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Abstract

The chapter examines water scarcity through ait@iide ‘share’ response, arguing
that scarcity is often seen as a problem of volumehbalances dealt with by logical
solutions that seek to save, or store and deliv@erwater but in effect may be partial
instruments that fail to understand how water srett and that therefore continue to
exacerbate scarcity and inequity. In emphasisinpasa-volumetric’ response to
scarcity — one that recognises water volume imlgaglaubut also incorporates sharing
dimensions — the chapter contains a framework qfplsy demand and share
management responses and argues that in a worle wia¢er may be committed and
demand and supply solutions limited, an emphasislmtation of water between
users and sectors increases in comparative signdee An additional significant
dimension of scarcity beyond the ‘volumetric’ ocguin dynamically supplied
environments where water is variably apportionettvben users semi-automatically
as a result of existing institutions and infrastowe. To demonstrate the importance of
sharing on scarcity distribution, just as FalkerkisaWater Scarcity Index reflects a
volumetric focus, this analysis proposes a ‘Watepéytionment Index’ to express
shortages arising from allocation of water betwasers. The paper concludes on the
scarcity debate suggesting that while scarcity miggteed be a universal backdrop, it
IS society’s experimentations with scarcity throutje selection of various water
management interventions that are the acid testswfscarcity is understood.



Introduction

For the purposes of political expediency, water@tg seen as limited or decreasing
water supply in the face of existing or increasitegnandSproves to be useful in two
ways. First, it is easier to blame a natural slgwtof water than to accept an inability
to manage and share limited amounts. Second, véienencerns allow ‘lack of
water’ rationales for policies that in turn are sotmuch related to how water can be
managed and shared but more to concerns about tndix br solve the lack of
supply. A concern with volumetric shortages rathigan to the details of water
management, particularly with improving the sharamgl allocation of water between
users and sectors, is nurtured by the materiaiti\=mabf water politics and policies
(budgets to be spent), policy making (‘a desirkaep things simplé), and a political
milieu of lobbying, ballot intentions, donor-clieagendas and public accountability.
This chapter attempts to show differences betwkervolumetric logics of redressing
demand-and-supply balances, and approaches thattsekcilitate transitions to
different conditions of sharing available watehighly-varying supply conditions. In
so doing, the paper re-enforces the idea of ‘shaaeagement’ as a means to work
more effectively alongside volumetric preoccupadiabout scarcity.

In this chapter | seek to judge scarcity as a #igcand politically constructed term
closely bound up with ‘volumetric’ thinking and stibns by contrasting this
paradigm with a facilitative, sharing viewpoint. &fssue of whether users truly face
temporary or semi-permanent water scarcity in compa to periods of greater,
relative abundance is accepted because water suppBture is inherently variable.
Furthermore, the objective is not to comment onédfiieacy of demand and supply
solutions as others have done so admirably (Meb@®,2Molle and Berkhoff 2007).
As will be seen, | move beyond thelumetric concerns of supply, demand and
allocative origins and solutions of scarcity. Thudile Mehta identifies two
anthropogenic influences on water scarcity in h&012 paper (exploitation of
groundwater and devegetation) these are volumetiomentaries on supply and
demand. | very carefully attempt to highlight théra magnification of, and failure to
mitigate, natural and social scarcity mediated tmp@pogenic structures designed to
sharewater.

An overview of commentaries on the constructionsoércity is provided before
moving onto a brief examination of the (understdnela tendency towards a
volumetric concern. From a seemingly neutral d&bni of a mathematical
conception of balance between supply and demandaweeflect on scarcity in three
main ways as shown in Table 1; disciplinary viewpoiresource and level, and
intervention balance. Reflecting on these perspestia mathematical balance or
‘volumetric’ conception of scarcity, although patdlly expedient, is in many ways
too limited to draw upon when designing managen governance responses; that a
wider recognition of sharing water in the face o&ter scarcity is necessary —
particularly since water-scarce regions also expee high variability of supply.

! Water scarcity has become a socially construeted to some extent; water sufficiency could be
used here and is defined as a decrease in the g@timater available per capita or area over time.
Except in this introduction, the essay does not @éh the debate surrounding social meanings of
water scarcity.

2 The author commonly hears this refrain at watdicpavorkshops and meetings attended by policy
agencies and scientists.



The first column in Table 1 discerns the disciplindeanings of the analysis of
problems or of the solutions to be applied. Three given, beginning with
hydrological analyses by natural scientists of gesnin supply and demand. | partly
distinguish between scientists who study waterruaa as hydrologists might, and
technical instrumentalists who reflect on the i¢he built environment (e.g. lack of
storage) in determining scarcity. Second are palitand social scientists concerned
with relationships between society, power and acteand distribution of water. One
of Homer-Dixon’s (1999) categories is ‘Distributists’ that focus on the effects that
various distributions of wealth and power can hameeconomic growth and well-
being. Again, | suggest a departure between thewh the legal-institutional
instrumentalists who reflect on social technologias resolving water scarcity
suggesting new forms of participation, servicesslaorganisations and institutions to
reconcile causes of inequity or overuse of watehnirdl are economists who
endeavour to understand water scarcity as an esipre®f finance and market
behaviour. These are not disciplinary silos, theran increasingly inter-disciplinary
understanding of how scarcity can be approached &mnix of these viewpoints.

Table 1. Types of water scarcity commentaries

Cate- Disciplinary viewpoint Resource type and level Ggin and
gories response
Sub- 1. Natural scientists & 1. Primary (water) 1. Supply
classes technical instrumentalists| 2. Secondary (finance and management
of 2. Political & social economic) 2. Demand
analysis scientists with social & 3. Tertiary (Human, technical, management
legal instrumentalists adaptive capabilities) 3. Share
3. Economists & financiers | 4. Political and persuasive management
capabilities and willingness

In the second column, four types of scarcity thaved water scarcity are listed,
whether they be water itself or the argument thilaéroforms of deficit (e.g. financial
or political will) drive water shortages. Turtonda®hlsson (1999) termed a focus on
water shortages a first order analysis of scaraitg other types of capabilities as
second order analyses. This second column alsosdfesmn Mehta (2006) who
explored four types of resources, primary to quegter, physical, economic, adaptive
and political. Mehta’s capability and well-beingpaoach to scarcity is an example of
a multi-strand examination of scarcity that cutsoas some of the types given in
Table 1, and moreover argues for a detailed looknaderlying capabilities, moving
beyond first order resource solutions that oftesppse that ‘more water’ via supply
technologies help solve water imbalances.

| also suggest that this second column represéetsi¢tail explored by natural and
social scientists, suggesting that primary supi@ifbservations can be contrasted to
deeper composite analysis of underlying problemsexample Ohlsson (1998, 1999)
argued for a social water stress index to refldejpéive capacity. In other words, our
understanding is not simply related to a range mdoiporated disciplinary
perspectives as suggested by Turton, Mehta andsolhue by a combined depth and
breadth within those disciplines.

In the third column, scarcity analyses either erspg®aa supply side or demand side
(or conservation), or engage with manner by whiettewis shared between sectors,



which | term here ‘share manageméntAlthough | draw on Homer-Dixon’s use of
this third category (which he termed ‘structurath the Comprehensive Assessment
of Water Management in Agriculture use of this dkial response to scarcity (Molle
et al, 2007) and on the widespread water literabmr@llocation within an integrated
water resources management (IWRM) framework, | neakase for the special nature
of share management alongside demand and supplyag®aaent, proposing
furthermore that allocation and demand drivers sasheconomic pricing are not
grouped together (Hellegers, 2005).

The bias towards supply management (e.g. buildimgns) or the demand
management (fixing leaks) is highly revealing natlyoof trends amongst donor
thinking but also of how scarcity response narestiare constructed alongside the
other two categories in Table 1. Of late, for epiWMI and the World Bank have
argued that per capita storage is low in Sub-Sah&fiaca and that additional storage
is required, which are signs of economic scarcftyneestment (World Bank, 2007;
also Rosegrant et al, 2002). The ambivalent tregtroeshare management in these
literatures suggests that a more profound looketeéchnical management of scarcity
adds to demand and supply thinking and enrichesengagement with the political
construction of scarcity.

As well as shortages of water and degrees of adoessmter supplies, inequitable

allocation of water is identified in the literatsrsurrounding water scarcity as a
‘crisis’ (Clarke et al., 1991, Gleick et al., 199 0wn, 2001). For example the causes
of the ‘crisis’ of the Aral Sea (Micklin, 2007) awdirectly attributed to upstream

irrigation.  While allocation is acknowledged toapla role in scarcity in such

writings, this tends to occurs via a broad volumesinalysis of which sectors are

provided with water using long time window sum-lales. This chapter shifts

beyond dualistic supply/demand and ‘sum balanckication perspectives to the

contemporaneous sharing of water in dynamicallygemenvironments.

Tending towards volumetric responses to water scaity

A volumetric response to water scarcity is a natiogic. Indeed the evolution of this
logic response to scarcity can be seen in thedla&0 years, with the supplanting of
supply management (“if water is scarce, increase $upply”) by demand
management (“if water is scarce, then reduce dethanthis ‘logic’ evolution has
continued with both supply and demand managememt heing promulgated,
alongside emerging ideas about allocation withinVeaRM framework (GWP, 2000).
With ‘allocation’ we tentatively see an evolutioganove from a volumetric sum-
balance logics towards a facilitative share logikis chapter attempts to frame this
evolution more clearly.

As indicated above, the quality of ‘scarcity thimgi is most revealed when either
indicators of scarcity or recommendations are pigated. The water stress index,
one of the most widely adopted, (Falkenmark et1889) proposes a threshold of
1700 ni of renewable water resources per capita in an anasis. Thus, when

countries are not able to maintain or provide #msunt of water, they are said to be

3 :Share’ is preferred more than the word ‘allocatinhich has already acquired other meanings in
IWRM, and for its tonal and grammatical verbal darities to the words ‘demand’ and ‘supply’.



water stressed. Furthermore, when water supplyeeson per year falls below 500
m°, absolute scarcity is declared (Rijsberman, 2008his index functions when
boundaries are carefully defined (e.g. basin, agulgvel) but cannot express the
extent to which water is shared between a bound#® population or sectors.

The same omission applies to the Water Poverty xXindgPI1) (Sullivan, 2002),
constructed from five main indicators (water availity, access to water, capacity for
sustaining access, the use of water and the emuental factors which impact on
water). Putting aside the data concerns in tefn®w the five indicators are reliably
obtained, the WPI nevertheless attempts to movey dvean purely a volumetric
measure but it outright fails to deal with the afltive and structural issues of how
water comes to be shared between users and beseetens in a given area.

A facilitative approach to scarcity — share management

| theorise that share management is an importagtnoand response to scarcity
alongside demand and supply management. It is inatedyl important to note that

parts of this three-part framework (Table 2) aremew; scarcity is often constructed
in terms of the problems or politics of allocatiohwater. For example the shrinking
of the Aral Sea is correctly seen as a result lfcation of environmental water

towards upstream irrigation. | seek to bring sorndditeonal perspectives on how
scarcity and water apportionment interact, befeterning to broad set of concepts
that serve to distinguish between volumetric ‘be&napproaches to scarcity and
those that emphasise how we apportion water betwsers.

The theoretical starting point - supply and demand management

A deeper understanding of responses to scarcjpyeidicated on fully understanding
the relationship between water supply and demaaapliining a careful specification of
the two concepts, as guided by Table 2 and Figuhe this analysis, water supply is
taken as the amount of water extraneous to a whde water demand is the amount
of water utilised and managed ‘within’ a user frime point of abstraction. We can
describe ‘amount’ of water supplied, used or sawedhree waysyolumetrically
which includes three sub-types of depth (in millires), total volume (cubic metres)
or discharge (litres/second); second asnéensitycalculated as a specific or tertiary
ratio, a common one being the hydromodule in isesond/ha; third as@oportion
(%) of total supply or total demand. Without foriating water use as an intensity, or
recasting demand as a proportion of supply or ti¢éahand, water wastage and over-
use is difficult to judge accurately.

‘Supply management’ suggests the augmentation tént@ sectors or a sector, while
‘demand management’ describes the reduction in ddrf@ water via the improved
management of water within a sector to fit the lade supply (Radif, 1999). Thus,
integrated water resources management (IWRM) pesgpdbat a switch to the
demand management paradigm (as well as or evesr thtdn supply management) as
this helps increase headroom (Carnell, et al, 199%ten mental agility is required

* In this chapter, the term ‘user’ is employed twarall types of stakeholders; individuals, grouas]
sectors.



because demand management within one user fre@gmigp for another user, and
thus could be seen as a supply management solatidrecause tangible visible
alterations to the ‘supply’ such as exchanging penochannel for a pipe can save
water, are in effect demand solutions because ‘Beaye’ a user’s water use (hence
the confusion over definitions shown by Merrett)2

Supply management can be understood as incredsngniount of water either by
extending access to existing flows, or by incregsire reserve volume (or buffer) by
capturing flows that otherwise would have been kostbeneficial use. Examples
include reservoirs and groundwater recharge syste@snceptually, supply
management should be seen in terms of shifts dftiegi water, either spatially,
temporally or through changing quality and pha$éus storage is can be seen as an
inter-annual shift in the hydrograph, while accegsgroundwater is a shift on a
longer-time scale, possibly even geological. Dasaltion results in more water
from improving water quality, while pollution, regsenting a decline in water quality,
reduces water availability. Condensation techrielfpr drinking water represent a
phase shift from vapour to liquid, and may beconwegasingly important supply-side
approaches (Lindblom and Nordella, 2007).

Multiple concepts of demand management also reqrareful unpacking. Much
work has been done on this by for example the hiatesnal Water Management
Institute (Molden et al 2003). Table 2 attempts go further, identifying ten
dimensions to demand management. There are tbrapanents to water use and
savings; net, tare and gross. Net is the compoofegtoss water use that generates
benefits to the user, and arises from consumptiven-consumptive use. Tare is the
‘inefficiency’ component arising from delivering tea to provide the net
requirement, and gross is the combination of net tamre and leads to a gross
requirement at the point of abstraction. Confusinglater demand in a sector can be
expressed from the point of view of the resourcemnhy returned water has to be
computed — this can be termed the ‘final gross’hud the final gross demand
calculated for a user can be seen as the net deffnamd point of view of the
hydrological cycle.

Two drivers affect how demand management occurs; fitst is that demand
reductions are driven by the availability of watereaning that a reduced supply,
either from natural variation or growing competitjdorces a reduced demand. The
second, less likely option, is that savings areenauhin the sector without reference
to the supply of water. In keeping with IWMI's frawork, demand management
thinking should refer to, amongst other dimensiodgpletion, non-depletion,
beneficial and non-beneficial components.



Table 2. Framework of supply, demand and shareagemnent

Scarcity Sub-type Definition
response
Amount Volumetric Water supply, usage or saving within a sector expressed as a

descriptors

(depth, volume
or discharge)

depth equivalent (mm), volume (cubic metres), for or discharge
(litres/second).

Proportion Water supply, usage or saving within a sector expressed as a
percentage of total water supply
Intensity or Water supply, usage or saving expressed as a ratio (field, person
specific or per hectare)
Supply Access Establishing infrastructure that extends access to existing
management freshwater, for example deeper borehole
Buffer (or Establishing or managing infrastructure to store or create
capital) freshwater, for example a reservoir.
Includes five ‘Mining’ — long | Acquiring and accessing geological water that moves slowly within
types of shifts time shifts the hydrological cycle

Storage — short

Acquiring water that represents a shift of water within the

time shift hydrological cycle over a short time span
Place shift Managing water that entails a move of the resource, e.g. inter-
catchment transfer
Quality shift Cleaning up or improving otherwise unusable water; e.g.
desalinisation.
Phase shift Rain-cloud seeding and condensation technologies to provide
drinking water from vapour
Demand Net Net water saving within bounded area or sector used directly for
management benefits
Tare Savings of water in the portion of water between gross and net,

Includes three

non-beneficial savings, including both consumed and returned
water.

Gross or cap

The total amount of water required by a sector at the point of

types of diversion diverted supply including the inefficient part (tare).

measures Final gross This describes the gross amount of water removed by a user after
depletion return flows have been computed. From the source’s point of view

this can be seen as a net depletion.

Includes two Supply-driven Demand fluctuates as a result of short or long-term changes in the

types of drivers availability of supply

and two Sector-driven Demand adjusts as a result of purposive measures taken within a

outcomes from sector to save water.

demand Process- Water consumed or used to produce benefits (e.g. crops). Non
consumption process consumption also occurs.

Non-beneficial | Water consumed or used that produces no or few benefits.

Consumptive Water is depleted from the hydrological cycle during usage —
irrigation is an example

Non- Water is minimally depleted but its water quality might be changed

consumptive during usage (industrial use is an example)

Share Allocation Explicit allocation of water between sectors or users by using

management allocation decision-making and devices (markets, rights), normally

(determining within IWRM framework.

both current and | Translation Implicit and unintended seasonal change in share of water

future allotment between sectors or users as a result of new or altered supply

of water) infrastructure integrated over a longer time period of the
hydrograph.

Modification Implicit and unintended contemporaneous change in share of
water between users or sectors as a result of an on-going
changing supply mediated by existing institutions & infrastructure.

Scheduling Short time period management of water scheduling to between
users and sectors but within the shares determined by the
allocation of water to users and sectors.

Includes three [ Surface Movement of water via channels, pipes and rivers
types of water Sub-surface Movement of water via soil water and geological water
movement Vapour Movement of water via atmosphere




A third response — water share management

Critically for this analysis of responses to sdgrca third option exists, depicted in
Figures 1, 2 and 3. The management of ‘share’ oéteis how a stable or varying
supply is apportioned between users resulting imeatly-supplied proportions of
water and in future changes in proportions in eitekort or long time scales.
Following Table 2, changes in apportionment ocetagour mechanisms:

1. The first is theallocation of water between sectors or users by using allmtat
decision-making and devices (markets, rights) withVRM framework. This
is how most commentators perceive the sharing démaongside demand
and supply management. There are three typesaafadibn; where an external
regulator creates the conditions for a change podnment, where demand
management arises from within a user that therofaatically’ provides more
water for other users, and where prior appropmatombined with growth
appropriates more water for a user, that then faataally’ reduces water for
other users.

2. Translation covers the implicit and unintended changes in estadr water
between sectors or users as a result of new aedltsupply infrastructure
integrated over a longer time (seasonal) periodthef hydrograph. For
example, surplus water stored during the wet seasoreffect takes
environmental water and holds it back for anotrestar, perhaps irrigation.
Translation implies a temporal shift in water usagih a concomitant shift in
apportionment between sectors.

3. Modification describes implicit and unintended contemporanemasges in
the share of water between users or sectors asufi of a changing supply
being modulated by existing institutional and istractural architecture. This
type of share is more significant in variable clieg and is explained in more
detail later.

4. Schedulingis concerned with the short time-period managenoéntvater
moved between users but within the shares detedriyethe allocation of
water to users and sectors. Scheduling does solt ie any net changes, but
can critically resolve inter and intra-sectoral @&ashortages where timing of
delivery is important. For example, water flows d@ scheduled between an
irrigation system and a downstream wetland to sustheir respective
ecologies.

These four definitions are abolibw water is moved between users and sectors and
not to whether water is ‘inter-sectorally’ or ‘iatsectorally moved’. In other words
the four share options equally apply for exampla &eries of irrigation intakes on a
river within an irrigation sector as to the allotmeof water between irrigation,
industry and the environment on the same rivers han important distinction to be
made because it distinguishes ‘sharing procesga® ‘tharing claimants’.



Figure 1. Schematic of supply, demand and sharegement
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Figure 3 Varying supply, demand and share manageuneler a variable climate
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Categorised with share management are the threes waywhich water moves
between users; surface, subsurface and vapous prowides resource scientists and
managers with an understanding of the likelihoodsafed water being made
available to another sector, or whether it is cagatlby the same sector depending on
the spatial and hydrological route the water talsege Molle, et al 2004). The route
that water takes also affects notions of certaamtgt timing, in that water that moves
via groundwater flow back to a river is slow andfidult to gauge and water that
moves between users as atmospheric vapour is esgrkhowable’.

Note that ‘allocation’ and ‘scheduling’ involve aiges to the institutions and

infrastructure while ‘translation’ and ‘modificahbdescribe the behaviour of water
sharing through a variable supply modulated bytexjsnstitution and infrastructure.
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In other words a change in water apportionmentadth kallocation and scheduling
arises from active management and governance, wailechange in water
apportionment arising via translation and modifmatoccurs primarily from changes
in supply interacting with an existing and therefpassive management.

The four dimensions of share management vary lnente in different types of river
basin conditions. | theorise that allocation apptie longer-term applications of inter-
sectoral sharing, or where equilibrium climate &x{g.g. oceanic, temperate). On the
other hand, modification and translation of sharewater have greater relevance to
non-equilibrium, pulse-driven semi-arid climatesSuch distinctions might have
profound implications for how water is governech equilibrium conditions where
supply is fixed or variable but in a predictablenmer, the share between sectors is
determined by purposive demand or supply managememie or more sectors linked
with allocation share management. Thus water gawvinrrigation, cascaded up to a
cap on abstraction, adds water to other sectors.

However, as climate and supply increases in contglexa increased variability,
leading to greater amplitude of hydrological everdas found in semi-arid
environments, translation and modification sharenagament becomes more
important (Figures 2b and c). Here, a variable wstgply (where supply increases
or decreases over orders of magnitude within redbtishort periods of time) ‘forces’
shifts in demand but disproportionally upon diffgreectors depending on how users
differentially access the increasing or decreasie of supply. This can be seen as a
modulation of the supply variability upon demand variabilignd therefore of the
share proportions of users.

A water apportionment index

| propose an index to capture the scarcity dimerssiof inequitable sharing of
available water. The index, described below, aastuhe range of shares between
different users within a given situation, and ashsis not a straightforward ratio
between a sector's demand and the renewable wapgtys(c.f. criticality ratio in
Rosegrant et al, 2002).

While variation in supply might be viewed as anioator of lack equity of supply,
and therefore as measure of poor governance, titdepn is that most measures of
dispersion (such as the coefficient of variatiorir@ Gini coefficient - see Cullis and
van Koppen, 2007) cannot easily be used withoutfaly thinking through what
variation or inequity should be captured by an iideThis is because three types of
variation readily occur — variation that need netviewed as ‘maldistribution’. The
first is that different sectors and users use diffe quantities of water depending on
type of use, size, population and so on. Thugaljure uses larger amounts of water
related to its hectarage and evapotranspirafidre second, related to the first, is that
the units to describe water use vary considerabtwéen users, which although not
insurmountable, add to the complexity of the corapan. The third is that the supply

® An example demonstrated in Table 3 and seen iffdneanian case study later on found irrigation
intakes sequentially abstract water upstream tondtr@am.

® Cullis and van Koppen (2007) partly recognise thatGini Coefficient measure equality of
distribution and not equity of distribution. Ndteat the WAI measures observed equity against
intended equity, and does so for each selectedviimeow, or for an average of |’ time windows.
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of water to different users varies considerably tuelimate and weather. This also
means that demand changes quite naturally as systedergo a natural intra-annual
cycle. Thus during winter or a dry season, iriigaisystems quite normally use less
water. Forms of variation ascribed to poor managemeed to separated from these
forms of variation that occur over time and spade.Water Apportionment Index
(WAI) has been formulated describe variation ofevaupply between users arising
from governance of the resource.

The Water Apportionment Index is defined as thegividd average of the observed
proportions of water given to users when below efiait from an ideal proportion.
Table 3 and Equation 1 describe how this is caledla The WAI, essentially a
measure of mean distance from an intended apporéohof water, varies from 0 to
1, where 0 describes good water management, dedimédater sharing that directly
mirrors the calculation of an ideal apportionmefitwater despite variations in
supply’, and ‘1’ describes poor management demidtighly skewed disproportionate
supply because most water is captured by one ousees while others receive very
much less than their required share. Figure 3 ceptthe relationship between
increasing aridity and variability (both go handhiand in semi-arid climates) and the
WAI. A steep upward curve suggests a relationshipvhich water equity drops
markedly as water supply decreases, while a flattewe suggests resilience to
aridity, and a capacity to meter out ever declinargounts to users in equitable
amounts.

WA'—ZZI(F')‘ F?f’)l

io1io1 WhenP’ij <= Fpij Eq. 1

Where

P’ = ‘ideal’ proportional division of water giveroteach sector for a given time
window during a changing supply

P° = ‘observed’ or actual proportional division of tea given to each sector for a
given time window during a changing supply

i = the number of users or sectors with a maximéim o
j = the number of time slots, with a maximum of s

This equation calculates the weighted average Wakhfindividual ‘share deficits’ of
each sector, i, calculated in a series of timessjot The share deficit is (P’-Po) when
P’ij is less than or equal tdiP

The ideal (P’) is determined as a separate calounlaiThe ideal P’ can be determined
in a number of ways, and in Table 3 are the promust at the top of the table
calculated from Equation 2. Here the ideal propaortiP’, is calculated for each
sector, as the ideal volumetric abstraction or Bufip each sector, i, divided by the
total idea abstraction by users in the sub-catchr@nbounded area defined by a
total supply). Although in the example the ideabpgmrtion is calculated once, it
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could be calculated for each time slot to refld@rgying priorities as the water supply
fluctuates.

P =Vi/lZ Vi Equation 2
Where V'i, is the ideal volume of water abstractedda given sector, i.

And, 2V'i is the total ideal volume of water abstracted &ll sectors, i to n.

The observed share’ B determined from the observed volumetric abstacfor
each sector, i, as a proportion of the total olesupply (equation 3).

P°=V°i/Z Vi Equation 3
Where Vi, is the observed volume of water abstracted fgivan sector, i.

And, V% is the observed total volume of water abstradtedall sectors, i to n, for
each time slot, j.

The WAI only calculates variations (or distancesynf an ideal share if the
proportional share is less than its ideal. Heheg(if P’<= P) logic. It therefore does
not calculate surplus shares as a measure of disperThis is for three reasons. First
averaging plus shares and minus shares introdurceaslditional level of complexity
into the equation when calculating averages. Tthgsaverages are only of the spread
of minus shares. Second, experimentations with ditations of the index reveals that
surplus supply is best omitted if the index isdaage from zero to 1. Third, the only
way in which deficits (minus values) arise occurlew other sectors capture an
excessive share of the remaining water. Thuglssishares for one or two sectors
are expressed as a negative shares for otherscoflsequence of these computations
is that WAI expresses the magnitude of deficitsueers rather than variance around a
mean.

Finally, to create an index that lies between zand 1, Equation 1 calculates the
absolute values of the negative differences betwten ideal and actual, and
determines the weighted average of these. (Annaltee would be square the
differences and then square root the result).
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Table 3. Calculations of the Water Apportionmeraex

River Irrig 1 ) Irrig 2 ) Irrig 3 _ Irrig 4 _ Downstream  Surplus Total
t flow Remainder Remainder Remainder Remainder water abstracted

I/sec 400 |l/sec I/sec 50 I/sec I/sec 350 I/sec I/sec 200 l/sec I/sec 20 I/sec I/sec I/sec
1 1200 400 800 50 750 350 400 200 200 20 180 1020
2 1100 400 700 50 650 350 300 200 100 20 80 1020
3 1000 400 600 50 550 350 200 200 0 0 0 1000
4 900 400 500 50 450 350 100 100 0 0 0 900
5 800 400 400 50 350 350 0 0 0 0 0 800
6 700 400 300 50 250 250 0 0 0 0 0 700
7 600 400 200 50 150 150 0 0 0 0 0 600
8 500 400 100 50 50 50 0 0 0 0 0 500
9 450 400 50 50 0 0 0 0 0 0 0 450
10 420 400 20 20 0 0 0 0 0 0 0 420
11 410 400 10 10 0 0 0 0 0 0 0 410
12 400 400 0 0 0 0 0 0 0 0 0 400
River Share/total Share Share/total Share Share/total Share Share/total Share Share/total Share WAI

t flow P’ =39% deficit P’ =5% deficit P’ =34% deficit P’ =20% deficit P'=2% deficit

I/sec pP° (P-Po) P° (P-Po) P° (P'-Po) pP° (P'-Po) pP° (P-Po)
1 1200 39.2% 0.00 4.9% 0.00 34.3% 0.00 19.6% 0.00 2.0% 0.00 0.00
2 1100 39.2% 0.00 4.9% 0.00 34.3% 0.00 19.6% 0.00 2.0% 0.00 0.00
3 1000 40.0% 0.00 5.0% 0.00 35.0% 0.00 20.0% 0.00 0.0% -0.02 0.02
4 900 44.4% 0.00 5.6% 0.00 38.9% 0.00 11.1% -0.08 0.0% -0.02 0.10
5 800 50.0% 0.00 6.3% 0.00 43.8% 0.00 0.0% -0.20 0.0% -0.02 0.22
6 700 57.1% 0.00 7.1% 0.00 35.7% 0.00 0.0% -0.20 0.0% -0.02 0.22
7 600 66.7% 0.00 8.3% 0.00 25.0% -0.09 0.0% -0.20 0.0% -0.02 0.31
8 500 80.0% 0.00 10.0% 0.00 10.0% -0.24 0.0% -0.20 0.0% -0.02 0.46
9 450 88.9% 0.00 11.1% 0.00 0.0% -0.34 0.0% -0.20 0.0% -0.02 0.56
10 420 95.2% 0.00 4.8% 0.00 0.0% -0.34 0.0% -0.20 0.0% -0.02 0.56
11 410 97.6% 0.00 2.4% -0.02 0.0% -0.34 0.0% -0.20 0.0% -0.02 0.58
12 400 100.0% 0.00 0.0% -0.05 0.0% -0.34 0.0% -0.20 0.0% -0.02 0.61
Average WAI 0.30
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Figure 3. Graph of relationships between WAI amdeasing aridity and supply variability
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Figure 4. Graph of Table 3 showing varying propors of abstraction with a declining supply
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Table 3 reveals a Water Apportionment Index of 0f@0 the worked example of four
irrigation intakes in sequence taking 400, 50, a&d 200 litres/second, plus a downstream
need of 20 litres/second. If the supply can mdlethase needs, for the sake of argument,
these requirements can be taken as the ideal Shafrthe total requirement of 1020 I/sec, in
other words as 39%, 5%, 34%, 20%, and 2% respéctiVae top of Table 3 and Figure 4,
reveals that if water is taken in sequence, that fittake takes its absolute amount of 400
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litres/second. With a declining river supply fron20D I/sec (in time slot 1) to 400
litres/second (in slot 12), this absolute abstoaciprogressively magnifies the reduction in
flow for the remaining downstream intakes. Thus #pportionment of water between the
four intakes changes disproportionately with eaetliding flow, which can be calculated as
a deficit from the ideal share. This change inghare deficit is given in the lower part of
Table 3, giving the WAI for each time slot and ag WAI for all 12 time slots. The WAI
of 0.3 expresses that about the basin users asFierping 30% water shortages below their
requirements as a result of poor apportionment. idex can therefore be used intuitively
alongside the volumetric Water Stress Index toaktatal stress and the distribution of stress
within a basin or catchment.

This example explains how the apportionment of wat modification occurs, and
demonstrates how modification is an instantanedwen@mnenon, mediating apportionment
between users on an on-going basis, leading toafisptionate scarcity imparted upon users
already facing a declining supply. Modificatiomdae seen in the lower half of Table 3 by
looking at the P columns, particularly the column for irrigatiortake 1 where Pincreases
from an ideal of 39% to taking 100% of the avaiafdbw leaving other intakes with far less
than their ideal proportion of the declining supply

A conceptual framework of scarcity logics

Expanding beyond the volumetric mission for balagcsupply and demand opens up space
for considering how inter-user shares can be mahaggrticularly dividing water to users
contemporaneously in the face of a variable sugfipure 5 schematically expresses a single-
axis concept of these contrasting responses taigcafThe left hand side of Figure 5 tends
towards a primary logic, tackling scarcity volunedtly, while the right side proposes that a
share response that recognises the allocative gdior@nof scarcity and moreover facilitates,
for competing users, transitions in and out of gtar The territory in the middle suggests
both a mixed multi-layered approach that selecmnfboth volumetric and share perspectives.

Additional dimensions of these responses are gingrigure 5. Thus supply and demand
management are associated with a quantity-balaogec, | while share management
characterises the facilitative model. The wat@pprty most associated with the balancing
emphasis is volume (cubic metres) or dischargeglisecond), while the composite approach
accommodates evaporation, which ratio of flow-teaasupplied can be expressed as the
hydromodule (litres/second/hectare). A facilitatigspproach is inherently concerned with
managing existing shares as proportions and spdtafivs working continuously or within
smaller periods of time and recognising the pararhauportance of timing and scheduling
in ecological functioning.

When water scarcity is primarily held to be a pewblof direct volumetric scarcity arising out
of an imbalance of supply and demand linked to lamentary application of supply and
demand solutions under conditions of perceivedamestequilibria’, analysts tend towards a
direct and primary managerial logic when addressiater scarcity. ‘Quantity-balance’ logic
in water thinking while effective is not necessadbmplete or accurate enough in other types
of semi-arid environments — an environment markgddth scarcity and variability. How
society sharesa variable supply between different sectors rathan attempts to climate
proof such an environment by boosting supply isuadamental, systemic question. The
discussion in the previous section regarding teditgl and modification forms of sharing of
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reveals that if a reservoir is constructed as glgugolution for a semi-arid environment, the
manner in which that waterolumehelps equilibrate the locality becomes significamith
implications for allocation (water shared for dotresproductive or environmental purposes
during an extended dry period), translation (usepertions changed through the presence of
the dam) and modification (the interference of oih&astructure on the intended allocation
of reservoir releases) would have to be criticatigressed.

Figure 5. Conceptual framework of scarcity respdogics

Response Volumetric/quantity logic Composite ‘facilitative’ logic
Order of ‘Primary ’; solving » Layered, composite ,
response water balance addressing architecture
Hydrological Humid, . . Seasonal, semi-
predictability temperate, stable "~ arid, dynamic
& stability

Climate Equilibrium < » Non-equilibrium

ecological it

Approach Supply mgt Demand mgt Share mgt (allocation) Share mgt (modification)

Managerial Alter volume balance within Alter share balance when

intention a sufficiency phase moving between phases

Water unit of Volume/Discharge/Depth % Proportion or intensity/specific

measurement

Means of water | Metering Non-metering solutions

measurement

Water rights Volumetrically Locally, temporally, or
specified proportionally specified

<« »

Case study example of the framework

The differences between volumetric and facilitatapgroaches to scarcity are now briefly
explored, exemplified by work conducted by the autim Tanzania during the period 1999-
2005

" Much of this work also provided the inspirationnmn-equilibrium and facilitative approaches to evat
apportionment. A number of publications can benred to as background reading (Lankford et al 2007
McCartney et al, 2007; Lankford et al, 2004; Lam&{d2004).
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A World Bank project ‘River Basin Management and &Bholder Irrigation Improvement
Project’, funded in Tanzania to support river basmanagement (World Bank 1996),
undertook to manage the allocation of scarce wai@rthe implementation of a formal
regulatory approach. This utilised new water ggéold in litres per second, combined with
changes to intake design where ‘improvement’ fromaditional designs was deemed
necessary (Lankford, 2004). The rationale forodticing water rights were attached to water
fees (“enhancement of water fees... as an incefdaieater conservation... and as a source of
funds for water regulation activities, catchmentns®Ervation and water resources
monitoring”...“economic instruments include watergimig, charges, penalties and incentives
to be used to stimulate marketing mechanisms aweé ss an incentive to conserve water..”)

Recent research (van Koppen et al., 2004) demoesttat the new volumetric water rights
were very poorly matched to the problems encoudtardhese sub-catchments. The water
rights did not recognise existing customary watgits; they failed to accommodate swings
in water supply due to rainfall and seasonality andld not be tied to actual water taken
because no measuring structures are in place anthny cases were not related to actual
discharge capacities of the new intakes or to #meahd of irrigation systerhis Furthermore,
the rights were not, when cumulatively added toeotiater rights, related to the overall
supply in the river systems (which varied by selverders of magnitude) and were difficult
to update in the light of constantly changing ditwra

The design of irrigation rights and intakes by RBNPSnfluenced water allocation materially
and in ways not intended by the rights given onepapownstream users were subjected to
extreme low flows in the dry season as a resulipsitream ‘blocking weirs’ taking all the
water. These conventional types of intake aggealvat delicate situation where dry season
flows of only 100-200 I/sec have to be shared betwatakes and in-stream users. Thus a
volumetric solution of water rights and intake ‘immpements’ based on normative water
thinking exacerbated downstream water scarcityagsasimilar to the worked example given
in Table 3.

A facilitative alternative is provided in the legafrastructure framework of Lankford and
Mwaruvanda (2005) for managing formal and informigihts and river basin infrastructure. It
rationalizes the interface between formal voluncewiater rights (that cap abstraction and
determine allocation between users in the wet sgamud customary agreements (that relate
to negotiations over shares of in-stream water ngutihe dry season). The framework
demonstrates how, if strengthened and supported| lcustomary negotiations combined
with formal water management interventions, appartivater during both wet and dry
seasons. Furthermore, the framework argues thatutrent design of irrigation intakes, in
terms of maximum capacity, adjustability and angpartional capability, needs to be re-
thought so that the intakes fit and help suppairthssociated sharing arrangements.

With a volumetric bias, water measurement using fgauges becomes the logical tool to
compare how supply and demand match and to chaegs tor the amount of water used (an
economic incentive for demand management). Theefibre logic runs, water discharges
should be volumetrically measuredYet, water can be ‘measured’ in two other wayg;
transparent proportional division and by modulareg@chnology, both of which establish
ergonomic, user-friendly means of satisfying managjgaps in apportionment of water.

8 An exploration of why this was the case is givehankford, 2004b
° | refer here to a set of email discussions in Malver 2003 with World Bank on long-term aims of the
RBMSIIP project to support water measurement sbfdes could be set volumetrically.
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Thus, contemporary water rights issuance in Tamazean be seen as a volumetric response to
scarcity. RBMSIIP hoped that these volumetric tsglvould ensure demand management
and therefore bring about reduced upstream denteemdlty effecting inter-sectoral allocation
from upstream irrigation to downstream hydropow&he framework proposed by Lankford
and Mwaruvanda suggests a need to distinguish betifee wet and dry season sharing of
water, between paper ‘rights’ and concrete strestuand between proportional as well as
volumetric division of water.

Table 4. Comparing approaches for managing dynaapply in sub-catchments

Water governance dimension| RBMSIIP approach Alterndive ‘facilitative’ approach

Seasonal change embedded inWeir and orifice intake which hag Proportional flume design for the intake

intake to be manually adjusted in dry | embeds sharing of water during dry
season to reduce inflows season

Part of intake design most Advised to rely on Q max rather| Either design allows adjustability of
closely associated with this | than on throttling. Gate is usuallygated intake flows or allows passive
opened to maximum setting proportional abstraction of available
Focus = [litres/second] river flow. Focus = [% of division]
Type of rights most closely Formal water permit (volumetric) Formal water permit (volumetric) also
associated with this season | with no recognition of informal | added to customary agreements and

shares or rights rights (proportional, or time schedule
basis)
Payment structure Fixed payment for water right eBipayment can continue for water

right but at the sub-catchment level, npt
individual intake level. No payment fo
proportional share

=

Water measurement If to support volumetric rights,| No measurement necessary, volumetric
then a measuring structure is cap designed into the intake, and
necessary (yet open channel proportional rights aided by
variable flow measurement is proportional intake design
highly problematic)

Role of intake improvement | To improve irrigation efficiency | To help share water between users

from traditional to ‘improved’. | via regulation intra- and inter-sectorally.

Finally, the role of the irrigation intake in iragon efficiency is revealed through the two
different approaches. The RBMSIIP case is indieatif’a problem-solution response built on
an erroneous conception of demand management dgcapp irrigation efficiency. The
RBMSIIP project believed that their project acie® would raise efficiency from 15% to
30% allowing substantial reallocation of water deweam, as the following quote from the
Appraisal Report explains, and that this would tiected by improving intakes and training
farmers. Yet detailed modelling and measuremenbthgrs including the author indicated
that effective efficiency was probably in the ragaf 45% to 65% because of re-use of drain
water by tail-enders (Machibya, 2003; SMUWC, 2000he errors shown in the quote are
that a) the efficiency was very low and b) the ésssvere localised and depleted from the
basin, and c) improving intakes would reduce lossés addition, the RBMSIIP approach to
irrigation efficiencies did not account for the dinetical frame in which efficiency in river
basins is situated; efficiency was higher becausesose and because of the very many
interacting activities within farmer fields and cimels.

“In order to illustrate this effect, the "savingsh water which result from the
improvement of some 7,000 ha of traditional irrggtarea under the project (this
includes both basins) are valued using their cajyatm generate electricity in the
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downstream turbines. An average "in the field" iiegment of 8,000 rhof water,
for one ha of rice production, implies withdrawdl%8,300 m from the river, with
an irrigation efficiency of 15 percent. Followingnprovements in irrigation
infrastructure, and an increase in irrigation eféocy to 30 percent, the
withdrawal requirement from the river drops to 2B)7nT per ha. This releases
some 26,700 Mrfor every ha of improved irrigation, to be used kydropower
generation downstream. For this exercise, the waeralued at 5 US cents per
m3, the valuation for residential electricity us®&t(percent of all electricity use,
and intermediate point between the two alternalees)”. World Bank RBMSIIP
Appraisal Report page 42.

In summary, RBMSIIP focused on direct logic of reithg volumetric losses through intake
improvements (but without explaining how this coctien functions), whilst an alternative

approach starts with facilitative principles toaké design combined an exploration of the
many drivers of efficiency both at the technicadl amstitutional level.

Conclusions

In presenting a wider framework of supply, demand ahare management responses to
scarcity, | propose a number of conclusions. Fdh regards to scarcity responses, clarity
Is required, not simply in definitional terms betrhs of intentions and material outcomes;

what can boost supply can increase demand; whasexm to be demand management may
not affect total demand; what might be demand @pbsumanagement might adjust how

water is apportioned between users and thus netialé scarcity for some users. Within

highly politicised debates about water scarcitytipalarly in the face of policies to address

scarcity under climate change, the need to defimanimgs, causalities, data needs and
intentions is paramount.

Second, | argue that a supply-and-demand ‘volucietogic runs the risk of being a

superficially response to water scarcity. Thisrapph can occlude dimensions of water
management that address the management, schedmichgharing of limited and varying

water supplies. A composite framework that examities supply, demand and sharing of
water was proposed, emphasising in particular nuadibn and translation dimensions of
sharing water during transitions between statdsgif and low sufficiency of water. Pursued
to outputs, this approach might nevertheless reqanlditional storage or water saving
solutions — but they will be encapsulated withinpaoritised set of ideas regarding

apportionment carefully contrasted against ‘selflemt’ volumetric notions proposed by

experts immersed in dominant scarcity narratives.

A further contention of my argument is that resgent water scarcity are either implied
from the use of models or indices, or solved bwdirig physical quantities of water. Drawing
from political ecology theory, crises and techniesponses are framed by those who have an
ability to shape current narratives intending taphfurther influence and finance associated
with that. Thus, orthodoxies that appear to hawtraightforward and sensibletechnical
basis should be thoroughly contested. One exanfgl@sois that irrigation efficiency can be
addressed by shifts to micro-irrigation or with ghdining. While this is technically
generalisable, it omits a definition of the bounesthat define whether the savings actually
result in a reduction of the gross cap of irrigatedstraction.
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Third, the paper elevates irrigation abstractiarht®logy (previously neutral in the demand
and supply management debate, or being potentaibyaken as a technology to improve
efficiency within irrigation systems) to being ocdl for considering how share management
functions and behaves in the face of a varying lsupp

Fourth, the selection of supply, demand and shaeragement responses represents issues
that forthcoming theories of water governance maiect and comment upon. Share and
demand management requires an effort of governamm®e so than the capital and
infrastructural requirements of storage. Govereaheory must be in a position to comment
on the inter-linkages between, and respective aglex of, supply, demand and share
management.

Fifth, the framework has critical implications fequilibrium and non-equilibrium theories of
water apportionment between users and sectors.erflzglilibrium conditions, where water
is perceived to be predictable and knowable in seainsupply and amount, ‘allocation’ of
averaged volumes via IWRM may be the most approgpmesponse to water sharing. The
regulatory result is that water rights can be ated in terms of quanta (litres per second).
However in semi-arid conditions where water supglyunpredictable and highly variable
over short time scales, ‘translation’, ‘scheduliragid particularly ‘modification’ gains in
significance as a mediating mechanism for waterisfpdoetween sectors. In addition, under
such conditions, water rights are better expreasqutoportions (%) of the available supply.

Concluding, solutions to scarcity underestimate ititerplay between demand, supply and
share management in different types of landscapdseavironments. Put simply, if water,
water management and the systems in which managesitsnare held to be manifold,
composite and complex, then approaches to watérfstin being direct and volumetric to
being composite and ‘para-volumetric’. Share mamegdg with demand and supply
management describes a tripartite view of scaryagement, underpinning an objective of
facilitating a water-using society in shifting tdfdrent states of water sufficiency during wet
and dry periods by organising resources at a lpealtl temporally relevant scale. It is about
adaptive guises — experts tend to discern volumeésponses as adaptations to shortages
rather than other kinds of adaptation to shortatpes accommodate the nature of water
management (high variability, continuous flows, pd@nsparency). This returns to the
notion of an underlying adaptive or ‘knowledge sdgi which suggests that many water
specialists do not critically unpack scarcity dirsiems, a scarcity reinforced politically as
governments and donors seek specific types of pnogres that meet their criteria such as
high levels of capital expenditure in relativelyshtime horizons.
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