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Preface

In some cases, the question in the cartoon of Figure 0.1 is relatively easy to answer. The
source of water could be a well or a spring. Water could be pumped from this source
to an appropriately-located storage tank in or near the home and, all being well, water
would flow under gravity from this storage

tank to the tap(s) in the home. So, in this
case, this is how water reaches the home and FIGURE A

the costs incurred are: 1) Capital costs of | 1O dowe getwater?
constructing the system; 2) Recurrent cost of
Operation and Maintenance (O&M) such as
pumping costs, repair costs; and 3) the cost

of routinely testing the quality of the well 7 ’7 7
or spring water. This is about as simple as a
piped water-supply system can be. However
for most water users, delivery of water from

“rain clouds to the home™ on a secure, reliable
and predictable basis is more challenging.

In many regions of the world, sustainable and reliable delivery of water (or rather water
services) to homes at the same time as protecting environmental flows, has become
increasingly complex and problematic. Particularly if overall demand is outstripping
supply, the delivery of water services is often less about engineering, although engineering
is still required, and more about politics, governance, managing and protecting sources,
resolving conflicts about water, ensuring rights to water are respected, and so on. It is also
about understanding and monitoring what is going on between the rain clouds and the
water users. This is where water accounting and auditing can play a crucial role.

The rationale behind this water accounting and auditing sourcebook is that scope exists
worldwide to improve water-related sectoral and inter-sectoral decision-making at local,
regional and national levels. Improvements can often be initiated by basing decisions on
‘best-available’ information, evidence and analysis — rather than intuition, assumptions
and guesswork.

Of course, it would be naive to believe that improvements in water governance or
policy-development will follow automatically and seamlessly from water accounting
and auditing. The collection, evaluation, analysis and interpretation of biophysical
and societal information that is central to water accounting and auditing is subject to
uncertainty and professional biases and, as behavioural scientists are quick to point out,
irrationality. However, mutually-supportive water accounting and auditing has much to
offer as a practical approach to: 1) Assembling and checking the veracity of information
from multiple sources; 2) Analysing, modelling and interpreting this information; and 3)
Assembling robust evidence to support decision-making, policy development and new
courses of action.
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About this sourcebook

PURPOSE AND SCOPE

Water accounting and auditing are recommended by FAO and others as being
fundamental to initiatives that aim to cope with water scarcity (FAO, 2012). Therefore,
the dual purpose of this sourcebook is to:

« Provide practical advice on the application and use of water accounting and
auditing.

« Help users, plan and implement water accounting and auditing procedures and
processes that best fit their needs.

This sourcebook is by no means the ‘last word’ in water accounting and auditing.
Rather it should provide a good starting point for anyone or any organization that
wants to: 1) Use water accounting and auditing for the first time; 2) Switch from using
water accounting or auditing separately to using water accounting and auditing as
mutually supportive processes; or 3) Review, and possibly refine, the approach to water
accounting and/or water auditing that they are already using.

This sourcebook is neither a textbook nor does it try to exhaustively cover every
possible approach to water accounting and auditing. Instead, the aim is that it should
be a source of inspiration and encouragement to users who are interested in carrying
out water accounting and auditing. Similarly it aims to instil confidence that, in
most cases, combined water accounting and auditing can be carried out with active
stakeholder engagement at a reasonable cost while still producing meaningful outputs
that withstand scrutiny.

It is expected that most users will adapt their approach to water accounting and
auditing so that it better matches their capacity and needs. Finally, this sourcebook
does not provide a comprehensive review of how best to cope with water scarcity. For
this information, readers are advised to turn to reports such as FAO’s Coping with
water scarcity — An action framework for agriculture and food security (FAO, 2012).

INTENDED USERS

The main target groups of this sourcebook are water professionals whose interests
may well be on the biophysical or societal side of water resource management or water
services delivery systems'. As a result, this report tries not to go into too much detail.
Instead web links are provided to additional information that specialists may require
(e.g. in relation to hydrology?, political science or behavioural economics). This said,

1 In this sourcebook the term biophysical encompasses: soils, geology, geomorphology,

hydrology and hydrogeology and climate; flora, fauna and aquatic ecosystems; and, human
settlement patterns and the physical results of past and present human activity (e.g. farming
systems and other land/use management systems, water-related infrastructure and drainage
or water treatment systems). The term societal encompasses formal and informal institutions;
politics, the wider political economy and socio-political legacies; economics and behavioural
economics; formal and informal legislation; and relevant social and cultural factors or norms.

2 Throughout this sourcebook, the term hydrology also includes hydrogeology.
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it is important to recognize that effective application of water accounting and auditing
requires knowledge of hydrology, engineering, economics, anthropology, political
science, statistics, spatial analysis, modelling and information management. As the
likely implementers of water accounting and auditing programmes, the sourcebook has
been designed to provide this specific target group with practical guidance.

There are some important considerations when recruiting or contracting specialists and
building teams to implement water accounting and auditing programmes. To do a good
job and produce outputs that stand up to scrutiny, it is advisable to recruit specialists
who are willing and able to engage actively with:

» Specialists from outside their own discipline and to work in a multi-disciplinary
environment. This can often be quite challenging because it involves learning new
jargon and viewing issues from a number of different perspectives.

e Stakeholders and the wider public. To be meaningful, this often involves
relinquishing control to stakeholders and being sufficiently humble to recognize
that stakeholders usually have more first-hand knowledge of local-level
idiosyncrasies than specialists and other ‘outsiders’.

It is also important for individuals or teams responsible for implementing of water
accounting and auditing to develop a culture of:

< lIdentifying and making full use of potential synergies between typical water
accounting and auditing activities.

e Triangulating and double-checking outputs and findings from both water
accounting and auditing.

HOW TO USE AND NAVIGATE THIS SOURCEBOOK
This sourcebook is divided into six sections, which can be summarised as follows:

Section 1: An introduction to water accounting and auditing This section introduces the
concepts and terminology used. It also provides an overview of typical water accounting
and auditing processes and highlights some of the characteristics, components and
procedures that, in most cases, are important. Particular emphasis is given to synergies
that can be derived from mutually supportive water accounting and auditing.

Section 2: Inception activities and stakeholder engagement. This section provides
guidance on typical activities needed to plan a water accounting and auditing process.
These activities include identifying issues and concerns; specifying domains of
interest; and forming a multi-disciplinary team to undertake the water accounting and
auditing. This section also touches on the potential benefits, or otherwise, of the wider
engagement of civil society in water accounting and auditing.

Section 3. Water accounting. This section provides guidance on the use of a typical
stepwise water accounting process and some of the methods and tools that are
frequently used such as fractional and water balance analysis. Emphasis is on
understanding and quantifying hydrological flows, fluxes and stocks in space and time.
Particular attention is given to definitions and computation of water efficiency and
productivity.

Section 4: Water auditing. This section provides guidance on the use of typical stepwise
water auditing processes that are based on governance assessment and/or political
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economy analysis. Particular attention is given to the questions: How are decisions
made? Who has the power to make decisions at different institutional levels? How this
power is conferred and mediated?

Section 5: Information management and integrated analysis. This section highlights
the fundamental importance of having an effective strategy for acquiring and managing
information. Furthermore, it provides guidance on the use of multi-disciplinary
analysis and modelling. It also highlights the benefits of using hydro-economic
modelling; other integrated modelling approaches; and, scenario building and analysis
as an integral part of evidence-informed causal analysis and strategy development.

Section 6: Outputs and outcomes. This section recognizes that the outputs from water
accounting can often challenge deep-seated beliefs or received wisdom and that this
needs to be taken into account when communicating outputs from a water accounting
and auditing processes and when attempting to deliver positive outcomes.






1. An introduction to water accounting and auditing

1. An introduction to water
accounting and auditing

1.1 THE CONTEXT

Increasingly water is a contested resource even in areas of the world that are relatively
well endowed with water. The common perception is that water shortage (i.e. an
absolute shortage of water supply in a specified domain) is the main reason for this
state of affairs. However, the reality is that water scarcity, (i.e. an excess of water
demand over available water supply) is by far the more important global challenge
(FAO, 2012). The key difference between water shortage and water scarcity is that
water shortage is driven primarily by biophysical factors (e.g. rainfall, land use,
geology) and the status of infrastructural supply systems (e.g. their capacity, condition
and operating rules). While water scarcity is dependent both on water shortage and the
multitude of factors that drive water demand (e.g. population increase and per capita
demand for water, economic growth, the need to protect aquatic ecosystems and so on)
and the large numbers of political and socio-cultural factors that determine user-access
to water of an acceptable quality (e.g. water rights, social exclusion, poverty, unreliable
power supplies, wars or localised conflicts).

The media and many water sector professionals often refer to “a looming global water
crisis”. Others argue that the more predictable challenges, or potential water crises,
can be avoided or mitigated by adjusting the way in which water is managed and
governed (e.g. Moriarty et al, 2004; FAO, 2012). Their rationale is that, with good
water governance and adoption of appropriate coping strategies, there is no reason why
there should not be sufficient water to meet basic human and environmental demands
on an equitable, sustainable and efficient basis, even in areas facing rapidly increasing
water scarcity. However to achieve this goal, in many cases, it will be necessary for
agriculture, which is the sector that consumes most water, to consume less especially
in areas experiencing or facing increasing water scarcity.

A key to meeting these challenges is to make better use of water-related information when
matching and adapting coping strategies to different biophysical and societal contexts.
This is why water accounting and auditing should be a central element of any programme
that aims to improve water security under conditions of increasing water scarcity.

1.2 RATIONALE FOR WATER ACCOUNTING AND AUDITING

The rationale for using water accounting and auditing is that it provides a solid
framework for systematically acquiring, quality controlling and analysing water-
related information and evidence®. In most cases this information and evidence will be
interdisciplinary and derived from a wide-range of independent sources. It can be used
for a number of purposes that include:

8 At first glance the terms information and evidence appear to be interchangeable. However,
in the context of water accounting and auditing they have different meanings. While all
evidence is also information, not all information is evidence. The crucial difference is that
evidence is used to prove or disprove a hypothesis, an argument or a contention.
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« Situation analysis that identifies the causes of water-related problems and
opportunities for solving these problems and, in so doing, matches biophysical
and societal strategies and plans to the context and demands of different water
users and uses in a specified domain.

< Social and institutional learning: An affirmative purpose of water accounting
and auditing is to accumulate, generate and evaluate evidence and understanding
related to, for example, the reasons why policies, interventions and practices
produce desired outcomes in some contexts but not others®. In almost all cases,
this includes understanding the social, political, and economic factors that may
enable or constrain success of different strategies or plans.

< Evidence-informed planning: Intelligent use of many pieces of evidence, ideally
from independent sources, can lead to incremental improvement in policies
and programmes (Whitty and Dercon, 2013). Critically, there is also a higher
probability that resulting interventions will stand up to scrutiny and be better
adapted to the relevant political, societal and biophysical context. Information
and evidence from water accounting and auditing can also serve as a basis for
advocating significant changes to policies and programmes that expert consensus
suggests should work but, when tested and evaluated, are shown not to.

< Development and updating a common information base: Stakeholder dialogue,
planning and/or planning alignment are almost impossible if stakeholders are
working with their own, differing, information bases. Yet, such a situation is very
common (FAO, 2012).

» Water allocation, regulation and conflict resolution: As water scarcity increases,
competition for water at all scales intensifies and conflicts become commonplace.
Information and evidence are fundamental to effective stakeholder dialogue,
resolving conflicts and establishing/implementing/refining long-term water
regulatory agreements or framewaorks.

e Challenging factual errors or biased views: lIdentifying and countering
information and evidence are critical elements for mediating and conferring
power within societal relations. Without correct information, society has no basis
on which to challenge factual errors or biased positions.

< Evaluating anecdotal evidence, expert opinion and folklore: Many policies and
practices are based on anecdotal evidence, expert opinion or folklore. Information
and evidence from water accounting and auditing provides an unbiased basis for
formulating policies and practices. In some cases, water accounting and auditing
may confirm the veracity of, for example, traditional knowledge. In others, it may
show that the relevance and utility of traditional knowledge has diminished.

* Awareness-raising: Water accounting and auditing can provide information,
evidence, stories and other outputs that are affirmative, accurate and around
which carefully targeted awareness campaigns can be designed and implemented.
The aim is to move away from awareness campaigns and communication strategies
that are based predominantly on wishful thinking and a simplistic search for quick
fixes to what are often complex biophysical and societal challenges.

4 In this context learning is considered to be an exploratory stepwise process that involves

stakeholders working in concert with specialists, academics. In some cases, an element of
action research may also be included with the aim of fostering innovation and/or adaptation.



1. An introduction to water accounting and auditing

1.3 WATER ACCOUNTING

1.3.1 What is water accounting?

FAO (2012) describes water accounting as the
systematic acquisition, analysis and communication
of information relating to stocks, flows and fluxes of
water (from sources to sinks®) in natural, disturbed
or heavily engineered environments. The somewhat

BOX 1.1
Definition of water accounting

Water accounting is the systematic
study of the current status and
trends in water supply, demand,
accessibility and use in domains that

sharper definition of water accounting in Box 1.1
recognizes that water accounting centres on analysis
of trends in water supply, demand, accessibility and Source: FAO, 2012
use in time and space within specified domains.

have been specified.

In a practical sense, water accounting is used as a basis for evidence-informed®
decision-making and policy development by answering questions such as: What
are the underlying causes of imbalances in water supply (quantity and quality) and
demand of different water users and uses? Is the current level of consumptive water
use sustainable? What opportunities exist for making water use more equitable or
sustainable? Water accounting is often used as a basis for multi-scalar assessments of:
1) The efficiency or productivity of different water uses or users; and 2) The risk that
attempts to increase water efficiency or productivity result in negative externalities, i.e.
someone’s gain in water productivity will result in someone else’s reduced access to
unpolluted water.

A critical aspect of water accounting is that it considers and assesses both the supply and
the demand sides of water supply systems. From the perspective of water accounting,
water supply and demand can be characterised as follows:

Supply side:

e The availability of rainfall, surface water,
groundwater and unconventional water resources
(e.g. treated waste waters) in space and time.

e Capacity, condition and O&M procedures
of water supply, storage and treatment
infrastructure.

Demand side:

e Different users demands for water in space and
time, and the extent to which these demands are
satisfied.

« Patterns of consumptive or non-consumptive
water use in space and time.

e Water service levels that are experienced by
different users in space and time and the benefits

BOX 1.2
Water accounting is the foundation
of sound water management
decisions

A major strength of water accounting
is that it can be used to:

Consolidate, assess and interpret
information and evidence from a
wide-range of different sources.

Develop an information base for
specified domains that is shared
and accepted by key stakeholders.

Support cycles of learning,
stakeholder dialogue and evidence-
informed decision-making.

Source: Foster et al., 2009

In this context a sink refers to a process, phase or mechanism from which water cannot

be recovered and/or recycled at a reasonable cost (e.g. water that evaporates into the
atmosphere, flows into the sea or percolates into a highly saline aquifer).

In most cases, it is rarely sufficient to provide only the available evidence. Evidence has to be

explained; presented in ways that are easy to understand and assimilated or translated into

recommendations.
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they derive in monetary and non-monetary terms such as improved health and
well-being.

Water accounting has developed from three distinct perspectives namely hydrology,
irrigation or civil engineering and monitoring and evaluation (After Perry et al., 2009).
All three perspectives have merit:

e The hydrological perspective is based firmly on an understanding of the
physical processes that govern volumes and rates of water flows, fluxes and
stocks in different landscapes and/or under different agro-climatic conditions or
management regimes.

e The engineering perspective focuses primarily on the design, construction and
operation of storage structures, bulk transfer schemes, well fields, irrigation and
drainage schemes, municipal water-supply systems and water treatment plants.
Or, put another way, the focus is on managing stocks of water (in time and space)
and the transfer of water through pipelines and canal systems from sources to
where it is needed .

< The monitoring and evaluation perspective focuses on using water accounting
to support or underpin management decisions or as a means to learn lessons or
gain incremental improvements in policies and practices on both the supply and
demand sides of water supply and water services delivery systems.

Methods and tools used in water accounting are well-known to hydrologists and
engineers such as mapping and spatial analysis, water balance analysis, water quality
analysis, trend analysis, modelling of water flows, fluxes and stocks and demand
forecasting. Information collected during water accounting is typically varied and
addresses a range of biophysical issues. Similarly, outputs are equally diverse in their
formats and their target uses and audiences.

1.3.2 Why does water accounting matter?

Water accounting matters because, without reliable information, debate is uninformed
and stakeholders have no basis for challenging factually incorrect or biased positions.
Similarly, effective planning is near impossible if stakeholders are working with their
own differing information bases. Yet, such a situation is very common. For example,
government line departments, when attempting to align plans, rarely have access to a
common information base. Similarly, local-level water users may have a very different
perception of their levels of water services as compared to organizations that are
responsible for delivering these services. A key output of water accounting is, therefore,
a common information base that is acceptable to all the key stakeholders involved in
planning or other decision-making processes.

BOX 1.3

The water accounting challenge

Water is a renewable resource but
patterns of water availability and
accessibility:

vary in space and time;

are influenced by both biophysical
and societal factors.

Source: FAO, 2012

Water accounting also matters because often
disconnects exist between hydrological knowledge
based on scientific evidence, and popular
understanding of hydrology based on beliefs, folklore
and hearsay. Specifically, there is often a widespread
misunderstanding regarding the potential impacts of
changes in land use and land management systems on
the hydrology of catchments (and aquifers). Many
of these disparities, but certainly not all, relate to
the impacts of forests and forest management on
hydrology. Box 1.4 summarises the state of scientific
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BOX 1.4
Influence of forests on hydrology

State of knowledge as summarised by a task force organized by the International
Union of Forest Research Organizations (IUFRO):

Water Use by Forests: Water use by forests is influenced by climate, forest and soil type,
and other factors. In general, forests use more water than shorter types of vegetation
because of higher evaporation, and less surface runoff and groundwater recharge
occurs. Forest design and management practices can have a marked impact on forest
water use through the mix of tree species and ages, forest structure and roughness, and
the amount of felled and open ground.

Flood Flows: Forests can mitigate small and local floods but do not appear to impact
either extreme flood events or those at a large catchment scale. One possible exception
is the ability of floodplain forest to reduce downstream flooding due to hydraulic
roughness acting to slow down and desynchronize flood flows.

Erosion: Forests protect soils and reduce erosion rates and sediment delivery to rivers.
Forestry operations such as cultivation, drainage, road construction, and timber
harvesting may increase sediment losses but the implementation of best management
practices can control this risk. Forest creation on erosion-prone soils and run-off
pathways can reduce and intercept sediment

Source: lTUFRO, 2007

knowledge concerning some aspects of the impacts of forests on hydrology that are
contentious in many parts of the world despite advances in scientific understanding.

Water accounting can play a central role in identifying hydrological beliefs that are, in
reality, myths. It is important, however, to recognize that while facts and evidence may
be important, they do not always change opinions. Many beliefs are deep-seated and
holders of these beliefs have a tendency to reject any facts or evidence that challenges
or is inconsistent with these beliefs. This issue is discussed in more detail in Section 6.

1.3.3 Water accounting concepts and terminology

The terms water accounting and water auditing have been in regular use for more
than two decades often inter-changeably. Definitions have been proposed and used
but consensus on the definition of these terms has yet to emerge. In fact, one of the
recommendations of the FAO’s Expert Consultation on coping with water scarcity in
2011 was that the FAO should develop and attempt to popularise definitions of water
accounting and auditing. This recommendation prompted the definitions that are
proposed and are used in this sourcebook.

Terminology used during the practical application of water accounting and auditing
can be confusing for reasons that include:

« By definition, water accounting and auditing involves specialists from various
disciplines who often have different definitions for the same terms. For example,
economists and non-economists are accustomed to using different definitions of
the term ‘demand’. In economic terms ‘demand’ is an expression of a willingness
to pay for goods and services. Whereas non-economists often understand
‘demand’ for water to be the same as needs or requirements for water.
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BOX 1.5
Importance of hydrological and hydrogeological processes and interactions

Inter-linkages between rainfall, surface water, groundwater, soil moisture and rates
or processes of evaporation from different land uses are of critical importance, and
are not fully reflected in many national water management plans. Groundwater
and surface water are ultimately part of the same resource, and cannot be regarded
as alternative sources. Attempts to increase the efficiency of water use in a specific
domain without a clear understanding of the impact on systemic water balances may
lead to unintended and undesirable results either locally or downstream

Source: FAO, 2012

< Many definitions are hotly contested. Political scientists tend to define governance
in terms of the exercise of political, economic and administrative authority (i.e.
power) in the management of a country’s affairs, whereas others define governance
in terms of institutional structures and legislation (e.g. UN-WATER, 2013). To
complicate matters further, the way ‘governance’ is defined and described is
often determined by political leaning. Hence, neo-liberals define bad governance
in terms of inadequate markets and excessive government. Others define bad
governance from the perspective of democratic or administrative deficits or gaps
(e.g. OECD, 2012).

e Some terms in everyday use vary with perspective. For example, from a farmer’s
perspective, drainage and deep percolation is often referred to as a ‘loss’. However,
from the perspective of other water users in the same locale, this ‘loss’ may
actually be a vital source of groundwater or runoff. This is important because, in
some contexts if farmers reduce ‘losses’ with a view to ‘saving’ water, they may
reduce the water available to other users (e.g. van Halsema and Vincent, 2012).

e Terms and definitions change over time as new concepts are developed and
become fashionable or as old concepts fail to live up to expectations and are
quietly discarded or replaced.

< Different governments or international organizations have their preferred
terminologies and glossaries.

Confusion over terminology is further exacerbated when a mix of languages is involved
and the meanings of terms are changed or lost in translation. The practical solution to
this, and other terminological challenges, is to prepare and share a glossary of current
and historic terms as an integral part of water accounting and auditing. As important,
attention should be given to adopting and using terminology and definitions that are
familiar to stakeholders involved in the water accounting and auditing processes.

A glossary has been prepared and appended to this version of this document. It is
recognized, however, that this glossary will need to be updated in future versions.

1.3.4 What are the objectives of water accounting?

Water accounting provides a sound scientific basis for evidence-informed strategy
development, operational decision-making and targeted communication or awareness-
raising programmes (FAO, 2012). The typical objectives of water accounting for a
specified domain include:
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« Within prevailing constraints (e.g. human and financial resources, access to

information and so on), to produce the most rigorous quantitative and qualitative
description of the current status and trends in water supply, demand, accessibility
and use.

e Linked to the above, to develop a sound understanding of the predominant

biophysical mechanisms, processes and pathways that determine flows, fluxes
and stocks of water and the associated transport of contaminants and pollutants
in rivers, soils, and aquifers.

= To identify the underlying biophysical causes of problems relating to imbalances

in water supply and demand.

* To assess the probability of risks and scales of extreme events (e.g. floods,

droughts, pollution with natural or anthropogenic contaminants) in the specified
domain.

= To assess the resilience or vulnerability of society and the environment to extreme

events and more gradual biophysical changes linked to, for example, water
scarcity, climate change and food security.

= To identify and, wherever necessary, resolve fundamental differences of opinion

or understanding between stakeholders and/or specialists related to: 1) The
severity or underlying causes of water-related problems; and 2) The potential
utility of different strategies for tackling these problems.

e Linked to the above, to establish a shared information base that contains,

uncontested information’.

« To use multi-scalar analysis to identify consumptive and non-consumptive water

uses at different scales and the potential for using recycling or return flows to
increase the net beneficial use of water and reduce risk of pollution.

e To identify the scale, severity and nature of inter-sectoral or upstream or

downstream conflicts over the allocation (or appropriation) of water resources.

« To assess whether or not existing water policies and practices are working well and

whether they are resulting in unintended consequences (or externalities) locally
or downstream.

« To identify and assess the scale, severity, locations and causes of inequities in

access to water and/or inability to exercise formal or informal rights to water.

BOX 1.6
Bayesian approaches to water accounting and auditing

Bayesian approaches to accumulating and using evidence are well suited to water
accounting and auditing. These approaches start with a set of beliefs or assumptions
regarding the water-related status of a specified domain and the probability that
priority challenges or issues have certain root causes. When new information and
evidence is accumulated, a priori beliefs and assumptions are tested and, if necessary
changed. Or put another way, beliefs, assumptions and understanding are constantly
updated as additional, good-quality information and evidence becomes available.

7

The reality is that it may be impossible to achieve a situation where all the information in
a shared database is uncontested. As a consequence, a more practical goal may be to work
continuously towards this aspirational goal.
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< To use state-of-the art modelling (including Bayesian Networks — see Box 1.6),
scenario building and similar techniques to test hypotheses and assess the utility
of existing or improved policies and practices;

1.3.5 Water accounting approaches

There are good arguments for and against taking a standardised approach to water
accounting® or the more adaptable flexible approach described in this sourcebook.
In short, a standardised approach better supports inter-country comparisons, while
a more adaptable flexible approach makes it possible to align the type of water
accounting to the needs and priorities of key stakeholders, to specific problems or to
specific biophysical and societal contexts.

With regard to the water accounting approach described in this sourcebook, various
choices need to be made when planning water accounting and auditing programmes.
Often these choices are influenced by factors such as the availability of funds and time;
the size of the specified domain; the accessibility of secondary information; and the
availability and costs of specialists.

One important choice is between rapid or comprehensive water accounting. As their
names imply, these are two extremes of a continuum. Experience has shown that it is
often best to carry out water accounting procedures in cycles of increasing focus and
complexity starting with an initial rapid water accounting. The aim of each cycle is to
guide or inform subsequent more detailed and focused cycles of information collection
and analysis that build towards more comprehensive water accounting. The typical
characteristics of rapid and comprehensive water accounting are compared in Table 1.1.

A distinction also needs to be drawn between one-off water accounting approaches that,
for example, are designed to support a project or a programme and water accounting
that is part of an adaptive management programme that aims to achieve long-term
policy objectives. In the former case, it is likely that the institutional arrangements for
implementing water accounting will be temporary and most likely outside government.

TABLE 1.1
Comparison of rapid and comprehensive approaches to water accounting

Rapid Comprehensive
Initial identification of priority problems Aimed at developing a comprehensive water-
or issues relating to trends in water supply, related information base that covers all water-

demand and access within a specified domain related water supply and issues relevant to a
specified domain

Initial assessment of relatively easily Comprehensive consolidation, quality control
accessible quality-controlled secondary data and assessment of secondary data relating to
relating to trends in water supply, demand trends in water supply, demand and accessibility.
and accessibility. Primary data collection Primary data to fill gaps and to give new insights
restricted to gap filling. Initial assessment of into the causes of and potential solutions to
causes of problems problems

Stakeholder dialogue aimed at identifying Establishment of a multi-stakeholder platform to
priority issues or problems. Preliminary ensure that stakeholders are actively involved in
identification of possible causes of and identifying root causes of and solutions to indi-
solutions to problems vidual and/or combinations of all problems

8  The System of Environmental-Economic Accounting for Water (SEEAW) is a standardised

approach to water accounting that is popular and well documented. SEEAW is also reviewed
in FAO (2012) and Perry (2012).
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While in the latter cases, it is possible that water accounting will be adopted and used
by a government department, agency or authority that already has an inter-sectoral
remit (e.g. a national or river basin planning department or a national water regulatory
authority).

1.4 WATER AUDITING

1.4.1 What is water auditing?

In this sourcebook, water auditing is defined as a process that places the findings,
outputs and recommendations of water accounting into a broader framework
comprising governance, institutions, public and private expenditure, legislation,
services delivery and the wider political economy of specified domains (see Box 1.7).
As such, the focus of water auditing is on assessing and understanding the broader
societal context of water management, water supply or water services delivery (see
Box 1.8).

Similar to water accounting, water auditing can take many different forms ranging
from a relatively rapid one-off activity designed to achieve a specific purpose through
to a long-term Monitoring & Evaluation programme that aims to achieve, for example,
equitable and efficient water services delivery for a wide-range of uses such as
irrigation; domestic water, sanitation and hygiene (WASH); power generation; inland
fisheries; environmental flows, navigation and so on. Information collected during
water auditing is typically varied and addresses diverse range of societal issues. Outputs
are equally varied in their form, formats, target audiences and uses.

BOX 1.7
Definition of water auditing

Water auditing goes one step further than water accounting by placing trends in
water supply, demand, accessibility and use in the broader context of governance,
institutions, public and private expenditure, legislation and the wider political
economy of water of specified domains.

Source: FAO, 2012

BOX 1.8
Assessing the context

Governance interventions are not introduced in a vacuum. They are built on some
foundation of existing capacity — even if that capacity is low. By asking the question
‘What is there to build on?’ interventions that are appropriate for specific situations
can be more easily identified. Two analytical frameworks are helpful in this regard: one
that focuses on assessing the strengths and weaknesses of states and one that provides
insight into the opportunities for change that might exist in different biophysical and
societal contexts.

Source: Grindle, 2007
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Experience has shown that to be effective in terms of producing high quality outputs
that are owned and used by key stakeholders, a water auditing programme should:
1) Be based on active stakeholder engagement; 2) Give specific attention to managing
information; and 3) Be linked to a communication strategy that recognizes the intrinsic
challenges of influencing political and public opinion.

1.4.2 Why does water auditing matter?

Over the last decade or so, statements, such as ‘the world water crisis is mainly a crisis
of governance’ (GWP, 2000), have been repeated many times by politicians, academics,
journalists, activists and many others. This statement is underpinned by the widely-
held belief that governance and political economy factors play a powerful role not only
in a country’s development path, but also in shaping policies and determining the way
in which these policies are implemented (World Bank, 2009; 2013). Therefore, there is a
wide consensus that governance assessment and political economy analysis are essential
steps in programmes that, for example, aim to achieve and maintain acceptable levels
of water services.

Water auditing matters also if key stakeholders are ‘to do better® by, for example:

« Learning from the past and, more specifically, consolidating and making good use
of biophysical and societal evidence that gives an indication that specific policies
and practices are or are not working.

« Making choices that are informed by evidence rather than intuition or guesswork
(see Box 1.9).

« Developing new policies and practices or adapting existing policies and practices
so that they, for example, take better account of imbalances in water supply and
demand.

< Communicating information in ways that increase the probability that it will be
owned, accepted, valued and used.

1.4.3 Water auditing concepts and terminology

Increased interest in the governance and political economy of water in recent years
is linked in part to the perceived failure of technological advances to translate into

BOX 1.9
Opportunities for problem-driven learning

Stakeholder engagement in water auditing creates opportunities for stakeholders to be
actively involved in:

Identification of problems and their underlying causes.

An incremental process of adaptation and innovation that leads to relevant solutions
that will probably be politically acceptable and practically possible.

Source: Andrews, 2013

9 “To do better’, it is important for stakeholders to believe that there may be scope for
improvement either in policies and practices as formulated or the ways in which these are
interpreted and implemented.
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improvements on the ground (Green, 2011). This has prompted international agencies,
in particular, to develop and use different approaches to governance assessment and
political economy analysis. While this diversity provides potential users with plenty
of choice, the trade-off is that: 1) They may have the problem of selecting an approach
that best meets their needs; and 2) They are often confronted by different definitions
of the same term (see Box 1.10).

BOX 1.10
Definitions of power

Definitions of political power include:

“The capacity to intervene in a given set of events so as in some way to alter them”
(Anthony Giddens, 1985).

“The probability that one actor within a social relationship will be in a position to
carry out his own will despite resistance” (Max Weber, 1922).

“....corresponds to the human ability not just to act but to act in concert. Power is
never the property of an individual: it belongs to a group and remains in existence
only as long as the group keeps together” (Arendt 1970 cited in Haugaard, 2002).

Source: Green, 2011

A common feature of most water auditing concepts and terminology is the link to
politics and the ways in which power and authority are exercised (see Annex 1 for the
Glossary). Water auditing concepts and terminology refer also to (After DFID, 2007):

* The ways in which people mediate their differences; make decisions; and enact
policies that affect public life and economic and social development.

* Relationships between citizens and the state and, more specifically, how these
relationships are influenced by institutions and the way in which formal rules
(i.e. statutory laws and regulations) and informal rules (shaped by tradition and
culture) affect the way people relate to each other.

« The ways power is held, used and projected in different contexts and, as important,
how those who exercise power can be held to account if they abuse or misuse this
power.

« How a society or a political system makes choices about the way in which people
live together such as social norms, how competing interests are mediated and how
available resources are allocated.

Given the link of water auditing concepts and terminology to politics, it is not
surprising that many of the definitions listed are contested because they either promote
or, in some cases, fail to promote a particular ideological viewpoint. For example, neo-
liberals like to define poor governance very specifically in terms of inadequate markets
and excessive government. Hence for neo-liberals, many problems can be solved by: 1)
Removing constraints to the operation of a market-based economy; and 2) Minimising
the role of government. Conversely, others define the quality of governance at different
institutional levels from the perspective of a democratic deficit. Thereby, defining
overall governance in terms of a shortfall in various indicators of good governance
such as, for example, transparency, accountability, representativeness, responsiveness,
efficiency and so on (Green, 2011).
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FIGURE 1.1
Levels of governance assessment and political economy analysis

Issue specific analysis: for
illuminating a specific policy
or program issue

Sector level analysis: for
identification of specific
barriers and opportunities

Country level analysis: for
general sensitization to
country context

Source: Harris et al., 2011

From the viewpoint of water auditing, it is only necessary to recognize that definitions
listed are contested and that, for most practical and apolitical purposes, it is better to
adopt definitions that are descriptive and do not prescribe what is or is not needed.
This is often easier said than done, because different countries and international
agencies have their own preferred concepts and terminology concerning water auditing
that are anything but apolitical.

1.4.4 What are the objectives of water auditing?
Obijectives of water auditing include:

< Identifying the underlying societal causes and feedback mechanisms that lead
to, for example, the unsustainable use of water resources; lack of, or poorly
maintained, infrastructure; and the inadequate, unsustainable, inequitable or
inefficient delivery of water services.

< ldentifying, adapting or developing solutions to priority water-related problems
that are politically, socially and culturally acceptable; taking account of biophysical
limitations; and recognizing wider policy imperatives (e.g. poverty reduction,
protection of environmental flows, management of risks linked to climate change).

< Providing a coherent framework for assessing the wide-range of societal factors
that influence trends in water supply, demand and access and the delivery of
sustainable, equitable and cost efficient delivery of water services.

e Gaining a good understanding of how water-related decisions are made in
specified domains and, more specifically, how deals are negotiated informally and
formally at different institutional levels.

e Assessing the effectiveness and utility of statutory and customary laws and
systems of enforcing these laws in terms of, for example, ensuring that the
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BOX 1.11
The multi-faceted challenge of improving governance

Often reforms are needed to improve governance that touches virtually all aspects
of the public sector — from institutions that set the rules of the game for economic
and political interaction, to decision-making structures that determine priorities
among public problems and allocate resources to respond to them, to organizations
that manage administrative systems and deliver goods and services to citizens, to
human resources that staff government bureaucracies, to the interface of officials and
citizens in political and bureaucratic arenas. Not surprisingly, advocating improved
governance raises many questions about what needs to be done, when it needs to be
done, and how it needs to be done.

Source: Grindle, 2004

demands of different water users and uses are assured and protected and whether
or not possible externalities (e.g. in relation to upstream or downstream issues)
are negated or minimised.

e Using a range of well-proven investigative and diagnostic methods and tools
to gain insights into the reasons why carefully designed water sector reform
programmes often fail to deliver desired outcomes. Similarly, to gain insights
into the societal (and biophysical) reasons as to why it can be relatively simple to
upscale localised success stories in some cases but very difficult in others.

= Using expenditure reviews, life-cycle cost assessment, cost curve analysis, input
tracking and other tools to track both public and private expenditure value-for-
money relative to various biophysical, societal and environmental indicators.

1.4.5 Water auditing approaches
This sourcebook recommends three different approaches to water auditing, namely:

= Governance assessment'?
= Political economy analysis'*
= A combination of governance assessment and political economy analysis!?

The attributes of these three approaches to water auditing are compared in Table 1.2.
However, a crucial first step is to identify the needs, priorities and the institutional
levels at which water auditing will be of most value to key stakeholders. Only then
should a decision be made concerning the most appropriate approach to water
auditing. Consideration should also be given to the potential synergies between water
accounting and water auditing. Mutual support and integration of interdisciplinary
biophysical and societal analysis will be easier and more productive if the same
or similar spatial and temporal scales and granularities are used when collecting,
processing and analysing information and making recommendations.

10" For an example of guidelines for governance assessment see: http://www.undp.org/content/

rbas/en/home/presscenter/events/2012/November/regional_governance_week/_jcr_
content/centerparsys/download_8/file.res/Planning%20a%20governance%20assessment.
pdf

For examples of political economy analysis guidelines see: http://www.gsdrc.org/docs/open/
PO58.pdf or http://capacity4dev.ec.europa.eu/political-economy/document/how-notes-
political-economy-assessments-sector-and-project-levels

For an example of combined approach guidelines see: http://siteresources.worldbank.org/
EXTPUBLICSECTORANDGOVERNANCE/Resources/PGPEbook121509.pdf

11
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At the core of both political economy analysis and governance assessment is the
analysis of power: how it is used and on whose behalf institutions function at different
levels in a particular country; how the relations between rulers and organized groups
in society or citizens operate; and how sectors are governed (European Union, 2008).

While the aims of political economy analysis and a governance assessment are similar,
there are fundamental differences between the approaches taken (Harris et al., 2011). As
its starting point political economy analysis takes the societal context as it exists within
a specified domain, and then focuses on identifying underlying causes and workable
solutions to problems as and when they are identified. In contrast, most governance
assessments aim to measure the performance or level of governance in a specified
domain against certain pre-established criteria and/or indicators of good governance.
In other words, governance assessment often takes the form of a gap analysis that starts
with a vision of what governance should look like!® and compares actual performance

TABLE 1.2

Comparison of key attributes of governance assessment, political economy analysis
and a combination of governance assessment and political economy analysis

Attributes

Governance/assessment

Political/economy/analysis

Combined/governance/
assessment/and/
political/economy/analysis

Adaptable and flexible

All three approaches can be adapted to meet specific needs or a specific context

Guidelines and case studies
available on the web

No major differences

Problem-focused

More likely to be
prescriptive

Designed to identify and
analyse problems and/or
opportunities

Can be both prescriptive and

problem-focused

Interdisciplinary/holistic

Focus mainly on
governance principles and
indicators

More wide-ranging. Can also include expenditure review,
accountability assessment, reviews of legislative frameworks,
approaches to managing demand

Multilevel analysis

More likely to be used at
one level (i.e. the macro or
national level)

Designed to study governance and the political economy of a
specified domain at different levels

Stakeholder sensitivities

Less threatening especially
if indicators are modified
following stakeholder
dialogue

Maybe perceived as more
intrusive and threatening

Can start with a governance

assessment and progress
towards political economy
analysis

Specialist inputs

Relatively less required

Relatively more required

Presentation on maps along
with biophysical info

Relatively easier especially
if geo-referenced ordinal
scoring is used

Relatively more difficult

Relatively easier especially
if geo-referenced ordinal
scoring is used

Strategic governance
objective

Emphasis is on achievement
of “good governance”

Emphasis is on achievement of “good enough governance”

Operational value to strategy
development, planning and
M&E

Most useful for
comparative analysis or
monitoring of governance

Most useful for evaluating
the causes of problems and
identifying solutions to these
problems

Can be useful for
monitoring, identifying
the cause of problems and
evaluating opportunities

Usefulness as a “partner” to
water accounting

Most useful as a partner to
rapid water accounting

Most useful as a partner
to comprehensive water
accounting

If sufficient resources are
available, the best partner

Time and expenditure

Stakeholder/sensitivities

Stakeholder/sensitivities

Stakeholder/sensitivities

Specialist/inputs

Relatively less required

Relatively more required

Likely to be the most
expensive and time
consuming option

13

systems of developed Western countries (Harris et al., 2011).

In many cases ‘good governance’ is perceived as an idealised version of the governance
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to this vision. Thereby identifying what is
lacking against a number of indicators (e.g.
accountability, responsiveness, efficiency,
equity and so on). While this approach to
governance assessment has its merits (see

FIGURE 1.2
Selecting an appropriate ‘lens’ for exami
governance

ning

Table 1.2), it has been criticised for being 4

prescriptive and normative. Governance
assessments have also been criticised for
highlighting under-achievement and for not
generating sufficient information to explain Measuring

the reasons why governance in a country, thedi erence...?
in a sector or in relation to a specific issue
might be rated as having relatively low v
(or high) scores against some or all the A

governance indicators.
...or understanding
Figure 1.2 provides another way of looking reality?
at the differences between governance
assessments, political economy analysis and
some combination of the two. In short,

governance assessments focus on measuring v

the difference between the current level of
governance and a desired normative level of
governance. In contrast, the focus of political
economy analysis is on understanding the

Current
governance

Source: EU, 2008

Desired
governance
reality

reasons for a certain level of governance
in relation to a nation state, a sector or an
issue. The combined approach, as the name
suggests, attempts to: 1) Measure or quantify the difference between actual governance
and a vision of what the governance could or should be; and 2) Identify the reasons
why governance indicators in a specified domain might be high or low.

Interest in political economy analysis and, in some cases, combined governance
assessment and political economy analysis has been driven by a strong desire to better
understand sector reform processes (see Box 1.12). As such, it is argued also that
political economy analysis is an approach or methodology that can better:

« Help sector specialists identify appropriate policy responses in a given context,
designing and implementing approaches that ‘best fit’ existing institutional
structures and incentives, rather than imposing an external model of best practice
(Kooy and Harris, 2012);

* Supportapproachesto sector reform processes thataim to be pragmatic, incremental
and opportunistic in terms of governance'* and institutional development®,

The differences between governance assessment and political economy analysis that
have been highlighted in this section should not be seen as a recommendation that
governance assessment, political economy analysis or the combined approach are

14 Grindle (2007) argues the case for adopting the ‘good enough governance’ concept for
selecting or supporting fewer but more useful and more feasible interventions.

Merrey and Cook (2012) argue that rather than attempting to impose new institutional
arrangements, the focus should be on promoting and facilitating innovation at local levels,
while at the macro-level the focus should be on managing change and building institutional
capacity (Merrey and Cook, 2012).

15
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BOX 1.12
Typical sector reform questions

Typical questions development practitioners ask when trying to better understand and
support sector reforms include:

« Why do sector reforms sometimes slow down, stop or reverse despite technically
sound policy content?

« What are the political, economic and social forces that drive or block policy
change in specific sectors?

« Which opportunities and incentives as well as which constraints and disincentives
are reformers facing?

 Why is the ‘political will’ for sector reforms sometimes strong and sometimes
weak?

< And how could development partners best create, strengthen or sustain this
political will for sector reforms?

Source: Edelman, 2009

always the better option. Rather, the main point is that these approaches serve different
purposes, have different attributes and typically require different inputs of skill, time
and expenditure.

1.5 COMBINING WATER ACCOUNTING AND AUDITING

1.5.1 Why combining water accounting and auditing?

Although water accounting can be, and often is, carried out in isolation from water
auditing, the view taken in this guide is that water accounting and auditing are best
designed and implemented as mutually-supportive processes (see Box 1.13 and
Box 1.14). There are practical reasons for combined water accounting and auditing.
For example, there is higher probability of identifying the underlying causes of
water-related problems and viable opportunities for addressing problems. A more
fundamental reason, however, is that water accounting is more likely to prompt change
if it is carried out in conjunction with water auditing. A lesson from water sector
reform programmes is that changes often fail or take decades to achieve their goals.
In part because institutional reform, to be legitimate and have broad political support,
has to emerge through a political process. Opportunities for overcoming resistance to
change and make step-change improvements in governance at different institutional
levels are often transitory. A significant attribute of water auditing is it can play a role
in identifying or predicting good opportunities or windows for promoting change such
as becoming part of the development of theories of change®®. Finally, water auditing
without water accounting is even more risky than water accounting without water
auditing because it can result in change being promoted that, for biophysical reasons,
has little chance of delivering benefits and, in some circumstances, may even make
things worse for some water users or uses.

16 For information on developing and updating theories of change see Valters (2015).
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BOX 1.13
Water accounting and auditing are mutually supportive

Water Water

accounting auditing

Water accounting supports water auditing by providing insights, understanding
and information, for example:

Physical availability of water stocks and flows in time and space;
Balance between water supply, demand and access;

Physical capacity and condition of water-related infrastructure;
Levels of water security of different users and uses;

Frequency of droughts, floods and interruptons in the delivery of water
services;

Types of water use in time and space (e.g. consumptive and non-consumptive);

Efficiency, productvity and profitability of different water uses and users in
time and space;

Functonality of policies and programmes aimed at regulating demand and
improving supply;

Potental tradeoffs or externalites resultng from intensificaton of water use;

Opportunites for making better use of water from “source to sink” and along
the value chain;

Water auditing supports water accounting by providing insights, understanding
and information on, for example;

Stakeholder roles, responsibilites and inter-relatonships at different levels;

Governance systems i.e. how decisions are made, where power resides and how
power is mediated,;

Reasons official statistics may not reflect ground level realities;

Political, social and environmental concerns priority issues;

Levels of public and private expenditure e.g. on operation and maintenance;
Functionality of formal and customary laws;

Underlying reasons for “lack of politcal will” to promote and implement
change;

Levels of accountability and transparency.
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Typical water accounting and auditing activities

Water accounting

Water accounting includes
the systematic identification,
assessment and analysis of the
following in space and time:

« Status and future trends
in water supply, demand
accessibility and use;

e Underlying causes of
imbalances in supply and
demand,;

e Levels of environmental
sustainability;

« Levels of water efficiency
and productivity from source
to sink and along the value
chain;

« Capacity, functionality
and O&M of water
supply, storage, treatments
and drainage related
infrastructure;

« \Water services levels of
different uses and users;

* Condition of environmental
flows;

« Levels of equity and levels of
competition for water;

* Functionality and
effectiveness of M&E
systems;

* |dentification and assessment
of potential externalities
linked to, for example, land
use change and agricultural
intensification.

Water auditing

Water auditing includes the
systematic identification,
assessment and analysis of the
following at different institutional
levels:

< Systems of water governance
and particularly the way in
which power and authority
are exercised and mediated,;

e Mandates, interactions,
functionality and
accountability of formal
and informal water-related
institutions;

« Utility and effectiveness
of different water services
delivery models;

« Effectiveness and utility of
policies relating to water
and food security, poverty
alleviation etc.;

e Levels of public and private
capital and recurrent
expenditure;

< Profitability and cost-benefits
of different water uses and
users;

< Laws and regulations (formal
and informal and their
enforcement;

» Effectives and transparency of
systems water allocation and
regulation;

< Wider political economy
issues that often underpin
sanctioned discourses and
resistance to change.
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1.5.2 Attributes of water accounting and auditing

Attributes of the approach to water accounting and auditing recommended in this
sourcebook include these features:

« |t is flexible, adaptable, inter-sectoral, multi-scalar and based on a sound up-to-
date understanding of the various disciplines involved (e.g. hydrology, civil and
irrigation engineering, political science, economics, social sciences).

« |t stresses the importance of effective information management and probabilistic
analysis of both hard and soft information and evidence!’.

e |t is based on a process of active stakeholder engagement, concerted action and
cycles of social and institutional learning.

« |t recognizes the importance of developing and implementing a communication
strategy as an integral part of a water accounting and auditing process.

Another attribute of the recommended approach is that it has evolved over twenty
years or more from placing emphasis on biophysical and infrastructural aspects (e.g.
estimation of water balance components at different scales for different water uses in
space and time; capacity, functionality and management of water supply and treatment
infrastructure) to being more interdisciplinary and inter-sectoral. This transition has
been driven in part by the realisation that, as water scarcity increases, engineering or
technical solutions on their own are less likely to solve water-related problems. Or
put another way, political, institutional, social, economic, cultural and other factors
become increasingly important as competition for limited water resources increases.

1.5.3 Overall approach to water accounting and auditing

The overall approach to water accounting and auditing recommended in this
sourcebook is relatively simple (see Figure 1.3) and is comprised of:

« Inception activities are required to start water accounting and auditing processes.
Some are one-off activities (see Section 3). Others may need to be repeated or
continued during the water accounting processes.

« Stakeholder engagement activities or inputs involve the recommended active
engagement with stakeholders throughout water and accounting processes. In
other words, there are almost always significant benefits to be gained when
stakeholders are actively engaged in inception activities; in cycles of water
accounting and auditing; and in the formulation and delivery of desired outputs
and outcomes.

« Cycles of water accounting and auditing are typically water accounting and
auditing, which is implemented in a number of iterative cycles. Starting with
relatively rapid or coarse assessments or analysis and, with each cycle, refining
the analysis and increasing confidence in outputs. It is usually best to plan
and implement water accounting and auditing as mutually supportive parallel
processes, rather than processes that are carried out in series. This requires careful
planning, appropriate sequencing of activities and a willingness of all involved to
share findings and participate in multi-disciplinary dialogue.

Within water accounting and auditing processes, some activities are focused
primarily on water accounting (e.g. targeted biophysical assessments or water
balance analysis) or water auditing (e.g. governance assessments or political
economy analysis). Other activities are more crosscutting and, as such, require

17 Hard information is scientific knowledge and technical or biophysical information that
is often quantitative in nature. Soft information is societal information, expert opinion or
perceptions that are usually qualitative in nature
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FIGURE 1.3
Overall approach to water accounting and auditing

Inception activities

Cross-cutting activities
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& modeling

Outputs & outcomes

multi-disciplinary dialogue and coordination (e.g. information acquisition and/or
identification of the underlying causes of water scarcity). There are also activities
that concentrate on more detailed, and often more complex, integrated analysis
and modelling. The aim is to build on the crosscutting activities by extracting
additional insights into the biophysical and societal causes of problems and
potential opportunities for addressing these problems.

e Outputs and outcomes are typically outputs and outcomes that have been

identified and agreed upon during inception activities. It is always likely, however,
that these will have been discussed with stakeholders and refined as more
information becomes available about the domains of interest. If positive outcomes
are to be achieved, it is important that outputs be owned by and the confidence
of key stakeholders has been gained. This is best achieved by communication
of provisional findings and regular formal and informal discussions with key
stakeholders.

1.5.4 Some characteristics of the approach
The recommended approach to water accounting and auditing includes:

Effective planning, management and leadership are crucial to ensuring that:

1) The type and level of integration, in a given context, are
appropriate (see Box 1.15);
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2) Various components and activities are properly sequenced and coordinated;

3) Synergies are achieved between the various components and processes;

4) Stakeholders are actively engaged from inception through to delivery of

outputs and outcomes;
5) Effective storage and sharing of information; and
6) Effective sequencing and coordination of the various components.

Iterative and adaptive cycles of work: Typically water accounting and auditing
are planned and implemented in a series of iterative cycles that identify and focus
increasingly on priority issues or opportunities (see Figure 1.4).

In the first cycle, the approach is: 1) Relatively rapid; 2) Relatively limited in terms of
inter-disciplinary scales analysis of biophysical and societal information, and relatively
coarse and limited in terms of the temporal and spatial scales addressed. However, with
each cycle, information acquisition and analysis is better targeted, more detailed, more
multi-scalar and more interdisciplinary. Table 1.3 summarises some typical benefits
that can accrue when stakeholders are actively engaged in a cyclical learning process
(After Pahl-Wostl, 2009; Moriarty et al., 2010). References to uncertainty are included
in this table because the attitude of stakeholders towards uncertainty often has a
bearing on their acceptance of water accounting and auditing outputs. High levels of
uncertainty can also change the inferences and conclusions that are drawn from the
process of water accounting and auditing.

If water accounting is being used for Monitoring & Evaluation, it is probable that a less
iterative and adaptive approach will be adopted because the information acquired may
be used, say, for time series analysis or benchmarking.

= Multi-scalar information acquisition and analysis that: 1) Differentiates between
consumptive and non-consumptive water uses (in space and time); 2) Assesses the
extent to which non-consumptive water can and is recovered by different water
users (in space and time); and 3) Considers the validity of claims that water saving
technologies are freeing up water for additional or alternative uses. Note also that
the outputs from this type of analysis can also be used to obtain a robust estimate
of water use efficiency and productivity (in space and time).

Affordability and practicality: Clearly water accounting and auditing programmes
should be affordable and represent good value for money to those funding or
actively involved in the programmes (see Box 1.16). Clearly water accounting
and auditing should be practical and doable. In both cases, affordability and

BOX 1.15
Different types of integration

Different types of integration relevant to water accounting and auditing include:

« Multi-disciplinary integration: e.g. scenario building, analysis and modelling that
make use of biophysical and societal information.

« Multi-scalar integration: e.g. identification and quantification of externalities.

« Integration along value or supply chains: e.g. mapping consumptive and non-
consumptive water uses from the ‘field to the fork’.
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FIGURE 1.4
Cyclical water accounting and auditing
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TABLE 1.3

Potential benefits of using cyclical learning-processes as a central part of water accounting and auditing

Attributes

After one cycle

After several cycles (i.e. after 2
or 3 cycles)

After multiple cycles (i.e.
after 4 or more cycles)

Typical behaviour and
attitudes of members of a
stakeholder platform

Stakeholders continue

to work and act within
their own networks.
Limited trust in the water
accounting and auditing
process

Stakeholders start seeking
advice/opinions from outside
established networks.
Willingness to discuss politically-
sensitive sectoral problems and
issues

Significant changes in
network boundaries and
connections. Willingness to
discuss and act on politically-
sensitive multi-sectoral
problems and issues.

Specialists (working in an
interdisciplinary team)

Specialists gain a better
understanding of

the terminology and
methodologies used by
other disciplines

Much improved sharing of ideas
and joint planning of activities
that maximise inter-disciplinary
synergies

Specialists are comfortable
debating findings across

a wide range of different
disciplines

Water accounting and
auditing recommendations

Low level of confidence in
findings. Focus on getting
the basics rights and a few
low-risk recommendations

Increased level of confidence in
findings. Focus existing policies
and practices that evidence
shows are working well

Relatively high-level of
confidence. Focus on
identifying and assessing
new opportunities.

Stakeholder use and/or
perception of uncertainty

Uncertainty used to justify
nonaction

Indications of uncertainty being
accepted and perceived as an
opportunity

Uncertainty mainstreamed
in negotiation or reframing
processes into proposed
changes to policies or
practices

Impact on prevailing
discourses

Discourses continue to
be centred on existing
paradigms. Alternatives
summarily dismissed

Sanctioned discourses
challenged by some individuals
and groups. New ideas starting
to gain traction

Significant changes occur to
sanctioned discourses that
are backed by powerful
individual or groups

Impact on institutions

No changes to established
institutions and only
limited interest in reforms

Consideration given to
institutional reform or
restructuring

Established institutions
changed progressively and
news one created

Impact on governance

No changes to current
system of exercising or
mediating power at
different levels

Consideration given to reforms
but within a “good-enough
governance” context

Reforms taking place
incrementally with
adaptations as necessary
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1.6

practicality can be improved: by building on
relevant existing or ongoing programmes and
recruiting staff to implement the programmes
that already have experience of this type of work.

TIPS AND TRICKS

Do not try to ‘account for every drop water’
in specified domains or every detail related to
governance and the wider political economy.
Instead aim for water accounting and auditing
that is ‘good enough’ or ‘just detailed’ enough to
meet identified needs.

Treat water accounting and auditing as a cyclical
learning process whereby knowledge and
understanding are improved incrementally with
each cycle.

An important role of water accounting and
auditing is to investigate the utility, or otherwise,
of accepted wisdom and folklore concerning

BOX 1.16
Planning and budgeting

When planning water accounting
and auditing programmes, it is
important to recognize that the
following will all influence the
budget, time and other resources
that may be required: 1) The level of
ambition of objectives; 2) Their level
of complexity; 3) The availability of
good quality secondary information;
4) The need for primary information
collection to ground-truth, gap-fill
or update secondary information; 5)
The need for awareness raising and
capacity building; and, 6) The nature
and types of outputs and outcomes
that are needed.

hydrology, climatology or the underlying causes of water scarcity.

Make sure the entire process is open and transparent in terms of: 1) The approach,
methods and procedures that are used; 2) The roles and responsibilities of
individuals and organizations that are involved; 3) The accountability, fairness and
inclusiveness of, in particular, stakeholder engagement; and 4) Strategies adopted
for making raw data, outputs, findings and recommendations publicly available.

Think seriously about stakeholder engagement, information management,
communication and other critical ancillary activities when planning and budgeting
water accounting and auditing processes. In most cases, these activities should be

part of the initial plan and not a series of add-ons.

Most specialists are accustomed to working within the confines of their own
areas of specialisations (i.e. their own comfort zones). As a consequence, they
may take some time to adapt to and embrace water accounting and auditing’s
interdisciplinary, multi-scalar and multi-sectoral working environment.

The more key stakeholders are actively engaged in water accounting and auditing
the more likely they are to accept, internalise and make use of outputs, findings

and recommendations.

In most cases, it is best to plan and implement a water accounting and
auditing process that builds on and supplements existing activities, practices and

programmes.

This sourcebook is not intended to be prescriptive. Instead it should be used to
plan and implement water accounting and auditing processes that: 1) Are well
adapted to the biophysical and societal context of the domain(s) of interest;
and 2) Have the potential to deliver outputs and outcomes envisaged by key

stakeholders.
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2. Inception activities and
stakeholder engagement

2.1 AIMS OF THIS SECTION

This section focuses on the typical activities that are needed to get water accounting
and auditing programmes started and, just as important, to decide who should be
involved. In some cases, getting started is relatively easy because programmes build
on earlier or ongoing initiatives. In others, getting started is much more of a challenge.
Whatever the case, inception activities are important because they often have a major
bearing on the success or failure of the entire programme.

Many activities that start in the inception phase continue throughout a water
accounting and auditing programme. While assessments and analysis during the
inception period tend to be rapid, the outputs should be sufficient to make provisional
decisions on matters such as specification of domains, partnerships and a provisional
implementation plan.

By involving key stakeholders in the inception phase, the probability is increased that
stakeholders will feel ownership of the programme, and have confidence and take pride
in the outputs and outcomes.

2.2 INCEPTION ACTIVITIES

2.2.1 Preliminary selection of domains of interest

Preliminary selection of domains of interest, scales and institutional levels normally
takes place at the same time as stakeholder identification and building partnerships.
Typical activities include:

< Preliminaryselection of geographical location and extent: Key stakeholders, and/
or the organization that is funding the water accounting and auditing programme,
usually select the geographical location and extent of the programme. In some

BOX 2.1
Selecting spatial and temporal units

Typically specifying water accounting and auditing domains of interest involves:

« Selecting the spatial units: These units can be: hydrological (e.g. a river basin sub-
basin or an aquifer); administrative (e.g. a district); political (e.g. a constituency);
a management unit (e.g. the command area of an irrigation scheme); or, some
combination of all of these units;

« Selecting the temporal units: These units can be based on: standard units of time
(e.g. hours, days, weeks, years), management units (e.g. a crop season); financial
units (e.g. a financial year); political units (e.g. the term of an elected representative);
or some combination of these units.
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cases a prioritisation process or a needs
assessment is used. In others selection
of location and extent maybe be pre-
determined by ongoing programmes to
which the water accounting and auditing
may add value.

Preliminary selection of biophysical
and societal domains of interest: The
spatial units of both biophysical and
societal domains need to be selected (see
Box 2.1) along with the boundaries to
be used. Selecting spatial boundaries,
in particular, often needs some careful
consideration (see Box 2.2). It is
important to note that boundaries and
spatial and temporal units are linked
to scale. A common water accounting
and auditing practice is initially to
acquire and analyse information at a
fairly coarse scale and, in subsequent
cycles of accounting and auditing, to
shift progressively to finer scale analysis
and modelling. Figure 2.1 illustrates
how progressively refining the scale of
delineation of a drainage line increases
the level of detail that can be observed.

Identifying potential sources of
secondary information: Selection of
units, boundaries scales of interest
should take into account the availability
of reliable secondary information at
the scales of interest (time and space).
Aggregation and/or disaggregation of
data are options but, in general, this will
increase levels of uncertainty in outputs
that are generated from subsequent
analysis.

* Provisional selection of institutional

levels: Anotherimportantdecisionrelates
to the number of institutional levels
considered by aprogrammeand, whether
or not, to focus more on certain levels.
In general, it is best to select institutional

BOX 2.2
Boundary issues

Biophysical boundaries (e.g. of a basin,
aquifer or an irrigation scheme) and societal
boundaries (e.g. of a country or a district)
rarely overlap. From a water accounting and
auditing perspective, boundary issues are
fact of life that has to be acknowledged and
managed. GIS software, in particular, can be
used to manage, reconcile and resolve many
spatial boundary issues.

FIGURE 2.1
Different scales of stream delineation

10 km? stream delineation

1 km? stream delineation

levels that align with political decision-making and the exercise of political
power. Figure 2.2 shows typical institutional levels that could be selected. Note
that the number and characteristics of institutional levels tends to vary from

country to country.

2.2.2 Preliminary identification of issues and concerns

Once the geographical location and temporal and spatial domains of interest have
been specified, it is time for preliminary identification of issues and concerns. Typical
activities include:
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FIGURE 2.2
Typical institutional levels and planning responsibilities

« Strategic planning at national and
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« Also an important level for transboundary

National . . .
and inter basin planning

« Important level for inter-sectoral convergence
and planning alignment
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= Important level for ensuring plans are well
aligned with the local level priorities

Sub-district

« Important level for ensuring water services of
diJerent water users and uses meet norms or
agreed standards

Town or village

e Reviewing online information: This includes reviewing information that

is directly or indirectly relevant to the specified domains such as project
reports, M&E reports, research papers, and blogs. Useful spatial information is
increasingly available from open-access web sites.

« Stakeholder meetings: Key-informant interviews with some key stakeholders and

focus group discussions with others. In some cases, use of problem-tree analysis
to stimulate and structure a facilitated discussion that involves a mixed group of
stakeholders. If time permits, a more affirmative discussion around opportunities
for addressing issues and concerns may also be illuminating.

Field visits to the specified domain provide opportunities for specialists to
interact formally and informally with stakeholders who live and work in these
domains and ‘frontline’ staff working for various water-related government and
non-government programmes. Visual assessments and chance encounters during
transect walks or visits to, for example, irrigation schemes or water treatment
plants can provide insights into the functionality of management systems and the
relative importance of different hydrological processes, governance systems and
the broader political economy. In addition to visual assessments, photographic
surveys can be used to document features like the courses of streams, the
condition of water-related infrastructure, the topography of the land, the extent
of forest cover and other land uses, and other natural and constructed features of
the watershed (EPA, 2008).

Review Monitoring and Evaluation data: If relevant M&E data are accessible,
analysis of this data should provide interesting and useful evidence of the extent
to which water services are meeting government norms or standards. When it is
mapped, this data should also provide information on areas with good service
levels and possibly areas or ‘hot spots’ with substandard services. Similarly, time
series analysis should provide information on the influence of, for example,
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prolonged periods of drought on the water services of different water users and
uses.

2.2.3 Forming a multidisciplinary implementation team

In some cases, responsibility for undertaking water accounting and auditing rests
on the collective membership of a multi-stakeholder platform (MSP). In others, the
responsibility may rest with one or more of the key stakeholders. In either case, it
is quite likely that much of the work will be contracted out to an organization with
the appropriate skills and capacity. Whatever the arrangement, the implementation
team needs sufficient capacity to undertake both water accounting and auditing.
Similarly, a high-level of competence and experience in fields that include information
management, facilitation and communication is highly desirable. Good management
and coordination of the team is critical. Specialists need to have clearly-defined roles
and responsibilities and to be given the space to be specialists. As important, specialists
must be able to function well in a multi-disciplinary environment.

Additional considerations when forming an implementation team include:

« Size and disciplinary mix of the team will be linked to such factors as the size of the
domains, the number of institutional levels and whether or not key stakeholders
play an active role in some or all activities.

e Institutional development is often needed for implementation teams to do
their work effectively. Institutional development is often needed to: 1) Create a
supportive institutional environment for using water accounting and auditing;
and 2) Build capacity for using water accounting and auditing either inside or
outside government departments and other ‘stakeholder’ organizations;

« Building rapport is important so that members of the implementation team can
build a good rapport with key stakeholders individually and with the multi-
stakeholder platforms. This often takes time and the effort of all involved.

* Mobilisation of a water accounting and auditing implementation team can involve
the following: a tendering process; recruitment or contracting of specialists,
finding office space, organizing transport and so on. This may take time.

2.2.4 Building partnerships and political commitment

Typical inception activities aimed at building partnerships and political commitment
include®®:

« Preliminary stakeholder identification: A first round of stakeholder identification
is advisable, as this will help highlight individuals and organizations that
should be consulted during the inception phase. Methods such as a stakeholder
analysis, institutional mapping and power analysis can be helpful. Alternatively,
a brainstorming session with well-respected water professional can also be a
good starting point. The list of potential stakeholders in water accounting and
auditing is often very long (see Box 2.3). As a result, it may be helpful to classify
stakeholders according to whether they fall into one or more of the following
groups:

— stakeholders that want to be actively involved,;

18 |n practice the order of inception activities may vary and some activities may overlap or be
carried out in parallel
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BOX 2.3
Potential stakeholders in water
accounting and auditing

The following is an indicative list of potential stakeholders in water accounting and
auditing programmes:

= various government departments and agencies;

 elected representatives at different institutional levels;

* non-government civil society organizations;

= organizations with regulatory responsibilities (e.g. pollution control);
* private sector organizations;

» deliverers and users of water services;

« research organizations and academics;

« media (traditional and social);

» potential users of outputs and those who may be affected by outcomes;
* managers/custodians of information;

» training or capacity building organizations.

— stakeholder that only want to receive updates and outputs;

— stakeholders that are potential sources of information;

— stakeholders that may fund or part fund the programme;

— stakeholders that are already working on similar programmes;

— stakeholders that have relevant specialist skills, expertise or knowledge.

Alternatively, it is often useful to classify stakeholders according to their
potential interest in water accounting and auditing levers and power to instigate
change (see Figure 2.3).

Initial stakeholder interactions: Preliminary stakeholder identification and
institutional mapping provides a good basis for organizing formal or informal
meetings with the stakeholders that are interested in playing a central role in
the inception and subsequent phases. It may be necessary to seek advice on
the most appropriate person to contact within the ‘stakeholder’ organizations.
Consideration should be given to hiring an independent facilitator who has skills
and experience in, for example: ensuring that meetings are well organized and not
dominated by a few individuals (see also Box 2.4).

* Working within or outside government (or somewhere in between): If a

water accounting and auditing programme is initiated from within a government
department, it should already have support from relevant civil servants and elected
representatives at, for example, the local, district and national levels. However, if
the programme is initiated and funded (or partly funded) by an outside agency;, it
advisable to seek out the support and buy-in of politicians and senior government
officials at an early stage. This ensures that these key stakeholders are engaged
from the outset and actively involved in decisions relating to, for example,
institutional arrangements for implementing the programme.
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e It is, of course, possible to initiate

and implement a water accounting
and auditing programme without
government support but this may make
it more difficult to access secondary
information and to influence policies.
However, academics or possibly an
activist NGO may feel that the benefits
of working outside government (e.g.
independence) outweigh the trade-
off of having less access to official
information and the opportunity
of working in partnership with
government departments.

e Creating or reinvigorating a

stakeholder platform: If time and
resources permit, work could start

FIGURE 2.3
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during the inception phase on the establishment of a multi-stakeholder platform
for key stakeholders with shared interests in investigation and innovation
around topics of mutual interest!®. The aim being that this platform will be one
of the main vehicles for stakeholder engagement during the water accounting
and auditing processes. In some cases, the starting point could be an existing
stakeholder platform or network that might benefit from re-invigoration. More
information on the establishment of multi-stakeholder platforms can be found in

Section 2.3.

2.2.5 Developing a provisional communication strategy?°

Well-organized communication is key element of effective water accounting and
auditing. Unless stakeholders are actively engaged and well informed, they will have

BOX 2.4

Facilitating stakeholder dialogue

Stakeholders in water accounting and auditing are far from being a homogeneous
group. Often they have serious differences of opinions and even a long history of
rivalry and antagonism. Experience has shown that stakeholder meetings are more
likely to be productive and constructive if they are facilitated by trained facilitators
who are not connected with the stakeholders at the table or the agency that may
be funding the water accounting and auditing programme. Or put another way,
the facilitator should be perceived as a neutral party who will not contribute his
or her ideas to the group. The facilitator should be objective and maintain a broad
perspective but should also challenge assumptions, act as a catalyst, generate optimism
and encourage the group to maintain a positive attitude towards the water accounting

and auditing programme.

19 The type of stakeholder platform may have different names and forms e.g. a learning alliance
(Butterworth et al. (2011), a quality improvement collaborative (QIC) (Eppstein et al., 2012).

In the context of water accounting and auditing, communication is understood to be more

20

than exchanging and sharing information, knowledge, experience and views. It also involves

debate, negotiation and joint learning that over time has the potential of building trust and

social capital.
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BOX 2.5
Role of communication

Communication can play a central role in:

» Framing debates, encouraging stakeholder dialogue and getting issues on to the
political agenda. This involves raising awareness and influencing the attitudes or
perceptions of key stakeholders;

e Encouraging commitments from and endorsements from politicians, opinion
formers, community leaders, the media and well-respected specialists or academics
for changes in policy and/or practice;

« Securing procedural change changes in the process whereby policy decisions are
made, such as opening new spaces for policy dialogue or changes in practice;

« Affecting policy content including changes in legislation or customary practices;

« Achieving sustained behavioural change of key actors of a magnitude that is
sufficient to be meaningful.

Source: Jones, 2011

little interest in participating in water accounting or auditing processes and making use
of findings and other outputs. The main responsibility for communication may rest
with the membership of a multi-stakeholder platform or one of the key stakeholders.
Whatever the arrangements, it is likely that many (or possibly all) communication
activities will be contracted out to a communication specialist (or even a number of
specialists) (see Box 2.5). Typical communication-related activities during the inception
phase include:

* Reviewing existing communication strategies or campaigns: Communication
is a standard component of most government, NGO and/or international agency
programmes. Hence, there are almost always lessons to be learned from reviews
of ongoing programmes in terms of what is working well or not so well.

e Culture of sharing information: In general, communication will be most
effective during a water accounting and auditing programme if a culture of sharing
information can be created. Ideally communication should be open, inclusive and
respectful. Even if this is not possible in short term, this should be the long-term
objective.

« Choice of language: Selecting an appropriate language (or mix of languages) may
not be a major issue in some countries or specified domains but in others this may
be a critical issue.

* Choice of communication technologies and media: Similar to the above, it
may be necessary to select communication technologies or media that do not
alienate or exclude certain stakeholder groups or the wider public. This said, new
communication technologies and social media should certainly be considered
such as Twitter, Skype, YouTube.

« Segmentation and targeting: Consideration can be given to the potential benefits
of using segmentation and targeting tools developed by the marketing industry
to separate groups according to the reasons they might reject or accept water
accounting and auditing outputs.



2.

Inception activities and stakeholder engagement

31

< Communication costs: Ideally, communication activities and inputs to water

accounting and auditing programmes should have their own budget that is tied to
achieving the objectives of a communication strategy.

2.2.6 Preparation of an outline water accounting and auditing plan

Towards the end of the inception phase, it should be possible to produce a well-
structured outline plan. Typical activities include:

Needs assessment(s): Rather than being prescriptive, in most cases water
accounting and auditing should be adaptable, flexible and planned on the basis
of needs assessments and assessment of priority challenges faced within specified
domains of interest.

Visioning can be used by key stakeholders to discuss what they would like to
achieve by the first, and subsequent, cycles of the water accounting and auditing
programme. Visioning also helps to clarify the interests that stakeholders have in
the programme and along with any major concerns. Note that visioning processes
are, in general, more productive if they are well structured and facilitated.

Methods, tools and software packages: Many well-proven methods, tools and
software packages can be used as part of water accounting and auditing. Some
are described in this sourcebook. Additional guidance can be found online?!. The
challenge is to select methods, tools and software packages that fit the needs of the
planned water accounting and auditing programme. As a general rule, it is best to
use methods, tools and software packages that the implementation team and key
stakeholders already know well.

Scheduling and sequencing of activities: Careful scheduling and sequencing of
water accounting and auditing activities is required if they are to be mutually
supportive and synergistic. In particular, it is advisable for integrated analysis and
modelling to be scheduled and sequenced it as an integral part of water accounting
and auditing as opposed to being a rather important ‘add-on’.

Institutional arrangements: As mentioned above, important decisions need to be
made regarding, for example, whether to work within or outside the government
system, or somewhere in between; whether to engage fully with stakeholders at all
institutional levels; whether to set up a core team to coordinate and lead on certain
or all activities and so on.

Information management: Typically water accounting and auditing involves
acquisition, quality controlling, analysis, interpretation and sharing of large
amounts of data and information?2. Resources and information management
skills are needed to make sure that data and information are available when and
where required in forms and formats that meet the needs of stakeholders and
other users. Information management is also about knowing what information
to gather, knowing what to do with the information when you get it, knowing

21

22

Additional sources of guidance include:

http://www.toolkit.net.au/Tools/Default.aspx

http://www.0sgeo.org/

http://www.fao.org/nr/water/infores_databases.html
http://csdms.colorado.edu/wiki/Hydrological_Models
http://wwwz2.epa.gov/science-and-technology/water-science-resources#tools
http://resources.arcgis.com/en/communities/hydro/

The terms data and information are interrelated and often used interchangeably. In

general, data refers to raw facts, figures, observations, etc. in different forms and formats.
Whilst information refers to data that has been processed or analysed in ways that make it
meaningful and useful to whoever accesses and uses it.
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what information to pass on and, knowing how to value the resultant use of the
information?3. It is also crucial that sufficient metadata2* is made available so that
stakeholders can make sense of the data and information and make an informed
judgement as to its usefulness.

« Mitigation of risks: Water accounting and auditing is not without risks. For
example, it is also possible that the whole process will prompt stern resistance
from some stakeholders who feel threatened by it. Or the quality and accessibility
of secondary information may prove to be less than adequate. Whatever the
case, identification of potential risks, and a plan for mitigating these risks, is
recommended.

e Funds and fund flows: The overall cost of water accounting and auditing
programmes varies enormously with, for example, the scale and ambition of
the programme, the cost of contracting an implementation team, the need to
collect primary information and, in some cases, the need to pay for secondary
information. If funds are not available to meet the overall cost, this is the stage to
seek additional funds or reduce the level of ambition of the planned programme.

2.3 STAKEHOLDER ENGAGEMENT

2.3.1 What is a multi-stakeholder process?

Typically, multi-stakeholder processes?® are an important component of water
accounting and auditing that cut across most activities. Their precise role varies but,
in general, they contribute to some combination of social and institutional learning,
conflict mediation or resolution and collective decision-making. There is also the
likelihood or intention that active stakeholder engagement will ensure that cycles
of water accounting and auditing focus on the priorities of key stakeholders and, as
important, outputs and recommendations will be owned, or at least not ignored or
rejected, by key stakeholders.

However, stakeholder engagement does not radically change the opportunities that
exist for addressing priority issues and concerns or the nature of tough political choices
that may have to be made especially in areas of increasing water scarcity (e.g. with
regard to allocation or re-allocation of limited water resources). So arguably, the virtue
of multi-stakeholder processes lies more in procedural equity and ownership rather
than any significant improvement in the quality of decisions that might emerge (Green,
2011). As a result, it is usually a mistake to assume that merely getting stakeholders
together from time to time will produce better outcomes in terms of identification of
opportunities for solving priority problems (see Box 2.6).

23 When deciding how much information to collect, the concept of appropriate imprecision

is often useful. Appropriate imprecision recognizes that in conventional water assessments,
much of the information collected has a degree of precision that is really unnecessary and/or
is inconsistent (in terms of precision) with the other information that is being collected.

24 Metadata is data that describes other data. Meta is a prefix that in most information
technology usages means ""an underlying definition or description."” For example, metadata
for a water governance report could include: author(s) or organization, date drafted, name
of report and analytical framework used. Or metadata for rainfall data could include:
responsible organization, number, type and grid references of rain gauges, methodology used
to convert point measurements to areal estimates, an estimate of uncertainties and so on.

In this sourcebook the generic term ‘multi-stakeholder processes’ refers to a whole range
of different approaches to stakeholder dialogue, collaboration or engagement such as round
tables, learning alliances, communities of practice, quality improvement collaboratives.

25
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The rationale behind multi-stakeholder
processes is that complex problems require
solutions that are well adapted to any given
social, political and cultural context (see
Figure 2.4). These solutions are more likely
to emerge when diverse stakeholders are able
to meet, share experiences, learn together
and contribute actively to decision-making
processes. However, the ultimate success
of multi-stakeholder processes often lies in
developing the collective commitment to turn
promising ideas and plans into action. As
such, multi-stakeholder processes are (After
Wageningen UR, 2013)25:

* Processesthataimtoinvolvestakeholders
in improving situations that affect them.

 Forms of social interaction that enable
different individuals and groups, who

BOX 2.6
Added value of stakeholder engagement

For stakeholder engagement to add value to
water accounting and auditing, stakeholders
must be ceded the power to influence
decisions and choices. So even if the final
decision or choice may rest with politicians
or democratically-elected officials or bodies,
stakeholders will only engage actively in a
multi-stakeholder process if they believe that
they can influence processes, decisions and
choices that may affect them.

Source: Green, 2011

are affected by an issue or concern, to enter into dialogue, negotiation, decision-

making and relevant collective action.

* About getting government staff, policy-makers, community representatives,
scientists, business people and NGO representatives to think, work and learn

together.

However, multi-stakeholders processes are not a panacea (Woodhill, 2010). Nor are
they a harmonious model of change (i.e. by simply coming together stakeholders

FIGURE 2.4
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a learning process

Works across di erent sectors
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resolve conflicts

Source: Wageningen UR, 2013

Typical characteristics of a multi-stakeholder process

Involves stakeholders working towards

Characteristics of
a multi-stakeholder

Integrates bottom-up and

a common goal or vision

Has the objective of creating
space and impetus for change

Involves dialogue/agreement
on concerted action

top-down strategies

% More information on stakeholder engagement, multi-stakeholder processes and platforms
can be found on this Wageningen University portal (http://www.mspguide.org/tools-and-

methods).
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achieve consensus). Inevitably, processes of stakeholder dialogue and concerted action
start with different perspectives that may conflict or involve some level of mistrust and
misunderstanding. In addition, political science reminds us that people do not ‘come
to the table’ as blank slates, but with an agenda that can have a beneficial or damaging
effect on dialogue or concerted action (Warner, 2006). Particularly in areas of increasing
water scarcity, the dominance of allocation issues is likely to prompt heated dialogue
and possibly negotiation (about how the ‘cake’ is cut) rather than, for example,
discussions that focus on inter-sectoral integration, alignment and/or nesting of plans
(‘baking the cake together’). In these circumstances, there is also the risk that more
powerful stakeholders will attempt some form of capture of the resources (‘taking the
cake’).

Clearly, multi-stakeholder processes are not suited to all contexts. While explicitly
starting with diversity, multi-stakeholder processes have a tendency to oversimplify
challenges when searching for consensual solutions. The net result is that agreed
solutions may be simplistic and incapable of delivering desired outcomes. Similarly, in
situations where diversity and debate are not part of existing societal or cultural norms,
multi-stakeholder processes have a significant risk of failure.

2.3.2 Objectives of multi-stakeholder processes
Specific objectives of multi-stakeholder processes can include:

e Ensuring that key stakeholders have the power to influence decisions and
choices throughout cycles of water accounting and auditing process. In so doing,
increasing the likelihood that: 1) Key stakeholders take ownership of water
accounting and auditing outputs and outcomes; and 2) Key stakeholders are less
likely to reject findings outputs and recommendations that challenge accepted
wisdom or current policies.

e Ensuring that the water accounting and auditing makes good use of existing
knowledge, especially local knowledge. Also to encourage stakeholders to
search out flaws or gaps in water accounting and auditing findings, outputs and
recommendations.

« Ensuring that existing information and knowledge is made accessible to and
shared among stakeholders. In so doing, ensuring that issues relating to divergent
or contested data sets, opinions or values are addressed.

« Ensuring that water accounting and auditing stakeholder platforms either build
on or link to (rather than challenge or threaten) existing stakeholder platforms.

= Given the fragmented nature of roles and responsibilities across the water sector,
ensuring that a comprehensive range of issues, opinions or perspectives are
addressed or evaluated.

« Providing key stakeholders with an opportunity for shared learning and, if
relevant, hands-on training and capacity-building.

* Reducing the costs and/or improving the value for money of water accounting
and auditing.

2.3.3 What is a multi-stakeholder platform?

A widely accepted definition defines a multi-stakeholder platform as a decision-
making body (voluntary or statutory) comprising different stakeholders who perceive
the same resource management problem, realise their inter-dependence for solving it,
and come together to agree on action strategies for solving the problem' (Edwards
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and Stein, 1998). Some typical principles
and aims of multi-stakeholder platforms are
listed in Table 2.1.

A multi-stakeholder dialogue is not just a
conversation, but an interactive approach to
getting things done in 'a contrived situation
in which a set of more or less interdependent
stakeholders, in a water resource or a water
services delivery system, are identified and
invited to meet and interact in a forum
for conflict resolution, negotiation, social
learning and collective action (Warner,
2005).

In the case of water accounting and
auditing, stakeholder dialogue can result
in commitments to: 1) Sharing secondary
information; 2) Working in concert on
activities such as updating, gap-filling and
expanding information bases; 3) Agreeing
to work collaboratively on the analysis and
interpretation of biophysical and societal
information and evidence; 4) Agreeing to
resolve conflicts if and when they arise; and
5) Agreeing to learn lessons from piloting
new ideas or innovations.

TABLE 2.1

BOX 2.7

Effective multi-stakeholder processes require

funds, time and other resources
Typical resource inputs include:

= costs, time and office space for some
kind of secretariat;

 time input of steering committee;
« support from a professional facilitator;

 costs of formal events e.g. workshops,
meetings, exposure visits, capacity
building etc.;

= costs of, for example, engaging a core
team to lead a water accounting and
auditing process;

« cost and time requirements of active
formal and informal stakeholder
engagement in the water accounting and
auditing process;

e documentation and communication
costs of, for example, setting up and
managing a web site, communicating
with the media, wider public, etc.

Source:Wageningen UR, 2013

Typical principles and aims of multi-stakeholder platforms (MSP)

MSP Principles Aims

Inclusiveness and
participation

To encourage: 1) Participatory processes that are genuine, predictable and
maintained over time diverse and/or 2) Stakeholder representation that is

inclusive and ensures that less powerful groups have a “voice”

Transparency and
accountability

To ensure that processes of stakeholder dialogue and concerted action are
transparent and stakeholder representatives can be held to account

Legitimacy To ensure that platforms at different institutional levels are legitimate e.g.
constituted as statutory bodies or as part of a government order

Effectiveness

To develop processes or concerted actions that really makes a difference e.g. in

terms of solving problems or improving water services

Shared learning

To encourage stakeholders to work collectively on the identification of

causes of problems and the potential utility of opportunities for solving these
problems. This is particular important when water accounting and auditing
findings challenge accepted wisdom

Common information base

To encourage stakeholders to establish a common information base (or virtual

observatory). The broader objective being that stakeholders have the same
information an d evidence as a starting point for dialogue.A

Efficiency To make sure the ends (e.g. outcomes) justify the means (e.g. costs, trade-offs,
time)
Equity In part to ensure that benefits are not captured by more powerful groups and

in part to reduce the risks means of conflict
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BOX 2.8
Questions that may need to be addressed when initiating and

building a multi-stakeholder platform (MSP)
* How formal will the MSP membership be — how are members admitted (or not)?

< Will the MSP be concerned only with water accounting and auditing or will it have
a wider remit?

< Will the MSP have an interest in both water accounting (i.e. biophysical and technical
aspects of water management) and water auditing (i.e. societal aspects of water
management)?

 How will a domain of interest and issues of mutual interest be identified/specified?

« Are MSP platforms needed at different institutional levels and if platforms are
needed at different levels how will responsibilities be shared?

e How are formal and informal MSP activities be funded, and how will costs and
benefits be shared?

e How will the MSP communicate and share information and ideas at each
institutional level, between levels and more widely (e.g. workshops, reports, e-mails,
text messages, web sites, social media)?

« How will the MSP awareness-raising and capacity-building requirements be assessed
and addressed?

 How will a comprehensive mapping of stakeholders and governance systems in a
specified domain be undertaken?

« What research or specialist support activities will the MSP need, and how should this
be commissioned or contracted?

» How will inter- and intra-organizational learning be assured?

< How will the MSP engage with powerful or influential stakeholders outside the
MSP?

e How will the MSP monitor and evaluate its own performance and the performance
of support organizations?

< How will learning processes be documented to ensure that learning is optimised, and
shared widely?

It is important to recognize that multi-stakeholder processes and/or platforms don’t
just happen (WageningenUR, 2013). They need to be created, maintained and facilitated.
There are many practical aspects related to setting them up, such as who to involve, the
methodologies that can be used, the phases they go through and facilitation and process
capacities required. It is important also to note that stakeholders are likely to have a
wide array of interests and motivations and differing levels of power and influence. In
such cases, consensus is the exception and the behaviour of some stakeholders may
be opportunistic and disruptive. Hence skilled facilitation is often needed to ensure
that multi-stakeholder platform members are respectful and that lines of formal and
informal communication are maintained between all stakeholders (see Box 2.8).



2. Inception activities and stakeholder engagement

37

2.3.4 Appropriate levels of stakeholder engagement

Given that the transaction costs of active stakeholder engagement can be high, it is
advisable that the level and complexity of stakeholder engagement is appropriate to
a given context. As a general rule, stakeholder engagement in areas of no or limited
water scarcity is confined to stakeholders at different institutional levels within a sector
(e.g. WASH or irrigation). As there is no or very limited inter-sectoral competition
for water, user groups and stakeholder platforms focus on ‘within sector challenges’
such as secure and equitable access to services at all time by all users especially
marginalised social groups (see Table 2.2). In contrast, in areas of significant or rapidly
increasing water scarcity, stakeholder engagement becomes increasing inter-sectoral
and the solutions to many (possibly most) problems require inter-sectoral dialogue and
concerted action at different levels and scales.

It is well reported that user groups and stakeholder platforms tend to fail once the
funding for institutional support mechanisms runs out?’. The lesson is that long-term
funding is needed to establish and maintain user groups and stakeholder platforms but,
to keep costs down, the level and complexity of these user groups or platforms should

TABLE 2.2

Influence of water scarcity on types of stakeholder engagement

Water scarcity status (in
specified domain)

Typical planning and
management
challenges

Types of stakeholder
engagement

Types of water user group
and/or stakeholder platform

No significant water scarcity

Most challenges can be
solved via sectoral dialogue
and action e.g.

* Ensuring equitable
delivery of services to all
users / social groups

* Maintaining the
functionality of water
supply infrastructure

* Keeping down the
transaction costs of
stakeholder engagement

= Source protection
including steps to avoid/
mitigate pollution

Predominantly sectoral
engagement i.e. each line
department or programme
has it’s own user groups

or stakeholder platforms.
Inter-sectoral stakeholder
engagement restricted to e.g.

 Inter-departmental
coordination committees at
national and intermediate
levels

« Planning and managing
extreme events e.g. floods,
droughts

At the local level:

= Village water and
sanitation committees

* Water use associations

« Watershed development
committees

At higher levels:

« Informal or formal
networks involving
government, non-
government , private
sector and academic
organisations

« Planning and budgeting
committees at
intermediate and national
levels

Significant water scarcity

Many (possibly most)
challenges can only be
solved via inter-sectoral
dialogue and concerted
action e.g.

« Policies and programmes
leading to increased
consumptive water use

» Falling groundwater
levels and competitive
well-deepening

* Upstream-downstream
conflicts over access to
water

A combination of both sectoral
and inter-sectoral stakeholder

engagement is required to solve
many (possibly most challenges).

Increasing involvement of
local government and other
democratically elected bodies

In addition to the use
groups and platforms listed
above

= Village, district or
regional level councils or
development committees

« River basin organisations,
river commissions,
aquifer management
organisations etc

« Informal or formal
networks with an interest
(or stake) in inter-sectoral
water management and/
water services delivery

21 For example RWSN (2009) stresses the need for long-term support for local water user

committees
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be appropriate. Or put another way, a higher level of funding may be required in areas
of high water scarcity, and a lower level in areas that are experiencing no or very limited
water scarcity.

2.3.5 Stepwise approach to forming a multi-stakeholder platform

The first step in creating a multi-stakeholder platform (MSP) to support a water
accounting and auditing process is to establish whether or not key stakeholders: 1)
Have reasons for being directly involved in water accounting and auditing process. (e.g.
mandates, responsibilities); and 2) Believe or see merit in engaging actively in a water
accounting and auditing process. Even if these two conditions are met, leadership and
effort is needed to form a new MSP or possibly to revive and reinvigorate an existing
MSP. As with any group activity, momentum for a new initiative is often provided by
one or two key individuals with backing from their superiors or professional networks.
To form an MSP, someone or an organization has to take the lead. Ideally, at least one
national-level organization will agree to host an MSP; i.e. to provide the initial support,
space and resources needed by a coordinator or facilitator.

The way an MSP is set up can spell success or failure for the initiative right from
the start. It is important to note that the nature and characteristics of an MSP can
be affected by markets, politics, technology, people, programmes and policies both
within and beyond the boundary of the MSP. Similarly the MSP in turn may influence
activities and policies both inside and outside its boundaries.

The following is a typical stepwise approach to establishing an MSP (After
WageningenUR, 2013):

Step 1. Clarify the reasons for the proposed MSP. Ideally a wide-range (if not all) the
key stakeholders with a significant water-related stake in the specified domain(s) are
involved in the process of clarifying the reasons for an MSP (see Figure 2.5). Questions
to be asked include:

FIGURE 2.5
MSP establishment stepwise process

Step 4. Build stakeholder support
Step 5. Establish scope and mandate

usually involves the instigators of the MSP
initiative undertaking initial stakeholder and

Step 2. Undertake an initial

* What are the motivating factors?

e What drives people? What are their
major concerns?

step 1. Clarify T A NS ) e How will an MSP enhance what is
5 . Clari reasons 1or a .
S already being done?

e |s it worth the effort?

situation analysis During this step, it is important to focus on

real needs and priorities and how best to
utilise available resources effectively. While
external resources will often be critical, it is
usually counterproductive to create an MSP
just to chase or utilise programme funding.

Step 3. Establish and
interim steering body

Step 2: Undertake initial situation
analysis (stakeholders, issues, institutions,
power and politics). The second step

Political commitment, facilitation, coordination
awareness raising, capacity building, specialist
support, documentation, communication

institutional analysis. The aims being to
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explore how historical changes have occurred in the specified domain, why different
things are the way they are, and why groups and individuals hold their particular
perspectives on water-related matters. This should provide insights into why key
stakeholders might welcome, or even be hostile to, a water accounting and auditing
process.

It is likely that some key stakeholders will have an institutional memory of earlier
MSP experiences. It is also likely that they will have an opinion about which MSPs
were or were not successful. This historical information along with the outputs from
stakeholder and power analysis should provide insights into:

« Stakeholders who are key or critical to the success of the MSP or are working to
achieve similar outcomes to those of water accounting and auditing.

« Stakeholders who have particular formal or informal powers.
« Stakeholders who may be blockers or floaters.

» Stakeholders who may have a particular role to play in some aspect of water
accounting and auditing.

Step 3: Establish an interim steering body. An interim steering body is often needed
to get an MSP off the ground. Considering it as ‘interim’ often enables things to get
started by removing some of the politics of ‘who is in control’. Beginning with interim
arrangements also gives key stakeholders a chance to see how things develop and
then make a more informed-decision as to the final coordination and management
responsibilities. During this step the following questions need to be addressed:

* What type of steering body is appropriate? It is important not to confuse an
‘advisory body’ with a ‘management body’ as members will grow weary and
withdraw if their well-considered advice is repeatedly ignored.

* Who will be part of this interim steering body? Issues of power, gender and
institutional dynamics should be recognized.

* What is the life span interim steering body? The expected life and role of the
interim steering body should be determined and communicated to all stakeholders.

Step 4: Build stakeholder support. MSPs require significant support from many
different players. Stakeholders need to be confident that not only are their concerns
and suggestions being listened to and considered, but that the MSP will deliver for the
whole community, and not just for a few people who have more power than others.
Being open and inclusive also reduces the possibility of the process being undermined
later on by those who were not involved at the start. Commitment from stakeholders
and ownership of the process are essential for success. A few key factors to consider
are:

e Cast your net wide (e.g. water users, local government, NGOs, line departments,
CBO:s).

= Publicise the intent of the MSP. Actively and consistently welcome contributions
and comments.

« Spread the knowledge. Get each person that is already involved to discuss the
proposed development of a MSP with ten others (business, government, friends,
family, community groups) over the next fortnight.

e Put a strong emphasis on active participation. Ensure stakeholders have a voice
and are listened to. Ensure that everyone feels there is space for their ideas and
concerns to be heard and taken on board.
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< Ensure well-facilitated processes that achieve results within an agreed time frame.
Focus on tangible results and early ‘wins’.

e Ensure commitment to shared responsibilities for implementing and funding
agreed follow-up activities. If relevant, reimburse people appropriately for time
and costs incurred.

e Those initiating and organizing multi-stakeholder processes need to realise that
this is just one of many other things people are involved in and to which they are
committed. Sometimes it may be necessary to go ahead with less than ideal levels
of participation.

Step 5: Establish the scope, mandate and stakeholder expectations. It is important
that key stakeholders reach consensus early on about the boundaries of the MSP. If
the scope is too wide or too narrow little may be achieved. It is also very important
to reach agreement on the mandate for the MSP. Is the MSP officially sanctioned by
government? Do some groups or institutions believe the process is legitimate while
others do not?

In a complex multi-stakeholder situation it is easy for very different interpretations
and expectations to evolve amongst the different groups. While this difficulty often
cannot be fully overcome, the more effort that goes into reaching an initial shared
understanding the better. Similarly, it should be recognized that over time the scope
and mandate of an MSP may change. If it does, once again it is important for this to be
explicit and for it to be understood by the stakeholders involved.

Step 6: Outline the process, time frame, institutional requirements and resource
needs. In the setting-up stage it is important to be as clear as possible about the overall
process and time frame of the MSP and about the institutional requirements. Also
the principles of the MSP should be shared and monitored together. The different
stakeholders need to know what sort of meeting, workshops and committees will be
held and when. The process must be transparent so that feelings of being manipulated
don’t emerge.

It is also important to recognize the importance of the differences between formal
multi-stakeholder processes and the informal (or less formal) stakeholder dialogue and
concerted actions that may take place, for example, as follow-ups to formal meetings.

2.3.6 Key issues in stakeholder engagement??

A number of key issues relating to stakeholder engagement are discussed in this
section. These include issues of scale and legitimacy, cooperation and collaboration,
integration and negotiation for consensus.

First, the geographical scale of water accounting and auditing and the availability of
resources such as time and funds have a bearing on the level of stakeholder engagement
that might be possible and also on the ambition and complexity of the MSP. In this
regard it is important to note that creating a dynamic MSP that has a high-level of
key stakeholders’ commitment takes time, patience and perseverance especially if the
platform is functioning at a number of institutional levels.

28 This section draws on South Africa’s Guidelines for catchment management strategies:
http://www.award.org.za/file_uploads/File/CMS_2008_lowres.pdf
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Second, the legitimacy of an MSP can be an issue. An MSP should not be just a
discussion group but a practical body that, for example, seeks to apply research to
pressing biophysical or societal problems. It is important for the instigators of an MSP
to ask why they want to engage stakeholders and why they are interested in joining an
MSP. If the conscious decision is to proceed with water accounting and auditing that
is based on stakeholder engagement, it is important also to decide whether an MSP
should concentrate on water accounting and auditing as a stand-alone process, or as
part of a broader planning and programme implementation process. If it is the latter,
attention should be given to the legitimacy of the MSP to make choices and decisions;
many of which may be highly political. In either case consideration should be given to
whether the stakeholder engagement:

< is inclusive, transparent and fair;

« is representative of the specified domain based on biophysical and societal criteria;
« addresses power and capacity differences and/or asymmetries;

« makes allowances for language, gender, age, ethnic and other social differences;

= gives special attention to disadvantaged or marginalised groups to ensure that they
can participate or are well represented.

Effective water accounting and auditing requires cooperation and collaboration
among stakeholder groups and specialist support organizations. An important point
to recognize here is that collaboration is more than cooperation because it involves
an ‘active joining together’ of resources and effort towards a particular shared goal.
Collaboration is thus a social process based on:

e participation and dialogue;

formation of partnerships;

sharing of information;

investment in ideas and processes of learning;

consensus and negotiation between various stakeholders and stakeholder groups;

emphasis gaining insights from the water auditing that learn from the past and lead
to measurable tangible improvements in the way things are done in the future;

e learning based on a better understanding and recognition of differences (and
similarities) between the perspectives, opinions and practices of different
stakeholders.

Within a specified domain, water accounting and auditing takes a holistic approach
to assessing: 1) Trends in water supply, demand and use in time and space; and 2)
The complex governance processes and mechanisms that determine how political,
economic and administrative authority is exercised and water is allocated and managed.

To do this effectively, an integrated approach, involving a diverse range of stakeholders
is required. But what does this mean in reality? On the one hand this involves
regular formal and informal contact as part of an MSP and concerted action to collect
and analyse information. But what happens, if stakeholders cannot agree on the
veracity of the information, the analysis and interpretation of findings and/or the
recommendations of a water audit? One option is to collect more information, or
possibly to devise an independent study that decides which (if any) of the opposing
positions is correct. Another option is to use a structured negotiation approach that
is based on the ‘negotiation for consensus’ framework. In the event that this does not
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lead to a consensus the next best option is for stakeholders to ‘agree to disagree’ and
for this and the divergent opinions to be documented®® . Such negotiations become
particularly important when dealing with divergent or opposing views concerning
‘wicked’ problems (i.e. problems that are dynamic, complex, encompass many issues
and evade straightforward, lasting solutions) (Howes and Wyrwoll, 2012).

2.3.7 Capacity-development

Ultimately, the success of water accounting and auditing programmes depends upon
the competence, experience and hard work of those responsible for implementing the
programme. However, in many countries, the availability and capacity of the specialists
needed to support water accounting and auditing programmes is often limited.
Especially in the following fields hydrological sciences, informatics, mathematical
modelling, spatial analysis, policy influencing and communication. Even when capacity
exists, specialists often tend to be academically minded and more accustomed to working
at the national or regional level. While inputs from well-respected *academics’ can be
valuable, this is no substitute for inputs from younger or possibly less experienced
specialists who are willing and able to: 1) Work at the intermediate and local levels; and
2) Commit significant time and energy to a water accounting and auditing programme.

While this lack of capacity is often well known, governments and international agencies
often prefer to invest for example, in information systems rather than the capacity of
potential users of these systems. In addition, capacity-development is often handled
as a one-off activity with limited follow-up. A more effective approach is often to
empower and encourage organizations and/or their personnel to take control of
solving their own capacity problems. When successful, this creates institutions that
are better able to improve and sustain their capacity. It also increases the likelihood
that building the capacity of individuals will be regarded as being as important as any
technical intervention.

Finally, it is very important that everyone involved in the implementation of water
accounting and auditing programmes receive financial rewards and incentives that both
encourage their long-term commitment to the programmes and their interest in self-
improvement through, for example, formal or hands-on training.

2.3.8 Public participation in water accounting and auditing

Demaocratic systems require that people who may be affected by a decision be given
the opportunity to be part of the decision-making process. In some cases, this level
of participation in water accounting and auditing may not be necessary because the
MSP may include elected representatives. Alternatively, recommendations from a
water accounting and auditing process may be approved or adapted by an elected
representative (e.g. a minister) or a legislative assembly (e.g. a district or river basin
council). Of course, if stakeholder engagement and communication is ineffective, there
is always the risk that outputs and recommendations will be regarded as an academic
exercise that has little to do with mainstream political processes. However, in cases
where water accounting and auditing is an integral part of a decision-making process,
it is important that consideration is given to different levels of participation by civil
society.

29 For more information on negotiation theory and practice see: Alfredson and Cungu (2008)
http://www.fao.org/docs/up/easypol/550/4-5_negotiation_background_paper_179en.pdf
and Dore et al (2010) http://data.iucn.org/dbtw-wpd/edocs/2010-006.pdf
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The South African International Association for Public Participation identified
different types of public participation that they call spectrum® (see Table 2.3). This
classification system highlights different levels of public or civil society engagement in
activities such as water accounting and auditing along with a range of techniques that
can be used to structure and encourage public participation.

TABLE 2.3
The public participation spectrum

Increasing level of public engagement

Inform Consult

Involve

Collaborate

Empower

Public participation goal

To provide

the public
with balanced
information to
assist them in
understanding
the problem,
opportunities,
solutions and
alternatives

To obtain public
feedback on analysis,
alternatives and
decisions

To work directly with
the public throughout
the process to ensure
that public concerns are
consistently understood
and considered

To partner with the
public in each aspect
of the decision making
process including

the development

of alternatives and

the identification of
preferred solutions

To place final decision-
making in the hands
of the public

Promise to the public

We will keep
you informed

We will keep you
informed, listen to and
acknowledge concerns,
aspirations, provide
feedback on how public
input influenced the
decision

We will work with you

to ensure that your
concerns and aspirations
are directly reflected in
the alternatives developed
and provide feedback

on how the public input
influenced the decisions

We will look to you
for direct advice

and innovation in
formulating solutions
and incorporate
your advice and
recommendations
into the decisions to
the maximum extent
possible

We will implement
what you decide

Examples of techniques

» Fact sheets « Public comment

* Web sites « Focus groups
* Surveys

« Public meetings

* Workshops

 Polling

= Citizens advisory
committees

« Forums

« Consensus building

= Participatory decision-

making

« Citizen juries
= Ballots

« Delegated decisions

2.4 Tips and tricks

e If stakeholder engagement is to be meaningful, stakeholders should have the
power to influence decisions regarding, for example, the location and scope of
a water accounting and auditing programme; responsibilities for leading the
process; interpretation of findings and so on.

« Active participation of well-informed stakeholders, who communicate effectively
with each other on a regular basis, contributes significantly to the accuracy,
relevance and adoption of water accounting and auditing findings, outputs and

recommendations.

« Be clear from the outset on the objectives of using a stakeholder engagement
model, but don’t be surprised if objectives and expectations change over time.

« While formal multi-stakeholder platform meetings and events are important,

30 The Spectrum Framework is available at: www.iap2.org/spectrum.html.
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stakeholder dialogue and concerted action between meetings often generate the
most interesting water accounting and auditing findings.

< Facilitation of events is needed to ensure that contentious issues are handled with
sensitivity and more powerful individuals or groups do not dominate discussions
and decision-making.

< Be aware that some problems that crop up during stakeholder dialogue may be
‘wicked’ in nature and, as such, there will be no obvious solution, and attempts
to tackle these problems may create new unexpected problems, externalities or
trade-offs.



3. Water accounting

3. Water accounting

3.1 AIMS OF THIS SECTION

In most cases, it is recommended that water accounting and auditing are implemented
in a number of iterative cycles (see Figure 1.4). Typically, during each iterative cycle,
the initial focus of water accounting and auditing is parallel to mutually supportive,
biophysical and societal assessments, analysis and modelling with crosscutting activities
such as stakeholder analysis and coordination of data acquisition as appropriate.
Subsequently, in each iterative cycle, the emphasis of both water accounting and
auditing shifts to integrated analysis and modelling. This section describes typical
water accounting activities and stepwise processes that can be used in parallel with
water auditing. Subsequent integrated analysis and modelling activities and processes

are described in Section 5.

The key aims of this section are to describe the: 1) Detailed water accounting planning
that takes place at the beginning of each cycle of water accounting (and auditing);
2) Activities that take place during the biophysical information acquisition and
management phase; 3) Targeted3! biophysical assessments that aim to understand the
hydrology and current status and trends in water supply and demand in the specified
domain; and 4) Multi-scalar analysis and modelling that quantifies water flows, fluxes

and stocks in specified domains.

3.2 WATER ACCOUNTING
STEPWISE PROCESS

As stated above, the initial focus of each
iterative cycle of water accounting is firmly
on understanding the: 1) Hydrology and
current status and trends in water supply
and demand in the specified domain(s); and
2) Underlying causes of biophysical issues
and concerns as highlighted and prioritised
by key stakeholders (see Figure 3.1). The
rationale is that it is best to focus initially
on getting a basic understanding of, for
example, the main hydrological processes
(see Box 3.1); the capacity and status of
water-related infrastructure; the agricultural
and other land use systems; and the water
demands of different water users and uses
in the specified domain(s) before moving
on to multi-scalar analysis and modelling.
Experience has shown that this systematic

BOX 3.1
Importance of hydrological and
hydrogeological processes and interactions

Inter-linkages between rainfall, surface
water, groundwater, soil moisture and rates
or processes of evaporation from different
land uses are of critical importance, and
are not fully reflected in many national
water management plans. Groundwater
and surface water are ultimately part of the
same resource, and cannot be regarded as
alternative sources. Attempts to increase the
efficiency of water use in a specific domain
without a clear understanding of the impact
on systemic water balances may lead to
unintended and undesirable results either
locally or downstream

Source: FAO, 2012

31 Targeted, in this context, refers to activities that have a well-defined purpose and objectives.
These activities could focus on problems, concerns of issues of key stakeholders or, more
affirmatively, they could also focus on the assessment of opportunities that have potential for

achieving specified outcomes.
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FIGURE 3.1
First four phases of a typical water accounting process

1. Detailed water accounting planning

« For the first iterative cycle, finalise planning activities started in the inception phase. For
subsequent iterative cycles take account of lessons from previous cycle(s) of water accounting &
auditing e.g. modify/adapt domains, strategies, methodologies etc;

» Stakeholder dialogue and concerted action leading to prioritisation of next cycle of activities,
assessments and analysis;

* Agreement on expected outputs of next cycle of activities.

2. Biophysical information acquisition & management
* Combined biophysical and societal Information needs assessment;

« Identification of secondary information sources for current cycle. If relevant, planning &
implementing a programme of primary information collection;

« Information acquisition, processing and quality control;

« Storage and sharing (e.g. data, metadata, maps, reports, photographs, etc).

3. Targeted biophysical assessments

= Plan and implement targeted assessments of current status of and trends in, for example:
water resources depletion; land management systems; water supply, storage and treatment
infrastructure etc;

* Compare/triangulate findings/outputs against information from independent sources;

= Share and discuss outputs/findings of each assessment with stakeholders. Resolve dillerences
of opinion and take account of feedback.

4. Multi-scalar analysis & modelling of water flows, fluxes and stocks

= Use outputs from targeted assessments as a basis for selecting, setting up, calibrating and
validating hydrological models;

* Use empirical data collected and models to support e.g. multi-scalar fractional and water
balance analysis;

* Produce, tabulate and map multi-scalar estimates of water flows, fluxes and stocks under
diCerent conditions;

« Consolidate, share and discuss findings and outputs with stakeholders.

step-by-step approach tends be more efficient (in terms of costs and time) and produce
better outputs.

Typically, each iterative cycle of the accounting process has four main phases that start
with detailed water accounting planning (see Figure 3.1). The general recommendation
is to actively engage stakeholders in all these phases and to ensure that water accounting
and auditing are mutually supportive. The latter can be achieved partly by crosscutting
activities such as coordination of information acquisition and management.
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3.3 DETAILED WATER ACCOUNTING PLANNING

3.3.1 Revisit and update water accounting plans

At the beginning of the first iterative cycle of water accounting (and auditing), it is
usually necessary to revisit and update plans that may have been produced as part of
the inception activities described in Section 2. Reasons for this include:

* New stakeholders may have joined the multi-stakeholder platform that was
formed or reinvigorated during the inception phase.

e The water accounting (and auditing) implementation team will have been
mobilised.

< Available funds and institutional arrangements for implementing the programme
may be different to those originally envisaged during the inception phase.

» Stakeholder meetings at the beginning of a water accounting and auditing
programme raise awareness that the programme has started. Especially, if the
meetings are reported in the media and on social networks.

At the beginning of subsequent iterative cycles of water accounting and auditing, it is
advisable that the work to date be reviewed and the plans for the next cycle be revised
or adapted. Note that the duration of a cycle can be anything from a few weeks through
to many months. The key point is that plans should be revised or adapted to take into
account the lessons learned or issues raised by water accounting and parallel water
auditing activities. Another benefit of this incremental approach is it meshes well with
social and institutional learning®?.

3.3.2 Identify and (re-)prioritise biophysical issues and concerns

Water accounting and auditing programmes have to strike a balance between focusing
on issues and concerns that, in some cases, may be quite localised, and gaining a robust
understanding of the broader biophysical characteristics and context of the specified
domain. An obvious advantage of focusing on priority issues and concerns is that
key stakeholders are more likely to engage actively with the programme; to share
information with the implementation team; and, to feel they have ownership of and
have confidence in the outputs. Flexibility is also desirable and, as such, the list of
priority issues and concerns will, in most cases, be revised as more information becomes
available and, possibly, as stakeholders are influenced by this new information.

Focus group discussions, key informant interviews and field or site visits with key
stakeholders are a good place to start when identifying and prioritising issues and
concerns. Reviews of relevant information on the web and in the media can also
be helpful. There are some issues and concerns, however, that may not arise either
because: 1) Stakeholders are not convinced that they are important (e.g. impacts of
climate change or pollution within or downstream of specified domains; and 2) They
are not currently apparent in the specified domains but, according to specialists, there is
a significant risk they may become apparent at some time in the future. These concerns
should be raised by the water accounting implementation team and discussed during
stakeholder meetings.

82 This approach is also based on learning alliance concepts and cycles of action research. For
more information see Chapter 3.8 in Butterworth et al., 2011.
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At the same time as issues and concerns are discussed, it is advisable to start: 1) Linking
issues and concerns with observed or perceived causes (both biophysical and societal);
and 2) Documenting opportunities for addressing issues and concerns that are already
being used or that could be considered in the future.

Throughout this process it is advisable that information be documented relating to the
nature of the issues and concerns; the locations where they occur; the water users or
uses that are most affected; the frequency and duration of occurrence; and, whether or
not there is evidence indicating that issues and concerns are worsening.

3.3.3 Develop and update perceptual models

Information obtained during the identification and mapping of issues and concerns
and from earlier cycles of water accounting and auditing can be consolidated and
summarised in one or more perceptual models®. Typically, these will be in the form
of a cause and effect diagram or a problem tree. The aim is to produce a graphical
representation of, for example, the dominant biophysical and societal processes that
influence water flows, fluxes and stocks (in space and time) and, for example, delivery
of water services to different water users. One of the main benefits of developing
perceptual models is that it encourages those involved to think carefully about the
underlying causes of water-related problems in specified domains.

In most cases, a small group of specialists and key stakeholders will develop or update
the perceptual models. As a result, the models will reflect the perceptions, knowledge
and experience of this group. However, the perceptual models can also be shared,
discussed and modified following a broader consultative process (e.g. during a multi-
stakeholder platform meeting).

3.3.4 Re-specify and delineate biophysical domains of interest

In most cases, geographical location and administrative boundaries specified during
the inception period of a water accounting and auditing programmes will remain
unchanged. Similarly the boundaries of large irrigation schemes, once specified, will
not be modified. In contrast, hydrological boundaries and units are often re-specified
(e.g. catchments or aquifers) as part of multi-scalar analysis and making best use
of available empirical information when, for example, calibrating and validating
hydrological models or analysing return flows34.

Commercial and open-source software can be used when delineating catchments of
different sizes with outlets at different positions along drainage lines. In addition to
software, delineation requires a digital elevation model (DEM). DEMs are grid-based
GIS coverage that represent elevation. Typically DEMs are available with 10 m, 30 m,
90 m and larger cell sizes. The smaller the cell sizes, the more detailed and accurate the
topographic information will be. However, if small hydrological units are delineated

33 perceptual models are qualitative descriptions of the biophysical processes. Perceptual
models are also referred to as conceptual models or mind maps. If relevant, perceptual
models should take into account the influence that infrastructure and engineering may be
having on water flows, fluxes and stocks (in space and time).

34 Return flows are defined as that part of a diverted flow that is not consumptively used and
returned to its original source or another body of water. For example, drainage water from
irrigated farmlands that re-enters the water system to be used further downstream is a return
flow.
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and high-resolution elevation data are
used, the processing time of, for example,
modelling runs at the large catchment or
river basin scale will increase substantially.

When specifying and delineating biophysical
domains, it is also important to identify and
map water users and uses located outside the
specified domains but, even so, whose water
sources or services originate in or upstream
of the specified domains. These water users
could be urban water users who rely on bulk
water transfers from the specified domains
or downstream aquatic ecosystems that rely
on environmental flows (see Box 3.3).

3.3.5 Update the
communication strategy

It is advisable to make regular updates
to the strategy used for communication
within the water accounting and auditing
implementation team, with and between
stakeholders at different institutional levels
and more broadly with the media and public.
More guidance on communication strategies
can be found in Section 6.

BOX 3.2
Surface and groundwater interactions

Surface and groundwater interactions should
be considered during activities that include:

< River basin and watershed management,

» Water services delivery for agricultural,
urban, domestic and other uses,

« Estimating and managing return flows,

« Conjunctive use of surface and ground
water,

» Assessing impact of groundwater
overdraft on natural contaminants (e.g.
arsenic, fluoride),

» Wetland management and restoration,

< Monitoring and regulating dispersed
and non-dispersed pollution,

< Estimating and managing environmental
flows.

Source: GWP, 2013

BOX 3.3
Maintenance of aquatic ecosystem goods and services

Aquatic ecosystems depend on the maintenance of groundwater levels and flow
regimes in river systems. Increasingly environmental requirements are identified and
included in water accounting programmes. Even so, the tendency in many countries
is to ignore environmental requirements or to regard aquatic ecosystems as residual
claimants on water. The conceptual framework proposed here is that the environment
should not be considered as a competitor for water with other uses. Instead, the
preservation of environmental functions is a pre-condition for maintaining supplies
for other purposes. While preserving the environmental function of water systems
is a priority, maintaining the necessary levels of environmental flows often involve
detailed negotiation that has to take into account the political and social acceptability
of agreements that are reached. Furthermore, since agricultural landscapes also
perform environmental functions, often the boundaries between environmental water
requirements and agricultural water demand are not clear. More positively, water
accounting and more specifically, modelling and scenario analysis can be used to
investigate the benefits and potential trade-offs associated with re-establishing and
maintaining environmental flows in specified domains and, if relevant, downstream
of these domains.

Source: FAO, 2012
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3.3.6 Availability of funds and other resources

Funds: At the beginning of each iterative cycle of water accounting and auditing,
it is advisable to check that available funds match water accounting and auditing
commitments and levels of ambition.

Specialist skills and experience: Typically water accounting requires specialist skills
in the following disciplines hydrology, hydro-chemistry, hydraulics, irrigation
engineering, agriculture and other land use systems, statistics, mapping and spatial
analysis, modelling and information management. The mix of disciplines will, of
course, vary with the issues and concerns in the specified domains. However, in most
cases, it is not necessary to seek the services of a large number of specialists. Rather
the challenge is to seek out experienced ‘individuals’ who are able provide a range of
specialist inputs and, ideally, who have an aptitude for interacting and engaging with
stakeholders and non-specialists.

To be effective, water accounting (and auditing) programmes need implementation
teams that are well managed and organized. However, these teams are often only as good
as the ‘weakest link in the chain’. Experience has shown that the weakest link is often

BOX 3.4
Mini-hydrology 101

Some hydrological basics that are often overlooked or ignored:

= Water is a renewable resource. Although highly variable is space
and time, rainfall can be relied upon to replenish aquifers, rivers and
reservoirs.

< Water is in an almost continuous state of flux. Constantly moving
and changing water phases through processes that include evaporation,
condensation, precipitation, infiltration, percolation and runoff.

e Flow in porous media, such as soil, is proportional to the pressure
gradient and the media’s hydraulic conductivity (Darcy’s Law). For
a given level of soil water content (or degree of saturation), hydraulic
conductivity increases by several orders of magnitude going from clay to
silty clay loam to sand.

« Hydrological systems are interconnected. Changes in land and water
management in one part of a hydrological system may have significant
impacts elsewhere in the system.

» Water balances are based on the law of conservation of mass. Water
is not created or destroyed in any of the natural processes of the
hydrological cycle. So water is never really lost from the hydrological
cycle.

< Distinctions between consumptive and non-consumptive water uses
are important. A consequence of a consumptive water use is that, for a
specified domain, re-use or recycling of water is not an option.

« A significant proportion of urban water use is non-consumptive. In
some cases, this non-consumed water returns to the environment (with
or without treatment) and is reused locally or downstream.
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in hydrology. Put simply, for water accounting to produce reliable and robust outputs,
a sound understanding is required of physical processes and mechanisms that govern
the flow, fluxes and stocks in both pristine and heavily-engineered catchments (see Box
3.4). In addition, the importance of hands-on training cannot be overestimated in for
example, the use GIS software and good data processing and management practices.

Hardware that may be needed includes: GPS sets (or GPS-enabled smart phones),
well dippers, water quality text kits, tape measures and/or measuring staffs, devices to
measure water flow (e.g. clamp-on ultrasonic flow meters), cameras, remote-controlled
drones (especially if GPS-enabled), laptop or tablet computers, surveying equipment
(e.g. total stations).

Software that may be needed: GIS, modelling, spreadsheets or statistics, cloud-based
data storage, teleconferencing. Note: open-source software is increasingly available
that can be used during water accounting (this includes well-supported open-source
GIS and modelling software).

3.4 BIOPHYSICAL INFORMATION ACQUISITION AND MANAGEMENT

3.4.1 Information needs and availability
assessment for the current cycle

Rather than trying to acquire all the available biophysical information, it is better
to take a targeted approach based on regularly updated needs assessments. The aim
of such assessments is to differentiate between information that is really needed,
information that might be useful and information that is of no relevance at all. Ideally
these assessments should be repeated, or at

least be updated, at the beginning of each
subsequent cycle of water accounting (and
water auditing).

FIGURE 3.2
Get the information you can

In most cases, information needs and
availability assessments are crosscutting
activities that consider information
needed for water accounting and auditing.
Water accounting and auditing both need
quantitative and qualitative information.
However, there are some fundamental
differences between water accounting and
auditing in terms of the data needed and the
ways in which it is analysed:

= Disciplines such as hydrology, Photo: Walt Stoneburner

agronomy, and soil science are
grounded in well-understood universal
principles (rooted in the laws of physics) that can be used, for example, when
estimating or simulating water flows in natural or disturbed landscapes. In
contrast, there is no agreement among social scientists with regard to the 'laws' of
human behaviour (Merrey and Cook, 2012).

e Hydrologists can, for example, use secondary data from hydrometric networks
to model and characterise catchments and basins with This is more difficult for
social scientists because many of the societal characteristics of interest
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(e.g. influence, understanding, attitude, etc.) are difficult to measure,
predict or simulate with confidence®®.

< Given the above, water accounting tends to rely more on secondary information
that is quantitative and empirical rather than qualitative (e.g. expert opinion)
even though the latter is often important and informative. In contrast, often
water auditing has to rely more on primary information that is qualitative while
making good use of any secondary qualitative and quantitative information that
is relevant to the specified domains.

Some other points that are relevant to biophysical information needs assessments
include:

« Biophysical information needs assessment. This assessment can be guided by:
1) Issues, concerns and opportunities that have been identified and prioritised by
stakeholders; 2) Findings from other studies or earlier rounds of water accounting
and auditing; 3) Advice from well-informed specialists or experts; 4) Information
requirements of the methods of analysis and modelling that you expect to use;
and, 5) Perceptual models of, for example, dominant hydrological processes or
bulk water-supply networks. This needs assessment should also be guided by,
or take account of, relevant metadata that may be required and the spatial and
temporal scales that are of most interest.

< Information sources assessment. In general stakeholders, have agood appreciation
of the available secondary information and who holds this information, whether
or not it is easily accessible, and whether or not it is reliable (i.e. can be trusted).
It is often the case that secondary information exists but for one reason of another
it is not easy to access. If some holders of information are unwilling to share
their data, it may be necessary to seek out alternative sources and, in extreme
circumstances, select different approaches to water accounting. More positively,
the number of open access global databases is increasing. Table 3.1 lists some
FAO and partners’ web sites where biophysical information can be found and
downloaded at no charge. Although the scale of available information tends to
be relatively rough, the FAO and other open-access databases are often excellent
sources of information on water accounting.

* Need for primary information collection. Having completed the assessments
listed above, the conclusion may be that primary information may be needed to
update, fill gaps and/or ground truth the information required for setting up and
running the model(s). If this is the case, a plan should be prepared, field teams
trained and mobilised and the additional information should be collected;

< Planned or actual practices. Often the readily available biophysical information
relates to planned activities or management rules, for example, in relation to the
management of an irrigation scheme. Actual practices are often very different and
not documented. In terms of policies, laws, regulations and rights, a distinction is
made between de jure information that refers to the formal rules found in policy
and legal documents and de facto information that refers to what happened in
practice (UNDP, 2009).

More guidance on information management can be found in Section 5.

35 Note that interesting research techniques are being used to analyse and model societal

information (See Section 5).



3. Water accounting

53

TABLE 3 1

Examples of global programmes for data harmonization, generation and sharing

Water scarcity status
(in specified domain

Types of stakeholder engagement

Types of water user group and/or
stakeholder platform

AQUASTAT (FAO)

Global information system on water resources,
water uses and agricoltural management,
with an emphasis on countries in Africa,Latin
America and Caribbean

www.fao.org/nr/aquastat

FAOSTAT The largest global source of agricultural data, faostat.fao.org
with over one million time series
Geonetwork FAQO’s geospatial clearing house is a www.fao.org/geonetwork/srv/en/
standardized and decentralized catalogue main.home
giving wide access to geo-referenced data,
cartographic products and their metadata
GAEZ Inventory of the world's agricultural resources www.fao.org/nr/gaez/en/

organized around the theme areas of: land
and water resources; agro-climatic resources;
agricultural suitability and potential yields; and
actual yields and production

AQUAMAPS (FAO)

FAO global online spatial database on water
and agriculture

www.fao.org/nr/water/aquamaps/

GEOSS

Earth geospatial data network

www.earthobservations.org/

FAO Soil Portal

Fao platform for soil information

www.fao.org/soils-portal/en/

GLCN Global alliance for standard multi-porposeland www.glcn.org
cover data production
LADA Land degradation assessment in drylands www.fao.org/nr/lada
UN-Water Fostering information-sharing and knowledge- www.unwater.org/ flashindex.html

building across all United Nations agencies
and external partners dealing with freshwater
management

Water Accounting Plus

Platform for hosting and sharing ‘Water
Accounting Plus (WA+)" approach developed by
UNESCO-IHE, IWM and FAO. The data sources
page provides links to public domain datasets.

www.wateraccounting.org

Wocat

World overview of conservation approaches and
technologies

www.wocat.net

Source: FAO, 2011a

3.4.2 Information acquisition, processing and quality control

Information acquisition, processing and quality control take time, skill and patience.
There are often delays in acquiring secondary information and reconciling secondary
and primary information can be a challenge. The key steps are to: 1) Develop a strategy
for acquiring and managing biophysical and societal information (guidance on this can
be found in Section 3.5.3); and 2) Ensure that personnel responsible for this work are
well motivated and have had the necessary training. Considerations to be taken into
account while implementing this strategy include:

< Information acceptability: Appropriate criteria used for assessing the acceptability
and usefulness of both primary and secondary information (see Box 3.5).

< Information quality control: It is important that all information used in water
accounting is subjected to some level of quality control. For more information on
quality control procedures see Section 5.
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BOX 3.5
Criteria for assessing the acceptability
of information

Criteria  for assessing information

acceptability include:

Accuracy: The measure of how close a result
is to the true value.

Precision: The level of agreement between
multiple measurements of the same
characteristic.

Representativeness: The degree to which
information collected accurately represents
the population of interest.

Bias: The difference between an observed
value and the “true” value of the parameter
being measured

Comparability: The similarity of information
from different sources included within
individual or multiple datasets (e.g. level
of agreement between remotely-sensed and
terrestrial data)

Gappiness: The frequency and duration of
information gaps in, for example, rainfall
records.

e Structured information acquisition
and storage: One option for structuring
information acquisition is to use the
Resources, Infrastructure, Demand/Access
(RIDA) framework (see Section 3.5.3).

« Blending data from different sources:
Increasingly information acquisition
for water accounting involves blending
information from a range of different sources
(e.g. from remote sensing, hydrometric
networks and citizen scientists). This
requires both good computer skills and
understanding of the subject matter.

e Multiple independent sources of
information: When acquiring information,
it is advisable to acquire information
from a range of independent sources. The
aim is to triangulate and/or corroborate
interesting findings and, in so doing, increase
(or possibly decrease) confidence in these
findings.

« Scales of interest: As a general rule, it
is best to acquire empirical information at
the scale at which analysis and modelling is
planned and, thereby, avoid the complexities
and inherent uncertainties of upscaling or
downscaling.

* Real time: Ideally, primary and secondary
information is processed, blended and

BOX 3.6

Don’t Forget the Metadata

Metadata is the additional information that you need to make sense of secondary
data (or information) that you might download from an online database. Metadata

includes:

« Definitions or explanations of acronyms or abbreviations used (e.g. attribute

tables);

sampling frames etc.);

Information on the units used;

Information on how and when the data were collected (e.g. methodologies,

< Information on when the data were collected and by whom;

< Information on whether the data have been processed and quality-controlled;

< Information on whether the data are empirical or simulated.

Source: EPA, 2008
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quality controlled in real time (i.e. as it is acquired). This makes it possible for
issues to be identified and, if relevant, for alternative sources of information to
be found or changes to be made to the process of acquiring primary information.

« Knowing when to stop: Clearly for water accounting outputs to stand up to
scrutiny and gain the confidence of stakeholders, sufficient primary and secondary
information must be acquired, processed and quality controlled by the end of the
water accounting programme. However, the temptation is to collect and process
far more information than is needed and, as result, reduce the time and other
resources available for other steps in the water accounting process.

3.4.3 Storage and sharing of data

Information and associated metadata need to be stored and shared in easily accessible
forms and formats, for example, in a structured information base that stores the
information on the cloud. Internet-based commercially available systems for storing
and sharing digitised information such as Dropbox or Google Drive, are easy to use
and an alternative to, for example, creating more complex management information
systems. In all cases, however, disciplined, structured, management of information is
needed to ensure that raw, processed and simulated information is not unwittingly
mixed together.

As is the case in other aspects of water accounting, it is advisable to consider different
options and develop a strategy for storing and sharing information. The focus needs
to be on the users of the system, their IT preferences and their willingness to share
information, rather than on technical aspects.

3.5 TARGETED BIOPHYSICAL ASSESSMENTS

3.5.1 Aims of targeted biophysical assessments

The aims of targeted biophysical assessments include: investigating the underlying
causes of issues and concerns highlighted by stakeholders; answering specific
questions; checking findings from earlier studies; developing a good understanding of
the current status and trends in water supply and demand in the specified domains.
The biophysical understanding gained should be sufficient to contextualise, underpin
and assist the interpretation of outputs from the targeted assessments and the detailed
multi-scalar biophysical analysis and modelling that follows in the next phase of water
accounting.

Another benefit of targeted assessments is they often unearth problems with the
biophysical data that were missed by earlier quality control procedures. Triangulation
of findings from the assessments, with findings or outputs from relevant earlier or
ongoing programmes, also helps indicate possible problems with the data and, more
positively, identify real differences between the results of the targeted assessments and
other studies (should these exist).

3.5.2 Analytical approach of biophysical assessments

Many different analytical approaches, methods and tools are used as part of targeted
assessments. Selection will depend on: the focus of the assessment; the data that have
been collected; and the concerns or issues under investigation. The capacity of those
responsible for analysing the data is also a factor. In most cases, a combination of
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approaches, methods and tools will be used. In broad terms, the main approaches used
include:

e Summary statistics: Statistical analyses are essential tools for describing data and
evaluating relationships among different types of data and communicating results
to stakeholders and the wider public Microsoft Excel and other spreadsheet
programs can be used to calculating simple statistics. In addition, you can
manipulate data sets by creating pivot tables. These and some other summary
statistics are described in Box 3.7.

e Spatial analysis: Geographic information systems (GIS) are used to support
data analysis by creating maps and displaying information on these maps. GIS

BOX 3.7
Commonly used summary statistics

Measures of range: Identify the span of the data from low to high
— Minimum: The lowest data value recorded during the period of record
— Maximum: The highest data value recorded during the period of record
Measures of central tendency: Identify the general centre of a dataset.

— Mean: The sum of all data values divided by the sample size (number of samples).
Strongly influenced by outlier samples (i.e. samples of extreme highs or lows);
one outlier sample can shift the mean significantly higher or lower.

— Median (Pso): The 50t percentile data point; the central value of the dataset when
ranked in order of magnitude. The median is more resistant to outliers than the
mean and is only minimally affected by individual observations.

Measures of spread: Measure the variability of the dataset.

- Sample variance (s®> and its square root, standard deviation(s): The most
common measures of the spread (dispersion) of a set of data. These statistics are
computed using the squares of the difference between each data value and the
mean, and therefore outliers influence their magnitudes dramatically. In datasets
with major outliers, the variance and standard deviation might suggest a much
greater spread than exists for most of the data.

— Interquartile range (IQR): The difference between the 25th and 75th percentile
of the data. Because the IQR measures the range of the central 50 percent of the
data and is not influenced by the 25 percent on either end, it is less sensitive to
extremes or outliers than the sample variance and standard deviation.

Measures of skewness: Measures whether a dataset is asymmetric around the mean
or median and suggests how far the distribution of the data differs from a normal
distribution.

— Coefficient of skewness (g): Most commonly used measure of skewness.
Influenced by the presence of outliers because it is calculated using the mean
and standard deviation.

— Quartile skew coefficient (gs): Measures the difference in distances of the upper
and lower quartiles (upper and lower 25 percent of data) from the median. More
resistant to outliers because, like the IQR, uses the central 50 percent of the data.

Souce: EPA, 2008
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is also used to investigate and analyse the factors and mechanisms that influence
spatialvariability in, for example, runoff, land use and patterns of water demand
and use.

In the past, GIS software was expensive and used primarily by GIS specialists.
In recent years, however, there has been a dramatic turnabout. Open-source GIS
software is much improved, well supported (e.g. by online tutorials and chat rooms)
and downloadable at no charge. In addition, many have become accustomed to using
mapping applications on a regular basis (e.g. Google Maps or Google Earth on PCs or
smartphones and satellite navigation systems in vehicles).

As a result, many more people are willing and able to use standard GIS applications
(e.g. changing the features that are displayed on a map) and many specialists (e.g.
hydrologists, engineers, etc.) have learned to use advanced GIS applications.

In a typical water accounting programme, it is now possible for all members of the
implementation team and many stakeholders to use GIS to create, interrogate and
interpret maps. ldeally there should be at least one person on the team who is capable
of, for example, blending spatial data from different sources, using advanced spatial
analysis and setting up and using GIS-based models.

« Temporal analysis. Many of the characteristics of a water supply system vary
over time (see Figure 3.3). This variation can be cyclical (e.g. seasonal weather
systems), an upward or downward trend (e.g. in groundwater extraction) or best
represented as a probability distribution (e.g. the probability of extreme floods or
droughts)

e Trend analysis using linear regression, multiple regression and time series analysis
are all standard techniques that are used in temporal analysis. However, the

FIGURE 3.3
An example of both temporal and spatial analysis of land use change
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challenges are often to: 1) Assess whether important biophysical characteristics
(e.g. rainfall, frequency of extreme rainfall events) are really changing over time
or whether the trends observed are within natural variability; and 2) Identify the
underlying causes given that one event following another does not mean that the
first event is the cause of the second event.

3.5.3 Organizing data and information: the RIDA framework

The RIDA framework can be used to organize and structure the collection, analysis,
and presentation of data and information. The concept is very simple (see Figure 3.4).
A water supply or delivery system can be divided into three inter-linked components
(i.e. resources, infrastructure, demand or access). Demand for and access to water are
lumped together in the RIDA framework because they are considered to be ‘two sides
of the same coin’ in that, from a practical standpoint, demand for water cannot be
separated from the ability of users to access and make use of water.

The rationale for the RIDA framework is as follows: when the demands of all water
users and uses are not satisfied, biophysical assessments (organized around the RIDA
framework) can be used to investigate whether underlying causes are: resource-related
(e.g. falling groundwater levels) or infrastructure-related (e.g. a poorly maintained
pipe network). As will be discussed in Section 4, in such assessments, it is advisable to
consider whether the underlying causes are related to demand and access issues (e.g.
poor governance, lack of water rights or inability to exercise a water right).

The RIDA framework can also be used to organize and group layers in a GIS
information base and subsequent analysis of these layers®. When used to frame
multiscalar analyses, the RIDA framework helps identify, for example, return flows
from irrigation schemes or urban areas. It is worth noting that, in terms of water
accounting, the biophysical disciplines for studying ‘resources’ include hydrology and
hydro-chemistry; for studying ‘Infrastructure’ include hydraulics and engineering;
and, for studying ‘Demand/Access’ include agronomy and environmental sciences.

In terms of the practical relevance to water accounting: the RIDA framework can be
used to organize and structure checklists of questions (see Box 3.8) and be used as a
basis for analysing water flows across the RIDA interfaces (e.g. from resources into
infrastructure) (see Table 3.2).

FIGURE 3.4
RIDA framework

Resources Infrastructure Demand/Access
Water flows and fluxes in Systems (publicly and Water demands and access
and out of the specified privately-owned) used to of di erent water users and

domains. extract, treat, convey, store, uses. Fate of return flows
Changes in natural & control and supply water from non-consumptive
engineered water storage. for di erent purposes water uses

% The FAO water accounting study in Malta used the RIDA framework to structure spatial
analysis and the final report. See. Sapiano et al. (2006) ftp://ftp.fao.org/docrep/faoc/009/
a0994e/a0994e.pdf



3. Water accounting

BOX 3.8
Example of a typical checklist of water accounting (and auditing)
questions

This list is not exhaustive and, in practice, it is expected that key stakeholders would
play an active role in developing such a list for a specified domain.

Resources:

What are the main sources of water that are exploited for different uses?

Are there indications of unsustainable use of water sources? If yes, have the causes
been identified?

Are there any localised or widespread conflicts over resources during dry seasons or
droughts?

Are unconventional water resources being exploited (e.g. treated wastewaters)?

Are changes in land use/management impacting positively or negatively on resources

What major institutions are involved in managing water resources? What are their
roles and responsibilities? How effective are they?

Infrastructure:

+ What main types of infrastructure are being used for uses that are different to what
they were designed for?

< What is the functionality of this infrastructure, i.e. does it supply sufficient water of
an acceptable quality when and where it is needed 365 days per year even during
droughts?

« Who is responsible for operating, maintaining and financing infrastructure?
< Is water quality monitored? Are test results on water quality in the public domain?

< Are there plans for construction of new dams, well fields, or bulk water transfer
systems?

» What is the perceived efficiency of the supply systems?

e Are supplies of water metered and regulated? Are there penalties for illegal
connections or similar?

Demand/Access
< Is the demand of all water users and uses satisfied 365 days per year even during
droughts?
= Do users have formal or informal rights to water?

< Is demand regulated or managed in any way? If yes, what are the formal or informal
procedures?

« What are the key water related institutions relevant to the various water-user groups?

« What are the coping strategies of those who cannot reliably access public water
services?

< What are the barriers to access that are experienced by different wateruser groups
(e.g. social exclusions, high user fees, etc.
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TABLE 3.2

Typical outputs from analysis of flows across RIDA interfaces
RIDA interfaces Focus of water accounting
Resources — Extraction and return flow estimates: Volume and quality of water in space and time
Infrastructure entering into water supply infrastructure. Volume and quality of return flows to rivers

or groundwater

Infrastructure- Delivery estimates: Volume and quality of water delivered at the point of supply to
Demand different water users in space and time. A measure of unaccounted for water can be
based on difference between extraction and delivery estimates.

Demand- Water scarcity estimates: The extent to which delivery of water meets the Demands of
Access users (including the environment) in space and time.

3.5.4 Types of targeted biophysical assessments

The scope and scale of targeted assessments are often constrained by the availability
of time, information and capacity. Therefore, some targeted assessments may focus on
issues and concerns that are highlighted and prioritised by stakeholders. While others
are likely to focus on gaining a better understanding of the biophysical processes and
mechanisms that determine water flow and fluxes into, out of and within the specified
domain(s) and changes of stocks (i.e. storages) of water within the domain(s). Note also
that in heavily engineered catchments or basins the emphasis of targeted assessment is
likely to be on hydraulics and engineering rather than, for example, hydrology.

When implementing targeted assessments, it is important to recognize that the aim
is not to carry out detailed research. Instead the focus is on producing findings and
outputs that are well supported by the qualitative and quantitative evidence that is
available. It is notable also that assessments can also provide good opportunities for
social and institutional learning at different institutional levels.

Typical targeted biophysical assessments include (note that this list is far from
exhaustive):

< Rainfall analysis assesses the: 1) Variation in the magnitude, duration and
intensity of rainfall events; 2) Inter-and intra-annual variability; and 3) Signals of
climate change (e.g. changes in the frequency of extreme events, the intensity of
rainfall and annual or seasonal rainfall totals).

e Stream (or river) flow analysis assesses: 1) Inter-and intra-annual variability in
stream-flows; 2) Long-term trends in stream-flow; and 3) Reasons for any change
in flow regimes.

+ Groundwater assessment of the: 1) Groundwater potential; 2) Current levels of
groundwater extraction; and 3) Trends in well construction (e.g. well type, depth,
type and capacity of pump, etc.).

e Land use and land management assessment of the: 1) Main land uses and land
management practices; 2) Trends in land use and land management; 3) Potential
impact on the water balance components.

« Water quality assessment of the: 1) Types of pollution (and natural contaminants
such as arsenic and fluoride) in the specified domain and areas in which indicators
of water quality are above permissible limits and 2) Trends in water quality (in
space and time).

e Infrastructural assessment of the: 1) Spatial distribution and capacities of water
supply, storage and treatment infrastructure; 2) The condition and functionality of
this infrastructure; and 3) The operating rules of this infrastructure.
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e Inter-basin transfer assessment: of the: 1) Spatial distribution and capacities of
bulk water supply systems that import or export water from the specified domain;
2) The condition of these systems; and 3) The operating rules that are used.

+ Drainage system assessment of the: 1) Spatial distribution capacity and types
of drainage system; 2) The condition of these systems; and 3) If relevant, the
operating rules.

< Irrigation system assessment of the: 1) Spatial distribution and types of irrigated
systems; 2) Irrigated area and irrigated cropping systems; and the 3) Condition of
the system.

< Environmental sustainability assessment of the: 1) Demand and consumptive
use of water by different users and uses (in space and time); and 2) The extent to
which current levels of water use are sustainable.

« Ecological assessment of the: 1) Extent to which environmental flows are being
maintained in time and space; and 2) Levels and trends in the biodiversity of
aquatic ecosystems.

3.6 MULTI-SCALAR BIOPHYSICAL ANALYSIS AND MODELLING

3.6.1 Aims of multi-scalar biophysical analysis and modelling

The main aims of multi-scalar biophysical analysis and modelling include: 1) Producing
robust quantitative estimates of water balance components (i.e. the water accounts) for
the specified domains at different scales of analysis; 2) Using outputs from the targeted
assessments and additional modelling-based analysis to investigate the underlying
causes of issues and concerns in the specified domain; and 3) Furthering assess
opportunities for addressing the issues and concerns of key stakeholders and others.

Additional aims of this phase are to integrate, combine and/or link outputs from the
targeted assessments, additional analysis and modelling and other sources with a view
to: 1) Ensuring that outputs from this phase are well-supported by qualitative and
guantitative evidence; 2) Assessing the sensitivity of water balance components to
different biophysical drivers; and 3) Taking account of variability and uncertainties in
water balance estimates at different scales of analysis.

A word of caution: Before proceeding with this phase, a judgement should be made
on whether or not adequate information and understanding has been acquired relating
to the dominant biophysical characteristics, processes and interactions in the specified
domain. It may also be a good time to double check that the implementation team
has sufficient modelling capacity and competency®. If information, understanding or
capacity are lacking, it may be best not to proceed with this phase. The obvious risk
is that a lot of time and energy could be invested in multi-scalar biophysical analysis
and modelling that ends up producing questionable outputs that may not stand up to
scrutiny.

3.6.2 Analytical approach of biophysical analysis and modelling

Once the targeted assessments are nearing completion, the next challenge is to integrate,
combine and or link the findings and outputs from these assessments and other sources

87 Competency is best measured as the amount of formal training in modelling disciplines and
the number of years of modelling experience working on water accounting type programmes.
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in ways that address priority and issues and enables robust quantitative estimates to be
made regarding water balance components (i.e. the water accounts) at different scales
of analysis.

There are many ways to integrate outputs from the targeted assessments and others
sources. In most cases, this involves specialists from the implementation team and key
stakeholders, checking whether the new information is consistent with the perceptual
models that were developed or revised, in earlier phases of the water accounting process.
If the evidence indicates that it is needed, changes should be made to the perceptual
models. One advantage of this approach is that it encourages dialogue between
specialists working with the implementation team and key stakeholder organizations.

The other most common means of integrating findings is to use an appropriate model.
Rather than developing a model from scratch, standard practice is to select and use an
existing model. Guidance on this process can be found in Section 5.3. An important
aspect of modelling is that model users have an appreciation of the limitations of the
selected model and modelling in general. Catchments and basins, where there is very
little overall understanding of dominant biophysical characteristics, processes and
interactions and not much data available for calibration and validation of the model
are not good candidates for modelling (After Shilling et al., 2005). More positively,
the state of the art of hydrological, hydraulic and ecological modelling has advanced
significantly in recent years and options are increasing for calibrating and validating
models at scales of interest even in remote areas with poor hydrometric networks (see
Section 5).

The rest of this section focuses on water balance analysis, fractional analysis and
water efficiency and productivity estimation because these methodologies are integral
parts of most water accounting programmes. In addition, water balance analysis and
fractional analysis are used when estimating water balance components at different
scales. In some cases, these methods are embedded within a selected model in other
cases model outputs are used as input data.

3.6.3 Water balance analysis
What is water balance analysis?

In the natural environment, water is in almost constant motion and is able to change
state from liquid to a solid or a gas under appropriate conditions. The Law of
Conservation of Mass requires that, for a specified domain over a specified period of
time, water inflows are equal to water outflows, plus or minus any change of storage.

Put another way, the volume of water entering a specified domain has to be in balance
with the water leaving this domain after changes in water storage are taken into
account. This balancing of water inflows and outflows can be described in a simple
water balance equation:

P:QNET+ETiAS

Where for a specified spatial domain and a specified time period: P is the volume of
precipitation; Quner is net volume of outflow; ET is the volume of evapotranspiration
and AS is the change in the volume of stored water. In the real world there is usually
more than one type of inflow/outflow and water can be stored above and below
ground (see Figure 3.5). The equation above can be expanded to represent each inflow,
outflow and storage type as separate terms as follows:
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(P + GIN ) - (ET + QOUT + GOUT) = (Asssw + Assw)
|| || ]

| | |
Inflows Outflows Change in storage

By making various assumptions, we can simplify the water balance equation and, in
so doing, reduce the amount of information needed for water balance analysis. For
example, if we make the assumption that G, and Goyr are negligible and that over a
long period AS is also negligible, then the simple water balance equation can be written
as follows:

P=ET + Qour

Except in very simple cases, the terms in the water balance equation cannot be
estimated with total certainty. As a consequence, it is standard practice to include a
residual term in the equation. The residual term includes and/or accounts for errors
and uncertainties associated with estimation of water balance components. In some
cases, the residual term can include other terms that cannot easily be measured or
estimated (e.g. subsurface flows in and out of a specified domain). When a residual is
included, the simple water balance equation becomes:

(P + Gu) - (ET + Qour + Gour)# (ASew + AS.,) = Residual
L 1 L 1 L 1

] ] ]
Inflows Outflows  Change in storage

It is important to note that water balance analysis only considers: 1) Water entering
or leaving a specified domain over a specified period of time; and 2) Changes in water

FIGURE 3.5
Water balance components of a small headwater cathment
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stored within the boundaries of the specified domain during this specified time period.
This means that water balance analysis is only interested in flows and fluxes of water
that cross the boundaries of the specified domain and changes in stocks of water within
the specified domain over the same specified time period.

What are the objectives of water balance analysis?

For a specified spatial domain (e.g. a field, an irrigation scheme, a catchment, an aquifer,
a district, a river basin, etc.) and a specified time period (e.g. a day, a month, a year, a
decade, etc.), water balance analysis can be used to:

Some useful water balance analysis
concepts and terminology

Runoff ratio: the fraction of precipitation that
falls on a given domain over a specified time
period that exits the domain as surface flow (i.e.

QOUT/P)

Subsurface flow ratio: the fraction of

Identify and quantify water inflows and outflows,

Identify and quantify changes in stocks of water (e.g. water stored in: reservoirs,
water bodies, soil and groundwater),

Quantify components of the water balance that are difficult to measure or even
estimate (e.g. groundwater recharge) by assuming that they are the residual in the
water balance equation,

Assess the potential impacts on water balance components of, for example,
changes in land use or management,

Assess whether current levels of consumptive water use within the specified
domain are sustainable or whether opportunities exist for rebalancing net inflows
and outflows,

Water balance analysis (see Box 3.9) can also
involve dividing specified domain(s) into smaller
units based on specific biophysical characteristics
(see Figure 3.6). For water balance analysis, the
assumption is that these smaller computational
units (often referred to as hydrological response
units (HRUSs) are homogeneous in terms of their
hydrological response. The HRUs in Figure 3.6
were delineated on the basis of: land use or land
cover, slope and soil type coverage.

BOX 3.9

Water balance components

precipitation that falls on a given domain over ) )
a specified time period that exits the domain as The following are typical components of water
subsurface flow (i.e. Gour/P) balance:

= Precipitation is a key component of water

balance in terms of both absolute volumes
of inflow and the variability of this inflow in space and time. Variability in
precipitation at all temporal scales (e.g. hourly, daily, monthly, seasonal, annual,
decadal and so on) has important implications for hydrology, water resources
and the frequency or severity of extreme events (e.g. floods and droughts).
Similarly, precipitation often exhibits high levels of spatial variability with regard
to elevation and/or location relative to hills and mountains. To complicate
matters further, the risk exists that climate change is influencing both absolute
volumes and variability of precipitation including frequency of extreme events®.
Obtaining reliable precipitation data for water balance analysis should be

38

Royal Society (2010 and 2014) are interesting summaries of the science of climate change.
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FIGURE 3.6

Soil \ —l

Source: James et al., 2015

Example of delineated Hydrological Response Units in Figure 3.6
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relatively easy. However, the reality
is that it is often a challenge, in part,
because well-sited rain gauges provide
information on rainfall at a point
whereas, for water balance analysis,
information is required on the total
volume of precipitation falling on an
area of interest over a given period.
As a consequence, it is necessary to
convert point rainfall measurements
into spatially disaggregated estimates
of rainfall. This can be done
relatively easily using a GIS software
environment by converting a digital
data layer of the specified domain
into a grid and using spatial analysis
to produce weighted values of
precipitation for each square of the
grid. Alternatively, Thiessen polygons
can be used to extrapolate rainfall
between gauging sites. Uncertainties
are introduced, however, when
transforming and interpolating point
rainfall measurements to areal volumes.

Increasingly, remotely-sensed rainfall
data are being used as an input to
water balance analysis. This trend is
being driven in part by the poor state
of hydrometric networks in many
countries and the increasing availability
of remotely sensed rainfall data on

FIGURE 3.7

Data used to delineate the Hydrological Response
Units as shown in Figure 3.6
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FIGURE 3.8
Example of rainfall inter-annual variability
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open-access web sites®®. However remotely sensed rainfall is no solution because
it is not always available at or for the scale, resolution or time period required. It
is also notable that to date, many water professionals put more trust in rain gauge
data than remotely sensed rainfall estimates.

< Evapotranspiration from land surfaces includes evapotranspiration from, for
example: vegetation, bare soil, urban landscapes and water bodies such as lakes,
rivers and canals. The rate of evapotranspiration from land surfaces is driven by
meteorological factors, mediated by the characteristics of vegetation and soils, and
constrained particularly by the amount of soil water accessible to the vegetation
(see Figure 3.9). The primary meteorological controls on evaporation from a
well-watered vegetated surface (also known as reference evapotranspiration®?)
are the amount of energy available (characterised mainly by net radiation), the
dryness of the air (i.e. vapour pressure deficit), and the rate of movement of air
across the surface (a function of wind speed and the roughness of the surface).

The relative importance of different meteorological drivers, however, can vary
geographically and seasonally. For example, in dry regions or seasons rates of
evapotranspiration are determined primarily by energy availability and not
constrained by the dryness of the atmosphere. So small changes in humidity are
relatively unimportant. In contrast, in humid regions or seasons, atmospheric
moisture content*! is a major limitation to evapotranspiration. As a result, changes
in humidity have a big influence on the rate of evapotranspiration in humid regions

39 See, for example, the Tropical Rainfall Measuring Mission web site: http://trmm.gsfc.nasa.
gov/ and the Climate Hazards Group InfraRed Precipitation with Station data: http://chg.
geog.ucsb.edu/data/chirps/

40 See Allen et al., 1998.
41 To be more precise, it is the magnitude of the vapour pressure deficit (VPD) that is a

limitation on rate of evapotranspiration. The VPD is the difference (deficit) between the
amount of moisture in the air and how much moisture the air can hold when it is saturated.
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FIGURE 3.9
Typical seasonal variation in mean reference evapotranspiration and rainfall in a semi-arid area
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or seasons (Arnell and Liu, 2001). Although transpiration from plants through
their stomata (i.e. the pores on leaves) is driven by energy, vapour pressure deficit
and turbulence, plants exert a degree of control over transpiration, particularly
when water is limiting. Stomata start to close as the vapour pressure deficit close
to the leaf increases, temperature rises, or less water becomes available to the roots.

As yet, there are no reliable sensors for directly measuring actual evapotranspiration
rates from land surfaces at a range of scales relevant to water balance analysis. As a
consequence evapotranspiration has to be estimated using empirical relationships,
algorithms and/or models that combine information on the drivers of and controls
on rates of evapotranspiration. Use of this approach also requires information on
land use and crop type. The net result of the above is that actual evapotranspiration
is often estimated by, for example: 1) Estimating reference evapotranspiration and
using empirical factors to estimate actual evapotranspiration (Allen et al., 1998);
and 2) Considering actual evapotranspiration to be the residual in the water balance
equation — thereby being an output from water balance analysis rather than an input.

Inrecentyears, increased attention has been given to estimating actual evapotranspiration
using remotely sensed information. An example of this is the SEBAL approach
developed by Bastiaanssen (2009), which is an image-processing model comprised of 25
computational steps that estimate actual (ETact) and potential evapotranspiration rates
(ETpot) as well as other energy exchanges between land surfaces and the atmosphere.
Section 5.2.5 and Box 5.7 provide further information on remote sensing based ETa
assessments.

« Subsurface water that flows beneath the land surface occurs in two principal zones,
the unsaturated zone and the saturated zone (see Figure 3.10). In the unsaturated
zone, the voids*? contain both air and water. Although a considerable amount of

42 Voids are, for example: the spaces between grains of gravel, sand, silt or clay; macropores
created in soils or weathered material by roots or invertebrates; and/or fissures within rocks.



68

Water accounting and auditing: A sourcebook

FIGURE 3.10
Cross-section showing saturated and unsaturated zones
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water can be present in the unsaturated zone, flow of water in this zone tends
to be slow and tortuous when the voids are not filled with water (USGS, 2013).
However, if and when these voids are filled with water, hydr