing the last decade or so, a conscicus effort has been made, as part
nf the Comman’ Area Development Programmes, to improve the field distri-
bution system both in its physical and crganisational aspects. The
introducticn of & rotational system withis the Command area of each
outlet in all parts of the ccuntry is receiving serious attention. This
has largely boen atv the initictive »f the.Stiate though more spontaneous
forms of community offort have alsc been scported (Haskim Ali, 1980
Jayaramalngjg:IBSh 1950). It has been supgested that the allocation at
this level are biassed in favour of the larger and ﬁore powerful land
owners (Thorner >l4_g{ But a detailed study of one cutlet in the
thakpa ‘system {Vander Volde, 1970) suggests. that when water available
ot an outlet is inadequate in relation te its command area, raticning
seems to take place eventually in the basis of the location cf plots :
Those cluser to the cutlet got more water and more assured water than
those at the tail end. However, the present state of knowledge on the
management of allocaticns and conflicts at the field level is toc

rudimentery to permit any generalisation.
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138, In all these respects the situation is far from static.
Significant changes have taken place bLoth in the creanisaticn and
techniques of yater management. We have already referred to the
example of the Sarada canal where the internduction of the government
canal seems tc have displeced pre-existing local systems and the
institutions associate? with them. The canul system of the Deccan,
which were criginally designed for protective irrigation but then
altered to support sugarcane cultivation is another case in point.
The consclidation of land holdings in the morth west India (especially
vest UP, Harvana 2nd Punjab) and the abolition of zemindari may alse
have induced sume changes, but there are hardly any studics documenting
them. Scveral changes in L.th the crganisetion and in techniques of

water management 2re currently in procies.

13¢s. In recont times awereness of the nced for improved water control
has increased pnssibly as @ result of the spread «f HYVs (who_se high
potential carp~t e realised without adequate and timely supply of wete
To =zome extent the high and rising costs of new irrigaticn developmeat
and the fzct that in some aress the scope for extending irrigated ared
is reaching the limit, have perhaps helped to shift attention towards
more cffective use of available supplies. The encouragement of ground
water use irn the command area cf canals - which was earlicr prohibited -
is a majcr chanye. It has enatle! the effective supply of water in
the canal irrigatcd areas to be inercased and at the same time ghven
farmers greater contrel over timing and volume of apulication. The
other impertant cdevelopment is the establishment ¢f the Command Ared
Development Programmes aim:d at increasing the efficiency of water
use by improving the physical facilities, planning of crop pattern

and water deliveries on the basis of more careful studies of soil



conditions, irrigation efficiency and crop water necd, and intro-—
duction of new systems of water distribution both between different
parts of the canal systcem ané among farmers served by a particular

out l\:t u'§'9/

140.  These programmes have not acccomplished cll that they set cut to:
Yajor changes in the basis of regulating distribution of canal water
has proved difficult even where they have been shown to facilitate

. . ) ] . (see_Wade, 1980)
wider sharing of available supplices without reducing yields. / Attempts

to bring about improvements at the user level. by construction of field
channels, ccnsolidation of hcldings and land levelling have not nade
mich headway. The uncertainty of returns to the required improvements
which involve substantial investment, the fact that the efforts arc
almost wholly conceived and implemented Ly state agencies with littla_
user invclvement, and the crpmanisetional weakness of the state. apparatus
are all important constraints. Given these cconstraints, it is perhaps
not very surprising that the response tc higher returns to irrigated
agriculture has taken the form of expanding conjunctve usc cf ground
water with canal suprlies. The necessary investment for this purpose

is made mostly by the better-off farmers with the smaller, less-rich,
cultivat ors buying water from the former. While the distri-
butional consequences of these changes are a matter of legitimate
ccncern, the relevant point in the context of the present ..

is that they provide strong evidence of adaptat.icn to chanring circum-

stances.
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139. This paper is concerned with the manrer in which the prinecipel
functions of watcr control are crganiscd, the reasens for variation in
the form and structure of these organisations and their relationship

to agricultural productivity and prowth, Those issues are examined in
relation to agro-climetic conditions, technology, and the soclo-econsmic
environment which are alse ameng the important determinants of agricul-
tural production and which at the same time define the context in which
water control crganisations function. It draws liberally on the available
material on water contrel organisations in different parts of Asia te

highlight scme of the crucial inter-relationshi; s among these aspects.

140. Bagiecally the need for water contrel arises becausé rainfall,
which in the absence of Lrrigation is practically the only scurce of seil
moisture, may exceéd or fall short of crcp water requbrements in agpregate
terms. Morce importantly theirrelative distridution over the growing seasam
may not coincide. The function of water control is to make the two
coverage And alsc to make for preater assurance in water supply. This
involves irrigation te make up for moisture ceficits in most cases but in
scme situations flood econtrol and drainage to remove excess moisture is

just as important.

141, Water control facilities help increase production by making it
possible to meke more intensive use of arable land, permitting a wider
range of crops to be grown and enabling plants to use a larger volume
of nutrients more efficiently. The quality of water control relevant
from the agricultural viewpoint consists essentially in the capacity te

regulate water application in cccordance with soil moisture status and
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orops' requirements., This 1s caly partly a tunction of management

¥hich has ©o operate within the limits set by the physical design
of the system and the way cultivation is organised .- Neither. of these is
aenable to easy or rapid modification. Morcover, the magnitude of pro-
duction depends not only on the quality of water control but is conditioned
to an important degree by climate, soil conditions, genetic potential

of the scedsand the amcunt of nutrients actually applied. Economic factcers

ind land tenure are clearly relevant here.

142, Water control involves two digtinct, though related, functions:
#e has to do with planning, design and construction of the system and
the other with its operation. The organisations for carrying out these
functions differ in several respects of which the relative roles of users
28 distinet frem ‘t‘;xu State, the extant of reliance on .bureaucracy and the
{egree of centralisation have attracted most attention. These differences
in form however seem to be lorgely conditioned by system characteristics
ad by the manner in which they evolved. Tnus all over Asia community
{avolvement in, and contributions to, system construction has been most
aeticeable in small, relatively simple local systems. It has béen high
uso in the extension and improvement of pre-existing local systems.,
it large systems covering extensive areas tend to attract a high degree
of State involvement. One important reason for the relatively prominent
role of the State in setting up water control systems in scuth Asia
prominently
eompayed to cast Asim seems to be that large storage systemsfijure nmore. /
in the former even as relatively small, local systems do in the latter..
Tnis cannot however explain why China has been and continuous to be able
te get beneficiaries to contributé directly a major part of project costs

shile in India almest the entire cost is met by the State.



88

143. Differences in the size¢ and character of systems are the
cumulative result of varying agro-climatic conditions (which have a.
bearing on the kind of works needed and also the range of options
available); the evolution of technology of design and construction
(which affects both the kind of werks which are technologically feasile
at a given time. and their ccst); as well as the scope for and returns
to investment in different kinds.of water control -along with other means
of raising production. Thus :m east Asia, the frontier of extensive
cultivation seems to have been reached much earlier than in sovth Asia
and increasing yields of paddy, the dominant crop, was contingent on w:
control. Agro-climatic conditions faveured the construction of local
works, and much of the expansion in water control came by way of exts
and integration of pre-existing local systems. Improvements in bio-
chemical technolopy, which raise returns to irrigated farming and call
for ir-roved water contrel, s~om to have occurred earlier and procesddd
further in east.Asia. In south A.sia, until recently the cultivated au
continued to erpand more or less in step with population.. Significant
expansion of irrigated area had to wait till the necessary techrulogy
for construction of large stor-.ages and reducing the éosts of pumping
ground water became available. The advent of large storages alsoc meat

a bhigh degree of State invclvement in construction and financing.

144, The operation of water ccntrol systems involves maintenance
of physical facilities and regulating the allocation of water among us
and users in such a way that water deliveries  at particular location ¢
be made to match water requirements of crops at that location. Again
organisaticnal form is to some extent determined by size and complexity
of the system and its evclution: Small systems generally tend to be

managed by users without usual outside intervention. User participatie
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remaiz 3 high cven in moderate ~.ized multi-cimmur. .ty systems when they

have grown out of pre-existing local syste~s. In larger canal osystems,
bureaucracy is inevitable and a high degree of centralisation is necessary
for purely functicnal reasons, especially when several sources cf water
have tc be operated in a coordinated fashion. The Indian canal systems
being very extensive in scale and having been set up by the gevermment,
Mspresultad in a centrelised organisation manned by the State bureaucracy.
There are instances, mostly in east of Asia, where complex forms of multi-
tieredorganisation which combine a high Qegree of central coordination

¥ith active user involvement in management. But these systems are in
general much smaller than in India and usercommunities had been actively

involved in setting them ug.

145.  All multi-user systems have to face the problem of conflicts

among uscers which amien over *he contribution each one has to make toward

syster. maintainence and, more requently, over the allocation of water.

Partly because of the complexity and uncertainty about yield response to
user, wate

irpigation, aud pactly because they Cireetly affect income distribution. ameong

sllocations are seldom determinced by the market mechanism or through

prices, Physical rationing of area and water are nearly universal. In

the case of traditional lccal systems the basis of allocation, having

evolved by a process of acccmmodation and compromise among the users,

comands fairly general acccptance in the commumity. Even then, there

e coriflicts amonz users in times of shortage. These are hzndled

partly by applying accepted principles such as differential water

rights, rotaticnal supplies and area adjustments, supported Dy sanctions

against violation. These are alsc well established procedures for

settling disputes. FPut the implied consensus and force of custom are
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not always sufficient to snevre sacsth functioning of such systems.
There are occasions when the help cf othex centres of authority is e
Traditionally therc seems tc have beer: a ¢lcse connection Letwsen the
land tenure system and water control managemant in local systems with
deminant landowners in the community playing a key fcle. But land ea
is not the only basis of such authcrity in irrigaticn corganisation. k
of wealth and influence in the community concerned may be involved dir-
or indirectly in the irrigaticn crpanisation, or their authority cmh
invoked when necessary. When the allocation rules of a system are s :
to be changed significantly intervention by cutside authority is efta
essential during the transiticn. This may be a juridical authority e
the creanisation or intervention by a higher political rauthority. %
have well dccumented instances of the latter in China where successful
mudernisation is sesn te »equire active involvement and strong leaders

of th: Earty Cadres.

146, In large canal systems, of the kind seen in India, the'.'systa |
design and water allccation rules are often decided by the pboject aut
withcut consulting the users. The design itself is based on certain :
ptions of extent and location of area under different crops, and withia
limits set by 'the‘desig,n {canal capacities, central structures etc.),
the operational rules scek to coordinate water deliveries with crop

water needs. Quite apart from the prcblems posed by defective desipm,
which are quite common, such situations give use to a double conflict
one between users and the management and the other among the users.

The conflict potential is increased when the available water is inade-
quate to meet the requirements, and . . . . crops of very different

water needs and preductivities are grown. The Indian canal system W
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sought to manage this problem through centralised management by officials
armed with elaborate sanctions. But in reality this "centralisation”

has been largely ineffective: The canal officcers are unable to exercise
their authority and enforce the regulation against head-reachers who
exploit their adventadgecus location with virtual impunity at the expenses
of the tail-enders. Nor, interestingly, have the tail-enders been able
to dc much by way of organising counter pressures. The question of how
irpigation organisaticns relate to users, and how both are "articulated"

with the wider pclitical authority is therefore an important issue.

147. The "effectiveness" cf irrigation organisation, and in particular

of water allocation procedures, obvicusly cannot be judged by its form:
There is nc necessary connection between bureaucracy and centralisation

on the one hand and system performance in the other. Organisational chara-
cteristics are themselves conditioned by the nature and scale of the

system. The quality of water mansgoment in any case depends not only

on how well it is organised, but also on the physical design of the system.
Yoreover, the connection between water management and yield being determined
by a complex of factors, including rainfall, bio-chemical technology and
land tenure, is not easy to disentangle. The more so because all these

elements are variable cver time,

148, A wore fruitful line of approach would seem to be to view irrigaticn
evganisation (which of course includes its water allocaticn procedures)

and the physical design of the system as being in a state cf mutual inter-
action both being subject to the influence of changes in agricultupzl
technique, land tenure and praces. The way a system is designed in effect
veflects the state of knowledge, techniques skills, and priées as well as

-the interests of the varicus groups involved at that time (the latter



including not only the potential users of the system but also those
which organise and finance the construction). Since designs are based
on limited and often errcnecus understanding and facts, the planned
allocations are at best apprerimate and, not infreguently, defective.
The effective command area, the creop pattern, as well as the cperaticnal
rules get modified in fact, even if not always formally, in the light
of actual experience regarding water availability and its seasonal
distributicn, crop water needs and the effects of varying water (under
prevailing agricultural technique) on ercp yields until a certain Mequi-
1ibrima" is established. At this stage any hiatus between the systen
autheority's objectives and the users interests have alsc to be sorted eut
whether by consensuscr fiat or by users in the upper reaches asserting

their locstional advantage.

149,  This positicn can Le Aisturbed for any of a number of reasons:
Other prcoups moy  begin to tan the same source (by c¢xtending existing
canals or by taking cut new onas from the same river) thus leading
sooner or later to shortages and conflicts. Neglecting to maintain systen
facilities may reduce effective supplfes and aggravate conflicts. Expan-
sion cf the market for croeps, introduction of new.crop gpecies and
varieties, improvements in cultivating technique (including new techniqus
of irrigaticn), a shift in the prices of ercps relative to inputs - 21l
these ma2y individually and collectively increase the petential returns to
irrigated agriculture. Changes in land tenure and taxation may alter
the returms which the actual cultivateors pets from irrigated farming.

If there is no change fha system or allocation procedures, these changes,
in so far zs they increase the potential returns to water,could aggrevate

conflicts over allocatiom.
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150, - It wculd seem natural that when conflicts over water in a given
system increases, whether as a result of over-extcnsion of the command
relative to supplies or because water is becoming more valuable, attempts
vill be made to change operational procedures and to make minor modifi-
cations in the physical facilities with a view to reduce waste and faci-
litate a mére- equitable sharing of available supplies. Dut this process
has definite limits beyond which further improvements in the technical
efficiency of irrigation and in the regulation of the volume and timing
of irrigaticn requires major mcdifications in system design (involving
sich works as integraticn, of intakes, increasing water supply by cen-
structing new storage and/orAtapping sroundwater, redesign ¢f canal and
frainage networks, and land improvement) or imtroduction of improvements
(such as land consCiidation.énd levelling, haetter techniquesz of water
applicaticn) which raise irrigation efficiency. All of this involves
allitional investments. The wiillingness of beneficiaries to undertake
these investments c¢r to centribute to the cost depends as much on the
everall productivity of these investments relative to the costs involved
as on their perception of how the changes in system and its operational

rules will affect their 'individual interests.

151, Ia so far as changes in organisation and its operaticnal procedures
are essential to get the most out of these system changes (in terms of
dditional output), the two caﬁnot be disscciated., At this point again

3 difficult and time consuming process of securing - through persuasion

or pressure - the users to accept the orgenisational changes is invariably
involved. Even as procedural changes cannot go beyond a point without
gystem modification, 4instituticnal changes must sooner -or later accompany

system changes.
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152, The few studies cf the evclution of irrigation sSystems and
their organisation which we have broadly fits the abcve view. Most

of them however relate tc the relatively small irrigation systems ef
aast Asia which have grown by combining expanding and improving
pre~existing local systems. The pace and character of these changes
however vary a great deal, and nct much can be sald with confidence

on the reasons for these variations. Further, there are hardly any
studies of the changes which have occurred, and are occurring, in the
very different and much more varied, irrigation systems of south Asia:
The" reasons for the apparent failure of traditicnael tank irrigation
systems to respcnd t¢ changes in cultivaticn techniques and prices;
the difference in response between users (in terms of community orgaxi-
sations to maintain local facilities and allocate water within the

- gommunity) te introduction of canal irrigaticn in areas which already
':had 1lccal systems, and those  hich had no pricr tradition of irrigatie
the manner and speed with which users in:different segments. of a large
canal system respond organisationally to deal with the allocation predl:
the differences in response between areas with ground water and these
without as well as between areas experiencing high rate of technical
improvement and those which have experienced little = these seem are sw
of the issues whic%e/(m.ghly promising subjects for systematic investi-

gation.
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Part 1

i/Mafx had suggested that ™ .imate arnd territe. ial conditions" made
artificial irrigation by ‘canals and water works the basis of Oriental
agriculture., And “this prime necessity of an economical and common
use of water which, in the occident drove private enterprise to ve@luntary
association as in Flanders and Italy, necessitated in the orient. where
civilisaticn was too low and the territorial extent too vast to eall into
l1ife voluntary association, the interference of the centralising power
of the Goverrment"” (Marx, 1853 cited by Wittfogel, 1957 and Chi,1936),
In relation to China, Chi interpreted the comment about the 'low level
of civilisation in the orient' in terms of the tendency of the ruling
'landlord burcaucracy' tc nip the growth of merchant capital in, the
bud by declaring ‘every important profitable enterprise as a state
monopoly and zbscrbed the embryonic merchant class into their ranks
if it were felt it would be unsafe to disregard it' (Chi, 1936:71).

= Weber argued ™...in the cultural evolution of Egypt, west Asia, India,
and China, the question of irrigaticn was crucial. The water

question conditioned the existence of the burcaucracy, the compulsory
service of the dependent classes, and the dependence of the subject
classes upon the functioning of the bureaucracy of the King" (Weber,
1927 cited by Chi, 1936:73).

= His idecs are set cut in » series of werks the first of which appeared
in 1926 and culmineted in the bock entitled ‘Oriental Despotism: A
comparative study of total power" (1957). The latter volume provides
a resume of the evoluticn of Wittfogel‘®s ideas on the subject and also
their antecedents,



Secticn 2

1/

——

2183

/ Leach (1361) formulated the perspgective thus: The material

context of societies ... is not merely a passive backeloth

to life; the context itsclf is a social product and is itself
structured the people who live in it must cenform to a wide range
cf rules and limitations in order to survive at 2ll. Ever
anthropoligist needs to-start out by considering just how much of
the culture with which he is faced can most readily be under

as a direct adaptation to¢ the environmental context inclduing that
part of the context which is man made" (Leach, 1961:306). But
the perspective is not universally accepted and as Lcach goes on
to peoint cut "While every sccial anthropolegist reccgnises that
societics uxnist within a material context... tco many authers treat
such things as nothing mcre then a contexte useful only for a
introductcry chapter.” (Ibid.)

Of thesc, Kelly's study of the evclution of the Aka river system in
north Japan spanning @ period «f nearly 3 centuries (from its inceptie
in 1600 to 187C) is perhaps the most detailed. For a more general
treatment of history of irrigation in Japan, and it. rélation to
evolution of land tenurce, sec Hatate (1978).

~

Fer a useful and non-technical summary of the present state cf
knowledge on the role ~f voter in plant. growth see Dakshinamurti et.al.
(1973) an? Carruthers 2nd Clark (1980+Ch.2).

Z/The determinants of ET and its relaticnship tc crop water needs are

ofcourse more complax than this. There are also many controversial
and unresclved questions. However, for cur purpose it is appropriate
to focus on twe basic propositions which are more or less generally
accepted, namely, that maximum crop-water needs are a functicn of
evapo~-transpiration znd thot they do not vary much cver a wide. range
of field creps. For an idea of the nature of the other influences
on erop water needs see Wiesner (1970) Carvuthers and Clark (1980)
and Dakshinamurti et.al (1373). For a discussiun of the determinants
of ET and the problems of measurement see Weisner (1970) and
Olivier (1961).

In the subsequent discussion we de not always distinguish paddy from
other crops. Paddy is unique among field crops in.that it needs.
substantial amcants cf water over and above ET for keeping the field
submerged and for puddling and transplantetion. Percclaticn losses
from paddy fields also tend to be relatively high. This does not pese
a serious difficulty when compariscons are made between countries/
systems where paddy is the dominant crcp. But in comparing systems/
regions where paddy is grcwn along with cther crcps in ivrigated trects
and this is guite common; in south Asia these differences in water
of paddy and other crops become important and need to be ekxplicitly
taken intc account,
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EIThe pattern in peninsular Indiz 4s brcadly similar tc¢ the pattern
shewn in fig.1. However the rainfall cven during the monsoor is
inadequate to sustain paddy cultivation whose water requirements,
for reascns cited, far exceel ET. In ‘arid' rvegicns (like Rajasthen

and N.W.India) rainf2ll is uniformly below BT.

E/S(ae-fosz* instance Levine (1972:53-54), MHe citos conerete examples from
the south cast asia to show the wide vepriability in 'overall irpigation
efficiency' (measured by the ratic of the actual amount of water needed
by the crop cn the Ffield to the amount of water divertod 1t the seurce
of the system). This ratic range? lLetween 25 and 90%. These differences,
Levine points out, are partly a matter of the way the system is designed,
and the soil and topogpaphic conditicns in the command, but institutions
{cr what Levine calls "the humon element In water menagement')is also
an important factor. Levine omphasises that we know far too little
about the relative importance of these two facturs.

Section 2

gllhis account of the main foatures of th- organisaticn of water-conser~
vaney plarning and constructicn in India is based on a variety of sources
including the various five year plans and the report of the Irrigaticn
Commission (197 ).

gffbr a comprehensive and detailed discussion of the evoluticn of Chinese
pulicy in the post-revoluticnery period sec Nishimura (1871) )
Vermeer (1977). Greer (1979) provides a detsiled account of developments
in the Yellow river basin. #We bave drawn heavily cn these sources.

gjﬁ number of deseriptions of the post-war land improvement programmes
are available. see Fur instance Opura ct.al (1963: Chs.12 and 20)
Nishikawa (1971).

E/Sarada Raju (1941: 113-120) pives a brief review of the situation
immediately before the advent «f British ruie and thercafter upto.the

end of the 13th centwy.
E’For a recent historical account see Whitcombe (1883).

i/Several books/papers dealing with weter consexvancy from a historical
perspective are available in Engilish. Notable among these are Chi
(1938); Wittfogel (1957): Needham (1974): and Hamashima (1980). But
except Hamashima end Needham, these works are not coencerned with water
conservancy per se but its relation with cther issues like the extent
v which water contrcl develepment affected the shifting locus of poli-
tical power (Chi) and the relation between water controsl and the nature
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of the state (Wittfcegel). Necdham's foous is on the evolution of
technology of water control but provides some information on the
organisational aspects also. These works generally - tend to councihie
trate on larger works. There are no detailed accounts of the con-
struction and cperation of small systems: We have pieced together
this information from works relating to local governmment in the
18th and 19th centurics (Hsiac 1960; Chu 1962; and Chi, 1936); Hemes''
is cne of the few works in English which is concerned with waeter com-
trcl and its relation to the wider political conmtext. For an
cemprehensive review of the historical evclution and contempomry
situation in respect of construction and mahagement of water contrel
works in China see the author's ‘Organisation and Management of Weter
Control in China (to be published by IDE, Tckyou, 1983).

See for instance the follewing acccunt of the constructicn of the
Grand Cznal cited by Chi (1936: 123). "YAll men between the ages of
fifteen and fifty were ordered to assemble by rcyal edict. All who
tried tc hide were punishable by Jecapitation... The labourers thus
assumbled numbered 3,600,000. Then cach family was required to con-
tribute 2 child or #n cld man or woman, to prepare reals for the
workers. Five thousand young and brave soldiers were ordered to be
armed with sticks (to mairtain discipline).. Together with secticn
chicfs and other alministrators, the whole number of people employed
in the canal amountéd to 5,430.000.... "At the begimning of the eightl
month of the fifth year of Ta-yeh's reign (609 AD) baskets and shovels
put to work; the workers were spread over several thousand 1i ina
west-east direction. After a certeain sector of the work was done,
when the workers were couries, twe million and a half labourers and
twenty-three thousand scliders had been lost'.

For a descripticon of the historical evolution of particular Japanese
irrigation systems anc the role of government in it, see Tamaki (1979).
Hatate (1931), Kelly (1980), Shimpo {(1976).

ut of a total irrigated area of 43,3 million ha. 26.7 million ha. were

served by surface sources consisting of canals (19 million ha.) tanks
(4.2 millipon ha.) and other surface sources (3.5 million ha.) (Rao,
1979:59). Canals thus account for nearly 70% of the total area
under surface irrigation.

Thus the effective storage capacity rose from an estimated 12.3 billim
cubic meters in 1951 to 61.7 billion cubic meters in 1966. The complet’
of irrigation projects on land as of 1965 was estimated to raise the
total storage to 120 billion cubic meters (Framji and Mahajan, 1969,
vol.1: 420). '
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3/ Chao (1970:129) wmives the fullowing Tigures basaed on Chinese sources

Types of irrigotion in selected years in China

(#illicn mou of land irrigated)

Type of irvigation 1949 1852 1956 1364
Gravity ~ large. canals 23.5 31.9 L43.2
‘Geavity ~ swall ditches and , 218.
aquzducts } 261.6 288.2 92
Farm ponds and Jditches 216.5 82,
Pumping with electric or
- mechdnical power . 4.2 5. 11.9 86,
Welle and cther subterranean
sources - 4.6 24.5 86.4 34,
Tctal 303.9 350.6 540. 480,

Gustaffen (1983:15)'éiv§s'thcefollowing information on the distribution
of storage capacity built furing 19u48-1980 by size and unito of
responsibility.

Reservoir size 10%0%  Numbers capagity Responsible unit
Large > 100 300 Elgéggpwater conservan
Medium 120 - 10 2200 } 113 Provincial government
Small .10 .1 115 Country for commune
Ponds S N | na Bripgade

Fluod Retention basis 212 Ministry of water con-

servancy & Power

Y

In the:mid fiftics, there were scme 41 multi-purposc storage éama with a
total sterage capacity of 1.4 billion cubic meters (billicn = 107) and
0,000 small an< medium rescrveirs with an aggrepate capacity of 1.64
billion cubic metcrs. {Sasaki, ml:13-14).

/Inthe early 197C's, there were scme 10,000 lend improvement districts
irrigatinyg 1.4 million ha. The avarage LID thus covered about 150 ha.
hbout a third of them served less than 50 ha.; ovnly 2 per cent served
sore than 3,00C ha, There were only 17 systems serving more than
10,000 ha, (Takeuchi nd 87).

Y

4t the time of independence most of the canal irrigetion in the Indo-
Gingetic plain consiste? of diversion worke. Ameng the prominent ones

are the Sirhind canal (0.6 million ha.) Upper Bari doab (0.33 million

ha.) the Son canal (0.35 millicn ha.) Jununa canals (0.68 million ha.)

and the Upper Ganga canal {0.7 millicn hz.) (Rac,1979:241). It should

be ncted however that the cverall level <f irrigation development was

low and the bulk of irrigated area was .under small local works and wells.
S8ee Sengupta (1981) for a descripticn of some of the lccal systems in
south Bihar and Whitcombe (1872) for a description of their role

in Uttar Pradesh.
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The largest of which is the Bhakra Nangal resertoir (capacity 7.4
billion cubic meters). As of 1973, total storage capacity in the
Indus and Ganges basins (including multi purpose reserveirs) is esti-
mated at 48 billion cubic meters representing nearly a third of the
total storage capacity of all reservoirs in the country (147 billim
cubic meters). Practically all the reservairs in the Indo-gangetic
basin were constructed since Independence (Rao, 1979:239-2u0).

Nearly half the irrigated area in the. Ganges basin (8.9 million ha.
out of 19.5 millicn ha.) and abocut two fifths in the Indus basin
(2.4 millicn ha. out of 6.3 million ha.) is estimated to be served
by grcund water. More than half the area irrigated by groundwater
sources is currently under tube wells which is entirely a post-
independence phencmenon. (Rao, 1979:59).

‘There are an estimated 127,000 tanks in the area covered by the

present States cf Andhra pradesh, Karnataka and Tamil Nadu irrigatiag
an estimated million ha. (GOI, COPP, ). Besides topography,
the fact that these tracts have a rainfall pattern marked by two
distinct seasonal peaks (one during May-July and the other in October
December) is an important factor facilitating tank irrigation.

The four river basins of south India (Godhavari, Krishna, Cauvery
and Pemnar) where groundwater resources are not as abundant as in the
northern plains, only 25% cf the irrigated area is served by this
sources and that too mostly from shallow wells. Of the area served
by surface water, over one fifth is under tanks the comparable
proportion for the rest of the country being 10% (Rao: Ibid.). Itis
noteworthy that while the Cauvery system is of ancient origin,
similar developments did nct take place in the Godhavari and the
Krishna deltas until the mid-nineteenth century.

There is cbvicusly great variation in the climatic patterns within
ceach Asia. But ocur interest here is to focus on the gross differences
between east and south Asia., These differences seem to us to be very
striking and have an important bearing on the nature of the water
control problem. A somewhat more refined comparison would be betwem
the paddy growing tracts in the two regions and between their respectl
wheat belts., Our esseritial point would however still remain.

Note that ET in the diagram relates to consumptive use of water;
non-cocnsumptive uses in the case of paddy would in effect shift the
water requirements curve upwards (but not in the same proportion in
all parts of the season). Thus basic argument however is not likely
to be affected.
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The annual distribution of run-cff ir some major rivers are given
belcw:

Percent of finnual flow by menths High rate Low rate

tisn
B i 2 3 iy 5 6 7 & S 10 11 12 Mnths % Months %
A 2.3 3.9 2.4 5.6 4.8 6.2 13.1 16.9 16.2 13.1 7.6 3.7 7-9 49.2 1-83 9
aKew 3.1.3.1 4,3 4.3 ¢.5 10,9 13.6 15.6 12,2 11,7 7.8 3.9 7-9 42,4 12-2 10
TICKG 2.21.61.31.21.9 7.2 143.521.9 23.7 14.9' 7. 3.6 B--10 60.5 2-4 L
B 2,1 1.4 1.21.5 2. 8,2.22.68 22.4 20.4 11.9 4.6 2,5 7=9 65.4 2-4 L
TAKAH 2, 1.7 1.4 1.2 1. 3. 14. 30.4 25.7 11.9 4.€ 2.7 7-9 70.1 3-5 4
“-3AHADU~
RIBAD 2.3 1.¢ 2. 3.1 7.8 i%.}1 17.5 19.1 15.4 9.3 4.6 2.5 7«9 50. 1-3 &
R 1.3 .6 1. 3.2 7. 12.3 22.7 30.7 14.6 4,3 1.2 1.1 7-9 68. 1~-3 2
Source: UNESCQO 1978:229.
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Kikuchi and Hayami (1979) have tricd to show ,empirically, how the éiffer
ences in timing and scale of diffcerent kinds of investments'(opening new
land,. investment in new irrigation, imprcovement of irrigation) in Japan,
Taiwan, Korea and Philippines were conditioncd by their relative costs
and returns s the latter being in turn a functi~n of technical possi-
bilities for extending cultivation 2nd for irripation; changes in
complementary aspucts of opricultural technique; and the demand for
apricultural prclucts. ‘See alse Levin (1977) cbservaticn on the
tining of frrigatioe 1 .rovements in Philippins and Taiwan.

This does not mean that nothing was dcne in other areas. Substantial
werk was done in the south (the constructiun of the Krishna and the
Gothavmpri delta systems, the reconstruction of the cauvery system

and the renovation of tanks being the majer ones). But the fact
remains that the vclume of investments in the north-west India were
fay creater than anywhere else in the ccuntry. (see Paustian, 1930,
alsc Whitecombe 1SER).

Private initiative did play an importont role in developing ground-
water but this is almost oalways on.an individual basis., Group
activity by farmers or &y village institutions to Jevelcp irrigation
sources of any kind for the henefit of several farmers is altogether
rare. A survey in the 1950s (GOI, PEO, 1861) repcrted four out of
every 5 private tanks and half the " pucca wells" as being jointly
owned., Details on the nature of the joint ownership are nct available
but it seems likely that such joint ownership is limited to small
groues of kirsmen.

Thus if farmers served by a government cutlet u not have reascnable
assurance of the volume of water they can expect to get at that outlet -
and this could happen due to wver-extended canal systems or defects

in the cstimation cf irrigation efficicnéy cor inability to enfcrce

the plammed crop patterns - they cannot be sure of the returms to
constructing £icl? channels or making land improvements. '
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Thus if the water supply available at an outlaet is inadequate to
meet the requirements of the entire area under its command, those
nearcy the outlgt,gre surer of meetiny their needs than those further
away. Reidinger/has shown this to be actually the case in one
north Indian village. Clearly under these conditions, all farmers
in the command cannot be expected to be egually enthusiastic about
joint effort involved in constructing field channels.

While the reluctance of tail enders to participate in such
cffort is understandable, one would expect those nearer the outlet
to be more interested. Whether this is in fact sc ig a2 matter which
remains to be investigated.

To quote Kelly (1980:518) *'... in thc decades following the domain
period changes in land tenure and taxation {stricter surveying and
assessment and fixed cash taxes) created pressures on paddy land ownes
in the basin; including the large landholders previously enjoying near
immunity from tax demands. At the same time the relaxation of admini-
strative vestraints on production and marketings and land transfers,
and an increased market for rice promised expanded opportunities fer
profit from rice cultivation: the new Meiji methods offered the possi-
bility of increasing and stabilising land productivity, Water was the
key then; if prol:lems which had plagued ali four phases of irrigatiem
during the domain period could be addressed, rice cultivation could.
viable for the small bolder and nrofitzble for the large lendlord.
"It was in this context and for these rcasons that a more centralisd
organisation of basin irrigation tasks cmerged in these decades.
The cooperatives on scveral levels carried out directly important
technical and proccdure L chanpes in source control delivery and
drainago end facilitated the major adjustments of fields and field
ditching which accompanied a shift ii water spplication practices."

For a brief review of the Japanese land improvement Prcgramme, see
Nishikawa, 1971. 1In the Meiji era ..."The replotment work brought
an advantage in double ways to the landlurds as enterprisers, on the
cne hand they could claim for raising the amount of rent on the
proetext of yield incrcase per hectare and on the other hand they
could have usually more registered area of paddy field to be rented
out them before™.  The latter possibility arose becanse *...the are
ccncerned before the works nad becn cgtimated in many cases about 10

"to 20 per cent less than an actual state, and hecause the whole area

through the repletment after surveying could increase cwing to the

decrease of le gus area and often to additional paddy ficld making"
(ibid: 17). At the peak, replotment was 60,000 ha.per -year. But

the process suffered a severe set back after the first would war and
the surge of tenancy disputes. Another phase started in the 1930's
and by the end of the Second World Wer about a quarter of the paddy
land had been replotted. For a micro-view see Imanurza, 1980,

See Kelly (1980:Ch.%) on scme of these aspects as manifest in the
Aka river system; Hatate (1981) in relaticn to Azusa river; and Shime
(1976) concerning the Iwate area. Kelly also refers to a number of
such studies concerning other systems (Kelly, 1580za).

For a brief account of inter state river disputes in India see Rao (1%
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Section 4

Y See Maas and Anderson (1978. Ch.1) Coward Jr.{1980:Ch.1) Chambers (1977)

for a generalised discussion on functions of irrigation organisation
and of the conceptual framework apprepriate for studying its structure
and working,

Y In Japan 10 per cent of the irrigated arca is reported to be under
‘individual management (Taksuchi, nd:37). These systems are presumably
also owned by individuals. In India, a survey conducted in the 1850's
reported 30% of the tanks is being -privately owned, a large majority of
them jointly. (G0I, PEO, 1961). :

¥ See Sasaki (1959).
b . . -
- For detalls see Vaidyanathan 1983: 30-586,

¥ For a general description of organisaticnal structure see Framji and
Mahajan (1969) and Govt, of Andhra Pradesh {14982: 78-87); G0I, PEO
1965 gives some, albeit skcetchy, idea of management organisation for
selected projects.

§ .
Y See Baljit Singh and Sreecdhar Mishra (1962: 123-~127).

< In Senth Indiz this intervention seoms. to have been limited to maintenance
which was taken over by the FWD. The State. apparently made no attempt

to take over management of water ailoc: cions. In Sri Lanka the coloniel
government appointed an officiai (the Vel Vidane) in the village spec1flcally
to manage bLoth maintenance and water allocation from public tanks (to be
distinguished from private and temple tanks). Regulations were also
introduced to ensure fair distribution of water (See Leach 1961 .and Roberts
1967).

¥ Baljit Singh and S.Mishra (Ibhid.)

¥ In Sri Lanka toc. Roberts (1967) refoers to the decling in the "spirit
of practice of mutual obligation which was so important a feature of
peasant agriculture was being undermined by forces of individualism,
htl,gousness and apathy" and the consequent decline of the tanks as
being "...partly, if not ngely,...of the British rulers' own making.
In abolishing forced services... and in creating mincr cour‘ts, they
bad deprived vel vidanes ... and gamsabhawas ... of the only effective
means of compelling obedience to village agrlcultur'al customs’. These
changes were part of @ more general change in the land tenure and land
revenue systems,
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10/ Sec "Hunt and Hunt (1976) and comments thercon. Alsc Kelly
(1380). Both have drawn attention to the nced . to distinguish cen-
tralisation of autherity within the irrigeticn orgenisation from
control of irripation organisation by centers of power and authc-rity
outside of. and in some scnse hifher than, the irrigation organisatia,

¥/

=1t has been pointed out by €oward Jp. {1850:25-27) that in community
systems the role of the water user and thal of water authority "are
highly integratced because they are guided Ly similar socio-cultural
roles and Lecause of the temporsl-circulation of individuals between
the two econfigarations or the simultancous ~ccupancy rcles in both
configurations or the simultaneous occapancy roles in both configare-
. tions'. (This does not of course mean “harmeny” in as much as the
. interests of managers as water users may be in conflict with those
of other users). As water authoritics become more specialised and
differentiated from users, integration through the same individuals b
involved in both rdles is more difficult. The possibility of disse 1
between the rules orienting the us2rs ond the auvthority z2lso increseh

12/

The follewing arve 2 few axamples:

In the northern Thailand systems studied by Potter (1972:89) the hd
man of the system ig '"chesen by the three.. heads of the three comnnd
served by the irrigation system. The present head... has been head fa
about two decades. He is one of the richest and highest status men it
this part o¢f Szrophi disteviet and owner of an enormous traditional
Thai house...and a larye private lake for fish. His gronary...is s
large as most village h ses... ... "The agristant heads of the systs,
of whom there arc twe, oo r.sportivaly head of one commune and head
of an important village. The village irrigaticn headman, chosen, ¥
the farmers in each village served L; the system, are usually also
village headmen and hold office for long. _

In thée 12 g0 canal (Becrdsley ot.al., 1959:150). "The mayor of Km
is fairly prominent in the councils ¢f the board of the twelve-go
orgenisation Lecause by tradition he is the chief administrator of t
Ivasaki water pgote locoted near Kame villaze offiee.  The fact that
Kamo is furthest upstream and the oldest participant in the six-ge
canal system also gives him senicerity”. Ir one of the Zangjeros
(irrigation coops) of Ilocos, Itilippines, "leadership of the fede.
tion is elective and the proesident of the wroup is en important an
influenctial men in the Baceara pclitics. He is & member of 2 7gil
and prasident of still another'. (Lewis, 1¢71:158).

13 . .
-—-—/For details sce Vaidyepathan, 1983,

lfi‘—/Descr’ipt;'Lons of the way these tasks are dacided and implemented am
available for several systems, They show that most systems have
established conventicns regarding the timing of repairs, the manne
in which works to be taken up ere decided, the responsibilities of
different functionaries and luvels of the organisaticon, and the ob
tions of the ugcrs. The follawing are tws typical cases.
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In a loccal systom of north Thailand a mceting of the leaders of the

gystem is held 2t the end of each ra.iny season to decide on the dates

when the canals will be clecned and wiers pehbult. The cleaning of

the minor canals and distributories, which has to he done several times
in a yezar, is orgenised at the village level. All farmers are expected
to contribute. labour for the maintenance of the main canal in such a

“way that tail-enders have to contribute relatively more than those at

the head of the system. At the village level contributions are generally
proportional to the area irripated. The actual work is distributed

among the irrigetion beadmen, of whom there is one in every village,

who enforces the mobilization of labour from cach household and organi-
sed and supervises the conduct of the work. (Potter 1972:91-96).

In a multi~community system of north China, before the Revolution,

the chief supcrvisors cf the system decided on the repairs tc be under-
taken at the beginning of cach sezscn and indicated to this subordinates,
of whom therc were anproxim até one for every 20 houscholds, the number
of labcurers requirved from his scroup: 2s well as the time and place
whor.: thcy would be neecded. The subordinate was then responsible for
moLilising the workers: from his group (ezch member household being
expected to send an-able bedied persen) and: for ensuring that the
assigned work was-completed.  (Myors, 1475.201-2).

The usersg oblipdtions gererally invelve the supply of labour for
carrying out the works, with supplementary payments for other (usually
materiel) costs. The hasis for allocating the labour contributions

are varied: while qhgrlng in proportion to arex bencfitted seems common
it by no means utiiversal: In the Thailand casze, cited above, tail-
enders had to bear a heavier burden. Similar practice is reported

to Bave been ir worus it the Akn River system of Japan (Kelly 1980:
292-3). For a similar cese in China see Nickum,cd(1981: Reading 5).
There ‘are instavces of communities satting apart some land the

preduce of which were used to meet the costs of maintenance.

We have details regarding the penalties only for some systems in

the Philippins., In one case, (Bacapﬂvan 15741 174-6) the fines are
reported to take several forms: "money (one peso). rice (5 bundles)

or a geod dpink and 2 meal for the group". Lewis (1671:165)

cites @ casc where "rercated failure to atend work sessions can result
in a loss of witer” and another where "fines are levied for work
absences and, if the absence continues, the loss of land T]y result".

For a discussion of the changing role of landlords in Japanesée
context scee Hatate: (187€ ).

This is cvident from thc data and observations presented in GOI,
COPP (195¢, 1960} and GOI, PEO (1361, 1G65).

The decay of traditional maintenance in Sri Lanka is a@lso connected
with the chenges in land tenure z2nd concequent changes in the village
polity., It is of some interest in this connection to ncte that in
the case of the ''Crown tanks", which were taken cver by the State,
the maintenance seems to have been better than in the temple tanks.
(Leach 1961 pcints to the stark difference between the state of

the Crown tank #and the temple tank in the same village. This raise
several questicns: Why did the temples lose interest in their tanks?
why did the farmers usi.g the tank, or alternatively the State,

fail to step iny Wiy nee two tanke in the same village .treated so
differentiv?
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This practice is reported in the lwelve-go canal of Japan, the
Balinese Subak as well as in some Phil ‘ppine systems.

For a more detailed dJdiscussion sce Veidyanathan 1963: U6-53,
Ibid.

For detail:s sec Wicikum 1982 UN, LSCAF, 1278, The available material
is summarised in Vaidyanathan 1483:53-7.

The maintenance of all tanks is divided between the PWD and the
Revenue departments and, in somc ceswes, local authoritles (Panchayats
There iz an ¢laborcte (but variallce) procedure for inspection and
formulaticn of concrete proposals for maintenance/repair by lower
level officials. These proposals are reviewed by the district offic
in the light of avoalable rescurces and priorities assipned,
Before the abolition of zaminari and Inamdari tenures, this system
Zic not cover private tanks, of which there were 12,000 in Andhra
Pradesh alone. The cimers wer<e responsible for their maintenance.
Many cf them were ncrlected and the survey showed a large number

to be sub-standard in design dnd in 2 poor state of repair. Bt
even in respect of tanks which were under the siovernment care,
maintenance was far from satisfactory. While in some cases this
was attributed to weaknesses in administration, it is sirmificant
that even in Mairas state, julged te be the best organised in this
respect, mest tanks were found to have silted and their storage
capacity reduced: Tri hal " the tanks surveyc ® in the state, the
capacity had been reduced by 50 ¢r more since the late nineteenth
century (GOI, PEC, 1961:G8).

The evidence of Jeterioration of tanks, has been already cited.
Complaints about poor maintenance in Canal »rojeects is widespread,
(See for cxample, GOI, PEO, 1965); the papers iresented  at the 1968
Seminar oh Warabandi neld at hyderabad; and Siagh (ed), 1982,

The Following examples are illustrative:

YBascd on the expericence in 350 minor canals in which was
intreduced over a period of 3 years, it can be said that no

minor wes eapehle of discharging the design «ischarge unless

it was either improved or brought to it original design standard..."
This was estimated to ccst Rs.10,000 per mincr.: In a quick survey
of the Nayarjunesapgar Right canal command area taken up in July
1575%... 557 defects were found in the canal system serving 232
villages".

"A study of 105 distributaries in .... 1980-81 showe: that
morc than 50% of the control and cross structures necded
replacarent or repairs. The canal bands were croded, canals
werce silted up or had vegetative zrowt:, siphons were choked
and there were a large number of unautiorised offtakes in
practically every distributary and mizor" HE-shim Ali, in Singh
ed (1682:41-42),
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This account concerns the respenscs of officials and users in

respect of particular osystems. There is however a growing concern
over this problem at the. general policy level ~ € concern which is
reflected in the establishment of numerous committees and commissions
to study the problems of effecctive use of irrigatiorn potential. See
e.g. GOI, Irrigaticn Commiszicn (1672); . Govt.of Andhra Pradesh
(1982);Singh ed. (19€2). iowever none of these reports deal with

the problems cf ensuring prover maintenance in any depth; they scem
to view it essentially in terr.s of allocating more money!

A number of attempts at m~delling optimum water allocations have
been made in the Indian Context. See for example Minhas et.al.
(1974) and GOI (1970).

In the case of wells and ordinary tube wells many of these limitaticns
are mitigated by the fact that the service area is typically quite
small; that the buyers are usually relatively few in number and

lands for which the water is intended are contigucus to the well;

and that the seller has much greatcr control over how much water he
delivers, to which plot and when. It is therefore not surprising

that "markets', in the scrsc of purchase and sale of irrigation

water, are much better developed in the case of ground water than

in surface water systems.

Note however that siuce there is synergy in the rersponse of water and

fertilisers, and irrigation coatributes cnly a part of the water

supply, the marginalprodv  of irvisation de.ends on the level of
fertilizer supply (whicn 1s rLoge ani:Gable to variation than the
irrigation supplies cnce the system iz in place) and on rainfall.

Any change in the responsivencss ci yields to fertilisers under
actual farm conditions (be it due to better sced, better fertilisers,
or better skills acquired through experience) will also affect the
productivity of water and hence its "efficiency" price.

See U6 below.

Similar studies are available for other parts of the world e.g. Glick
(1968, 1972). Hunt and Hunt (1974) and Maassand Ancerson (1978).

We have not made any atterpt to bring them into our discussion largely
became theoy relate to altogether cifferent agro-climatic, technolgical
and socio~-economic environments compared to Asia. The dominance

of paddy and small-scale farming are two distinctive features which
the irrigaticn communities of Asia have in common, and which marks
them out from those of Europe and America.

Y The tradition of urequal water rights is well documented in the case

of Japanese and Taiwanese systems: Thus in the case of the 12 Go
canal system, "In time of drought the villages on the reclaimed land

in Kojima bay get shortc..anged, according i: their view. Their claim
to this water goes back only a century at most and they are at the tail
end of the canal. Hence the older v’llages upstream claim prior right
to the water. In 2ny case they bave first access to it and it is

their own people who. decide, . as water guards, how much to let
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through ... At a’'still higher level, the Eipht-go organisation has
gone to court against the Twlve-go orpanisation in a dispute over the
division of the Takahahshi river water. The dispute concerned the
guestion cf how hizh the Twelve-go organisation ought to be allowed
to build its diversionary c¢am.? (Deardsley et.al 1955 5.

See 2lso Hatatce, 1931.

In the Shiwa study, Shimpo (1976: 5-7) reports:

"The closer the water intake of a canal te the junction of the .river
the more cdvantagenous were the water rights of the canal group that
usad it.”  And in the case of canals further way from the streanm,
as water Lecare scarcer, "the allocation rules became fairer and the
<quipment uses te measure the quantity <¢f water more exact'.

Vander Meer (1977: 233) cites an instance from Taiwan where prior to
modernisation:

“The customary water rights of irrigable fields within the Nan-hung
system concerned the amount of water which could be applied and the
seasens Aduring which they could receive water, All irripable land
is diviced into three classes: Class A land ha¢ primary rights,
assuring it of sufficient water to produce rice during tha first
and the second rice crop seasons. Class B land could take only that
watey not needed by Clasc A.land. ...Class C land received water
from the irrigation system only during the second crop seeson ...
This aspect of water ripghts seems to have been based upon the
dates cn which the fields first received weter from the canal and
the amount of water which flows in the canal during the cropping
secason® But some lands "located near and taking water from the
middle portion of the cau:ls received primery rights' by virtue of the
location even theugh they could not have been irrijated. by the river
water at the time the first cznal was constructed.

Similar instances have been reported from in India
Seec for instance Jayaraman, (1981), and GOI, COPP (1961).

For discriptions of such devices see (Leach 1961, Kelly 1980, amx
Beardsley et.al 1959).

Ingenious as these devices may be, they are nct always Lased ot any
careful calculaticon. By maodern standards they are often crude Many
of them were set up lony aro, and few people now can even reca.l
the basis on which they were designed. And yet they are comsilered
to be extremely important by users:

On the Pul Eliya system Leach (1961) 121-2 remarks:

"It must be understood that from the Vel Videne's point of view the
ratios are cstablished by tradition; ...in 1954, scveral of the
Karahankota were missing hut thesce that existed were censistant

with the possibility that some recent velvidance had worked © the above
numerical formula or at least copied older Karahankota whick were
constituted mn this principle...

“...Although the present jeneration of Pul Cliya Villagers ire nct
at all clear zbout the inner lcgic at all, they are keeny aware
that the numerical fermulac handed dowvm from ancient tims are very
important. The ceneral view secmg to be that we den't uderstand
why things are arranged linked this; but this Is how thg are and
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we had Letter lezve thew s they are’.

"The recent sireat extensicn of "ane land' cultivaticn... has reduced
the crucial importznce cf the old fieldd heldings... Nevertheless

it is gquite clear that werking or tapping a neighbour’s water

channel is still oy fer the most commen cause of village quarrel

and intcr-compouned litigation. § In the 12 Go canal, "Enroute Letween
the two gates, secticns of conercic or rock retaining walls alternate
with heavy piles or stakes interwoven with bambeo strips to support
the banks. Some diversion ditches that woater the field in the
vicinity are nc more than holes in the lank. At other places there
are crude Jiversicn devices made of submerped rocks and pine trunks
laid acrcss the canal, of calculated thickness and depth beneath

the surface to contrel the amourt of water delivered. These simple
arrangements are readily displaced by accident or high water and
their reinstallation decemes a matter of scometimes acrimonious arbitration.
it is difficult to replace them with more preczsily measured modern
devices... bhecause of jealous fear that one side or cther will come
out on the short and” (Beardsley ct.al 1953: 143-9).

33 , e s
i See Vander Mcer (1968) and Parfernak (1972) for a description of
two such systems in Taiwan.

W o, . ot .
W Similar procedures are reported in the traditional systems cf South
Bihar (Sen gupta 1980) and of Maharasintra (Kulkarni & Lele 1980).

$/

= See Geertz 1967 for a detailed descrintion.

5 Fer instance, Nan Hung proiect arca of Taiwan, prior to medernisation
when 311 parts of the comand could not get puddling and transplanting
vater at the same time, planting used to be spread over as many

2s 8 weeks and transplanting over 4 weeks. Harvest however teok

rlace at about the same time (June) everywhere. (Vander Meer 1968).
This implies that part of the adjustment had to be made by choosing
different variotics and/or accepting sizcable yield variation between
the head reaches and the tzil end of the cystem.

ki

o The following are some examples:
Myers discussing the system in North China says: "The Lao-ren (the
managers) were middle aged and elderly reasants vho were very experienced
in water management. ‘“The Xi ac-jin (the subordinates responsible
for a group of 20 households) 'were selecte” on the basis of demon-
strated leadershin and skill in supervising other families, mediating
disputes and loyalty" (Myers, 15$75:200).

In the Philippine irrigation communities studied by Bacedayan, water
é¢istributors are uniformly selected by the people cn the basis of
dependability, diligence and fairmess, (Bacedayan, 1974:176)

Pasternak (1972:23) reports that in the Taiwanese system he studlied

"to every pumping station the irrigation association assigns a watchman
usually on the Lasis of recommendations provided by pump croup owners.™
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See Nickum 1982: Realin,, &% .ov a deseription cf the complexity
and scphistication of flexiblie seheduling in a multi-storage systen
Many of the systems in south west Japan {(especially arcund Osaka-
Kyoto and in Kyushu) are alsc multi-scurce systems. We could not
get any detailed description of these systems in English. But the
author has visited some of them.

In this connection mentiorn mey e made of an intercsting custom
in south Indian tanks {Chembers 1877) wherce the responsibility for
operating: the sluice and distributiorn of witer from village tanks
is dntruste? invarichkly ©o a momber of the ™mtcouchable' caste:
since he has nc land and z verr low socicl status, he can never
use his office to act uriitrarily. A similar custom said to have
existed in purts of Japar as wall.

Kelly (1980:365-67) Qiscussing the reascons why despite its losseness,
the Aka river system opganisation did not break down sugpests that
the follewing countervailins factors tended to limit conflict among
water users and ‘prevent disputes from deteriorating into serious
destruction’: (1) The irrigetion relaticns wore such that 'shifting
lines of sharcd and conflictine interests crceated complex situatienal
patterns of ccoperation and conflict’; (2) conflicts was probably
mitigated by the Aisjunce* lon of land tenurc and irrigotion;, i.e.
the distribution of cultivators and land owners over the water channel
line. (3) 'Promoticn of paddy land expansion through special conce-
ssions in surveying and veoistratiorn wesulte? in wide disparities
in tax Lurden, tho un wrveyed, undertaxed lands in the tail end
did not press their ccoplaints of water shortage too forcefully®;
(4) "there was » fit bei.een irbigaticn conflicts and administrative
units.' Conflicts incrucucd whon vhe dissonance between land holding,
cultivation and residence increasad.

For some iden of changes in particuler ovillage see Mizushima and
Nara (rd) and Guhen and Menchze (1982).

For a more detailed description of crgenisaticnal structure and
regulations in one state, see Government of Andhra Pradesh (1982:78-47).

The following descriptien is largcly based on Kathpalia, 1980.

This is generally known as “localisation’ and intended tc ensure
Yequitable” distrilbution of the bLencfits of water intensive ¢rops
(subject to scil and tonography) within the command, especially
betwcen upper rexches ans tail enders. For a discussion of the
system and its working see for example GOL, FEO (1965); Guvt. of
Andhra Pradesh (1982-53-65); and Govt. of Maharashtra (1962).

Numercus exasples can be cited. Thus in the Kesi project. (Bihar)
as against an estimated discharge of 15,000 cusecs during the
Kharif season, the actuzl discharge over zn eight year period
averaged £,000 cusecs and the maximum wes 12,700 cusecs,

(Pant, 1981:A81).
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On the other hand in the Lower shavani progect the total amount of
water utilised was far higher than assumed in the project design.
(60I, PEO, 1965). This revort also pives information on 8 other
najor irrigation projects which Lprlings out the large differences
between design assumpiions znd actuals in several important vespects.

A recent study of irrigation management in Andhra Pradesh (Govt. of
andhra Pradesh, 19£2; 16-7) has the fellowing chservation on planning
of systems:

"...The initial planning did not take inte acccunt the area occupied
by field bund, field chennel, flcld drains ete. and the srea planned
for 1rxxbat1cn wasz not based on any scientific or rational analysis
of parameters like water requireménts of crops, the system efficiency
for conveyance anc operaticn and applicétion of water to crops ete,.."
As regards the assumption alLout water "duties" underlying project

design, "Ncne of the enginecers examined by the Commission were able
to give the actual hasis for the duties hdopted... There is no

evidence of taking into account the difference in climate, tcaography,

goils, etc. from one prcject to another loecated in different agri-

cultural zene of the state or the variation in the length of the

distributary system,.." Seepage losses were infact found to-be
far in excess of design assumptions (often by a factor of 3 or 4).

%, .. There is no. corre°pondcncc between the de51gn cropping pattern
and dates of sowing as assumed at the stape of planning and the actual
cropping pattcen adopted by the farmers with varying dates of sowing.
The prejects tharufore Jeliver water at the offtakes and outlets

with little pelevance to the actual water requirement of crops sown
and ‘their stage of grc. at any given point of time..."

The diversence bhetween plurner and actual crop pattern, and

betweer: planned Mocalisations” and actual distribution of water
intensive. crops wirhin the command, is a w1despread phenomenon.
Por example sge GOI, PED (1265); Wade (1978); Hasham Ali (1980); CGovt.

of Andhra Pradesh, 1932.

The difficulty in enforcing crop patterns and localisation envisaged
in the project is illustrated by the fcllowing account of the

Lower Bhaveni project ir Tamilnacdu: Ths design envisaged_s% of area
to be under paddy: 47% under cotton and the balance under ‘other
irrigated dry crops'. DBut the farmers did not favour ‘this pattern
and ‘the first five yeers of the working of the project . showed

that the planned cropping pattern was 2 failure'. Due to greater
profitability of paddy anl technical problems (due to soil conditions
among other things) of reising irrigated cotton, more than half the
area was brought under paddy. And “when the divergency betwecen the
preference of the cultivators ond the plan was so wide, it is obvious
that there should be unauthorisel allocatior in spite of penal
provisicns. When penalties were demanded of the ryots, the ryots
protested; and the govermment found it necessary to intervene and
stop the levy of penalties. The revenue dgpartment, respongible for
paintaining *all dry' character of the project could not do anything"

{GOX, PED, 1965:207).
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Again, the govermment had laid down regulations regarding the use
of seepage from-the canals for irrigation directly or through tanks
and pumps. "Government had banne:! the construction of wells within
a distance of two furlongs from the main canal and one Furlong from
the ‘distributaries. It is however observed that well even outside
this limit were benefitted by percolation. In spite the fact that
construction of new wells was not allowed, in actual practice wells
and tanks were dug and pumpsets installed. In fact there was a great
demand for installing pumpsets in the arca, and pressure was being

‘exercised... to remove the ban on the construction of new wells

and tanks. It is understood thet the ban has now been removed."
(Ibid.: 212). '

Wade (1978, 1980) reports one instance from Andhra Pradesh where

‘rotational irrigation between different parts of the Command was

successfully introduced at the initiative of the system manager

in a drought year cnabling much wider distribution of supplies and
apparently without any significant reduction in yield. In another
the cultivation of paddy in unauthorised blocks was checked. These
cases are interesting for two reasons: 1t shows that the experiment
worked despite strcng protests and resistence of upper reaches,
because the system managers not only showed extra-ordinary initiative
but also because they were willing and able to muster the powers of the
State tc overcome the resistance. This seems difficult to achieve

in all systems and sustained on a continuing basis. On the tail ender

- question see¢ also Hart (1978) and Pani (13981).

us/
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Though the dominance of upper reaches, by virtue of their location,
cannot e altered by the rail-enders, it is intriguing that they

do not osecm to use __p'olitical channels to exert pressure on government
for improving the distribution. (At zny rate no instance of this
has been reported). This does not however mean that the tail-enders
are totally passive: There are reported instances where users who de
not get enough water combine and try to persuade the canal officials,
at considerable expense, to deliver them more water; or to distribute
the available supplies emong themselves in a fair manner. Where they
pet no water av all, their option is often only to agitate for with-
drawal of water cess and betterment levy demanded of them. (Wade
1980 and Hashim Ali 1980).

In this context the distinction between unequal distribution between
ficlds at different locations and between different users is importast.

In a gravity irrigation system it is the physical location of the fisll

which has an important bearing on the case of access to available
supply. Tt szeems unlikely that in systems covering several thousand
hectares large farmers throughout, or even in a major part of the
command, will be concentrated in more favcurable locations along the
canal network. The probability of this happening in the normal course
is very low. It scems difficult tc mancevre the design of the system
even at the distributary level. to favour large owners systematically.

‘It is of course possible thet after the system has been constructed

large farmers shuffle their holdings through purchase and sale with

_ the explicit purpose of securing favourable locations:
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This however needs to e estaklished.

The impertance of the size of landholding however is likely to be
mere, and may even be decisive in deciding how water is shared among
farmers served by a particuler cutlet. This is probably what
Thorner had in mind. It is ncteworthy that unlike in canals where
field location is mere important, in the case of wells, the size

of holding has a much more lirect Lezring on access to ground water.

See for instance the papers presented at the All India Workshop
on Warabandhi bheld at Administrative 5toff Ccellege, Hyderabad in
1980. Also Singh (ed) 1982.
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