L. THE ENVIRONMENT OF SMALLHOLDER TRRIGATION SCHEMES

L1 General

In chapter 3 it has been suggested that conventional irrigation
planning and management has been largely influenced by cybernetic
systems concepts adopoted from engineering approaches to infrastruc-
tural projects. Such concepts are basically "inward-looking", i.e.
they are mainly focused on the subsystems within the system itself
and on the functions which these subsystems are supposed to verform
in order to adort input-output relations to preconceived goal levels.
The environment is mainly perceived in terms of input provision and
output absorption. Such avproaches implicitely assume that a clearly
defined systems boundary exists between the system and the environ-
ment.

In line with such systems-thinking conventional irrigation planning
with respect to the environment concentrates on the study of topo -
graphy, soils, climate, hydrology and other determinants of input
provisicon and considers market- and communication-characteristics

L

with respect to the system's future outputs. Peonle involved in and
effected by the irrigation scheme are tended to be regarded either
as "human production factors'" within the organization and under its
control or to be ocutside of the system and conseguently not to be of
direct concern. This means that socio economic and institutional
factors of the environment are largely considered to be beyond the
project 's spere of influence -~ '"outside of the system's boundariesg"
and hence are either neglected or taken as given and uncontrollable
facts.

HARRISS remarks with reference to this voint:

'Some of those concerned in designing and running irrigation sys-
tems seem sometimes to have expected that irrigation systems
should function rather like bits of machinery and produce certain
outputs for given inputs of energy and have apparently failed
thereby to tzke into account that some of the parts are peonle
with different interests and different perceptions of the same
situations. Several sets of social actors are commonly brought

together in the irrigation "machine": farmers, administrators,
engine?ss and politicians, all of them with different objecti-
ves. !

The poor performance of many irrigation schemes ¢swpecially in

1) HARRISS (1976) p. 1
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1)

Africa has heightened the awareness that irrigation projects are

more than infrastructural engineering works and that they have to

be perceived in the context of a '"social arena 2) where people with
different interest and expectations and subject to different insti-
tutional constraints interact and largely influence the achievement
levels that can be reached.

Such considerations stréss the "openness'" of the irrigation system
and point to the need for open systems concepts that have been des-
cribed in chapter 2 and that take the dynamic, flexible and permeable
nature of the boundary between the irrigation scheme and its environ-
ment into account.

SMITH et al adopt such an approach by subdividing the organisation's

3) .

environment into three major levels :

a) the "controlled" environment containing all those elements with-

in boundaries that define the organization's own internal envi-
ronment. The organization has more or less direct control over
these elements.

b) the "influencable' environment consisting of entities external

to the organization whose activities can influence organizati-
onal and management performance.

! Such entities have ongoing relationships with the focal orga-
nization; for example they provide inputs or receive outputs.
The basis of the relationship is a source of mutual influ?§ce
between the focal organization and the external entity.'!

The farmer and his family, water user groups, landlords, money
lenders and credit institutions, input suppliers and marketing
institutions, technical advisers and other government agencies
all belong to this "influenceable'" environment that is subject
to the influence of an irrigation organization but outside of
its full control.

¢) the "appreciated" environment that includes institutions that

effect project performance directly or indirectly but can neither

!Tb

be controlled nor influenced by the organization. This means

that the organization can only respond to the impact of these

) emphasized especially by the "Berg-report'" of the World Bank
2) HARRISS (1976) p. 1
)

)

SMITH LETHAM and THOOLEN (1980) p. 9 S
ibid. /
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elements but not directly influence them, e.g. political,

social, economic and cultural institutions of various kinds,

Such considerations imply the need for integrating, "outward
looking" perspectives in irrigation planning and -management and

hence an increased focus on local institutions.

With reference to MC.INERNY the term "institution!" used in the

following considerations is meant to embrace
ta variety of formal and informal human groups; behaviour patterns;
social, legal and administrative systems; and established opractices

in social, political and economic actiwvity th?g have an important
bearing on the workings of rural societies.!

The above mentioned verception of environmental "regions" beyond the

msnagements direct control which however impinge on the projects per-

formance, indicates that ™o amount of pre-planning, prevaration or
organization in project work can ensure that changes will follow a
prescribed and desired pathway-' This requires that "self-learning
processes" have to be built into the various project stages with a
! continuing reactive capacity ... to respond to changes as they

2)

occur,

Open systems approaches as suggested in chapter 2 may be able to
consider such requirements in smallholder irrigation in a better way
than cybernetic based approachés have done so far,

Given the limitations of space, the following sections will focus

on only one -~ albeit crucically important - element of the above
described partially influencable, partially only appreciable envi-
ronment: the smallholder, his decision making behaviour, his poten-
tial objectives and the institutional constraints he faces in the

context of irrigaticn systems.

4.2 The farmer'!'s goals and decision making

In para ?.2.5.1 attention has been drawn to the fact, that farmer's

objectives and decision making behaviour have been largely neglec-

1) MC INERY (1978) p. 17
2) ibid., p. ii
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ted in irrigation planning till to the recent past.

The attemps made to account for farmer's reactions to irrigation
have mostly concentrated either on descriptive studies of farmer's
behaviour under location specific circumstances or on formalized
prescriptive models aimed at optimization of allocative efficiency

in water use or cropping patterns.

Concerning the farmer's actual decision making and the correspon-
ding role of risk avoidance and profit maximization, perceptions
in the 1960 '!'s and early 1970 's were dominated by a largely incon-
clusive debate between "formalist' and "substantivist" schools of
thought. Formalist approaches were based on the conceptualization
of the farmer as a rational decision maker, who made his decisions
independently of the circumstances in which he acted. Decision
making analysis tried to formalize different concepts of cptimizing
decision behaviour. The most widely advocated of such concepts, the
expected utility theorem assigns cardinal utility values to conse-
quences of action in such a way that the expected utility of a cer-
tain action allows to rank it in comparison with other actions
according to the individual's preferences,]
However, such utility maximization theories that where based on con-
cepts of probabilities, subjective expected utility and simple bi-
nary comparisons of alternative choilces, have been opposed on vari-
ous grounds. Substantivists e.g. argued that 'concepts as rationa-
lity and maximization are culture bound and distort the reality af
non-Western, non-market economies... ' and substantivists !'define
the economy as the process of material means provisioning Ior so-
ciety and focus on the institutions that structure this nroc
In the course of the 1970 's however, perspectives cranged:
substantivist perspectives Jjolned largely with formal =2nalysis in
problem oriented research approaches that stressed that ' the decisi-
sion making environment includes the doc781ons made by others -~ the
soclal envwronment of decisions'. 3)
In the context of this enhanced awareness of tne imzortance of

social constraints and opportunities, BERRY arpuss, that the poten-

1) ROUMASSET (1974) po 19/20
2) BARLETT (1980) n. 7
2) ibid., 1.9
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tial conflict between goals of profit and risk avoidance have
been overstressed and that full and accurate consideration of the
individual farmer 's opportunity costs can sufficiently explain
his choices and preferences. ") While the importance but alsoc the
difficulties involved in measuring actual opportunity costs have
been acknowledged, the underlying premise of maximization subject
to constraints has been reflected in formalized concepts, such as
lexicographic "safety-first''-models where profit maximization goals
are subject to the prior satisfaction of safety constraints. If the
constraint of risk avoidance is violated, then the decision maker's
M evel of aspiration begins to adjust itself downward so that, un-
able to keep risk down to the acceptable level, he may, for example
minimize risk' 2). ,

In accordance with such lines of thought on farmer decision
making, BROMLEY specifies the following goal hierarchy to represent

the lexicographic ordering of the small farmer's decision behaviour:

! a) assure survival - the subsistence goal
b) cautious optimizing - the safety sgoal
c) acquire cash for consumption and savings - t%s surolus goal
d) profit maximization - the speculative goal !

The decision making process in the context of this lexicographic
order, according to the above considerations, will be largely deter-
mined by the fact that 'some people'!s actions constitute other peo-
ple 's constraints ! and that 'one cannot study individuals ' behaviour
in isolation -~ in the languags of mormal economic analysis, one

1)

cannot ignore externalities!.

It is from this vpoint of view that some aspects of the smallkolders
decision making behaviour in the context of irrigation schemes are

examined in the following paragrarhs.

1) BERRY (1930) p. %28

2) ROUMASSET (1976) p. L7
3) BROMLEY (1982) p. 37
) BERRY (1930) p. 331
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L.3 Irrigation and the environment of the smallholder

L.3.1 General
Studies undertaken by the International Rice Research Institute])
have stressed that factors affecting farm level yields and hence
farm production can be broken down into three set of variables:
environmental factors outside human control, potentially control-
lable factors (difficult to influence for a farmer, but possible
by action of groups or the society) and managerial (within the
control of an individual farmer).
This means, that a perception of the farmer's environment may be
adopted similar to the one suggested by SMITE et al. for the envi-
ronment of organizations, which has been outlined abovez).
The important point is that the farmer has to face environmental
factors which are only "influencable'" or "appreciable" and which
are beyond his full control and that he has to try to minimize
such uncertainties if he is to achieve his individual goals.

The particular attractiveness of irrigation from this voint of
view is its potential to reduce climatic uncertainties, so that
CARRUTHERS, as mentioned above, refers to it as a "low risk, high

HB)

productivity system . However, irrigation, at the same time may

increase another dimension of risk in the farmer 's decision making

L)

environment: institutional uncertainty.
Engaging in irrigation, the farmer is subject to various externa-
lities: the upstream neighbours at the supply canals, the agency
versonnel managing the water distribution, the input suppliers, the

extension works, the water user groups, the landlord etc., all re-

1) quoted in ORAM (1980) p. 58

2) see para L.l

3) CARRUTEZRS (1282) p. 6

4) The term "risk'" is sometimes distinguished from "uncertainty",
when the former is used to refer to situations in which the out-
come is not certain, but where the probabilities of alternative
outcomes are known or can be estimated, while with reswnect to
the latter no such probabilities can be known (UPTON (1973)).
However the terms are used interchangeably, in accordancs with
most of the literature.
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duce the individual control of the farmer over his farm produc-

tion system and all are potential sources of uncertainty over the
fulfilment of institutional arrangements,

Given the multitude of interrelationships that charcterize the
farmer 's decision making in irrigation in the context of his insti-
tutional environment only some of the major consideraticns in re-
lation to such interactions can shortly be discussed in the follow-
ing.

Regarding the relationships between the smallholder 's decision ma-
king and institutional conditions constraining him, the dynamic sys-

tems interactions outlined in chapter 2 have to be kept in mind.

L.3.2 Institutional uncertainty - a look at farming systems

Farming systems1) in an area where no irrigated agriculture exists
represent the organizational and technical momentary '"best fit"
solution in a dynamic process of systems adaption to environmental
conditions =~ i.e. resource- and institutional constraints - and

the farmers objectives. In practice such farming systems may com-
vrise a great number of different subsystems. KORTENHORST e.g. refers
to the Sudan Zone of West Africa, where one and the same farming
system may include all of the following subsystemsa>:

! Cropping system 1, Family '"farms', under the resvonsabilit:
: of the head of the feomily, mainly far the
production of staple food crovs

Cropping system 2. Cash crop "farms" of individual family
members, usually men
Cropping system 3, Special "women 's fields" for kitchen and

local -market crops; the market proceeds are
for the women concerned

Cropping system 4. Home-yard cropping, which - except perhaps
for heavy soil preparation work (if appli-
cable) - is usually looked after by the
women and the aged family members

Livestock system 1. Livestnck keeping (in areas free of tryvan-
osomiasis), with grazing mainly on communal

1) In the context of this discussion, the term "farming systems"
is ment to include not only the farm production systez, but all
productive activities undertaken by the farmer and his fa2mily,
including off-fars employmaent.

2) YORTZMUCRST (1920) p. 126




.village range grounds, often looked
after by young boys

Livestock system 2. Small livestock and poultry-keeping, in
the home-~yards
Collecting system 1. Food gathering and hunting, on communal

range grounds

Collecting system 2. Fishing, in communal waters

Off~farm azctivity 1. Home processing and handicrafts

Off-farm activity 2. Petty trading, almost exclusively by women

Off~farm activity 3. Seasonal or part-time wage-earning else-
where" if outside the village, almost ex-
clusively by men

Consumption system 1. Household and family care (women)

Consumption system 2. Homestead construction (men)

Consumption system 3. Social and cultural activities !

The type, composition and importance of these subsystems reflect the

correstonding constraints of the physical and institutional environ-

ment as w21l as the farmers aspirations in the framework of the

above mentioned hierarchy of goals.

The introduction of irrigation in such a gradually developped and

well balanced farming system set up represents a !jump in technology!

as RUTHENBERG1) expresses it and a change in the systems balance which

is particularly radical if irrigation is to replace the entire pre-

vious farmz-production system: Physical interdependancies with other

farmers by means of the distribution system require group-related

instead of individual acticns; highly diversified cropping- plus

animalhusbandry systems, particularly suited to satisfy food secu-

rity and safety goals are replaced by a few or even a single high

value cash-crop; labour requirements, loosely timed and well spread

out over the calendar year give way to rigid irrigation schedules and

nigh peak-labour-reguirements; low input demands and a close pro-

duction consumotion link are substituted by capital intensive "pack-

ages'" of inputs and high sale of product ratios; generation-old

expertise in farming practices has to be traded for unknown skills...

The list indeed seems endless and it is needless to say that new

ways of life will be asked for as well.

The questicn remains then whether or not this "jump in technology"

can pay off for the smallholder and result in a corresponding leap

in the hierarchy of his goals. Or whether a slow and gradual incor-

poration of irrigation into existing farming systems that allows for

1) RUTHEEIEZRG (1950) 179

D.




a gradual systems adaption may be a more feasible and viable
approach.

The crucial considerations from the point of wiew of the smallholder
relate to his subsistence and safety goals.

One of the predominant features of traditional farming systems is
that they minimize risk by means of diversification. Some of the risk
spreading "design characteristics" of tropical farming systems are
listed by RUTHENBERG:

! Diversification of production to grow a range of crops...; plan-
ting of a particular crop at different times over an extended period..;
combination of different species in crop mixture; and the cultur?)of
small areas of especially reliable though non-preferred crop...'!

Such practices resvond to uncertainty that surrounds farming pro-
cesses in the form of climatic variations, outbreaks of diseases and

other random events and which are refered to as '"technical uncer-
2)

tainty" or "ecological uncertainty". If one interprets the term
"farming systems'" in a wider sense, as is done in this context (see

above), one has to be aware that the farmer spreads risk even further: '

to combine crov-production with animal -husbandry and to combine
farming-activities with off-farm employment can be perveived as
strategies rartially aimed at risk minimization by diversification.
From this follows that the important question when Lkooking for
"appropriate" irrigation design is not whether either a farming
system based approach or rigorously intensive cash-cropping would be
preferable or viable. Irrigation planning for the smallholder based

‘on the above considerations will have to ask, to what extend irriga-

tion is bound to introduce new uncertainties into the farmer's de-
cision making environment and to what extend such uncertainties may
or may not be acceptable to the farmer and how they can be minimi-
zed in the context of the éystem design. One has to be aware of a
potential partial substitutability between risk-svreading farming
practices and risk.minimization by means of improved management con-
trol, a trade-off that has to be balanced within the total system
context. Doing so, 1t is important to realize, that

'the relationship between the type of technology and institutions
required is close 2nd that financial and manvower constraints may

-
|
|
!

z
. oY

1) RUTHENRZRG (1
2) BRCMLEY (1972

94
)
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prevent complex institutional arrangements.
The crucical point is that "appropriate'" irrigation has to be de-

viced such, that institutional uncertainties that go with it do not
exacerbate the already uncertain economic environment in which the

smallholder lives.

L.3.3 Institutional uncertainty ~ physical interdevendencies

It is an unescapable characteristic of irrigation that it creates

ohysical interdevendencies between the farmers that are linxed by a

watercourse. Even potential exceptions from this rule - private
tubewells ~ reveal to be subject to this rule in case of water-

scarcity: interdependencies will then become evident through aquifer
drawdowns that effect neighbouring farmé and increase pumping costs.
The control an individual farmer can exert with respect to his
access to water in a surface water system is usually a function of
the number of other irrigators located upstream on the same water-
course as well as a question of his political and economic rpower.
BROMLEY et al a)stress this point with the introduction of the term
of "real location'" as opposed to 'mominal location™ as an indicator
of the degrze of a farmer's relative access to water. They illustra-
te this by way of a schematic diagram as given in FIG. 2%, , re-
presenting an irrigation system consisting of the main canal, two
laterals and some sublaterals. With unlined laterals and a lined
main-canal, farmers in zone C, although roughly eguidistant from the
water source, would be less advantageously situated as farmers in
zone E, since they may have to accept severe transport losses. Po-
sitions in zone D with respect to such losses would be more favou-
rable, unless differential seepage losses due to varying soil con-
ditions exizt. The '"mominal location'" with respect to access to wat-
er indicates the widely discussed '"tail-ender-problem'", where irri-
gator A] #ould be most favourably, irrigator C3 lzast favorably lo-
cated if one assumes that the greater the number of irrigatcors up-

stream of a given location, the less advantageous the location.

1) NORMAH (1976) p. 135
2) BROMLEY, TAYLOR and PARKER (1980) ,p. %76




ZONE B

FIG, 3.6 -~ Schematic representation of farmers!' '"nominal®
location in an irrigation system,

Source : BROMLEY et al. (1980)
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3.7 - Econonmic effects of uncertainties arising from
physical interdependencies in irrigation

Source : adapted from PARKER (1980) and WALKER (1281)

Total revenue
f E(TRAX) ﬁ
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The term of "real location! that BROMLEY et al propose however re-
lates the degree of relative access to water to socio political
realities. Whether individual C3 will really have the least favoura-
ble position will largely depend on the political power he can com-
mand in the context of the institutional environment of the irri-
gation scheme.
The =sctual conseguences brought about for a less advantaged irriga-
tor in connection with his '"real locaticn'" are analysed by PARKER1)
(see FIG. 3.7 ):
If the total quantity of irrigation water available for two farmers
A and B is OA - OB and if the advantaged farmer A receives the allo-
cation CA - NO then the amount 0B - WO is left for farmer B, if
transaction-losses are neglected. This 2llows A to cultivate a high
yielding crop-variety with a vroduction-function revresented by

) while B will cultivate the traditioral variety E(TXB) which
has a flatter producticn-function and which at low water invbuts be-

. 5 . . - - X
hizher revenues than the hisgh yielding crop Z(TRE")

'_l
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he might choose as an altesrnative.

The total value products under these conditions are given by TRA and
TR2B respectively.

If A can bz induced to reduce his water allocation from Wo to W1 with

a relatively small loss in revenue from TRA to TRA then B would

b
have the chance to adopt the high-yielding crop-allernative
E(TRBX) 2). This would result not only in substantial production in-
 creases for B but -since production increases for B from TRE to TRBX

are higher than reductions for A - also the overall project produc-

tion would rise. Hence, in this case, productivity- and equity-goals
would be complementary. In reality however, the only way to achieve
water use reduction by A méy be to increase his allocative efficien-
cy - moving to a new vproduction function E(TRAY) - since due to
his political statusz, A will be unlikely to accept any reduction of
his value-product.s)

The important point to note with respect to the smallholders situa-

1) PARKLR D. (1979) as quoted by DAVIES (19832)

2) Whether he would actually change varieties would depend not only
on adequacy but also on reliability of allocation ‘
(see para L.%.L) |

%) WALXER (1981) p. 107

i
|
|
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tion is that inherent physical interdependencies in irrigation

will result in a stagnation or even deterioration of his economic
position - given the above mentioned opportunity-costs he incurs
with irrigation - if the institutional environment allows others

to make use of their locational advantages in '"nmominal' or in '"real"
terms. Since socio-zconomical and political differences are desi-
cive with respect to real location his weak economic position com-
roundsthe smallholders vulnerability to the institutional uncertain-

ty of water-allocations in the context of irrigation schemes.

L.o.h Institutional uncertainty - the role of water reliability

The predecminance of the subsistence- and safety-goals in a presumed
lexicogravhic order of the farmer's objectives as mentioned in
chapter 4.2 draws attention to the fact that his risk-taking depends

1)

on the distance from some 'disaster-lewvel! as a motivational
threshold.

Judged from this point of view, the disadvantages of physical inter-
dependencies as outlined in the previous chapter prevent the small-
holder from participating in substancial benefits from irrigation
and hence from achieving his surplus goals but their negative effect
with resvect to subsistence and safety-goals will be limited, as

long as the situation remains predictable . He will then retain his

risk-diversifying traditional farming-practices in order to satis-
fy his priority security goals.

A different situation arises, when water allocation is linked with
2 lack of reliability both with respect to quantitiss supplied and
to timeliness of allocation.

Unreliability of water delivery makes water supply unpredictable
and hence makes it impossible for the farmer to properly plan his
farming opsrations.

If water guantities vary then farmers may choése to irrigate either

"larger than optimum' areas with scarce and unreliable supplies, as

2)

reported by REIDINGER with reference to farmers in West-Pakistan™’,

1) ROUMASSET (1976) p. 52 :
2) REIDING_R (1980) p. 266




thus constantly underirrigating their crops or they may spread
water over 'less than optimum 'areas as mentioned by ABEL and
CHAMBERS "
well.

Whatever the individual reaction is, the lack in supply reliability

and thus overirrigate and cause yield depressions as

particularly induces the farmer with the more favourable "real lo-
cation" to take more than his share if and when he gets it. And it
is this insecurity which makes it a rational choice for the disad-
vantaged smallholder not to adoot more water-responsive crop varie-
ties as indicated by the potential transition from production func-
tion E(TRB) to B(TREY) in FIG. 3.8

BROMLEY 2) illustrates both the inefficiencies and the equity prob-
lems related to such unreliable quantities of water supply in a dia-
gram shown in FIG.3.3 , which depicts the shared use of water quanti-
ty AA1 = BB1 between users A and B, where A is more favourably lo-
cated in real terms. The crucial point is, that farming operations
have to be planned before actual water allocations are known and
hence farmers have to choose according to supply predictions the
levels of accomvanying inputs that are functions of water-receipts,
i.e. seed varieties, application rates and ~times of fertilizers and
certain labour inputs related to on-farm water distribution. The
inputs purchased by A and B are indicated with an aggregate index I
on the vertical asxes in FIG. 3.8

If water allocation is unreliable, then A has to plan his input use
on the basis of previous experience, and, being cautious may choo-

se the levels Wp% and IOA, with an envisaged production level at

M, However, if he gets the water, being in a favourable position

he 1s 1likely to apply some more than the quantity corresponding to
his input-use, as mentioﬁed above. Assuming he takes WOA, his pro-
duction level will be at K.

User B on the other hand has to take into account both dependencies
and unreiiabilities of supply and will hence be particularly cauti-
ous in choosing innut-levels VOB and I B’, inteﬁding to operate at

point N. However, since A took only WO he may apply more water

(W‘,B) and hence produces at level J., If the line L-M-N represecnts

1) ABEL and CHAMB-=RS as quoted in BROMLEY et al (1980) p. 37C
2) BROMLEY (1982) o. 10-14
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the contract curve, i.e. the locus of productive efficiency, it
becomes apparent, that production of both farmers taken together
is less than it could be with efficient operation at point H.
BROMLEY points to the related problem which would have even more
serious consequences with respect to the smallholders safety
goals 1if his situation is represented by B: if he underestimates
the water taken by A, then parts of his purchased inputs will be

wasted which may result in net benefit decreases through irrigation.

Apart from the fact, that the resulting inefficicncies, if aggre-
gated over the whole irrigated area, are extremely costly, the above
considerations stress the point that

funreliable irrigation suvpply from surface and groundwatsr is pro-
bably the major cause of variations in yield. More importantly in
the medium and long term, unreliability causes farmers to cut in-
vestment in high-value crops, fertilizers, sprays and so forth an?)
is a major contributer to disappointing irrigation verformance. !
The above analysis also makes it clear that the high uncertainty
that a lack of water-allocation-reliability introduces into the
smallholders water-use-decision making compounds the disadvantages

arising from physical interdevendencies in irrigation.

4.3.5 Institutional uncertainty - access to land

4;3.5.1 General

With respect to land-tenure and irrigation, RUTHENBZRG notes that
'it must... be borne in mind that production technicues and lzand

tenure ars interrelated. Whereas in shifting and fallow systems
communal land ownership with established rights of usage prevails,
we generally find in vpermanent farming individual lznd-ownersrip

with owner-fzrmers or tenants. In irrigation fa”mlﬂz, lanzlord-
tenant relat*hnchlp , provided that they have nst y=t besn QboliESed
by lz2nd reforms, ar

¢ evaen more typicsl than in upland {zrming!'.
These observations noint to an essentizl ares of co
lated to smallholder irrigation, Questicns about the possib

plicationng of irrigatiocn on the land tenure situetiza of the small

1) CARRIT
)

22
RITELIETRG (15207 ., 187
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farmer must clearly be of prime importance 1f the above mentioned
goal system of the farmer (see para 4.,2) is to be of any concern

in the context of irrigation planning- and management. Since f'tech-
nologies and social relations are intimately linked! 1), the intro-
duction of irrigation into an area of rainfed agriculture is likely
to bring about substantial changes in the tenurial status of the
smallholder. Therefore, questicns relating to the nature and trends
of such chnanges and to the factors and situation-variables involved
appear to be of oparticular relevance to smallholder irrigation
planning. However, empirical evidence related to such gquestions is
rare and has to be seen in the dynamic context of differing socio
economic structures. And with respect to theory relevant to such
problems, BROMLEY notes that f'while there is an extensive theore-
tical literature on landlord-tenant relations, we do not have any-
thing comparable in irrigated agriculture',a)

However, since the focus of this chapter is directed towards the
gualitative nature of potential trends rather than towards detailed
analyses of the changes involved, the following general considera-
tions may be sufficiently conclusive although they refer to mainly

3)

one single study for emoirical evidence.

The particular viewpoint adopted here in order to point to the issues

involved is to limit the discussion on the interaction of the goal
systems of landlords and tenants under varying production conditi-
ons. Moreover, the role and importance of incentives as well as of
risk and uncertainty in the framework of such interrelationships is
given particular attention in accordance with the smallholders pre-

mised concerns and preferences.

4.3.5.2 Land tenure and potential impacts of irrigation

With reference to the role of risk in the context of landtenurse
arrangements, GRIFFIN remarks, that 'there is mo necessary connec-

tion between ownership of land, entrepreneurship and risk taking.

1) PEARSE (1980) v. 6
2) BROMLEY (1982) p.3
%) BHARADWAY and DAS (1975)
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He who makes the decisions, bears most of the risks, but he who
bears the risks need not own the land'. ") GRIFFIN illustrates this
point by representing the three basic tenure systems in a schematic

form where arrows point toward those who bear the risks of produc-

tion:
wages profits

1. owner-operator [workers] ~ |landlord
crop share : crop share

2. sharecropping tenant landlord
profits < rent

3. leasehold tenant (1andlord]

However, 1t is essential to realize that the kind of risk, GRIFFIN

refers to is what has been labelled as "technical uncertainty" in

i_’o

an earlier context (see para 4.3.2) i.e. uncertainties related mainly
te physical and biological factors of production. However, as far

as uncertainty is determined by the socio economic context, GRIFFIN s
statement no longer holds: e.g. "institutional uncertainty" may well
effect the wage-labourer in a worker landlord relationship if unem-
ployment is high and if he risks to loose his Jjob. Accordingly, in

a share cropping arrangement the tenant security may vary widely

according to the degree of institutional uncertainty that prevails.

In order to assess potential changes irrigation may bring about

for the tenurial status of the smallholder it may be sufficient to

‘concentrate on sharecropping which is the most pervasive and persis-

tent of the above mentioned basic tenure systems. Leaving aside the-
oretical considerations about resource allocation and productive
efficiency that dominate the literature about sharecropping, it may
be useful instead to consider the situations in which this tenure
system is the preferred arrangement.

With reference to PEARCE 2) the essential situation parameters that

favour the persistence of sharecropping may be defined as follows:

1. where decisions concerning the nature of the contract liss with
the landlord, but where the costs of supervision are potentially
large, i.e. where production conditions are such that under

owner cperator arrangements with wage labour much time and effort

1) GRIFFIN (1979) pp 23-24
2) PEARCE (1983) p. 45
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would be needed to ensure an acceptable outcome.

2. ! where the tenant is in a position to have a decisive influ-
ence upon the contract and where the tenant is also insuffi-
ciently endowed with resources tolﬁllow him to discount income
variance as a decision variable !

3. where differences in resource endowments are less pronounced
and where both landlords and tenants are existing close to the

margin of survival.

If one looks seperately at each of these sets of given "environmen-
tal" conditions and if one superimposes the introduction of irriga-
tion on each of them, potential systems interactions point to the

following resulting trends:

Scenario 1 : landlord dominant - supervision costs high

Since the landlord is dominant, conditions will largely be deter-
mined by his decision making and by the tuning of his goals to
environmental characteristics that change with the introduction
of irrigation.

a) Change from rainfed agriculture to irrigation entails increases
in labour requirements and the need for timely and skilled exe-
cution of predetermined tasks. This means, that supervision
costs that are already high, will further increase if the land-
lord opts for wage labour arrangements. Hence, basically, he may
be interested to continue on a sharecropping basis and security
of the tenant may be enhanced. A ‘

This hypothesized trend has been observed by BHARADVAJ and DAS

in Indiaa). In surveys of village based irrigation schemes in
Orissa it was found that traditional paddy varieties - in
contrast to high yielding wvarieties (HYV's) - continued to be

grovn on a crop sharing basis with "conventional'" shares of 40
to 50 %.

b) However, if the advent of irrigation is accompanied by introduc-
tion of HYV's, then another trend of changes may be likely as
well: the profitability in relation to units of output as well
as on capital invested may rise such, that cultivation becomes

attractive to landlords themselves who have been uninterested

1) PEARCE (1983%) p. 65 ’ |
2) BHARADWAJ and DAS (1975) p. 233
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or absent before. This may lead to tenant eviction or to
changes from sharecropping to wage labour COntraCts.1) ‘(‘
c) PEARCE points to the fact that the same circumstances - intro-

duction of irrigation and HYV's - may result in yet a diffe-

rent outcome if the landowners perceive the rewards of the 'mew!"
technology to be substantial but if they are aware at the same
time that in the short run uncertainty is increased. Uncertain-
ty. may be augmented, because new varieties ask for reliable

water supplies and the complete and well dosed '"package'" of in-
puts if they are to be cultivated successfully. Neither water
reliability nor the necessary managerial skills of the water users
can usually be expected in new irrigation schemes.

A "rational" choice for the landlord under such conditions will

be to share such risks through cost share leases or 'to off-load

2)

them entirely through fixed rent tenancies!. Evidence of the

latter option again is reported by BHARADWAJ and DAS in the above
mentioned study who noticed that in village schemes, where irri-
gation and HYV !'s where newly introduced, tenure arrangements
'changed over almost entirely to fixed rent basis',B)
One might assume in line with GRIFFIN !'s perception of tenure sys- ‘:;
tems (see above) that such leasehold contracts ﬁill enhance the |
tenants decision making freedom and hence reduce institutional
uncertainties he has to face. However, the surveys of BEARADWAJ

and DAS lend 1little supvort to such expectations, since they

revealed that another feature accompanied the change-over from
crop sharing to fixed rent arrangements: the fact that terms
of leases got considerably shortened. The researchers inter-
pret this fact as follqws:

"'...to fix the rent in kind or cash provides an incentive to the
tenant to cultivate intensively since what remains after paying
rent accrues to him. However, by making the lease contract short
enough and/or insecure the landlord can raise fixed rent to
capitalise on the preductivity gain for each new tenant or for
the o0ld tenant under threat of eviction. This. quick turnover of
tenants, even when actually involving eviction, may not parti<-

1) for empirical evidence see e.g. BERRY and CLINE (1979) and

PEARSE (1980) o
2) PEARCE (1983) p. 6L (.
3) BHARADWAJ and DAS (1975) p. 235 ' '
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cularly harm productivity, if gains in productivity are main-
ly being achieved through the tenant's circulating capital
rather than through asset formation. If the main asset, irri-
gation, is provided by public works, as in our present case,
this may be an easily workable strategy.'! As a result, 'in this
region... %&security, especially for small tenants, has in-
creased. !

Scenario 2 : enhanced bargaining power of temants

a)

b)

Situations where tenants have increased influence on tenurial
arrangements may arise in various circumstances: First, tenants
may be landlords themselves, or may have more favourable resource
endowments so that negotiating positions are less unequal. Se-
cend, landlords traditionally may not be cultivators or may be
engaged in other activities so that supervision costs and/or
labour shortages may induce them to seek share cropping arran-
gements.

If under such conditions irrigation and HYV's are introduced in
an area, then the ensuing increase in related labour- and input-
costs if borne by the tenant alone, and the fact that the tenant
receives only a part of the total product may decrease the te-
nant !'s net revenues below minimum income needs and hence reduce
his incentives to cooperate. Given his favourable bargaining
position, he may induce the landowner to increase tenant crop
shares or to pay part of the input costs, while maintaining the
sharecropping contract.

BHARADWAJ and DAS confirm such trends for areas in their survey
where irrigation has been practiced for a long time and where
"traditional landlords'" prevailed, that where partly engaged in
occupations other than cultivation. In such circumstances the
introduction of HYV'!'s into irrigatedAagriculture was accompanied
with increases in tenants share to 75% of gross-output with costs
entirely borne by the tenant-1)

The same researchers point to the fact, that in village -schemes

where irrigation had been newly introduced and _.a_ transition from

share crovping to fixed rents was the rule - see point c) in

scenario 1 - &a large part of the tenants were migrants from

1) BHARADWAJ and DAS (1975) pp. 236, 237
2) ibid., p. 235
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neighbouring regions. Since these tenants were better off and
hence had a more favourable bargaining position, they were able
to negotiate longer term leases: 'while the small tenants were
faced with intense insecurity, the large tenants obtained leases

1)

(orally) for three to four years.''

Scenario 3 : equal bargaining position and low resource endowments

of landlord and tenant ‘

Situations with highly differential bargaining power between
landlord and tenant, e.g. when large landowners lease out small
parcels of land to numerous tenants are by no means the rule in
share cropping. In Bangladesh e.g. where up to 50% of all farmers
are engaged in crop sharing arrangements most of the tenant

farms are cultivated by '"mixed tenants'", i.e. those who own some

)

land and hire in some more to increase their 1andholding2 . At
the same time total holding sizes remain small.s)

Under such conditions, the introduction of irrigation with de-
mands for more, timely and skilled labour inputs and the con-
tinuing risk aversion of both parties may increase needs for sha-
re cropping arrangements and hence make tenancy arrangements

more secure for small cultivators.

The above considerations have been meant to demonstrate that the in-
terplay between environmental conditions and the goal systems of
landlord and tenant may be strongly influenced by the advent of irri-
gation and that the institutional uncertainties a poor tenant small-
holder has to face may sharply increase in such circumstances.

If the interests of the small farmer are to be given protection
then issues of land tenure relations and related problems of insti-
tutional uncertainty must be of key-importance in smallholder irri-

gation planning.

1) BHARADWAJ and DAS (1975) p. 237

2) HOSSAIN (1977) p. 3%00; PEARCE (1983) p. 45

3) In the rural household surveys in Bangladesh referred to by
HOSSAIN (1977) 60 per cent of the households owned areas smaller

than %.5 acres.
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L.h . Conclusion

The foregoing considerations of the potential decision making be-
haviour of small farmers as irrigators in the context of their
institutional environment were supposed to illustrate the impor-
tance of environmental factors on farmer-decision making and hence
on project-performance,

This lends support to the hypothesized need for open systems
approaches to smallholder irrigation.

It has to be stressed that the above mentioned aspects concern on-
ly a very limited, although crucial, area of interactions in the
"social arena'" in which an irrigation scheme is supposed to func-
tion. Other important and largely neglected interrelationshipvs
concern the decision making behaviour of irrigation staff in the
context of institutional structures and reward systems relevant to
them, the interactions between the structure of national irrigation
institution and the systems performance etc.etc..

If it is accepted that the boundary between the socio technical sys-
tem of an irrigation scheme and its environment is a dynamic region
rather than a distinct line, then smallholder irrigation planning
will have to give more attention to aspects like those outlined

above.

1) compare chapter 2.

1)




59

5. PROJECT DESIGN FOR SMALLHOLDER IRRIGATION

5.1 Context and goals

The foregoing chapters have indicated substantial deficiencies of
conventional irrigation with respect to its suitability for small-
holder irrigation. Given that there is a complex and dynamic inter-
relationship between people, technology and institutions, "a priori"
quantification of project goals is bound to encounter diffi-

culties. And given the fact that the institutional environment of
irrigation organizations is only partially controlleable, planning- }
and management procedures that are based on rigid and static input-
output-considerations appear to be highly inadequate.

The fact that institutional components of the project'!s and the
farmer 's environment are only ”influenceaﬁle" or "appreciable' but
not fully controllable as has been premised above, cannot mean,
that they are to be neglected. This may be possible in short-term
infrastructural projects that are geared to produce a specific out-
put and which may be able to engage the prevailing institutional
powers to that common end.

The success of smallholder irrigation however depends crucially on
human and social factors i.e., on the collaboration of the projects
users and on their participation in the pursuit of the projects
goals. However, SMITH et al. stress that

! participation in organizations is always partial and conditional.

It is partiasl to the extent that what the individual achieves through

the organization is only a part of his total purpose. It is condi-

tional on the organization being able to continue to,supply the in-
on ; on L 15

ducements necessary to his continued contribution.!

Such inducements depend upon the degree of synchronisation between
the project !'s goals and the goal system of the individual farmer.
Chapter 4 has attempted to demonstrate that the smallholder's objec-
tives and decision making are largely influenced by the instituti-
onal environment in which he lives.

This means that well defined, quantifyable and hence "operatinonal"

objectives for smallholder schemes, that are definitely needed if

1) SMITH, LETHAM and THOOLEN (19850) p. 15




projects are to be rendered ''manageable'", have to be determined

in a process of systems-adaption to the ecological and instituti-
onal environment and hence to the '"real'" objectives of the people
and interest groups involved.

At the same time overall "final" objectives - "increase in agri-
cultural production!, "improvements in living standards" etc. -
are important as broad long-term guidelines for irrigation schemes,
however "they are to be used to give direction and legitimacy to
project selection and not to specify their goals.‘])

With reference to the so-called "COPENHAGEN WORKSHOP”E)

different

hierarchy levels of goals may be classified in the following way:

Final goals: project impact (degree of achievement of

g superior goals, e.g. improvements in living

b standards of the intended beneficiaries)
E_g st order goals: project effect (consequences resulting from
grg use of project-outputs)
%%g 2nd order goals: project-outputs (consequences resulting from
© g project-inputs and -activities)

% 3rd order goals: project-inputs (amount of resources to be

<

used and activities to be undertaken)

It follows from the above considerations that an opzn systems appro-
ach to smallholder irrigation would have to attribute explicitely
different degrees of goal-operationalization to each of the levels
of this hierarchy, increasing in the direction of the indicated
arrow. In the short run only goals of the 3rd order may be specified
and quantified, taking into account existing environmental constrai-
ntsi)Goals of the 2nd and 1st order will then assume the nature of
medium and long term guidelines. In the course of the dynamic pro-
cess of systems adaption 2nd and 3rd order goals may assume a higher
degree of operationalization the more the system arproaches =

steady state.

Such a procedure would be in stark contrast ‘tc curreat practice

1) SMITH et 2l (1980), p. 35
2) Copenhagen Technical Yorlkshop on Monitoring and Zvaluatina of

Rural Development Projects (19576) as quoted in JAHIYE and

von Oven (1780) p. 714 |
3) This corresponds to 3 pilot-stage of operation
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in irrigation planning: in conventional irrigation, the 'project
cycle" and its conventions determine the degree and the timing of
goal -quantification. At the end of the identification- and pre-
paration-stases, 2nd and often 1st order goals are 'identified"
and quantified and finally "sanctioned" through project-appraisal.
At that stage, very often, the institutional environment of the
aypraised vroject including its structures, potential sources of
uncertainties and its reward-systems is largely unknown and hence
also the environmentzl constraints the vroject has to face.

In conseguence, an cven systems approach to irrigation would need
to be startsd from a different procedural basis. It appears that
instead of ”irrigation;projects”, "irrigation-programs”.might be
adequate. This means that long-term and continuous commitments

by governments and potential aid-donors to "project'-activities of
initially small and grafually increasing scale might be preferable
to short-term, large scale investments which by necessity - due
to the open systems character of irrigation schemes - are bound
to encountsr substantial difficulties.

However, an open systems approach to smallholder irrigation would
have to be cdistinct in a further respect.

The brief considerations in chapter L have indicated that in the
context of instituticns the poor smallholder occupies a least fa- ]
vourable position. This becomes evident in his highly vulnerable ,
land-tenure status as well as in terms of his disadvantaged '"real i

1)

location" related to access to irrigation water. Both materia-
lize in a hish degree of uncertainty for the smallholder and hence
reduce his willingness to cooperate and to participate.

It seers hence to be of prime importance to introduce risk minimi-

zation considerations as planning imperatives and priority-criteria

into smallnolder irrigation. The process of systems adaptinon which
has been susgested here must hence be subject to improvements in

the farmer!'s safety-position if the overall projsct is to be viable.
In the sams way as SAYDERS has demonstrated the irrelevance of fer- : ‘
tilizer- and credit-gprograms in Brazil in cases where farmers ope-

2)

rated at high levels of risk avoldance™’, irrigation development

1) compare sxplanatinns on chapter 4.3%.7
2) SADERS (1979) p. 79
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may orove to be useless to the smallholder if similar conditions

prevail.

5.2 Planning avvroaches

An open systams aprroach to nroject planning and managemsnt as

suggested in this chapter may at first glance appear to be hardly ;
applicable to project activities like irrigation where infrastruc-
ture components inevitably play an imrortant role. After all, deci-
sions about infrastructural details have to be taken, financial
arrangements zare to be made and the process of systems adaption

in planning will thus have obvious limitations.

“hile this is so, it has to be realized that once infrastructural

project-comronents are started irreversible commitrments are made and

3]

institutional adjustments or attempts to initiate new institutional
designs may then appear to be difficult or impossible,

fWhen the institutional arrangements are not well established at the
time the new technology creates ... new income stresms ... some
farmers will be able to expropriate for themselves some of the in-
come streams made possible by the innovation. If this is allowed

to continue for several crop seasons, those fortunate few who were

L

able to approcriate the new income will come to thin¥ upon treir
go0d fortune zs "legitimate". Then, it will ?ﬁcome difficult -~ if
not impossibls - to rectify the situation.!

The fact that a major problem many rehabilitation projects have to
face consists in the well-entrenched and de facto-legalized rights
to excess watzr use by the top-enders, supports such views.

Such considerations a2gszin ask for increased emphasis on identifica-
tion- and prezaration stages in the project-cycle, as has been men-
tioned before. Howevef considering practicability and cost effec-
tiveness they may also ask for different methodologies in  wproject
prenaration zs well as for more flexibility and adaptability in

p ct desirn and imtlementation. ‘

Overabundant data-collczction in surveys related to croject rrepara-
t

ion which iz »ften linked with a2 lack in actual information mnay

1) ZROML:Y (1392) p. 36 ‘;
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have to be limited. The quantity of data collected in such surveys - |
and the narrow confidence limits that are normally required, often

involve higher costs than can be justified by the incremental bene-

fits they generate over those arising from more rapid, loosely

structured investigations. Techniques of "rapid rural appraisal'

that stress the importance of knowing what is not worth knowing and
emphasize the approvriateness of an "optimal level of ignorance”1)

may hence be of importance. CARRUTHERS notes with reference to irri-

gation planning:

! Tndeed, if a cost effective iterative design process is to be

followed in vpractice, and not’mere}y advocgted ig principle,.:.the 1)
adovtion of some techniques of rapid apvraisal will be essential.! |
If open systems avrroaches to irrigaticn planning are to be practi-

cable and cost-effective and if they are to give more attention to

the enviroament, then planning procedures concentrating on constraints

priorities appear to be essential. To keep design concepts simple
inspite of the above mentioned complex systems interrelationships,
the major constraints and conflicts which inhibit the intended syn-
chronozation of goal systems, environment and design need to be iden-
tified and related catuse-sffect chains need be explored. Only if
scarce resources are identified and evaluated in terms of their

opportunity costs vrior =2nd during the plannin rocess, can e€co-
bp ’

nomically inefficient project designs be avoided. And only if insti-
tutional constraints
ar

are exposed and analysed in the framework of
ad re

social structures ward-systems will there be a chance to esti-
mate their potential impact on project-performance and to search for
ways to allevizte them.

The foregoing considerations suggest moreover that smallholder irri-
gation nseds to be flexible and dynamic in response to socio econo-
mic changes. However due to the "lumpiness'" of the infrastructural
project-components this may be difficult to achieve, zince such a
flexibility would cz2ll for divisibility at the same time. Morcover,
since the developmant of water resources usually is extremely cost-
1y, =specially in the case of schemes that make use surfacs wa-

i of
ters, increazing returns to size can be exuvected up to a caertain

1) Departmt. of Applied Statistics, Univ.Reading, "Surveys of the
small farm scctor in the Third World - synopsis" (193%)
?2) CARRITHERS (1979)
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project-scale.

On the other hand, declining per unit costs of water supply that
result from larger project sizes may well be counter-balanced by
benefits foregone due tc the impossibility to minimize planning-
errors by way of adjustments to ongoing improvements of informa-
tion-levels. Moreover, opportunity-costs involved for not being
able to synchronize vrojsct- and institutional develoopments may in

1)

reality be high. The problem is that estimates about differential
benefits between "full'" and step-by-step develorment are impossible
to make in the ex-ants situation and that therefore full development
and divisible project alternatives can only be compared from the
peint of viesw of costs. Such comparisons however, due to econcmies
of scale in construction and due to high costs of water resource
development will unduly tend to disfavour '"divisible'" design pro-
rosals.

Such considsration pecint to the imrortance of pilot schemes in cases
where "divisible" projsct alternatives cannot be justified on tkre
basis of cost-comparisons and they indicate subtantial comparative
advantages of small-scale irrigation.

By its very nature howsver, open systems planning cannot be prone

to ready made "solutions'" as some advocates of small-scale irriga-

tion seen to inrly.

5.3 Desipgning for risk avoidance
5.2.1 Prospects and nrocedures

Conventiscnal project-rrevaration, appraisal- and evaluation proce-

dures 1in drrigation anpear be highly ins en81t1vD with respect to
issues of rick-avoicdance relevant to the farmer. Deswrn'n

gation schemes for riczw avoidance in current project orac

A

predominant)y undorstond dn terms of minimizing the risk

N

1) ZAPATA (13797 o,
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project may not cover the opportunity-cost of the capital invested
in it.1 Procedures of cost-benefit sensitivity-analyses and pro-
babilistic approaches of risk analyses are in use to evaluate this
type of risk in project-appraisal. Occasionally only, tests are
made with respect to the farmers situation, e.g. to estimate effects
of a delay in project-benefits on his cash-surplus-position.

To comply with the requirements of open systems planning however,
modifications in the application of such procedures appear to be
necessary:

Firstly, sensitivity analysis would have to be used in the context
of ongoing design-adaptions to goals and environment and hence

would need to check upon project components throughout the planning
period.2>
And secondly, sensitivity analysis would need to be applied for on-

going assessment of financial impacts of design adaptions on farm

model budgets. !
Moreover, it would appear to be necessary to reflect institutional
uncercainty as far as possible in farm budget preparation. BROMLEY

e.g. thinks in this direction when he suggests that farm budget

studies should be conducted 'with an eye to a farmer's location v

within the system! and proposes that different farm budgets should

be established for the head-, middle- and tail-reaches of a water

course.B) ¥Not only are yields iikely to be lower in tail than in
head-regions&> but also the opportunity-costs of water-use to the

farmer are higher due to higher transaction-costs and due to in-

creaszd labour inpufs for maintenance of supply canals and farm-

ditches to =nsure conveyance of largely dimished flowus.

5)

Only if such differences clearly show up in farm-modsl-budgets”’,

will project mezsures to relief such constraint situations be-
come more stringent for decision makers.
Yith explicit reference to institutional uncertainty a recent nro-

gram-cvaluation-study cn irrigation development carried out for a

AT ¢

1) e.g. BOTTZYLEY (1279)

2) conpare CARRIJTHZEDRS (1979) |

%) BROMLEY (1722) ‘

IL) compare para L.3.3

5) this is nnt meant to say that institutional uncertainties in
general con be reflectad in farm budzets,
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major bilateral donor agency states that fwe recommend that eva-
luations examine the question of risk in irrigation and consider
policies which will minimize risk in the design and implementation

1)

of future irrigation projects’'. However, the same revort con-
siders risc minimization for the farmer as one amongst 73 (!)
evaluation critcria for irrigation activities without any reference
to priority orders.

This voints to the fact that genuine attempts to account expressi-
vely for farmer's risk-avoidance in actual irrigntion nlanning zare
sparse and a substantial shift in emphasis in this respect appears

to be essential

5.3.2 Security of land tenure

The considerations in paragravh 4.3.5 were meant to illustrate the
potential influences , irrigation may have upon the farmer's safety
position in terms of tenurial status. Designing for risz avoidance
in the context of open systems design for smallholder irrigation

i
will hence have to attribute prime importance to related questions.

If "success-stories" of smallholder irrigation are being discussed,
refercnce will inevitably be made to the cases of Japan, Taiwan and
China,
Irrigation developments in these countries have been favoured by the
existaence nf natural irrigation aresas, by the command over largs
contingents of labour and by extensive land-and-water improvement
worlts that enhanced water-control and thus could take full advanta-
ge of the new seed-fertilizer technology of the "Green Revolution'.
However 2 major factor amongst others contributing to this course
of events in these countries with different development patns and

social systems were reforms of agrarian structurss in the aftormath

hoﬁtpaliticaLwexentsuthatfpraventedwthe-marginal'Sation and the

"de _landing'' of small cultivators and that ensured their access to
2
land. )

1) BEBRY, 709D and HOSIZR (1970) p. b
2) PuA2SE (1980) pp 224 and 232-245




Open systems considerations as stressed throughout this disserta-
tion suggest that attempts to '"draw lessons" from location speci-
fic experiences in order to transfer such experiences to other
systems-frameworks are likely to encounter substantial difficul-
ties, a point that will be further illustrated in chapter 6. How-
ever, the premise that the smallholder is a rational decisionmaker
that underlies the arguments in the foregoing chapters, is likely
to result in decision-making-behaviour that will avoid to trade
ecological uncertainties for even greater institutional uncertain-
ties possibly brought about through irrigation. And there are few
aspects of risk-avoidance more stringent in the small farmer's de-

cision making process than those related to nis access to land.

Such considerations underline the importance of land reform nmea-
sures if desizning for security is to become 2 genuine planning
criterion in smallholder irrigation. However, it is again the over-
all systems context, that determines the impact that such measures
can have in project-reality, as the case of the irrigation component
of the Sao Fransico Polders Project in Brazil demonstrates:

AYRES]) reports that land tenure problems were impeding the
implementation of this project, which was unique in Brazil as it
provided for the expropriation of private lands. It was evident
that without land reform the profits from irrigation would have
accrued to the large landholdsrs in the aresa. But when land reform

measures were undertaken, ''the project fell considerably behind
schedule, in large measure because the expropriation of private
lands went at a snail's pace, and the decree providing for such ex-
propriation expired. L§§s than half of the expropriable land was
in fact expropriated. !

Hence if the systems context, i.e. in this case the whole of the
agrarian structure and the legal and political framewor< are not
conducive to such approaches, land reforms may encounter serious
problens.

Whether other methods to ensure land-tenure-security can be more

} ~____promising such as tenancy security laws, water reforms with diffe-

<

rential water-rights and/or ceilings on access rights to water-use

that aim at disincentives to induce large farms to refrain from

1) AY?ES (1323)
2) ibid., p. 117
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"de-landing" poor smallholders, will depend on local systems cir-
cumstances. However, irrigation-projects that are not accompanied
by interventions to secure the land-tenure-status of smallholders
may run the risk to bring about '"silent land reforms'" in disfavour
of the intended beneficiaries and hence incur social opportunity
costs that ought to be considered in decision malking about project

selection,

5¢3.3 Formalist approaches

Attempts to design for the farmer'!s risk-avoidance in smallholder
irrigation seem to imply the necessity for projections of poten-
tial opportunity costs a farmer is likely to incur with irrigation.
This however must prove to be an impossible task since opportunity
costs are even difficult to quantify where farmer observation is
possible. Some authors argue that they cénnot be clearly apparent
since they depend upon the farmers subjective judgement of the be-
nefits foregone in a specific use of resources.

These problems of an "ill-structured'" reality which confronts the
planner when attempting to select risk avoiding design-alternatives
are however further complicated. This is because the potential
sources of increasing uncertainty for the smallholder in the ad-
vent of irrigation may seem to be countless. A low degree of soci-
al cohesion or a lack in irrigation know-how coupled with the far-
mer'ﬁ'ignorance, not only about technology but also about legal

1w

rights and opportunities as an irrigator may reveal to be just

as seriuos constraints as a . lack in water-reliability. And weakness
of the legal system, a high degree of soclo-economic heterogeneity,
strong political positions of rural &lites etc. etc. are all factors
that compound potential uncertainties brought about by zhysical in-
terdependencies or by potentially low financial rates of return on

" " the farmers resources. ’
On the other hand side extremly different means of diminishing

farmer-related risks may be proposed as '"appropriate'.

1) THORNTOY (19832) p. 3




69

The economist may argue that a sound financial rate of return to
the farmers own resources coupled with a "safe™ cash-surplus projec-
tion may be the best way to provide for risk-avoidance. Or he may
propose social cost-benefit weightings in the context of overall
project selection to counteract impending inequality issues or
other he may consider credit programs to help.

The agronomist may intervene in favour of farming systems approa-
ches, may propose new resistant but still high yielding varieties
or may be in favour of on-farm research trials. The engineer nay
opt for dam cecnstruction and water-storage since this is the '"best"
way to prevent seasonal river-water fluctuations and the related
uncertainty-nroblems or may even propose automated water control

in the water distribution system to minimize operaticnal deficien-
cies and resulting risks with respect to water allocation. And the
manager may vrefer a higher degree of organizational centralization
or may be in favour of management improvements to water control and
may even dream to bring about a "water revolution" by introduction
of such "low Cost”-measures1),

But some of those measures or all of them may ignore the real con-
straints the farmer faces or some of them or only a certain com-
bination may prove to be feasible or effective in the given environ-

ment.

In such a highly complex project-situation the planner may basically
choose among four general types of planning approaches to find thre

"appropriate' way of minimizing the smallholder's risk:

' 1. Formalist approaches, that are characterized by the explicit
or implicit use of mathematical and other models.

2. Heuristic approaches that use principles as guides for action.
3. Operating unit approaches that begin with carefully selected
people or machines specially tooled with regard to certain

performrance characteristics. 2)
L. Ad hoc approaches which "present reality as the only given'!

Formalist avproaches to account for farmer's risk in planning are
nurerous and nave experienced a boom witkh the advent of mathematical
programning methods. JOY e.g. who emphasizes the complexity of small

farmer environments, refecrs to this very complexity to advocate

1) compare ROTTRALL (1981) pp. 23. 24 and DAVIES (1933)
2) BCGUSLAW (1965) as quoted by DE GREENE (1972) p. 81




Linear Programming (LP) as a method which can 'in principle cope

1)

with a good deal of it' ', On the basis of such attitudes numerous
applications of LP to small farm planning have been undertaken and
various studies, e.g. those of LOW have sought to incorporate risk
into their analyses 2). JOHNSON on the other hand argues, that the
reduction of the original problem to a small subset of attributes
permitted by the formal LP-routine and the assumptions about the
data needed to fill the gaps between our imperfect knowledge and the
perfect knowledge demanded by the model lead to a LP~form of the
problem which to him 'appears almost absurd in its simplicity'.B)
Such considerations have lead to a substantial shift in the
application of formalist approaches from optimizing problems and
prescriptive studies to their use in more exploratory investigati-
ons and as planning aids by way of simulation modelsh). However, if
the cost-effectiveness of such approaches is taken into account,
their application in smallholder irrigation is likely to remain lar-

gely restricted.

5.3.4 Farmer-related risk-vrofiles of irrigation projects

Refering back to the above mentioned types of planning apoproaches
evidence suggests that in the practice of smallhelder irrigation
""ad hoc approaches" or at the most "ovperating unit approaches!" are
predominant - if the farmer's risk situation is considered at =211l.
It is in view of this situation that a number of authors suggest
that the sensible application of heuristic planning procedures as
planning aids -~ e.g. check-lists, decision-matrices, problem-
hierarchies etc.- may in many cases be more useful tran formalist

5)

approaches.

As such a heuristic aid to planning for risk-avoidance "farmer-

related risk-profiles of irrigation-projects" nmay be a useful and

1) JOY (1969)

2) Low (1974)

2) JOHNS0N (1920) in BARLETT (1980) p. 38

) compare e.g. ZUCKERHAT (1677)

5) see e.g. CUAVBERS (1977) + CARRUTIERS and CLAYTON (1976) quoted
in BIGGS (1778); BIGES (1272) and KORTLMACRET (192C).
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cost-effective means. It is suggested, that such profiles, in a
similar way to the simplified model in FIG. 5.1 may attempt to re-
present the existing, location-specific state of knowledge about
potential sources of uncertainty for the smallholder in a simple
ordinal scale. Avplied in an on-going process of systems adapta-
tions such a profile would have to become continuously more com-
prebensive and include multidisciplinary vicwooints. It is not
sugrested that decisions ought to be btased on such profiles but
that they hely to guide judgements.<And it is not suggested that
potential sources of farmer 's risk may be represented by such pro-
files in a comprehensive and satisfactory way.

Moreover, it may well be that indications about risk levels related
to a certain variable necessitate prior assumptions about other
variables. E.g. high levels of organizational centralization may
only reduce farmer's risks if management cavacities are high, if
there is strong political supvort and if it does not bring about
excessive social opportunity costs. Such deficiencies are inherent
in heuristic approaches that do not aim at comprehensive formaliza-

tion.
However, it is suggested that such profiles may help to identify

farmers-related constraints across disciplines, and they may help

that decision makers take a more balanced view of constraints

priorities and the possibilities to intervenme - or become aware at
all that such constraints exist.

Moreover such profiles might indicate in a sufficiently comprenen-
sible multidisciplinary manner where votential complementarities

or tradeoffs arise from particular intzsrventions and they may be
combined with compatibility matrices to help in this direction.

Thus they may be useful guides in improving design-aprproaches accor-
ding to the beneficiary constraint-situation.

It may indeed ba possible in certain environments to substitute im-
proved management discipline for more substantial infrastructure])
~without increasing the farmers risk. Or it may be possible in spe-
cific circumstances to f'rearrange physical facilities to meet so0-

cio cconomic realitics'! 2), e.g. by identifying regions of socio
cconomic homogencity within the project area and by arranging distri-
bution networks, water zricing and user-groups accoriingly.

1) LAZARC =t al (1979) o. 7
2) BROMLeY (1o72) p. 12
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In yet another environment farming systems approaches may prove to
be adequate as long as '"resources"of skilled management are too

scarce to ensure water-allocation reliability.

By means of risk profiles various resource constraints may become

more obvious and agronomists and engineers may focus more attention

on economic instead of technical efficiency. On the other hand, eco-
nomists may realize that they fshould be less concerned with the
full rigour of modern cost-benefit analysis and other management
techniques and more involved with study of the salient facts and
testing of options, using criteria derived from insights obtained
from basis socio economic concepts'! 1).

Morecover, such planning aids may help to focus attention on needs for
institutional designs in an early planning stage and they may point
to very locaticn-specific interdisciplinary solutions were cross
country experiences may not be relevant.

Most important of all, such heuristic approaches to planning may
nelp to ensure, that attention is drawn to the least advantaged mem-

bers in irrigation schemes, the smallholders.

1) CARRUTHERS and CLARX (1981) p. 243




73

5.4 Conclusion

It has been premised in the context of this dissertation that
socio-technical systems of irrigation are open to multiple inter-
actions with their environment. Since part of this environment
cannot be fully controlled by the irrigation organization while on
the other hand it may considerably imvinge on project-performance,
Open systems approaches to planning appear to be adequate.

A systematic and iterative systems adaption between project goals,
design-characteristics and environment implies increasing attempts
to synchronize the project's intentions with the small farmer 's
goals. Heuristic planning aids like farmer-related risk-profiles of
irrigaticn projects may support such efforts.

Given the priority-order of subsistence and safety goals in the far-
mer 's decision making and given the impact of social structures on
such decisions, smallholder irrigation vplanning will have to focus
attention on issues of institutional uncertainty that may be incon-
sistent with such goals.

The neglect of such issuzs may not only bring about "failure" of
smallholder-irrigation-2fforts, it may do so on the cxpense of those
intended to be the bensficiaries.

It is here were Mrrigation aspects of agriculture cannot be severa-

1)

ted from the larger social/political climate which exists! and

where irrigaticn planningz and contribution to the formation of po-

-

litical will may nave to coincide,

1) BPROMTEY (1972) n. 17
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6.0 AN OPEN SYSTEMS APPROACH TO THE EVALUATION OF

RWS-irrigation-schemes in India

6.1 General

The character of irrigation schemes as open socio-technical systems
implies, that there is a dynamic interrelationship between location-
specific situation-variables including the goal -systems of interest-
groups, the operationalization of feasible and acceptable project-
objectives and the organizational as well as physical design-
characteristics of an irrigation-scheme.

The following evaluation of Indian irrigation projects is ment to
illustrate the interdependence of these variables and demonstrate
the usefullness of an opsn systems-approach in analyzing such
complex interrelationships.

The data used are based on a project-visit to India which I under-
took in 1981])

related to a detailed evaluation of these projects, nor to con-

. However, as the purpose of this wisit was neither

ceptual considerations as put forward in the context of this
dissertation, the data at hand - especially concerning economic
and socio-economic pérameters - are far from beeing comprechensive.
However, it is hoped that the general reasoning of the here
suggested systems-approach to smallholder-irrigation can be demon-

strated notwithstanding such deficiencies.

6.2 The background ! Warabandi and RWS

By the end of the 1970 !s India's increase in irrigation development
reached impressive dimensions: the capacity of the irrigation-
infrastructure constructed covered a total of approx. 50 million

2) ‘

hectares™’. However the gap between created potential and actually

irrigated area was striking. SECKLER notesB):

1) HUPPERT (1983) |
2) 52.25 ha by 1978 according to SECKLER (1981) p. 4 !
%) ibid., p. S
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'Tf 'capacity utilization! is defined as the amount of effec-
tively irrigated land which can be obtained from existing
supplies of water at the headgates of irrigation systems...
then the 30 million ha of potential surface irrigation in
India is reduced to an effectively irrigated area of 10.9
million hectares...!

This stupendous discrepancy was found to be partly due to the ab-
sence of field channels in the cutlet command areas and partly due
1)

At the same

time, it was recognised, that there was a strong bi-model pattern

to the absence of a formal water-distribution-systen.

of capacity utilization in India: about 25% of the systems, pre-
dominantly in Northwest-India were estimated to operate at water-
utilization-effeciencies of about 70% while the remaining 75%

)

operated only at about 25% efficiency2 . The hish-effeciency systems
corresponded largely to the irrigation schemes where "Warabandi"B),
a traditional system of water-management was practiced. This fact
induced the Indian Government in the mid 70's, supported by World-
Bank and FAO to promote the introduction of new water-management-
concerts - meanwhile called "Rotational Water Supply" (RWS) - in

a number of projects throughout the country. In accordance with tra-
ditional Warabandi-principles, the RWS-concept presumes that the
requirements of "classical" rotaticnal water-distribution-systems
are not applicable in smallholder conditions: allocation of varying
water-dosages to different crops in accordance with differing crop-
water-requirements throughout the season, taking into account soil -
‘moisture-conditions of locally varying soil-types and hence diffe-
ring irrigation intervals were operational tasks not practicable
under conditions of "patchworks" of small, fragmented holdings.
Highly complicated irrigation-schedules would result, that would be
difficult to be followed or controlled. Thics is why "Warabandi!
simplified water-distribution categorically in order to bring about
organizational feasibility on one hand side and ensure a reliable,
timely, predictable and equitable water-allocation on the other
hand. ‘

The main principles of traditional Warabandi are as follows:

i) Individual holdings are put together to form irrigation-

1) MALHOTRA (1982) p. iii
2) SECKLER (1981) p. 10
%) the literal meaning of "Warabandi' correspondz to "fixation of turns"
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units ("chaks") of about the same size. This chak then
receives a constant, uniform flow of water at the chak-
outlet according to its area (usually about 1 cusec per
LOO acres), but regardless of intended cropping-patterns,
and -intensities and regardless of soil-types. The flow at
the outlet varies only if the supply to the main-canal -
system is subject to fluctuations.

This principle of constant flow at the outlet ensures
reliability of supply and makes it possible for the users
to control the adequacy of the pointedly scarce allocation.
Flow-reductions in case of main-canal -supply-fluctuations
distribute shortcomings equally to all chaks.

ii) Within the chaks, water is distributed on a rotational basis
to the users. The individual dosage received (i.e. the time
allowed for useage of the constant flow) is proportional to
the area of the holding.

This principle ensures an equitable vater-distribution1)

which again is easy to be controlled by the users.

iii) Irrigation-intervals are scheduled such, that each user can
easily predict and remember the time of his irrigation-turn:
normally weekly turns are in use, i.e. a certain farmer has
the right to use the water always at the same day of the
week, during the same time for the same length of time (pro-
vided the supply-channel is served).

Predictability and reliability of allocation together with an equi-

table distribution of scarce water - as mentioned in chapter 4 -

are essential design-characteristics that adapt the system to the

farmers objectives of risk-avoidance and food-security..

Since Warabandi and the above stated principles of waterdistributi-
on-management were highly efficient in Nordwest-India, the RWS-
projects attempted to transfer these organizational and technical
design-characteristics into projects elsewhere..One of the goals of

RWS-projects was thus to achieve a substantial increase in water-

1) MALHOTRA stresses that "equitable'" water-allocation in India
means invariably an allocation proportional to land area. And
BOTTRALL confirms that with rare exeptions, this is the general
pattern in developing countries. MALHOTRA (1982) n. 4O;
BOTTRALL (1981) p. 26
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utilization-efficiencies and hence profitability through "soft"

organizational inputs of low capital-intensity.

6.3 Traditional Warabandi - a systems view

Warabandi as practised traditionally in Northwest-India is by far
not an ideal system and it has drawn substantial criticism: THORNTON
quotes RAJ1)

i) heavy water-losses entailed by the system

who notes disadvantages such as

ii) lack of adjustment of water supply to crop-water-requirements
(a criticism repeated by REIDINGERE))
iii) impending problems of waterlogging and salinization due to

overirrigation in certain periods of the crovping cyrcle.

These and further disadvantages of this method of water-distribution

can be deducted from TAB 6.1 . This table indicates the compatibi-

lity of environmental parameters {institutional aspects, resources
and farmers goals) as well as project goals, listed on the left
hand side with the organizational and physical design-characteris-
tics of the system, listed on the top side of the table. The row/
column-intersections indicate compatibility (+), neutrality (s) or
non-compatibility (-).
Table .1 presents the predominant design features of traditional
Warabandi as practiced in parts of the Bhakra-canalsystem in
Haryana.
Due to lack of data, the goal-systems are incomvlete and the farmers
goals indicated are based on assumptions only. RAJ's objections
appear in the following row/column-intersections of TAB :

ad i: 5-m, 5-n; 15-m, 15-n

ad 1i: column n

ad iii: 10-m

However, such criticisms fail to take into account the multi objecti-
ve nature of the Warabandi-method and the systems-interactions

between environment, goals and design-characteristics.

1) RAJ, K.N. in THORNTON (1966) p. 12
2) REIDINGER, R.B. quoted in MALHOTRA (1982)
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The project goals to provide disaster-prevention and drought
protection imply the provision of little irrigation-water for
many people instead of intensive irrigation for a few. This goal
necessarily remains in conflict with the individual farmers ob-
jective of profit-maximization, whose viewpoint RAJ and REIDINGER
take in statement (ii). However the project-goal of drought pro-
tection is in line with the farmers aims of risk avoidance and
food security. to bridge the gap between these conflicting goals,
organizational and physical design-characteristics had to be se-

lected taking into account the prevalent environmental parameters:

- to provide little water to many people entails corresponding
extension of the canal -system and hence -unavoidingly- increases
water losses (see RAJ: point (i)).

- objectives to enlarge the canal network tend to be in conflict
with the situation variable '"medium administrative capacity™".
Hence to be able to achieve this objective design features were
selected that account for the mentioned constraint: fixed flows
at chak-outlets do not regquire regulation operations, and hence
save nan-pover otherwise regquired for operation and administra-
tive purvoses, However, such fixed flows, again unavoidingly,
entail increassd water losses and cannot match varying crop water
requirements. (RAJ points (ii) and (iii)).

- to cope operationally with differing water requirements of a

large number of users and to prevent stronger farmers from taking
iy -

more than their due share - trying to satisfy their profit
maximization goal - a simple system of reliable, timely and

easily predictable rotation had to be introduced: the fixed turns
once a week. By necessity this mode of distribution remains in
conflict with individual farmers goal to satisfy optimum crop wa-

ter requirements (RAJ voint (ii)).

Hence RAJ and REIDIVGER, failing to take into account the systems
interactions mentioned above, were unaware of the fact that a reme-
dy of the - undoubtedly existing - conflicts they mentioned, would
necessitate adjustments of design-characteristics which then would
induce themselves other conflicts with existing goals and given
environmental conditions. "Improvements" in such a multiple objec-

tive systems context can thus only be judged in view of the overall
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changes in the system which they bring about.

6.4 The transfer of Warabandi - systems interactions

As mentioned in para 6.2, the intention of World Bank supported
RWS-projects in India is to transfer the '"sucessful" principles of

Warabandi into irrigation-schemes elsewhere in the country. One of

the most frequently mentioned projects of this kind is the Sree-Rama-

Sagar (or "Potchampad'"-) project in Andhra Pradesh, where 600 000

hectares of potential irrigation-area are supplied with water from
the Ghodavari-river-system by means of three storage- and diversion
~-dams. Looking at the situation-variables and the projects-goals
however, reveals substantial differences to conditions under which

Warabandi is used in Haryana: TAB 5.2 represents environmental con-

ditions and goal -systems of the Sree-Rama-Sagar-Project related
however to the design-characteristics of traditional Warabandi,

equal to those given in TAB 6.1 . The ensuing incompatibilities

mean that design-characteristics of traditional Warabandi, if used
in this system-context induce substantial conflicts and problems,

as indicated by minus-signs in TAB.6.2 . TAB. 6.3 then shows modifi-
cations in design-characteristics, environmental parameters and
goals systems that have proved to be necessary due to incompatibi-
lities in systems-interactions. Some of the major problem areas in
Vthe system balance that emerged in this "transfer of technology"

are the following:

a) The project-goals are substantially different from drought
protection and maximization of water-nroductivity as persued
in Haryana: the operationaliz=d objective is a cropping inten-
sity of 100%, i.e. the aim is to achiesve one optimal crop per
holding rer year ( non-rice crops in the dry-season or paddy
in the monsoon-season) and thus contribute to increases in
per-capita-incomes and agricultural surplus production. This
change in goals induced unforseen interactions in the "envi-
ronment/gnals/design — characteristic”-rélationships.

The constant flow at the chak-outlet had to be fixed according

to the estimated peak water requirements of the average cropp-
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ing pattern in the chak, and was estimated to 1 cusec per

100 acres in dry-season for non-rice and 1 cusec per 40 acres
in monscon-season for paddy (as compared to 1 cusec per 40O (f)
acres in traditional Warabandi). Such a substantial increase
in irrigation-duties however seriously aggravated the

problem of overirrigation in time-periods outside peak requi-
rements due to fixed flows at the chak-outlet already mentio-
ned above: serious problems of waterlogging and subsequent
yield-depressions forced the management recently to abandon
this Warabandi-principle of constant flow, aﬁd flow regulating
structures are now being installed. (see TAB.6.2 , 14-m,
15-m; TAB. 4.3 , 14-m and 15-m).

However, in the same way as the change in goals (from drought
protection to 100% cropping intensity) and the subsequent
change in design-characteristics (from 1 cusec per 400 acres
to 1 cusec per 100 (4) acres) induced changes in situation
parameters (water logging problems + farmers goals with
emphasis on profit maximization), the attemps to remedy this
problem by introduction of flow regulation brings about new
conflicts with environmental factors as well as with the exis-
ting goal system:

Flow regulation in correspondance with crov water requirements
asks for evapotranspiration measurements and estimates of
water reguirements, entails needs for regular gate adjustments
and induces incressed maintenance and repair works. This
however conflicts with environmental factors like poor admi-
nistrative capacity and scarce government financial resources
for operation and maintenance (O + M) (TAB. 6.3 , 2 _m'n'
6-m#ﬁ)- Moreover; new conflicts with prevailing objectives
emerge: flow regulation - especially under conditions of low
administrative capacity -~ will counteract intentions for
reliable, timely and predictable water allocation and will
hence be in conflict with farmers objective of risk avoidance.
(TAB. 5.3 , 7-m+n, 16-m+n)

This leaves basically two options: 1) new goals are added,
l1.e. strenzthening of administrative capacity and improving

of O+M,and are operationalized by clear definition and quanti-

tification (TAB. 6.7 , row 15') and additional government




b)

funds are provided. 2) Or: goal chievement levels are

reduced, e.g. to lower percentage values of intended

cropping intensity.

In case none of these options is taken, the system may equi-
librate itself: the inconsistency in the goal/environment/
design constellation may result in "project-failure"; the
achievement levels envisaged may not be reached.

Not only the project goals but also environmental conditions
are substantially different in Sree-Rama-Sagar from tradi-
tional Warabandi schemes: while the average size of holdings
in the Haryana-section of the Bhakra-Canal -System is approx.
L ha, the average holding in Sree-Rama-Sagar comprises only
0.4 ha.

Again, this change in systems parameters entails the need for
substancial readjustments:

A regular weekly water-turn - the core of Warabandi design
characteristics - poses no major problems in Haryana if crops
and soil conditions require a two- or three-weekly rotation
instead. The farmer can subdivide his holding into several
parts and "stagger'" his cropping and his water allocations
accordingly.

In Sree-Rama-Sagar however, such strategies encounter prcblems.
To divide a small holding of a fraction of a hectare into se~
veral subsections and then stagger planting and irrigating
will be impossible: to provide all the different labour inputs
~ from land-preparation till to harvest - at different times
for different small land-segments will be uneconomic for the
farmer especially if he lives some distance from his irriga-
tion plot, He will hence try to cooperate with his neighbours
and take his turn only every second or third weex, but then
the double or triple volume of his usual water allowance,
This adjustment howsver curtails the objective to make water
allocation reliable and sasily predictable, and‘hence - in
times of water cshortages - may conflict with the farmers

risk avoidance objectives. (TAB.6.2 , 7-0, TAB.6.3 , 7_0)

Harabandl 2s practiced in Worthwest-India satisfies the far-

mers goal of aceczss tn secure water rishts by mezns of coor-
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dination of operational activities and by communication in
case of conflicts directly between water users and the ad-
ministration (deputy collector). However, again, differing
envircnmental conditions in Sree-~Rama-Sagar induced changes
in these organizational characteristics:

Direct farmer/administration contacts are feasible in Hary-
ana due to relatively large holdiﬁgs - and hence a limited
number of farmers to be dealt with per unit area -~ and due
to age-old Warabandi traditions which restrict the number
of conflict cases. Rights and obligations of the users are
known since generations and are well established in the
irrigation-legislation which dates bacik to the "Northern-
India-canal -and-drainage-act! of 1873. Penalties for viola-
tions of rules are knovn to be ”draconian”1).

In Sree-Rama-Sagar however, small holding sizes -~ and hence
large numbers of users per unit area -~ combined with poor
administrative capacity and a relatively new and still large-
ly unknown irrigation legislation render the above mentioned
Warabandi practicss unpracticable. (see TAB.6.2 , row 9 a-f
and row 1-3).

To overcome this problem, water users associations have been
created in order to transfer vartial conflict regulation as
well as control- and coordination tasks to user groups. This
changed substancially the institutional environment faced by
the farmers and mezsnt that corresponding operational project
goals for the creation and maintenance of such associations
had to be added to the goal system of the project, including
establishment of corresponding extension provisions (see

TAR. 5.3 , rows 3!, 111, 1501 171 and 1711),

The introduction of such water users associations and the
corresponding change in organizational design characteristics
(see TARL.? columns a!' to f!') may solve the above mentioned
‘problems if such assiciations are functioning properly. How-
ever it may be difficult to bring about such a functioning

in a context of relatively poor social cohesion (see TAB. 5.3

1) SECKLER (19&81) p. 26
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row 3) - and thus ensure secure water rights even to a so-
cially weak smallholder. Nevertheless, the fact, that
SECKLER]) argues categorically against water user associa-
tions as being "counter-productive'" in the context of RWS-
projects appears to neglect the nature of the above men-

tioned systems interelationships.

The foregoing observations show, that the transfer of Warabandi

from given "environment/goal/design' -circumstances as prevalent in
Haryana to "foreign' systems preconditions in Sree-Rama-Sagar,
necessarily effected goals, design-features and environment and
changed the Warabandi charscter of the water management system near-

ly beyond recognition.

6.5 Conclusion

The case exemple outlined in this chapter was meant to illustrate
the dynamics of systems interrelationships between environmental
parameters, goal systems and organizational/physical design parame-
ters of irrigation schemes.

It shows that the systems nature of multiple objective smallholder
irrigation schemes and the only partially influencable character of
the physical and institutional environment in which they are set

up requires a carefully balanced approach between these very envi-
ronmental factors, the goals to be achizved and the design featu-
res of the irrigation organization to be established.

The admirable achievements of Warabandi to bring about zan equitable
water distribution to smallholders hardly matched in government
initiated projects in the Third World are certainly worth efforts
to be replicated elsewhere - if local systems interrelationships

allow.

1) SECKLER (1981) p. 30/3
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