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Abstract *

Arising from concerns that integrated and adaptweter resources man-
agement (I/AWRM) may not be sufficiently tailoremdertain kinds of en-
vironments, this article examines their design ulgto a governmentality
framework, positing that /AWRM could be enhanced ibcreasing ac-
countability and local appropriateness throughzeitis actions that ad-
dress and are situated in three types of domaspatial ‘holons’, hydro-
logical regime ‘phases’ and problem-solving ‘tasksan exercise termed
‘domanial’. As explained in the paper, the geo-ernit scope of this pa-
per are countries as in Sub-Saharan Africa whéneatt variability and
widespread irrigation dominates river basins thaturn have limited ca-
pacity for well-financed administration commonlyesein Europe. The
need to recognize irrigation in adaptive water nganaent is born from
the great proportion of freshwater depleted bysthetor and its effects on
water shortages and behaviors in other sectorcalde of these charac-
teristics, there is a risk that in irrigated semdaenvironments, IWRM
(with a regulatory emphasis on managing water ossffect water alloca-
tion between sectors in large river basin units)adaptive versions of
IWRM (emphasizing iterative refinement and widestsyn complexity)
will not engender satisfactory outcomes.

1 Lankford, B.A. (2007) Integrated, adaptive and daral water resources man-
agement. Chapter for CAIWA Conference, Basel, 12Nd§ 2007.
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Introduction

Although adaptive water resources management (AWRIsly be distin-
guishable from integrated water resources manage(h&RM) by the
degree to which AWRM is adaptive in practice, thatended broad ob-
jectives and modalities are similar enough for thenie variations on a
single theory of adaptive, integrated water resssirananagement
(A/IWRM). Thus it is possible to argue that AWRMexplorative, itera-
tive and cognizant of wider complex human, climatel ecological sys-
tems (Pahl-Wostl and Sendzimir 2005) — is captwigbin a wider IWRM
family (Mitchell 2004; GWP-TAC 2000; Radif 1999;1ah 2003).

Nevertheless, despite the IWRM paradigm subsumiiffgrent ver-
sions, the notion that adaptive water resourcesag@ment might have
special qualities raises k@yocess questions that illuminate our theorizing
of water management. What clearly distinguisheptiga water resources
management from integrated water resources manageméead to im-
proved results? Or put another way, are the otfifgrénces between adap-
tive and integrated water resource management thfose-going adapta-
tion and a wider, more complex set of referencéegys? Pertinently, how
does AWRM claim to deal with complexity? The ams@édyhere argues that
in certain kinds of environments and complexitya{tfirst need to be rec-
ognized) we should ‘design in’ mechanisms for daiivg the aspirations
of A/IWRM. It proposes to do this by breaking coexity into domains.

A theory of domanial water resources management RIMVis gener-
ated from the social co-management of three tyge'slamains?. This
concept is generated from the starting point — wltkres water resources
management (WRM) take place? To answer this, tperpeontrasts two
countries, United Kingdom and Tanzania, with déf@rwater systems; the
former constructed from highly-regulated and setjtiating domestic, ur-
ban and industrial consumers mediated by financiaéll-off representa-
tives, agencies and water companies, while therlatconstituted from a
disparate array of relatively poor irrigating armhuestic users who access
water largely from a dynamic environment directlydatherefore from
each other with much less mediation from intermgdaaganizations. As
explored in the paper, these differences resulfejparate kinds of com-
plexity to be addressed in different ways.

To explore I/AWRM theory it is necessary to consitle institutional
design factors that drive the implementation of IWR developing coun-
tries. This begins with the premise that IWRM hae tmajor dimensions;

2 Domains are; nested sub-units of the basin tetméahs; parts of the hydrologi-
cal regime termed phases; and tasks of work tobeteted.
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an upper level as a strategic planning model asetand level as a model
of operationalization (Mitchell 1990, 2004). Figutecaptures these, left
and middle respectively, leading to ‘outputs’ o thight hand side. A
problem observed in developing countries where IWiRNeing promul-

gated is that operationalization is taking time endot necessarily leading
to intended results (Biswas 2004). This shouldbeteen as a failure of
‘operators’ but more of four characteristics of thgper strategic level of
IWRM as currently constructed, explored below.

Fig. 1 Integrative, adaptive and domanial componeistof WRM
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Firstly, in adopting IWRM plans, | contend that dgerationalization is
‘theory-facing’ rather than ‘problem-facing’, or fpanother way the strate-
gic level is insufficiently context-aware. Both atgic and operational
levels too readily adopirinciples of water management (such as water as
an economic good) without identifying how those eaitleas are ex-
pressed by users themselves to solve local probl&asondly, the upper

3 For example, in Southern Tanzania, local usergldeed a land-based, village
levy of about 10 dollars per hectare deemed mopeogpiate in reducing water
consumption than the flat charge applied throug'ald Bank supported na-
tional water policy (SMUWC, 2001).
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IWRM strategic model, regardless of context, tetm¥gards a regulatory
model of dealing with basin-scale complexity, constied from a mix of
measurement, licensing and pricing. Although IWRMpwrts to be par-
ticipatory, it does not see devolution and subsityias a means of dealing
with complexity at the basin scale. Thirdly, IWRMlizes high level dis-
semination processes such as workshops, artickkpapers and training
of water officers that are relatively ineffective transforming local user
practices. Fourthly, IWRM fails to address ttmmplexity associated with
irrigation. This arises partly out of jurisdictional gapsvee¢n Ministries
of Water and Agriculture because often irrigatisrviewed as the provi-
sion of water to a crop rather than as a multiedsystem, and partly be-
cause irrigation is seen as one sector amongst,mather than as a de-
terminant of wider basin behavior and water contioeti

It is an analysis of IWRM either through existingdgrated regulatory
frameworks managed by professional water officethaabasin level or by
forms of localized democratic and polycentric mamagnt or by mixes of
the two (Lankford and Hepworth 2006) that suggasteed to explore al-
ternative forms of governmentality or environmeityalAgrawal 2005) of
water resources management.

Identifying domains where water is managed

This paper addresses the adaptive managementuhhedsources to en-
hance resilience to change arising from economitpapulation growth,
technological transformations and climate changgaplive management
is “an approach to managing natural resources eéhaburages learning
from the implementation of policies and strategiéallan and Curtis
2005, 414; Kashyap 2004). In addition, addressmgpexity and uncer-
tainty distinguishes adaptation in IWRM (Pahl-Wosthd Sendzimir
2005). Although accommodating iterative learning aomplexity appears
sensible, it is necessary to question whether IWapMied adaptively (i.e.
inside Figure 1) will resolve the concerns outliredbve or whether it is
possible to more thoroughly explore the underlyaingangements or gov-
ernmentality for adaptive and integrated water rganzent.

It is also possible to consider adaptive managemienta results per-
spective (the right hand box of Figure 1); that ffoor people the access,
predictability, acceptable quantity and qualityd aaffordability of small
amounts of water to meet daily livelihood and eominental needs are
provided to levels deemed locally acceptable. Tlaseabout livelihood
‘protective volumes’ implying a micro, householdmginsion. At the
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higher end of the sufficiency scale when more wigtawailable, good wa-
ter management is about equitably sharing of ‘pctide and consump-
tive’ volumes to provide for economic growth, whichturn provides in-
vestments in many kinds of economic activity whadn further reduce
sensitivity to drought. Greater utilization of moweater is reflected in
macro dimensions of the economy.

While we have some informed ideas about the inpot$ outputs of
adaptive water management, we appear less celiaint &ransformations
in the central kite-box of IWRM (Figure 1) or abaetding the context in
which IWRM sits. This is revealed by examining atpgs at IWRM in
Sub-Saharan Africa (e.g. Nigeria, Tanzania, Zamb&hg received with
mixed results. While it is possible to suggest tratadaptive style might
make headway with IWRM plans, one might criticalgspond with the
argument that if not thoroughly cognizant of on-gmeund problems, in
turn driven by a theory which requires this, adaptivater resources man-
agement will be insufficiently differentiated fromtegrated water re-
sources management. There is a great dangere¢hatithg by doing’, sen-
sible it may be, might not transcend the ‘developedntry’ IWRM
templates and principles it attempts to adapt.

| argue that developing-country IWRM, largely coosted from so-
phisticated basin-centered models and experiemcdsveloped countries
combined with the Dublin Principles, sets out uisiaand desirables that
cannot inform pragmatic policies that fit curreittigtions in much of Sub-
Saharan Africa. A developed-country template ofutapry water man-
agement fundamentally missedere water management actually takes
place in tropical and sub-tropical countries avttb does it. Moreover,
IWRM often fails to read the changes in governaysems when moving
from northern country economies to those in theios diversification
from irrigated agriculture to urban and industgedwth; a benign political
economy; greater capacity to store, purify anccoddite water; monitoring
systems; iteratively developed systems of econgmang; a longer his-
tory of water privatization and public-private iniives; a variety of de-
mand management tools; and well-financed water @agerand services.
While aspects of these exist in countries in Afriteey are not found as
comprehensively combined as in Europe.

Research in the Great Ruaha Basin in Tanzania tied 8SA countries
informs this analysis (SMUWC 2001; Lankford 2004nkford et al 2007;
McCartney et al 2007). Although there is not roamndescribe the case
study in detail, germane features of the basin are:

* An average of 25,000 hectares of small-scale twigdeading to deple-
tion of water and inter-sector competition betwé@eigation, domestic
users, wetlands and hydro-power, particularly dytire dry season.
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* A Sub-Saharan climate that exogenously drives gradlictable dy-
namic water supply and a corresponding growth anitilsage of irriga-
tion from 18,000 ha in a dry year to more than @0,ba in a wet year.

* An under-resourced basin office in terms of staifances, transport and
hydrometrics to cope with the size and regulatdmgllenges of the
68,000 knd basin. Calculations of staff-to-area ratios shbat in Tan-
zania it is one per 11,800 kntompared to one per 13.7 kfor the UK
Environment Agency, the equivalent organization.

Although, the two countries could not be more défe, the UK and Tan-

zania share similar water polices including terrtoges, aspirations and

legislative and regulatory structures (Hepworth 20MMOWLD 2002;

DEFRA 2003) yet contrast the UK’s estimated 260@ators using about

1-2% of freshwater (Weatherhead 2007; DEFRA 200ith Wanzania’'s

approximate 400,000 farmersvolved in water management consuming

86% of water. In 2002, irrigated agriculture wasneated to consume the

largest share of water withdrawal with 4417 milliof while the domestic

sector uses 493 millionhor 8% of total (TANCID 2007). Tellingly, Tan-
zanian water users despite being remote, rural, poall-scale users who
largely negotiate with each other, have to purcheges denominated in

liters per second from a central basin regulatan (goppen et al 2007).
Unlike basin environments in northern Europe wtdoh subject to oce-

anic temperate climates and experience predictaits of usage from

largely domestic and industrial users, Sub-Sahaesins are extremely
variable. This analysis suggests that where clirdetes intra/inter-annual
fluctuation, government regulatory authority istem on the ground and
irrigation shapes behavior and consumption to surcéxtent, certain kinds
of risk and complexity arise. These relate to thienmatch between the na-
ture of the challenge, of our conceptualizationdt @ind of the resources
brought to bear on it. It is not clear that, desiiite rhetoric, there is donor
or government appetite for upping the formal reguriabudget to achieve
what might be required. Leading from this, thegass of reforming water
management may be better promoted by closely imglthe many thou-
sands of farmers and fields in an irrigated suptt@ basin and be suspi-
cious of regulatory structures that treat themhestractors of a predictable,
carefully controlled and measured resource. Thigiires recognition at
the IWRM theory and policy level in order to createuctures to devolve
adaptive responsibility and sustainability downusers.

To achieve devolved adaptation two ideas are peidbe disaggrega-
tion of water resources management into domairtgsttamidentification of

4 Probably a conservative estimate, calculated 20000 hectares of irrigation
(Aquastat, FAO 2005) managed on average by onesfgper acre.
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social and institutional drivers of water managetmeform within these
domains to generate ‘balanced performance’, aclenyithg that water
consumption in a sub-unit cannot go unchecked lals meet wider ba-
sin concerns. Before these are discussed furthernecessary to examine
the complexity of water and irrigation managemsentthat its disaggrega-
tion into discrete nested problems and localiteas loe better understood.

Scale and complexity arising from irrigation

Water is a particularly complex natural resourcengmage because of
scalar dynamics. Depletion (or pollution) of waiterpart of a river basin
affects users a great distance away — users th#vgistically unable to in-
teract with those responsible for the depletionlu8&ms to solve one
community’s or sub-unit’s livelihoods can deleteisty affect others. As
scale increases, so do the number of interacttbwisjons and drivers; e.g.
land use, markets, urban growth and political andsboundary borders.
Some small-scale technologies, e.g. treadle puthpaght to be ‘sustain-
able’ by dint of an individual small environmentaipact, can with rapid
adoption cumulatively deplete water and lead tdlixin

Further levels of complexity occur with increasiageas of irrigation
that drive behavior and shortages elsewhere inbdsen (Lankford and
Beale 2007). Consequently, irrigation systems, Hegy tsingle large sys-
tems or large coalesced areas of small systemgoanplex to the extent
that they need to be seen as arenas where IWRMasid management
are tested. To see irrigation other than as a tdobgy or as a sector means
we can treat it more carefully than Tompkins andyé&d(2004) intimate;
irrigation shouldnot be seen as a direct answer to drought or climate
change mitigation, but as a possible magnifierrotight and conflict. Irri-
gation systems have feedback loops affecting efiiwy, equity, adequacy
and timeliness of supply. Irrigation performancedétermined by main ca-
nal and in-field practices; the latter determingddrmers who, perceiving
unpredictable supplies, hold onto water in turragielg supply for others
and themselves. There are institutional, orgarimati and livelihood fac-
tors which shape these concerns and practicestaachot easy to raise
performance in an immediate sense; rather grouparofers need to ex-
periment with new ways of co-managing water, suggabthrough institu-
tional and technological change by appropriate@dand services.

Irrigation is a dynamic, behavioral system withinmdtely connected so-
cial, technical, agro-ecological, economic and rri@sin dimensions,
categorically different from rainfed and rain-hastieg agriculture. Al-
though there is a continuum of typologies in theptare-control-delivery’
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sense of delivery of water to crop roots, we shat“remove the artifi-
cial separation between rainfed and irrigated afjrice” (ASARECA
2006). The relationship between area and compléxigypower one since
with greater unit size, the depletion of water ceta users in ways that
rainfed agriculture or small rainwater harvestiggtems do not.

The effect of many irrigators is to make basin-sgvernance much
more difficult. This obligates irrigators to be reatesponsible than is rec-
ognized and to achieve this requires those usec®riaect either physi-
cally (via canal systems) or via institutional agaments. This in turn re-
quires a blend of disaggregation of the wider basim smaller units, and
within those units, stronger forms of connectiod aggregation.

A conceptual framework for domanial WRM

A framework for social domanial water resources aggment is provided
in Table 1. In the top, three disaggregating pples are provided for cre-
ating WRM domains; scale and space, hydrologiggihte and risk-based
or conflict resolution approaches. Then, two sodialers are then applied
to the discrete management units and objectivesicipatory citizens’ ac-

tion and service provision. The following sub-sews explain these.

Table 1. Design for domanial water resources managent

Disaggregating WRM into identified domains Domain mmenclature
1. Scale and space; a spatial unit of managemehitnwiNested sub-system or
the river basin chosen at an appropriate scale. holon

2. Hydrological regime; a phase of water sufficienc Phase (or state)

from high to very low levels; bulk, medial and aél.

3. Risk based analysis or via conflict resolution; Task

Identifying and acting on causes of particular peots.

Social drivers for performance with domains

1. Citizen’s action; formation of groups of usebéesto discern gaps in their
knowledge and capabilities and request servicesrditgly.

2. Service response and accountability; A demaspamsive approach able to
elicit and provide resources to fill users’ needs.

Nested sub-systems: ‘stretched holons’

The aim is to promote success in IWRM by nesting solving problems
within sub-systems of a river basin - this stipegah polycentric approach
rather than the basin being the natural unit of agement. The term
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‘holon’ (Koestler 1967; Ashby 2003) is apt; a compnot or unit which is
simultaneously a whole and a part (see Figure I23.design decision is to
choose holons that constitute significant and udsfiding blocks of the
bigger river basin. Since holons nest in each diey farm outlet, tertiary
irrigation units, secondary units, irrigation syatesub-catchment, river
basin), the holon of interest must neither be toalkto result in too many
units, nor too large so that internal rifts andislons arise that cannot be
managed. The ‘correct’ size that bridges betweennticro and macro
scale is dependent on the context and the holarhvies but is also related
to the ‘working’ or exercising of the holon as thext paragraph explains.

Fig. 2. Schematic of nested holons within a riverdsin
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Likely to be a difficult and certainly site-specifilecision, correct sizing
is served by selecting units that meaningfullyeth’ or exercise their wa-
ter users in terms of learning about non-local @feThus the size and
complexity of holons are slightly beyond their coméble and normal ex-
pression — or ‘stretched’ — so that non-local arales expressions of water
use can to some extent be understood by users thleorsse would not
normally be faced with non-local consequences dgéemaepletion. This is
important if we are to enhance performance in reitimy of the intercon-
nected nature of water by making internal assasiatand agreements that
are also outward-looking. Although subjective, ves @xplore some sen-
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sible ideas of what might constitute holons. Lastygle irrigation systems
that have a measurable effect on their surroundshagh level of internal

complexity can be treated as holons. Areas of soat smaller irrigation

systems combined with domestic and environmengaing mean that sub-
catchments and aquifers are also holons. Thus, @ranare: rural towns,
or districts of very large towns and cities; irtiga systems approximately
1000 ha (10 kA and above; aquifers approximately 200 to 2008 km

size; and sub-catchments of approximately 300 6 0rf.

Phases of water management

The second type of domain is a water sufficiencgsgh generated by di-
viding a flow regime into three phases of wateffisighcy (Figure 3)
(Lankford and Beale 2007; Lankford et al 2007). Tiases (or states)
are; ‘critical water’ denoting very small amounfswater during droughts
and dry season; ‘medial water’ for scarce to awefémyv conditions; and
‘bulk water’ for wet to flood conditions. For eaphase it is possible to lo-
cally derive priorities and systems of allocationatkets, command and
control, local community responses and other ietions). A look at the
Tanzania case indicates that critical and mediam@quire special atten-
tion by stakeholders, but each can be addresseeldtywely simple, prac-
tical and localized solutions rather than by marmbersome formal regu-
latory interventions that may best be reservedrfanaging bulk water.

Inter-phase facilitation of users transiting fromwat phase to a dry
phase is also necessary. Drought contingency pilargefining responses
to droughtlocally (enforcement, monitoring and transparency of usdge
water) are important aspects of transition faditithand management dur-
ing the critical phase. Key challenges are theritligion and sharing of
small amounts of surface water, requiring a shifpriactices to more strin-
gent schedules of use. Taking a nested sub-systppreach allows users
to define these issues locally rather than havereat protocols applied.

Risk-based and conflict resolution approaches

The third domain is work-related, designed to brieage issues into more
manageable objectives. Although a number of measshieve this exist,
two are proposed here and both are intended ttetadkernal holon issues
while recognizing external drivers and downstredsfigations. Signifi-
cantly because of the spatial focus invoked by utikzation of holons,
problems can be addressed more pragmatically wilnged reliance on
the application of global principles of IWRM (Meyret al 2007).
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Fig. 3 Phases of water managementbulk, medial and critical
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The first utilizes risk-based thinking to identifpmponent tasks and
then identify which are effective in cost-benefitrhs (Craft and Leake
2002; Haimes 2004) onto which other tasks can taeattached. In simple
terms this is modeled in a pareto curve, a phenomanmanagement also
known as the 80:20 rule where 80% of the benefiy be achieved with
20% effort. An example from Tanzania exemplifies.the Usangu sub-
basin, part of the Gt Ruaha Basin, rather thanmgiitéo manage 120 irri-
gation intakes to ensure downstream compensatiovsflit is possible to
identify approximately 15 intakes on four riversitiaccounted for 49% of
the intake abstraction capacity in the basin (LarkR001).

The second means identifies tasks via specificlicbmésolution exer-
cises. These exercises and their resulting taskessl locally relevant and
socially critical concerns that might take precedenver standard water
policy or regulatory principles. In the Usangu Ibasbcal river users man-
aged conflict by agreeing a rotational scheduledistributing water be-
tween intakes (known locally &amu, McCartney et al 2007) rather than
adhering to their formal water rights.
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Fostering performance — a social approach

The next section on a social approach to water gemant echo the CAR
framework (capability, accountability and respoesigss) outlined in re-
cent Department for International Development thigk(DFID 2006,

2007) aiming for greater democratic selection aechahd by water com-
munities for services from a range of providerg thdurn are profession-
ally delivered to tackle specific hydrological phadsound tasks within
holons. The challenge in water management is tthidain ways that rec-
ognizes the scalar and depletive nature of wateswmoption in basins
with high levels of irrigation based livelihoods.

Citizens’ action and service accountability

Having determined appropriate management holonsheee to ask how
they can be reformed. There is evidence from edugahealth programs
and water and sanitation that citizens’ action padicipation combined
with appropriate service responsiveness can gengratrequisite levels of
system progress (Cavill and Sohail 2004). Thisbiesn explored within a
participatory governance and accountability framew(bid), and has
been termed a Demand-Responsive Approach (Worldk B&98). The
approach brings water users into the process ettsed;, implementing,
auditing and, ultimately financing the long terntigkery of water services.

Major proponents of the approach, including the M/&ank have sup-
ported its uptake. Initiated by WaterAid, the aifn@itizens Action for
Water and Sanitation (Ryan 2006) is to support @@og to strengthen
governments' accountability in service deliveriesdrd water and sanita-
tion. The program puts communities in charge ofrtben problems and
solutions, utilizing open consultation processé® tise of community
scorecards, slum censuses and mapping of watesaauitation amenities.

Thus the issue is about the benefits that accua fmeaningful deci-
sion-making and institutional ability to decide amdnage local priorities.
The reason for this being a priority is that givsenapidly changing situa-
tion, an effective way in which provisions can rémap to date’ is that
they are constantly adjusted by people on the gtoaumo are brought to-
gether to learn from each other and external adviso

5 See emerging bodies of work on social and techmaipproaches to water con-
ducted by the Irrigation and Water Engineering @rdtvageningen University
and ZEF, University of Bonn.
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Experiences in Tanzania (Van Koppen et al 2007geasigthat it is more
reasonable and effective to entrust managemenatdnto sub-catchment
decision-making networks building on already erigticustomary ar-
rangements. Their tasks would be, first, regulatiigcation in times of
low flows, with constraints to ensuring downstretiow advised by Basin
Officers, and, second, finding arrangements folingavith the increasing
demands by new users. With the right approach @asiitutional environ-
ment there is no reason why communities shouldbreable to recognize
wider impacts of their water usage and connectymitidty gains to con-
flict resolution both at catchment and irrigatioystem levels (Vounaki
and Lankford 2006; McCartney et al 2007).

Service responsiveness

An increasingly significant debate examines hovintbease the account-
ability, accessibility, accuracy, applicability, fafdability and response
times of services for the purpose of improving reltuesource manage-
ment (IIED 2006). This also means engaging and &epag water re-
source users to demand or purchase services, athal $0 in a way that
first asks users to critically prioritize solutiots identified problems so
that services meet real gaps and not those thdteanlved relatively eas-
ily by resource users. This suggests a recursiaiorship between users
and service providers, with the latter fostering #bility of the former to
come to them as well as vice versa. The abilitprotductive irrigators to
fund service provision would be key in the susthilityg and appropriate-
ness of services provided and may not be too diffione percent of the
turnover of 1000 hectares of irrigated rice in Tamia is 10,000 US dollars
which could buy services related to mapping, conflesolution, legal set-
tlement, field trips, re-design, construction, aguancy, climate forecast-
ing and so on.

It may also be appropriate to employ a local coowltlity or ‘cross-
compliance’ framework to offer capital, new teclowes and storage
against progress made with conflict resolutiontitusonal arrangements
and financial systems. Cross-compliance definesuahudgreements for
progressively implementing an agreed schedule ibéiives between two
or more partners (DEFRA 2006). Cross-compliancepwrall parties in
such agreements, motivating and leveraging furdltdon out of the par-
ties involved. For example, appropriately desigoaaditionalities, such as
the establishment of a water user association foolan, are attached to
capital expenditure on a small reservoir.
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Further discussion

The sub-sections below briefly introduce two otigsues related to a
nested social approach to adaptive water resouraeagement.

Pluralist legal frameworks

A locally-nested framework implies that formal régory systems need to
be counter-balanced with mixtures of formal andt@usry law, where
formal statute law provides a broad framework tieps define ‘equity’ in
the legal sense, and where customary and refléxivé Teubner 1983) re-
sides at the catchment, irrigation and communitlléo draw up agree-
ments and protocols that bring about equity inhperaulic sense. In addi-
tion should customary agreements not provide réisoluusers could then
seek to purchase legal services to resolve disputesidition, underlying
infrastructure could be locally attuned to helprasawitch from formal to
informal agreements and bye-laws (Lankford and Mwanda 2007).

Catchment and storage infrastructure

The topic of irrigation systems rehabilitation amdodernization, a
complex and intransigent area, is also relevattteatatchment scale. Ex-
isting hardware for accessing water (irrigationakes and boreholes)
should be seen as distributive infrastructure atcdtchment scale that fa-
cilitates or otherwise the apportionment of wateitaaries in supply from
bulk to medial to critical. As catchments’ demarnad asupply rapidly
change, the question of how to enhance, re-tumegwe, or build upon
existing water infrastructure that facilitates waf@ovisioning in this
dynamic context becomes critical. It was clear thatstandard irrigation
intake designs employed in Tanzania under thegatron improvement
programmes’ of donor agencies had widespread suppth farmers,
engineers and district staff. However, they encgedaupstream farmers to
abstract large amounts of water (Lankford 2004)ndCete intakes could
be better designed, adopting proportional flumegh wiigh levels of
transparency (Lankford and Mwaruvanda 2007). Initemd there are
particularly problems in dealing with ‘momentum’ iiptake of or existing
prevalance of technology adoption and practices.

A number of donors and countries are consideringshfdams for bene-
ficial storage and release (World Bank 2003). Adigen climatic vaga-
ries, benefits such as electricity generation atealways assured because
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although dams have operating rules developed byologists and engi-
neers, these are subject to political capture. yipgla nested and citizens’
approach might usefully develop counter-balanceglite and political
capture. Three other nested linkages also potintietur.

Storage could be tied to improved water manageraerdtinstitutional
conditionalities. In other words, stored waterateased for beneficiaries
provided systems are developed for managing thistezly and effi-
ciently. Alternatively, indirect linkages could developed; as an example
from Tanzania shows, resource users explored #ee ofl a small storage
dam for dry season domestic usage alongside agneernee share water
and release water downstream during the wet season.

Secondly, a holon-based approach can be takertéadirng or protect-
ing the benefits of storage to the local environtvaerd economy. This is
not particularly new, but such projects would beresponse to local re-
quests and fit with the third point which is thawésting in storage must be
gauged carefully against capacity to manage thahéweasing uncertainty
and drought periods or insufficiency arising fronecrieasing demand. An
outcome would be that an increasing proportiontofagie should be re-
served for contingencies and shortages, and bygakilocal frame, this
could be matched more easily to rapid change witthea vicinity
(Lankford and Beale 2007).

Policy support

It is useful to identify some policy challengessed by the putative
A/IWRM framework if program aid dominates donor iagmce, as is the
case with DFID. Because of the use of spatiallyrigled holons, the do-
manial approach would require services that matah @ more holons,
and thus program aid would have to generate thesa geographically

delineated projects. Modalities can be copied fatiaens’ and account-
ability approaches in water and sanitation funded program aid, and
some NGO'’s (e.g. WaterAid) have expertise in thsvertheless, there
are risks here for donors given that domanial idepsesent new kinds of
IWRM for basins and irrigation systems, requiringanizational change
to a responsive mode. In addition, skills and etperin water resources
and irrigation management have not equaled progreske in water and
sanitation. The prognosis for knowledge ‘catch-gpivorrying; a lack of

donor funding in the sector means that some Urnityedegree programs
in irrigation have closed in the last 10-15 yeans #hat relatively few

training and research programs address irrigaticuificient depth.
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Other narratives in IWRM need further deliberatifjpolicy is to be ef-
fective. A questionable one is that river basin aridation system man-
agement ‘should be kept simplédifferent to the question of how to make
basin and irrigation management more simple whichvinat this paper
tackles). Furthermore, orthodoxies that appearaweha straightforward
technical basis should be contested (witness tdespread belief that irri-
gation efficiency can be addressed by shifts taonicigation or with ca-
nal lining). These brief examples indicate the nE®dsystems’ research
of these topics and wider dissemination of findibgsa professionalized
body of engineers and water officers.

Although there is not the space to outline detafelicy implications,
some key issues can be identified, including thig §bm a largely regula-
tory basin-wide model of managing water to a domaoine. This would
require the establishment of appropriately skillgovernment officers,
NGO'’s, academics and consultants to identify dtesdcholons and ana-
lyze the structure, properties, behavior and sootmhposition of these
sub-systems so that risk-based approaches andctdwafsed entry points
can be identified to initiate citizen’s actions.

Conclusions

In considering the adaptive management of basitts significant irriga-
tion, a governmentality analysis was applied tagiigegate complexity
into discrete management domains. The model, cagbtioy the term ‘do-
manial water resources management’, is built onolded polycentric
nested holons, principally sub-catchment and itioga systems. Using
these units of co-management, the following candresidered:-

* The management of water within and transitions scnovater suffi-
ciency phases drawing up objectives for each pHagk; medial and
critical, with a particular focus on the distritarti and access to small
volumes of water during critical drought periods.

» The identification of key tasks via risk-based aodflict resolution ap-
proaches and utilization of conflicts to build cpesative competition
and enhance productivity.

* The promotion of a social process for their managgnmvolving ser-
vices that respond to collective stakeholder areslys activities, issues,
successes and problems.

6 A refrain heard during debates at a recent DFIBemnpolicy day, 24 May 2007,
DFID Head Office, London.
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It should be re-iterated that a domanial approachroposed for where
regulatory approaches to river basin managemerike whemingly norma-

tive within water science, may in fact be the mskinodel. This is a fruit-

ful area for research — how to raise performancgays by using systems
and livelihood approaches that are theoreticalueate, meaningful and
sustainable, particularly alongside competing watenagement narratives
(e.g. rainwater harvesting) that vie for policy-raeX attention.
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