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Note

The System of Environmental and Economic AccountingMater (SEEAW) has been prepared by the
United Nations Statistics Division (UNSD) in collaation with the London Group on Environmental

Accounting, and in particular with its Sub-group\Water Accounting.

The preparation of the Handbook of National Accauptintegrated Environmental and Economic
Accounting -2003commonly referred to as SEEA-2003) provided apasfunity and a challenge to
develop methodologies for water accounts. Althoaghntry experiences in water accounts at the time
the SEEA-2003 was written, was limited, commoneditin the approaches to compile water accounts
emerged. The section on water accounts in Cha&ptérthe SEEA-2003 is the first attempt to develop

harmonized methodologies for water accounts.

Given the prominence and recognition of water i@ tiational and international development agenda,
the increasing demands from countries for harmdimrzaand guidance on water accounting has led
UNSD to take on the task of advancing the methagioleased on a consensus of best practices. This

work builds on the results already achieved duthegpreparation of the SEEA-2003.

The Eurostat Task Force on Water Accounts has lzeenajor contributor in the development of
harmonized concepts, definitions and classificatias well as the set of standard tables. The Sub-
group on Water Accounting of the London Group, elished at the '8London Group meeting in Rome
(5-7 November 2003), contributed text and coun&grmeples, reviewed the various versions of the draft
manuscript and assisted in the finalization of dleeument. The Sub-group comprised approximately

20 experts from countries, academia and internatiorganizations.



Draft chapters were discussed at several meetimggding the 8th and 9th London Group meetings in
Rome in 2003 and Copenhagen in 2004 respectiveRnal draft was discussed and reviewed during a
meeting of the Sub-group in New York (11-13 May 200 During this meeting, the Sub-group agreed
to include in the manuscript a set of standardewmbbr the compilation of water accounts which
countries are encouraged to compile. The statubefpreparation and the final draft of the SEEAW
were presented at th®reliminary Meeting of the United Nations Committeé Experts on

Environmental-Economic AccountifgfNCEEA) in New York (29 -31 August 2005).

The revised draft was presented at theer-Producer Conference: Water Accounting for ¢gméded
Water Resource ManagemgMoorburg, 22-24 May 2006), organized by UNSD unte auspices of
the UNCEEA. The Conference, gathering the majoersisand producers of water information,
endorsed the SEEAW and recognized that it provithes much-needed conceptual framework for
organizing hydrological and economic information Bupport of Integrated Water Resource
Management (IWRM). The Conference recommendedudisption as the international standard for

water statistics.

In light of the recommendations of the User-ProduCenference, the discussion during thiest
UNCEEA MeetingNew York (22-23 June 2006) and a subsequent suitation among the UNCEEA
members, the final text of the SEEAW has been szlito conform to the content and style of an
international statistical standard and a fictitialetaset has been developed to populate the sthndar

tables.

As a result of the e-consultation among UNCEEA merspthe SEEAW has been structured in two

parts. The first part includes internationally egpl concepts, definitions, classifications, staddables

and accounts covering the framework, physical aylokid supply and use tables and asset accounts
(Chapters 1 to 6). The second part consists ofghaccounts that are considered of high policy

relevance but still experimental because an intevnal accepted best practice did not emerge.



(Chapters 7 to 9). It covers the quality accouths, economic valuation of water beyond the 1993

SNA and examples on applications of the SEEAW.

The majority of the UNCEEA members recommended thatSEEAW be submitted for adoption as a
statistical standard to the UN Statistical Comnaissiat its thirty-eighth session, 27 February to 2
March 2007. As a result, the UNCEEA has requetttedStatistical Commission in its report to advise
on the adoption of Part | of the SEEAW as an irdéional statistical standard, subject to a possible

evaluation, taking into account the consistencgtyle and content with the revised SEEA-2003 ared th

emerging country practices and to encourage théeimgntation in countries.

The present version of the SEEAW was prepared utiderresponsibility of the United Nations
Statistical Division and, in particular, under tb@ordination of llaria DiMatteo, moderator of thebs
group of the London Group on Water Accounting, @mthe supervision of Alessandra Alfieri and
overall responsibility of lvo Havinga. Draft chapt were prepared by Alessandra Alfieri, llaria
DiMatteo, Bram Edens (UNSD), and Glenn-Marie Lan@&lumbia University, United States).
Philippe Crouzet (European Environment Agency), ointSteurer (Eurostat), Gerard Gié, Christine
Spanneut (consultants to Eurostat) and Jean MiChéné (United Nations Division for Sustainable
Development, UNDSD) contributed to earlier drafffhe development of the framework greatly
benefited from discussions with Jean Louis Webernferly with French Institute for the Environment

and currently with European Environment Agency).

An Electronic Discussion Group (EDG) on Terms andfifitions used in Water Accounting was
established and moderated by UNSD in cooperatidgh thie UNDSD. In particular, the contributions

of Aslam Chaudhry and Jean Michel Chéné (UNDSD)ewsvaluable and are greatly acknowledged.

The many contributions, comments and reviews bynteenbers of the Sub-group of the London Group
on Water Accounting and by the participants to nmgebf the Sub-group in New York (11-13 May

2005) are greatly acknowledged. They include tilWwing experts: Micheal Vardon (formerly with



Australian Bureau of Statistics and currently wititNSD), Martin Lemire and Francois Soulard
(Canada), Wang Yixuan (China), Thomas Olsen (Dekna&hilippe Crouzet and Jean Louis Weber
(European Environment Agency), Christian Ravets r¢Btat), Jean Margat (France), Christine
Flachmann (Germany), Gerard Gie (In-Numeri), OsailaZoubi (Jordan), Marianne Eriksson

(Sweden), Riaan Grobler and Aneme Malan (SouthcajriLeila Oulkacha (Morocco), Sjoerd Schenau
and Martine ten Ham (The Netherlands), Jana Tdfie(Republic of Moldova), Glenn Marie Lange

(United States), Jean Michel Chéné (UNDSD) and &&reloubadi (The World Bank).

The SEEAW also benefited greatly from the commeonftghe following experts: Roberto Lenton
(Global Water Partnership), Nancy Steinbach (EatpstMichael Nagy (consultant to UNSD), Ralf
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Chapter 1 Introduction to the SEEAW

A. Introduction

1.1. Water is an essential element for life. It is & lkedement in growing food, generating energy,
producing many industrial products as well as iawgimg the integrity of ecosystems and the goods an
services they provide. Increasing competitionffeshwater between agriculture, urban and industria
use as well as population growth results in unptenged pressures on water resources, with many
countries reaching conditions of water scarcityfaming limits to economic development. Moreover,

water quality continues to worsen further limititige availability of freshwater resources.

1.2. The integral role of water in development is widetgognized. It is not surprising that water is
very high in the national and international devet@mt agenda, with several international agreements
specifying targets on water supply and sanitatidime most notable is the inclusion of two indicator
(proportion of population with sustainable accegssah improved water source and proportion of
population with access to improved sanitation) ispecific target in the Millennium Development
Goals (MDGs), namely target 10 - to halve, by 20ttie proportion of people without sustainable

access to safe drinking water and sanitation.

1.3. Because water is critical and intimately linked twisocio-economic development, it is
necessary for countries to move away from sectdeakelopment and management of water resources
and to adopt an integrated overall approach to mrasnagement (United Nations and the World Water

Assessment Programme, 2006).
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1.4. TheSystem of Environmental-Economic Accounting foreWgEEEAW) provides a conceptual
framework for organizing the hydrological and ecomo information in a coherent and consistent
manner. The SEEAW framework is an elaboration hef handboolntegrated Environmental and
Economic Accounting 200@Jnited Nations et al. 2003), commonly referrecaloSEEA-2003, which
describes the interaction between the economy lamehvironment and covers the whole spectrum of
natural resources and the environment. Both theASE003 and SEEAW use as basic framework the
1993 System of National Accounts (1993 SNA) (C&Cal, 1993) which is the standard system for the
compilation of economic statistics and derivatidreconomic indicators, the most notable being gross

domestic product (GDP).

1.5. The SEEAW conceptual framework is complemented withet of standard tables focusing on
hydrological and economic information. It also lises a set of supplementary tables covering
information on social aspects which permits thelysis of the interaction between water and the
economy. Standard tables constitute the minimuta det that all countries are encouraged to compile
Supplementary tables consist of items that sho@dcdnsidered by countries in which information
would, in their particular cases, be of interesamalysts and policy makers, or for which compdatis
still experimental or not directly linked with th#993 SNA. The set of tables, standard and
supplementary, were designed with the objectivefagilitating the compilation of the accounts in

countries and to obtain information which is congide across countries and over time.

1.6. Only by integrating information on the economy, nldgy, other natural resources and social
aspects can integrated policies be designed infanmhed and integrated manner. Policy makers takin
decisions on water need to be aware of the likelysequences for the economy. Those determining
the development of industries making extensive afewater resources, either as inputs in the
production process or as sinks for the dischargevadtewater, need to be aware of the long-term

consequences on water resources and the environmganeral.
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1.7. Section B of this chapter presents the main featufethe SEEAW and discusses how the
SEEAW relates to the 1993 SNA and the SEEA 2003velkas the advantages of using the accounting

framework to organize information on water resoarce

1.8. Section C of this chapter introduces the conceptntégrated Water Resource Management
(IWRM), the internationally agreed and recommendtédtegy for the management of water resources,

and discusses how the SEEAW can be used as amiation system to support IWRM.

1.9. Section D provides an overview of the accountinmgcttire and brief summary of each chapter.
Section E looks at a number of issues related f@ementing the system, including noting areas for

future work.

B. Objective and features of the SEEAW

1.10. The SEEAW was developed with the objectives of déadizing concepts and methods in water
accounting. It provides a conceptual frameworkdaganizing economic and hydrological information
permitting a consistent analysis of the contribotiof water to the economy and the impact of the
economy on water resources. The SEEAW furthercektbs the framework presented in the SEEA-

2003 to cover in more detail all aspects relatedater.

1.11. Both the SEEA-2003 and the SEEAW are satellite esyst of the 1993 SNA, which is the

statistical standard used for the compilation obremmic statistics. As such, they have a similar
structure to the 1993 SNA and share common defimstiand classifications. They provide a set of
aggregate indicators to monitor environmental-ecaico performance, both at the sectoral and
macroeconomic level, as well as a detailed setatissics to guide resource managers toward policy

decision-making.

1.12. There are two features that distinguish the SEEBS328nd the SEEAW from other information

systems about the environment. First, the SEEA3283 SEEAW directly link environmental data
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and, in the case of SEEAW water data, to the ecém@wcounts through a shared structure, set of
definitions and classifications. The advantage tois is that it provides a tool to integrate
environmental-economic analysis and to overcometémelency to divide issues along disciplinary
lines, in which analyses of economic issues andmeironmental issues are carried out independently

of one another.

1.13. Second, the SEEA-2003 and the SEEAW cover all thportant environmental-economic
interactions, a feature that makes it ideal forradsging cross-sectoral issues such as integratest wa
resource management. It is not possible to proidieM from the narrow perspective of managing
water resources; rather a broader approach thangraesses, economic, social and ecosystem aspects is
needed. As satellite accounts of the SNA, the SEREASEEAW are linked to a full range of economic
activities with a comprehensive classification afvieonmental resources. The SEEA includes
information about all critical environmental stocksd flows that may affect water resources and that

may be affected by water policies.

1.14. While the SEEA-2003 reports best practices and, rewer possible, presents harmonised
approaches, concepts and definitions, the SEEAW gostep further by providing a set of standard
tables that countries are encouraged to compilengudiarmonized concepts, definitions and
classifications. This is in line with the Unitedafibns Statistical Commission decision, upon
recommendation of the United Nations Committee ofpdfts on Environmental-Economic
Accounting, of elevating the SEEA-2003 to the level of aistatal standard by 2010 (United Nations,

2006c¢ and 2006d).
1.15. The SEEAW includes as part of its standard prese@ntéhe following information:

(@) stocks and flows of water resources within the minent;

! The United Nations Committee of Experts on Envinemtal-Economic Accounting (UNCEEA) was createdthy United
Nations Statistical Commission at its Thirty-fifsession in March 2005 (UN 2005). More informatabout the UNCEEA is
available on the UNSD website http://unstats.urorgd/envaccounting/ceea/default.asp.
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(b) pressures of the economy on the environment in geofh water abstraction and

emissions added to wastewater and released tonth®ement or removed from wastewater;

(© the supply of water and the use of water as inputhe production process and by

households;
(d) the reuse of water within the economy;

(e) the costs of collection, purification, distributi@md treatment of water, as well as the

service charges paid by the users;

0] the financing of these costs, that is, who is payior the water supply and sanitation

services;

(9) the payments of permits for access to abstractrveatéo use it as sink for discharge of

wastewater;

(h) the hydraulic stock in place, as well as investrmdanthydraulic infrastructure during

the accounting period.

1.16. The SEEAW also presents quality accounts, whictcriles water resources in terms of their
guality. These accounts, together with the ecoooraiuation of water resources, are included in the
SEEAW for the sake of completeness. However, thmedules are still experimental and they are
presented in terms of issues in implementation dlwdtrated by country practices, rather than

providing guidelines on the compilation.

1.17. The SEEAW emphasizes the importance of derivingcatdrs from the accounting system
rather than from individual sets of water statisticThe last chapter is dedicated to the uses ¢dérwa
accounting. The SEEAW is an important tool foripplmakers as it provides them (a) with indicators
and descriptive statistics to monitor the interattbetween the environment and the economy, and

progress towards meeting environment goals; andav{it) a database for strategic planning and policy
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analysis to identify more sustainable developmeath® and the appropriate policy instruments for

achieving these paths.

1.18. Water resources and their management is very munied to spatial considerations. The
SEEAW takes into account the recommendation thatriver basin is the internationally recognized
unit of reference for Integrated Water Resource &gment as called for by Agenda 21 (United
Nations, 1992) and that river basin district is titdigatory management unit of the European Water
Framework Directive (WFD) (European Parliament a@duncil, 2000). The water accounting
framework can be compiled at any level of spatiaglggregation — a river basin, an administrative
region, a city etc. However, since the link betwete economic accounts and hydrological
information is at the heart of the SEEAW, one sdowdcognize that economic accounts are generally

not compiled at the river basin level but at theeleof administrative regions.
Note on terminology

1.19. An agreed terminology related to water accountiagused throughout the SEEAW and is
presented in the glossary. Water accounting istidistiplinary and spans many fields such as
hydrology, national accounting and environmentistias. Hydrologists, national accountants and
environment statisticians need to be able to comaoate using a common language. An achievement
of the SEEAW is having reached an agreement onmanmmmn language and terminology, which is

consistent with the specific terminologies of efiekd.

1.20. An Electronic Discussion Group (ED&yn Terms and Definitions used in Water Accounting
was established and moderated by UNSD in cooperatih the United Nations Division for

Sustainable Development to reach an agreementrarstand definitions relevant to water accounts.

2The EDG was based in particular on the reviewheffollowing glossaries: 2001 UNSD QuestionnairéWdater Resources,
2002 Joint OECD/Eurostat Questionnaire on WateroRees, 2001 FAO/AQUASTAT Questionnaire, UNESCO/WMO
International glossary of hydrology, 2nd editio®92, FAO/AQUASTAT On-line Glossary, Working copy thfe Terminology
of Water Management: Flood Protection TERMDAT, ditNations, 1997. Glossary of Environment Statésti8tudies in
Methods, Series F, No. 67.
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The recommendations of the EDG served as an impioitaut in achieving a consensus on terms and

definitions and constitute the basis of the SEEAdssgary.

C. Integrated Water Resource Management (IWRM) and theSEEAW

1.21. Integrated water resources management is basekeoperception of water as an integral part
of the ecosystem, a natural resource and a sonidlemonomic good, whose quantity and quality
determine the nature of its utilization. To thisde water resources have to be protected, takitg in
account the functioning of aquatic ecosystems &edperenniality of the resource, in order to satisf
and reconcile needs for water in human activitiesdeveloping and using water resources, pridrdag

to be given to the satisfaction of basic needs #red safeguarding of ecosystems. Beyond these
requirements, however, water users should be ctiaageropriately. (Para 18.8. Agenda 21, United

Nations, 1992).

1.22. IWRM calls for a sustainable management of watapueces to ensure that there is enough
water for future generations and that water meigiis uality standards. An IWRM approach promotes
the coordinated development and management of watet and related resources in order to maximize
the resultant economic and social welfare in anitaegle manner without compromising the

sustainability of vital ecosystems. This includesre coordinated development of (a) land and water;
(b) surface and groundwater; (c) the river basid #8 coastal and marine environment; and (d)

upstream and downstream interests (Global Waten@ahip, 2004).

1.23. For policy-making and planning, taking an IWRM apg@ch requires that (a) policies and
priorities take water resources implications intewa@unt, including the two-way relationship between
macro-economic policies and water development, gpament and use; (b) there is cross-sectoral
integration in policy development; (c) stakeholdease given a voice in water planning and

management; (d) water-related decisions made at & river-basin levels are in-line with, or @ast
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do not conflict with, the achievement of broad oaél objectives; and (e) water planning and stiateg

are integrated into broader social, economic aniremmental goals (Global Water Partnership, 2004).

1.24. The SEEAW is a useful tool in support of IWRM byopiding the information system to feed
knowledge into the decision-making process. Beeaists features, outlined in the previous section

the SEEAW can assist policy makers in taking infednaecisions on:

. Allocating water resources efficientySEEAW shows the quantity of water used by
various uses, including agriculture, mining, hydeaéric power generation, manufacturing as
well as the quantity of wastewater and emissionsegged as the result of the production
process. It also shows, side-by-side with the maysnformation, information on the value
added generated by the industries. This allowstli@ derivation of water efficiency and
productivity indicators. The SEEAW becomes incnegly important to plan water resources
development, allocation and management in the sbrbé multiple uses. It helps water
managers to take a more integrated approach thet acrurately reflects the reality of water

use.

. Improving water efficiency Water efficiency can be improved from the demandaval

as the supply side. On the demand side, policyemsakre faced with the decision of which
economic instruments to put in place in order tange the behaviour of the user. On the supply
side, policy makers can encourage the efficiencthefwater supply or irrigation systems as well
as the reuse of water. SEEAW provides informationthe fees paid for water supply and
sewerage services, as well as payments for pertoitaccess water resources, either for
abstracting water or for using water resources amk It also provides information on the
guantity of water which is reused within the ecogaitmat is water that, after use, is supplied to

another user for further use. The SEEAW providdepmakers with a database that can be used
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to analyse the impact of the introduction of newgulations throughout the economy on water

resources.

. Understanding the impacts of water management bosars. Policy makers are faced

with decisions that have impacts broader than themsector. It becomes increasingly important
to plan water resources development, allocation avahagement in an integrated manner.
SEEAW, because it is rooted in the 1993 SNA prowithee basic information system to evaluate

tradeoffs of different policy options on all users.

. Getting the most value for money from investmentnfrastructure. Investment in
infrastructure needs to be based on the evaluafitong-term costs and benefits. Policy makers
need to have information on the economic implic&i®f infrastructure maintenance, water
services and potential cost-recovery. The wateowats provide the information of current costs
to maintain existing infrastructure, the serviceargfes paid by the users, as well as the cost
structure of the water supply and sewerage indsstriTherefore they can be used in economic

models to evaluate potential costs and benefimutifng in place new infrastructure.

. Linking water availability and use. Improving efficiency in the use of water is
particularly important in situations of water sgsesrFor the management of water resources, it is
important to link water use with water availabilityThe SEEAW provides information on the
stocks of water resources as well as all changestdoks due to natural causes (e.g. inflows,
outflows, precipitation) and human activities (eapstraction and returns). Further, water

abstraction and returns are disaggregated by indubus facilitating its management.

. Providing a standardized information system whichrnmonizes information from
different sources, is accepted by the stakeholders is used for the derivation of indicators.
Information on water is often generated, collectadalysed and disseminated by different

government departments functioning in specific watgng sectors (e.qg. irrigation, water supply,
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sanitation, etc.). The individual data sets ard#ected for different purposes and often use
definitions and classifications which are not cetesit and result in overlaps in data collection.
In a similar fashion, data collection may leave moportant aspects of water resources, because

they are not of direct interest to a specific goveent department.

The SEEAW brings together information from differesources in an integrated system with
common concepts, definitions and classificationsThis allows for the identification of
inconsistencies in the data as well as data g&ps.implementation of such an integrated system
ultimately leads to more efficient and consisteatadcollection systems. It aims for consistency
across time, which is of the outmost importanceléveloping comparable time series estimates
which are necessary in the policy process. Furttier accounting framework allows for the

introduction of checks and balances in the datas thsulting in higher quality data.

Policy makers will find that the development ofiategrated coherent and consistent information
system will add value to individual sets of datdlemied to respond to sectoral policy needs.
Further, the implementation of an integrated da&stesn will allow for derivation of consistent

indicators across countries and over time, whidhces they are derived from a common

framework, will be accepted by all stakeholders.

. Getting stakeholders involved in decision-makinglhe SEEAW is a transparent
information system. It should be used by the goremt to make informed decision and used by

interest groups and communities to argue theirtjpomson the basis of sound information.

1.25. As mentioned previously, the SEEAW focuses on ttteraction between the economy and the
environment. It may, therefore, be necessary toptement it with social indicators. To the extent
possible, these indicators should be analysed imuoation with the SEEAW information in order to

facilitate the design of integrated policies.
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D. An overview of the SEEAW accounting system

1.26. The SEEAW is a satellite system of the 1993 SNA anclaboration of the SEEA framework.

It comprises the five categories of accounts dbsdrbelow.

1.27. Category 1: Physical supply and use tables and emsisn accounts This category of
accounts brings together, in a common frameworkgausiefinitions and classifications of the standard
economic accounts of the 1993 SNA, hydrologicabda the volume of water used and discharged
back to the environment by the economy as welhasamount of pollutants added to water. Bringing
the physical information of water in the accountingmework introduces checks and balances in the
hydrological data and produces a consistent dadgtesyfrom individual sets of water statistics often

collected independently by different line minissrieesponsible for designing targeted policies.

1.28. Physical supply and use tables (chapter 3) prowidermation on the volumes of water
exchanged between the environment and the econabgtrctions and returns) and within the
economy (supply and use within the economy). Eimmsaccounts (chapter 4) provide information by
economic activity and households on the amountadfufants which are added to or removed from

water (by treatment processes) during use.

1.29. Category 2: Hybrid and economic accounts This category of accounts (chapter 5) aligns
physical information recorded in the physical sypahd use tables with the monetary supply and use
tables of the 1993 SNA. These accounts are refetweas “hybrid” flow accounts to reflect the
combination of different types of measurement uinitthe same accounts. In these accounts, physical
guantities can be compared with the matching econdiows (for example, linking volumes of water
used with monetary information on the productioagass, such as value added, and deriving indicators

of water efficiency).

1.30. This category of accounts also explicitly identfithose elements of the existing 1993 SNA

which are relevant to water. These include, famegle, information on the costs associated withewat
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use and supply such as water abstraction, puiiicadistribution, and wastewater treatment. They
also provide information on financing, that is, tamount users pay for the services of wastewater
treatment, for example, and the extent these ssvace subsidized by the government and other.units
These accounts are particularly useful for cosbvecy policies and water-allocation policies and ca
also be compiled for activities aimed at the prbtet and management of water resources so as to
obtain information on the national expenditure dimhncing by industries, households and the

government.

1.31. Category 3: Asset accounts This category of accounts (chapter 6) comprifesccounts for
water resource assets measured mostly in physcaist Asset accounts measure the stocks at the
beginning and end of the accounting period andretbe changes in stocks that occur during the
period. They describe all increases and decreafsd® stock due to natural causes (e.g. precipitat
evapo-transpiration, inflows and outflows) and huanativities (e.g. abstraction and returns). These
accounts are particularly useful as they link watlestraction and return to the availability of waite

the environment, thus allowing measurements of ighysvater pressure induced by the economy.

1.32. Category 4: Quality accounts This category of accounts describes the stookatér in terms

of its quality (Chapter 7). It should be notedtttiee quality accounts are still experimental amere is
yet to be agreement on a standard way of compiliregn. Quality accounts describe the stocks of
water resources in terms of quality: they showdtoeks of certain qualities at the beginning and efn

an accounting period. Since it is generally difftdo link changes in quality to the causes thbada it,
guality accounts describe only the total changariraccounting period, without further specifying th

causes.

1.33. Category 5: Valuation of water resources. The final category of the SEEAW accounts

comprises the valuation of water and water resau(€Ghapter 8). As for the quality accounts, this

50



Introduction to SEEAW = 51

category of accounts is still experimental and ¢hex yet to be agreement on a standard way of

compiling them.

1.34. When natural resources are used in the productiocegs, they are embodied in the final good
or service produced. The price charged for thedpeco contains an element of rent which implicitly
reflects the value of the natural resource. Eghivig this implicit element is at the heart of wialg the
stock of the resource. In the case of water, h@wewhich is often an open access resource, this
implicit element is often zero. Increasingly waigibeing treated as an economic good, it is tleeef
expected that in the future the resource rent fatewwould be positive and thus value of the water

stocks would be included in the balance sheetsmati@n.

1.35. The valuation of water resources is included in 88 EAW because of its policy relevance.
However, since there is yet to be agreement ontioovalue water (consistent with 1993 SNA valuation
concepts), the SEEAW only presents valuation teqes commonly used in economic analyses (which
may go beyond the value of the market transactieasrded in the 1993 SNA) and their relationship to
the concepts of the 1993 SNA as well as discusBesatlvantages and disadvantages of different

techniques.

E. Structure of the SEEAW

1.36. The SEEAW is structured in two parts. The firsttgahapters 2-6) presents those accounts for
which there is considerable practical experienceé arconsensus on best practices has emerged. It
presents agreed concepts, definitions and claasifits related to water accounts as well as afset o
standard tables that countries are encouraged nit® The second part (chapters 7-9) discusses
those modules which are still experimental, thatfds which either because of lack of practical
experience, scientific knowledge, consistency wfith 1993 SNA or a combination of those reasons, it
was not possible to reach an agreement on conaspill as on how to implement them. This second

part also provides examples of applications oflager accounts in countries in chapter 9.
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1.37. As an aid to understand the relationships amongvélius accounts, a fictitious but realistic
database, SEEAW-land, has been developed. Eaghtechpresents the tables populated with the

information from the database.

1.38. The following gives a brief overview of each chaptéthe SEEAW. At the beginning of each
chapter, there is also a more extensive “road-nagstribing the objectives of the chapter and giang

brief description of its contents.

Part |

Chapter 2: The water accounts framework

1.39. The SEEAW links the water resource system withegb@nomy. The water resource system and

the hydrological cycles as well as its relationthwhe economy are described in detail.

1.40. Since the SEEAW is rooted in the 1993 SNA, cha@tgrovides an overview of the whole
accounting system and describes how the SEEAW ebgptre 1993 SNA accounting framework. This
chapter also describes in great detail the clasgitins used in the SEEAW which form the backbadne o

the accounting framework and the interconnectiagtsvben the different accounts.

1.41. Since water resources present spatial and tempurafacteristics, which are usually not
addressed in standard accounts, Chapter 2 desdnibssthe SEEAW can be adapted to compile
information which is spatially and temporally digaggated, without disrupting the accounting

structure.

1.42. This chapter can be read either at the outset@elaninary overview of what is to follow or
finally as a synoptic review of the interconnectdmetween the accounts and tables presented in the

subsequent chapters.
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Chapter 3: Physical water supply and use tables

1.43. Chapter 3 is the main chapter concerned with cangilater flow accounts in physical terms.
It is designed to show how the use of water ressircan be monitored in physical terms, using

classifications and definitions consistent with @o®nomic accounting structure of the 1993 SNA.

1.44. This chapter distinguishes different types of flpwamely flows from the environment to the

economy, flows within the economy and flows frore #tconomy back to the environment.

1.45. Flows from the environment to the economy consistater abstraction from the environment
for production or consumption purposes. Flows imitthe economy are the purview of the 1993 SNA.
The SNA measures flows of water and wastewaterimvitine economy and shows water that is used to
produce other goods and services (intermediateuwrnpson), to satisfy current human wants (final
consumption) and water that is exported (a smatll piace water is a bulky good). Flows from the

economy to the environment consist of dischargesasdtewater back to the environment.

1.46. Chapter 3 describes the supply and use tableshfgsigal flows of water and provides standard
tables as well as more detailed supplementary sdblecompilation. The detailed tables are presgént

as numerical example and they are part of the SEHMY data set.

Chapter 4: Emission accounts

1.47. Chapter 4 describes the pressure of the econonthem®nvironment in terms of emission to
water. Emission accounts describe the amount b@ifaots that is added to wastewater as a result of
production and consumption activities and is redele® the environment. These accounts also describ

the amount of pollutant which is removed as pattreftment by the sewerage industry.

1.48. The chapter presents a set of standard tables tomeiled by countries and the SEEAW-land

data set for emission accounts tables.
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Chapter 5: Hybrid and economic accounts for activites and products related to water

1.49. Chapter 5 describes the economy of water. It dessin monetary terms the use and supply of
water-related products, identifies the costs asdediwith the production of these products, th@ine
generated by them, the investments in hydrauli@stfuctures and how much it costs to maintain them

These flows are captured within the 1993 SNA aredrte be separately identified.

1.50. Chapter 5 shows how a standard SNA supply and abke tcan be juxtaposed with the

corresponding part of the physical table descrie@€hapter 3. The result is conventional national
accounts presented together with physical inforomatin water abstraction, use and supply within the
economy, and discharges of water and pollutants the environment. These accounts, which are
referred to as “hybrid accounts”, do not modify thesic structure of the conventional SNA accounts.
The linkage between physical and monetary inforamafprovided by hybrid accounts is particularly

useful for relating the abstraction of water reses; generation of wastewater and emission of

pollutants to particular industries.

1.51. In addition to the water supply and sewerage inist other industries and households may
abstract water for their own use or distributecitather users or they may treat the wastewater they
generate. In this chapter, the costs of produatibthese industries are separately identified fiitwn
costs of the main activity. This will provide infoation on the full extent of the national expencst

on water.

1.52. Users of water and water-related products do notigd bear the entire costs associated with
the use: they often benefit from transfers fromeoteconomic units (generally the government) which
bear part of the costs. Similarly, investmentminastructures can be partly financed by differentts.

The financing of water and water-related produstddscribed in this chapter.

1.53. Economic instruments are increasingly being usechdanage the use of water resources. They

include the imposition of taxes and the issuindicgdnces and permits to bestow property rights over
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water resources to designated users. The reconfirtigese monetary transactions in the accounting

framework is also presented in this chapter.

1.54. The chapter provides standard tables for compitatib hybrid accounts for water, financing
and taxes, licences and permits. These tablepateof the SEEAW-land data set and are linked with

the physical flows presented in the previous chapte

Chapter 6: The asset accounts

1.55. Chapter 6 looks at water assets and discusses awcbunt in physical terms for changes in

these accounts as a result of natural processrmahuactivities.

1.56. Since the asset accounts describe water in thercamaent, the chapter describes the
hydrological cycle and how it is represented in #sset accounts. It describes the principles loehin
physical asset accounts; that is, getting from opestock levels to closing stock levels by itemgi
the flows within the accounting period. The chamentains the classification of water resourced an
provides standard tables for compilation. It ajg®sents the compilation of asset accounts for

transboundary waters.

Part Il

Chapter 7: Quality accounts

1.57. Quality accounts do not have a direct link to tle®reomic accounts, as changes in quality
cannot be attributed to economic quantities usitigear relationship, as in the case of the wassea
accounts. Nevertheless, since quality is an ingmbrtharacteristic of water ecosystems and lintds i

use, the SEEAW covers the quality accounts.

1.58. Chapter 7 provides basic concepts on the measutenfeguality and describes different

approaches to defining quality classes and constigiquality accounts.
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Chapter 8: Valuation of water resources

1.59. The need to treat water as an economic good has Wwekely recognized. The 1993 SNA
records the value of transactions on water witli@ €économy. The prices charged for water in the
market often do not reflect the full economic vahfevater because of certain characteristics untque
water. Water is a collective good, heavily regetaand subject to multiple uses. The price charged
often does not even reflect its cost of productod property rights are often absent. Economiat® h

developed techniques for estimating the value dewahich are non consistent with the 1993 SNA.

1.60. This chapter describes background concepts in ttanamic valuation of water and the
valuation principles of the SNA. It provides aneoview of different valuation techniques, their

strength and weakness as well as their relevanpartular policy questions.

Chapter 9: Examples of applications of water accous

1.61. Water accounts are a relatively new tool for organg water-related information. There is

therefore a need to promote these accounts botm@gnh® users and producers of water information.
This chapter links the accounts to its applicatitorswater policy by showing how the accounts have
been used in countries for the derivation of inthes to monitor and evaluate policies; and scerario

modelling to estimate, for example, the impact atev pricing reforms or projecting future demands.

1.62. Although the applications presented are derivethftbe techniques and tables presented in the
previous chapters, chapter 9 is a stand-alone ehafdt can be read at the outset as it provides an
overview of the possible applications of the acdsumand can assist in setting priorities in
implementation: deciding on a set of priority inakiors will lead to a set of tables to compile firgt

can also be read at the end as it shows how tlenmaition from different accounts is brought togethe

and used for the derivation of indicators and forreomic modelling.
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1.63. The first part of the chapter describes the mogtroon indicators used to evaluate patterns of
water use and supply and pollution. It first prgseindicators at the national-level and then more
detailed indicators and statistics that shed lghtsources of pressure on water resources, oppiyrtun
for reducing the pressure, contribution of economizentives to the problem and possible solutions.
This information sets the stage for more complexewaolicy issues that require economic models

based on the water accounts.

1.64. The second part of the chapter describes the uslkeeofccounts at the subnational and river-
basin level and discusses the possibility of intimdg a more flexible temporal dimension. It then
discusses the links between water accounts and o#iseurce accounts in the SEEA in support of

IWRM.

Annexes

1.65. The SEEAW contains three annexes. The first annebudes the standard tables which are
presented and discussed in chapters 3 to 6. Hnelatd tables constitute the minimum data setahat
countries are encouraged to compile. Annex |l am$t supplementary tables, which consist of items
that should be considered by countries in whiclorimiation would, in their particular cases, be of
interest to analysts and policy makers, or for Wwhiompilation is still experimental and not dirgctl
linked with the 1993 SNA. In particular, the supmplentary tables include: a more detailed level of
disaggregation of the standard tables; tables emthality accounts which are still experimentalgd an

tables linking the SEEAW to the social aspects.

1.66. Annex lll links the waters accounts to indicatori particular, Section 1 draws together the
wide range of indicators that can be derived frtwe accounts presented in the SEEAW to show how,
together, they provide a comprehensive set of walated indicators. Section 2 links the indicator

proposed in the second World Water Development Refldnited Nations and the World Water
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Assessment Programme, 2006) to the water accountBirther describes the indicators that can be

derived from the SEEAW and from which module of @aats.

Glossary

1.67. The glossary provides an agreed terminology for ewahccounting. It combines (a)
hydrological terms, which were agreed on by an ted@ic discussion group; (b) environmental-
economic accounting terms, which are drawn fromdlussary of the SEEA-2003; and (c) economic
terms drawn from the glossary of the 1993 SNA. Tharological terms were drawn from
international questionnaires, international gloesaand selected country reports on water accamds

adapted to the SEEAW needs.

1.68. The glossary standardizes terms and definitions fitee hydrological and the economic spheres
in an agreed set of definitions. It is intendedfdoilitate the collection of consistent data onteva

based on existing international statistical stadgdasuch as the 1993 SNA.

F. Implementation of the accounts

1.69. The modular structure of the water accounts alldarsa step-by-step compilation so that

countries can start with the compilation of thosedomles of the accounts which are more relevant to
their policy concerns and data availability. Faample, countries facing severe water scarcityrofte

start with the compilation of basic information tive hydrological water balance which feeds into the
for the asset accounts, and the physical supplyusedtables to identify sources of pressure on the
environment and possibly design allocation straggior competing uses of water. In contrast,
countries facing problems with water pollution oftstart with emission accounts, and hybrid supply
and use tables which allow for the formulation aflipies aimed at reducing the emission to water

resources and evaluate the costs for their redustio
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1.70. For analytical purposes, it is important to compillee accounts yearly. Benchmark
compilations are usually carried out every thredive years and coincide with detailed surveys on
water use and supply. For intervening years, atieffts derived from information obtained during th

benchmark compilation, can be used to compile tatemaccounts.

1.71. An analysis of the consistency of the internatiogaéstionnairéson water resources and the
water accounting standard tables was carried ouDbyatteo, Alfieri and Havinga (2005). The
analysis concluded that concepts used in the quesires on water resources are in general consiste
with those used in water accounts. This is moshlye to two parallel initiatives aimed at the
reconciliation of the questionnaires with water@atting. One was undertaken by Eurostat during the
last revision of the OECD/Eurostat Questionnairg] the other was undertaken by UNSD during the
preparation of the SEEAW. The broad consistencintdrnational data collection activities with the
SEEAW is an important result: physical information water resources can be linked to the monetary

accounts with minor additions/modifications to theasting international data collection activities.

G. Areas of future work in water accounts

1.72. Although many countries have implemented, or arghi@ process of implementing water
accounts, there is a need to promote the implertientaf the SEEAW in new countries. Producers
and users of water information have to become dantpi with the features of the SEEAW and the

advantages of an integrated information systemegbat the 1993 SNA in support of IWRM.

1.73. The SEEAW standardizes concepts and methods imwat@unting and related statistics. The
following areas, however, need further work and mtoas’ experience: the quality accounts, the
valuation of water resources, the expansion of ftaenework to social aspects and the impacts of

natural disasters. Quality accounts have beenemehted in relatively few countries and there is no

3 These include the UNSD/UNEP and the OECD/Eurosfa¢stionnaires on water resources and the FAO-Aguas
questionnaire. The results of the analysis of fid two questionnaires are reported in the pdperDi Matteo, Alfieri,
Havinga (2005).
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enough experience to draw conclusions on best ipeagct It is expected that more standardized
methods for defining quality classes are likelyamerge as a result of the implementation of the

mandatory obligations of the Water Framework Dinec{WFD)" and other initiatives.

1.74. Valuation of water resources is widely applied legaurce economists, however rarely in the
context of national accounts. Valuation of natueslources, which includes also valuation of wdtas
been placed in the research agenda for the reviditghe SEEA-2003. The research agenda has been
established to meet the request of the UN Stagis@mmission of elevating the SEEA-2003 to the
level of a standard by 2010. Valuation of enviremtal goods and services remains one of the

controversial issues and will in the next yearsh#esubject of further discussion.

1.75. By focusing on the integrations between the econamy the environment, the SEEAW does

not fully develop the link with the social aspecttated to water. While some social aspects can be
included by disaggregating, for example, the hoakklsector on the basis of socio-demographic
characteristics (e.g. rural vs. urban, income etnd/or presenting information in supplementaryesp

further work is needed to expand the accountingmé&aork to include the social aspects of water.

1.76. As more countries compile the SEEAW standard ampgletmentary tables, the need emerges to
develop a structure for assessing the quality dewstatistics by comparing country practices viaést

practices, including internationally accepted melilogies such as the SEEAW. Data quality
frameworks have been developed for several areagatitics, including national accounts. Those

frameworks should be the starting point for théelation of the SEEAW data quality framework.

4 The WFD requires Member States to ensure goodgimal status for surface waters, good ecologicaéptial for heavily
modified surface water bodies, good chemical stdarssurface waters and good chemical and quaiv@astatus for
groundwaters by 2015, as well as the general pieaf non-deterioration of water bodies.
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Chapter 2 The SEEAW framework

A. Introduction

2.1. The System of Environmental and Economic Accounting Watter (SEEAW) provides a
systematic framework for the organization of watgobrmation to study the interaction between the
economy and the environment. It is a further etabon of theIntegrated Environmental and
Economic Accounting 200G EEA-2003) framework focusing exclusively on watesources. As the
SEEA, the SEEAW expands the 1993 System of Natideabunts (1993 SNA) (CEC et al. 1993) by
separately identifying information related to waitethe 1993 SNA and linking physical information o
water with economic accounts. The purpose of¢hipter is to describe the accounting framework for

water.

2.2. Section B provides a description of the interaddidmetween the hydrological system and the
economy in a diagrammatic form. It describes, inoa-technical way, the hydrological system, the

economic system (as measured by the 1993 SNA)teidihteractions.

2.3. Section C introduces the SEEAW framework as a l&tedystem of the 1993 SNA and

describes how the SEEAW expands the 1993 SNA irerotd address water-related concerns.
Section D presents the accounting framework in nu@il: it describes the various accounts in the
SEEAW framework, and presents the concepts, dafirst and classifications that are used in the
SEEAW. Section E introduces two cross-cutting éssin the compilation of water accounts: namely

the identification of the temporal and spatial refece.
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B. Water resource system and the economy

2.4. Water is needed in all aspects of life. It is esisé for basic human needs, for socio-economic
development and for the integrity and survival obgystems. Water resources provide material inputs
and services to the economy, as well as to mansutside of the economy and to other living beings.
Water resources provide: (a) material input int@doction and consumption activities; (binils
functions forwaste material (such as wastewater dischargednater resources); and (c) habitat for all
living beings including mankind. The SEEAW focuses water as material input into production and
consumption activities and as a ‘sink’ for wasfeccounts for water as a provider of ecosystem laabit

are only discussed here in terms of the qualitwater and its link to the various uses.

2.5. The SEEAW provides an integrated information systenstudy the interaction between the
environment and the economy. At present, the matémn with the social dimension, which is
particularly important for the management of watesources, is not systematically included in the
SEEAW framework. Information on some crucial sb@apects of water, such as access to safe
drinking water and sanitation, are included in dapgentary tables to facilitate the analysis of wate
policies in their social impacts. Other socialestp of water can be made explicit in the SEEAW, fo
example, by disaggregating the household sectosgmcific characteristics (e.g., by income, rural
versus urban etc.). Further methodological researa practical experience is needed to extend the

framework to the social dimension.
2.6. The framework of the SEEAW is presented in the $ifine diagrammatic form in
2.7.

2.8. Figure 2.1 which shows the economy, the systematewresources and their interactions. The
economy and the inland water resource system efradry — referred to as ‘territory of referenceire
represented in the figure as two separate boxdse iflland water resource system of a territory is
composed of all water resources in the territonyrfegece water, groundwater and soil water) and the
natural flows between them. The economy of atmnyiconsists of residehtvater users who abstract

® The concept of residence follows that of the 18#8A according to which “an institutional unit issident in a country
when it has a centre of economic interest in th@nemic territory of that country” (1993 SNA paral8). This concept can
be applied also to geographical boundaries othear the national ones.
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water for production and consumption purposes aadip place the infrastructure to store, treat,
distribute and discharge water. The inland waystesn and the economy are further elaborated in

Figure 2.2 in order to describe the main flows withach system and the interactions between the two

systems.

Figure 2.1: Flows between the economy and the enenment
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2.9. The inland water resource system and the econoraygi¥en territory, which can be a country,
an administrative region or river basin, can exgemvater with those of other territories through
imports/exports of water (exchanges of water bebne@nomies) and through inflows from upstream

territories and outflows to downstream territorjeschanges of water between inland water systems).
2.10.

Figure 2.1 also shows exchanges with the sea amdttinosphere which are considered outside the

inland water resource system. These flows areadptured in the SEEAW accounting framework.
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2.11. The economy uses water in different ways. It cdryspally remove water from the
environment for production and consumption act@gtior use water without physically removing it
from the environment. In the first case, the ecop@mbstracts water from the inland water bodies or

the sea, uses the precipitation (in-situ use ofipr&tion in

2.12. Figure 2.1) through rain-fed agriculture or watervesting, and uses water for hydroelectric
power generation. In the second case, the econoseyg water for recreational and navigational
purposes, fishing and other uses, that rely onptisical presence of water (in-situ uses) and,nofte

also on the quality of water. Even though thesssumay have a negative impact on the quality of the
water bodies, they are not directly considered he tvater accounts as they do not involve a
displacement of water. It should be mentioned, éxay, that in the quality accounts their impacts on

the quality of water resources could, in princigle,identified.

2.13. In addition to abstracting water, the economy mesuwvater into the environment. As shown in

2.14.

Figure 2.1, returns can be either to the inlandewalstem or directly into the sea. Usually, netur
flows have a negative impact on the environmenéerms of quality, as the quality of this water ftea
lower than that of abstracted water. Although metuto the water resource system alter the quafity
the receiving body, they represent an input in tWeter system as returned water becomes then
available for other uses.

2.15.

2.16. Figure 2.2 shows in more detail the flows of thiaud water resource system and the economy
to show in more detail the water flows capturedtiy accounts. It should be noted that, in order to
keep the figure as simple as possible, only thenrflaivs are depicted. For example, direct abstoacti

of sea water by industries is not explicitly shogwen though it is recorded in the accounts.
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Figure 2.2: Main flows within the inland water reource system and the economy

1. Theinland water resource system

2.17. Water is in continuous movement.

Solar radiatiod gravity keep water moving from land

and oceans to the atmosphere in the form of vageuapotranspiration) and falling back through

precipitation. The inland water resource systemedasposed of: (a) all inland water resources from

which water is, or can be, abstracted; (b) wateharges between water resources within the teyritor

of reference (e.g. infiltration, runoff, percolatlp and (c) water exchanges with water resources of

other territories (i.e. inflows, outflows).

referred to as natural transfers.
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2.18. The water resources considered in the inland wasource system are rivers, lakes, artificial
reservoirs, snow, ice, glaciers, groundwater anitiveaier within the territory of reference. These
resources form the water asset classification pteslein chapter 6. The main natural inputs of wate
for these resources are precipitation and inflosesnf other territories and from other resources wvith
the territory. The main natural flows that decee#ise stocks of water are evapotranspiration, owtl

to other water resources within the territory andother territories. Human activities decrease and

increase the water stocks through abstraction enutrrs.

2.19. The asset accounts module of the SEEAW descrilmegtand water resource system in terms

of stocks and flows: it provides information on thtecks of water resources at the beginning and end
of the accounting period and changes therein. &lobsnges are described in terms of flows brought
about by the economy and by natural processeset/Asxounts can be thought of as a description in

accounting terms of the hydrological water balance.

2. The economy

2.20. As mentioned in earlier paragraphs, water resoupreside several functions not only to
mankind which use water for survival, productiodaonsumption activities, but also to other forms o
life which are sustained by water. As such, theneeny is one of many water users. The focus of
water accounting is on the interactions betweeremsdsources and the economy, where the economy
is thought of as the system which abstracts watecénsumption and production activities, and pats
place the infrastructure to mobilize, store, trelgtribute and return water into the environment.

2.21. In

2.22. Figure 2.2 the box representing the economy is edgd to show the main economic agents

related to water. In particular, the following adentified:

. The industry primarily involved in the collectiotreatment and supply of water to

households, industries and the rest of the world;
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. The industry primarily involved in the collectiotreatment and discharge of sewage
(sewerage);

. Other industries which use water as an input iir tduction processes;

. Households which use water to satisfy their needgamts.

2.23. Note that households are separately identified asl§inal consumers of water. If water is used
by households as an input in the production, faaneple, of agricultural products, water should be
considered as an input in the production processthe activity should be classified according te th
relevant category of the classification of econoattvities.
2.24. The box representing the economy in
Figure 2.2 describes, in a simplified format, the pysical exchanges of water (represented by
arrows) between economic units (represented by boge For the sake of simplicity, not all

exchanges within the economy are represented in

2.25. Figure 2.2. Additional information, which is artegral part of the SEEAW, includes:

. Monetary transactions related to water exchangekidmg: (a) costs of collection,
treatment and supply of water and costs of sanitagervices; (b) fees and taxes paid for water
and sanitation services; (c) payments for accesse@esource (e.g. water rights) as well as for
discharging wastewater; and (d) the financing ekthservices (i.e. the sectors bearing the costs

of services);

. Costs for environmental protection and resource agament. They describe the
economy’s effort to prevent environmental degramtator eliminate part, or all, of the effects
after degradation has taken place. They includeah@xpenses incurred (current and capital)

by industries, households and the government akasehe financing of these expenditure;

46



The SEEAW framework

. Investments in infrastructure. They describe (@ tosts of new investment; (b) the
depreciation of old investment; (c) the costs ofrntaning the water-related infrastructure; and

(d) the financing of these investments;

. The emissions of pollutants into the environmemhey allow for the identification of
pressure on the environment by the various econagénts, namely industries, households and

the government.

2.26. Sources of water for the whole economy of a givamitory include: inland water resources in
the environment of the territory of reference, ppéation which is either collected or used dirgctl
(e.g. rain-fed agriculture), sea water which caneliber used directly (e.g. for cooling purposes),
after desalinization, and imports of water from estleconomies (the rest of the world). Once water
enters the economy, it is used, returned back ecetivironment (to inland water resources and to the
sea) or supplied to other economies (exports)addition, during use or transportation, water can b

lost through leakages or processes of evaporatidregapotranspiration.

2.27. Each economic unit either abstracts water direfrityn the environment or receives it from
other industries. Once water is used, it can eithee discharged directly into the environment, be
supplied to other industries for further use (relsmter), or be supplied to a treatment facilityiabhin

Figure 2.2 is denoted by the box “Sewerage”.

2.28. During use, some water may be retained in the pedproduced by the industry or
evapotranspired during use (note that most of tidugtrial activities lose water mainly due to
evaporation as opposed to agriculture which consumater mainly due to evaporation and
transpiration by plants and crops). In these cagsater is considered “consumed” by the indusfrie
term consumption has often different meanings deéimgnon the context. Here the teaonsumption
refers to the quantity mentioned above that is wathich after use is not returned back to the
environment (inland and sea water). It is diffarénom water usewhich denotes the water that is

received by an industry or households from othelustry or directly abstracted. The term “water
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consumption” is used in the hydrological sense amay create confusion among national accountants

who tend to use the terms “consumption” and “usesynonymous.

2.29. Note that

2.30. Figure 2.1 and

2.31. Figure 2.2 aim at showing in a simple way situatighat are more complex in reality, and
therefore they do not contain all the flows thatwrcin reality and are recorded in the accounter F
example, in

2.32. Figure 2.2 flows of water lost during distributiane not explicitly shown, but they often occur,
at times in significant quantities. Although napécitly shown in the figures, these losses amorded

in the SEEAW.

C. The SEEAW and SNA frameworks

2.33. The SEEAW has been designed to link the econonficarimation with hydrological information

in order to provide the users with a tool for in&tgd analysis. The SEEAW takes the perspective of
the economy and looks at the interaction of theneowy with the hydrological system. It has been
developed as a satellite account of the SNA in gbmse that it expands the analytical capacity of
national accounts by addressing water-related cosceithout overburdening or disrupting the central
system. As a satellite accounts of the 1993 SKA,SEEAW has a similar structure to the 1993 SNA
as it uses concepts, definitions and classificatioonsistent with the 1993 SNA while not violatitg

fundamental concepts and laws of hydrology. Th&MSHE expands the central accounting framework
by:
. Expanding the 1993 SNA asset boundary to includlevater assets and their quality

and explicitly identifying produced assets usedrfmbilizing water resources.

The 1993 SNA includes only “aquifers and groundwatesources to the extent that their
scarcity leads to the enforcement of ownership @ndse rights, market valuation and some

measure of economic control” (1993 SNA, Annex ofa@ter XIIl). The SEEAW expands the

48



The SEEAW framework

1993 SNA asset boundary by including all water veses, namely surface, groundwater and
soil water, found in the territory. The water asaecounts in physical terms are an elaboration
of the hydrological water balance, and they desctite changes in stocks due to natural causes

and human activities.

Water resources are also described in the SEEAWeims of their quality as often the
degradation of the quality of water resources Isméting factor in the use of water. Quality
accounts describe the quality of the stocks of watdhe beginning and end of the accounting
period. Quality can be defined in terms of ondutaht, a combination of them, or in terms of

physical characteristics (e.g. salinity level) aiter.

Asset accounts for infrastructure (e.g. pumps, daetis) related to water and sanitation are
already included in the 1993 SNA, however, theyaten not separately identified from other
produced assets. The SEEAW allows for the expldgntification of those assets related to
water and sanitation. This type of information lgreat analytical value as it provides an

indication of the ability of a country to mobilizeater.

. Expanding the 1993 SNA by juxtaposing physical infation to the monetary

accounts.

In the 1993 SNA the stocks or assets used in tbhdymtion process and the flows of products
are measured only in monetary terms, even if ugteylphysical information may be used in
the compilation of monetary accounts. The SEEAWNved for the compilation of the accounts
in physical terms. In the case of water, physftals include the quantity of water used for
production and consumption activities and the gityaof water reused within the economy and
returned to the environment (treated or untreateMonetary flows include the current and
capital expenditures for abstraction, transportgticeatment and distribution of water resources
as well as water-related and wastewater-relateéest@aid and subsidies received by industries

and households.
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2.34.

. Introducing information on the relationship betwebe economy and the environment
in terms of abstractions, returns and emissions #ilowing for the analysis of the impact on
natural assets caused by production and consumpttwities of industries, households and

government.

Production and consumption activities affect bdth guality and quantity of water resources.
By introducing information on abstraction and digde of water by industry, households and
government as well as information on the emissibrpalutants into water resources, the
SEEAW allows for the study of the impacts of thestivities both in terms of quantity and

guality of water resources.

. Separately identifying expenditures for the prdtectand management of water

resources.

The 1993 SNA already includes implicitly expendésirfor environmental protection and
resources management. The SEEAW reorganizes rifasmation in order to make it more
explicit, thus allowing for the separate identifioa of the expenditures for the protection and
management of water as well as the identificatidntaxes, subsidises and the financing

mechanisms.

The strengths of using the national accounting &awnrk to describe the interactions between

the environment and the economy are manifold. tFihe 1993 SNA is an international standard for

compiling economic statistics. It provides a sétirdernationally agreed concepts, definitions and

classifications which ensures the quality of thaistics produced. The 1993 SNA is the main soofce

information for internationally comparable economiadicators and for economic analysis and

modelling. The integration of environmental infation into this framework requires using concepts,

definitions and classifications consistent with gaoof the SNA. This ensures the consistency of

environmental and economic statistics and facdgaand improves the analysis of the interrelations

between the environment and economy.
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2.35. Second, the accounting framework contains a sefiédentities (for example, those involving
supply and use), which can be used to check thsistemcy of data. Organizing environmental and

economic information into an accounting framewods the advantage of improving basic statistics.

2.36. Third, the accounting structure also allows for tadculation of a number of indicators which
are precisely defined, consistent and interlinketh wach other because they are derived from g full
consistent data system. Compared to the use afel@ets of indicators, using indicators that are
derived from the accounts has the advantage ofliegaflurther analyses of interlinkages and of cause

for changes, completed by scenarios and prognosésedbasis of scientific macro-economic models.

2.37. In short, the existence of an underlying integratisda system is essential for integrated
economic and environmental analyses: it allowsdost-effectiveness, scenario modelling, economic
and environmental forecast and evaluation of traffie-by no longer viewing sectoral policies in

isolation but in a comprehensive economic and emvirental context.

D. The SEEAW framework

2.38. The SEEAW consists of two parts. The first parsaties the accounts for which there has
been considerable practical experience in countries an agreement on how to compile the accounts
has been reached. This part presents a set alasthmables which constitutes the minimum data set
that countries are encouraged to compile. It @lissents supplementary tables which are a further
disaggregation of the standard tables and whiclsisbof items that should be considered by coustrie
in which information would, in their particular s be of interest to analysts and policy makers.
Part | of the SEEAW expands what is presented nSEEA-2003 by (a) presenting agreed concepts,
definitions and classifications related to waterd gdb) providing standard compilation tables. Piart
describes modules that are more experimental ana/icch not enough country experience exists and
examples of applications of the water accountsrt Pancludes: quality accounts, valuation of wate
and examples of applications of the accounts whiehdiscussed in Chapters 7, 8 and 9 respectively.

Chapters 7 and 8 discuss issues in the compilatfaihose accounts illustrating them by presenting
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country experiences and presents supplementargsdblr which compilation is still experimental or
not directly linked with the 1993 SNA. In Part there is no recommendation on how to compile those

modules of the accounts. The SEEAW framework ciasif the accounts described below.

Flow accounts

2.39. The central framework of the 1993 SNA contains tdiedasupply and use tables (SUT) in the
form of matrices that record how supplies of goadd services originate from domestic industries and
imports, and how these supplies are allocated kmtwetermediate and final uses and exports. The
SEEAW flow accounts provide information on the ednition of water to the economy and the

pressure exerted by the economy on the environindetms of abstraction and emissions.

Physical supply and use tables

2.40. The physical supply table is divided into two pamse which describes the flows of water
within the economy (e.g. distribution of water frane industry to another or to households, and with
the rest of the world), the other which describksvé from the economy to the environment (e.g.

discharges of water in the environment).

2.41. The physical use table is also divided into twot@aone which describes flows from the
environment to the economy (e.g. water abstradipimdustries and households); and the other which
describes flows within the economy (e.g. water ez from other industries, households and the rest

of the world). Physical supply and use tablespmesented in Chapter 3.

Emission accounts

2.42. Emission accounts provide information by industrguseholds and government on the amount
of pollutants added to wastewater which is eithisclirged into the environment (with or without

treatment) or discharged into a sewage networkis&omn accounts are presented in Chapter 4.
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Hybrid and economic accounts

2.43. Hybrid accounts present, in a consistent manneysipl and monetary information on the
supply and use of water by juxtaposing the standam@hetary) 1993 SNA supply and use tables with
the corresponding physical tables. The monetary giathe hybrid supply and use tables explicitly
identifies water-related products and industrieEhese accounts are a useful tool for obtaining a
comprehensive picture of the economics of water fandleriving consistent sets of indicator such as

intensity and productivity indicators.

2.44. For analytical purposes, it is useful to identifetgovernment expenditures related to water
such as on the management of water supply andasanit Further, it is also interesting to assé&s t
contribution of water-related activities to the romy, linked to the physical flows of water, in
particular to understand the financing of theseivdis and products. Monetary accounts for
government expenditure on water-related activitsswell as hybrid accounts for theollection,
treatment and supply of watas well asSeweragecarried out as principal and secondary activityoor
own use provide this kind of information which iseful for compiling resource management and

environmental protection expenditure.

2.45. One outcome of the compilation of economic accodatswater is the construction of the
financing table, which allows for the identificatiaf the units which bear the costs of productién o
water supply and sanitation services and of thoselwreceive transfers from other economic units,

government or other countries.

2.46. These accounts are presented in Chapter 5 togeitteother economic transactions related to
water, namely taxes/subsidies and water rights.

Asset accounts

2.47. Asset accounts measure stocks at the beginningmaehaf the accounting period and record the
changes in stocks that occur during the periodo Types of assets are related to water: producsetsas

which are used for the abstraction, mobilizatiod &neatment of water; and water resources.
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Produced assets

2.48. Produced assets related to water include infragtregut in place to abstract, distribute, treat
and discharge water. They are included in the 1993 asset boundary as fixed assets; hence they are
implicitly included as part of the core SNA accaaicbmpiled in monetary terms. This information,
however, is generally available in conventionaliov@l accounts in an aggregated manner and special
surveys may be necessary to separately identifyetlppoduced assets related to water. A largegbart
these assets are owned either by water companiester authorities, but can be owned also by other
industries or households that collect and treatwat wastewater as a secondary activity or for own
use. Changes in the value of these stocks dun@@tcounting period are explained by changesalue t
transactions in the item in question (acquisitiongdisposals of non-financial assets; consumptibn o
fixed capital, etc.), changes in the volume of éisset that are not due to transactions (e.g. dess/

of assets or recognition of their value; the unaptted destruction or disappearance of assetsigelsa

in classification etc.), and changes in prices €édasn para. 13.92, 1993 SNA). Asset accounts for
produced assets related to water provide informatio the ability of an economy to mobilise and trea
water including information on investments on istracture and its depreciation. Accounts for these
assets are not dealt with explicitly in the SEEAW these accounts follow the structure of the

conventional accounts. Interested readers shefiént to chapters X, Xl and Xl of the 1993 SNA.
Water resources

2.49. The asset accounts describe the volume of wateuress, in the various asset categories, at the
beginning and end of the accounting period andtlal changes therein due to natural causes
(precipitation, evapotranspiration, inflows, outfle etc.) and human activities (i.e. abstraction and

returns).

2.50. The SEEAW asset boundary of water resources is beopd and includes, in principle, all
inland water bodies, namely surface water (rivéakes, artificial reservoirs, glaciers, snow and)jc

groundwater and soil water. In practice, it iswelifficult to compile asset accounts for all water
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resources in the SEEAW asset boundary. Neverthelesy are included in the asset classificatian fo
the sake of completeness and are important wheisuriag exchanges between water resources (flows

within the environment).

2.51. A small part of water resources is already includedhe 1993 SNA asset boundary: the
category AN.214, Water Resources, includes aqudadsgroundwater resources to the extent that their
scarcity leads to the enforcement of ownership @nage rights, market valuation and some measure of
economic control. The updating of the 1993 SNAiksly to further expand the asset boundary to

include lakes and rivers for which ownership rights enforced.

2.52. Asset accounts for water resources could also bgited in monetary terms, but in practice, it
is more common to compile them only in physicaltsinvery rarely water has a positive resource rent
as it is often provided free of charge or at pritest do not reflect the costs of providing thevgmgs.

Physical assets accounts are presented in chapter 6
Quality accounts

2.53. Asset accounts can also be compiled on the basigatdér quality. They describe stocks of
water at the beginning and end of an accountingpgeaccording to their quality. Since it is geribra
difficult to link changes in quality to the causmsat affect it, quality accounts describe only tbtal
change in quality in an accounting period withouwrttlier specifying the causes. Quality accounts are

presented in chapter 7.

Valuation of non-market flows

2.54. This component presents economic valuation teclesiqu water beyond the market prices and
their applicability in answering specific policy egtions. The valuation of water resources and
consequently their depletion remain controversiatduse of the fundamental importance of the
resource for basic human needs and the lack ohlamarket for water. As such the SEEAW does not
discuss the calculation of macroeconomic aggregatgssted for depletion and degradation costs,

which are nevertheless discussed in the SEEA-2@#&pter 8 of the SEEAW presents a review of the
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valuation techniques that are used for water ressuand discusses their consistency with the SNA

valuation.

1. Classifications of economic activities and products

2.55. The economy is comprised of five sectors: the rinaffcial corporation sector, the financial
corporation sector, the general government setfternon-profit institutions serving households sest
and the households sector. These sectors are ¢hesmascomprised of resident institutional units evhi
are economic entities that are capable, in thein oight, of owning assets, incurring liabilitiesdan

engaging in economic activities and in transactiith other entities (1993 SNA, para. 4.2).

2.56. Institutional units in their capacity as produceare referred to as enterprises. They can be
involved in a various range of productive actistiwhich may be very different from each other with

respect to the type of production processes camwig and also the goods and services produced.
Therefore to study production, it is more usefumtork with groups of producers who are engaged in
essentially the same kind of production. Thesecaléed establishments and are institutional units
disaggregated into smaller and more homogeneous. uhidustries are groups of establishments. The

production accounts and generation of income adscare compiled for industries as well as sectors.

2.57. The classification of industrial economic activitiased in the SEEAW is the same as that used
in the SNA, namely the International Standard Itidak Classification of All Economic Activities

(ISIC).

2.58. ISIC is a classification according to the kind @baomic activity (and not a classification of
industries, goods and services). The activityiedrout by a unit is the type of production in whii
engages. This is the characteristics of the wtbading to which it is grouped with other unitsftom
industries. An industry is defined as the set lbfpeoduction units engaged primarily in the same o

similar kinds of productive economic activity (patadl, 1993 SNA).
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2.59. ISIC does not draw distinction according to kindanership, type of legal organization or
mode of operation because such criteria do notedtathe characteristics of the activity itselfinits
engaged in the same kind of economic activity dassified in the same category of ISIC irrespective
of whether they are (part of) incorporated entegsj individual proprietors or government, and
whether or not the parent enterprise consists ofemban one establishment. Also ISIC does not
distinguish between formal and informal, legal aifldgal production or market and non-market

activity.

2.60. Since an establishment, the statistical unit fatustrial or production statistics, may often
engage in a number of activities, it is useful istidguish between principal and secondary actsiti
The output of principal and secondary activitiesspectively principal and secondary products, is
produced for sale on the market, for provision foéeharge or for other uses that are not presdribe
advance. For example, they may be stocked fordutale or further processing. The principal attiv
of an economic entity is the activity that contitiési the most to the value of the entity, or thevdgt

for which the value added exceeds that of any atlséivity of the entity. A secondary activity isa@h
separate activity that produces products eventdatlyhird parties and that is not a principal =ity of

the entity in question.

2.61. In the 1993 SNA, the activity classification of bagnit (establishment) is determined by the
ISIC class in which the principal activity, or ran@f activities, of the unit is included. Theresar
however, cases in which the production of secondativities within an establishment is as important
or nearly as important, as the production of thegypal activity. In these cases, the establishmen
should be subdivided so that the secondary actigityeated as taking place within an establishment
separate from that in which the principal activi&dkes place and classified accordingly. The SEEAW

follows the same principle.

2.62. Box 2.1 provides a summary of the economic acésiticlassified according to ISIC Rev. 4
(United Nations, 2006), which are primarily relatedwater in the sense that they either provideewat

or water-related services. Even though the singgliStandard tables of the SEEAW present only two
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of the activities in Box 2.1 (i.e. ISIC 3&ollection, treatment and supply of watend ISIC 37,
Seweragg for analytical purposes it is useful to expligiidentify in the accounting tables all the water

related activities.

2.63. Note that structural changes were introduced irCIRev.4 since its previous version, ISIC
Rev. 3.1 (United Nations, 2004). In particulanm, &ztivities related to water, two major changeseve

introduced in ISIC Rev. 4:

0] In order to reflect the fact that often actigg of abstraction, purification and
distribution of water are carried out in the sanméegorise as activities of wastewater treatment and
disposal, ISIC Rev. 4 combines under the sameae¢8ection E, ISIC Rev.4) activities of ‘Colleatio
purification and distribution of water’ and ‘Sewgea which were previously classified under differen

sections in ISIC Rev. 3.1.

(i) Given the importance of activities aimed ag tthecontamination of water resources and
wastewater management, a division is introducetSi€ Rev. 4 (Division 39) to explicitly identify

these activities.

2.64. The correspondence of codes of ISIC Rev. 4 and Rdvis presented in this chapter together
with a detailed description of the classes relewantvater accounting. In the rest of the chapters,
reference to a particular class is made accordin§tC Rev. 4. The main activities related to watee

described below.

2.65. Activities of operation of agricultural irrigation systems in support of crop production
include, among various support activities for crppoduction, all water mobilisation activities
corresponding to agricultural uses including gromater abstraction, construction of dams, catchments
for surface flows, etc., and the operation of &tign equipment. The operation of irrigation sysses
recorded under clag¥l61 of ISIC Rev. 4 and it corresponds to the classO0d#ISIC Rev. 3.1. This
class does not include the provision of water ilCIS6 Rev. 4 or any construction involved in the

provision of this service. Note, however, that gpksurveys are often necessary to disaggregate
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information on class 0161, ISIC Rev. 4 in orderetlicitly identify activities for the operation on

irrigation system.

2.66. Activities for thecollection, treatment and supply of water(ISIC Rev. 4 class 3600), include:
collection of water from various sources (absti@ttirom rivers, lakes, wells etc. and collectiorrain
water); purification of water for supply purposesid distribution of water through mains, by trucks
other means for domestic and industrial needs.s Tlass also includes activities of desalting & se
groundwater in order to produce water. The openadif irrigation canals is also included; howevbg
provision of irrigation services through sprinklerand similar agricultural support services, are
classified under the class 0161 of ISIC Rev 4.CIRev. 4 class 3600 corresponds to ISIC Rev. 3.1

class 4100.

2.67. Activities of sewerage(ISIC Rev. 4 class 3700) include: the operationsefver systems or
sewer treatment facilities; the collection and sfaortation of (human and industrial) wastewatemfro
one or several users, as well as urban runoff bgne@f sewerage networks, collectors, tanks aner oth
means of transport (sewage vehicles etc.); thenrexat of wastewater by means of physical, chemical
and biological processes like dilution, screenifigfering, sedimentation etc.; the emptying and
cleaning of cesspools and septic tanks, sinks dtsdffom sewage; and servicing of chemical toilets.
This class also includes activities of maintenaaod cleaning of sewers and drains. Note that an
economic unit engaged in the collection and treatnoé wastewater, ISIC 3700 Rev. 4, can also re-

distribute (waste)water to specific users for ferthse.

2.68. Class 3700 of ISIC Rev. 4 corresponds to part ef dlativities classified in class 9000 of
ISIC Rev. 3. The rest of the activities classifiadclass 9000 of ISIC Rev. 3 relate to remediation
activities and are explicitly identified in ISIC Re4 in class 3800 and 3900. ISIC rev. 4 class0380
‘Waste collection, treatment and disposal actigitiexd materials recovery’. Since these activitéfer

to solid waste, they are not discussed furthehinSEEAW.
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2.69. Remediation activities and other waste managementsvices These activities are coded
under class 3900 of ISIC Rev. 4 and they includegiovision of remediation services, i.e. the clgan
of contaminated buildings and sites, soil, surfaceground water. Only part of these activities is
related to water. They include: (a) decontamimatid soils and groundwater at the place of pollutio
either in situ or ex situ, using e.g. mechanichknical or biological methods; (b) decontaminatiom
cleaning up of surface water following accidentallgtion, e.g. through collection of pollutants or
through application of chemicals; and (c) cleanimg of oil spills and other pollutions on land, in

surface water, in ocean and seas, including coastals.

2.70. These activities are particularly useful in asssgsénvironmental protection expenditures.

Class 3900 of ISIC Rev. 4 corresponds to part@£9000 of ISIC Rev. 3.1.

2.71. Activities for the transport of water are identified in the ISIC classes 4923 and 4930
depending on whether the transport is by road fertgker trucks) or via pipeline. These activitege
related to the long-distance transport of wateo@sosed to the distribution of water which is cified

under ISIC class 3600.

2.72. Activities aimed at th@dministration and regulation of programmes relatedto water such

as potable water supply programmes, waste collectiod disposal operations and environmental
protection programmes (part of ISIC Rev. 4 clas$24re classified together with the administration
of a number of other programmes in health, edunagport etc. Thus when compiling water accounts,
the interest is only in the information on the pafriclass 8412, ISIC Rev. 4, which is relevant tatev
which has to be identified through special surve@dass 8412, ISIC Rev. 4 corresponds to class 7512

of ISIC Rev. 3.1.

2.73. Note that division 84 of ISIC Rev. 4 includes atites normally carried out by the public
administration. However, the legal or institutibstatus is not, in itself, the determining factsr ISIC
does not make any distinction regarding the instihal sector to which a statistical unit belongs.

Activities carried out by government units that apeecifically attributable to other divisions oflCS
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should be classified in the appropriate division®}#C and not in division 84, ISIC Rev. 4. Oftdrete

is the tendency of allocating to class 8412 of IS®€v. 4 activities for collection, purification and
distribution of water (class 3600 of ISIC Rev. 4)dafor the sewage, refuse disposal and sanitation
(class 3700 of ISIC Rev. 4) when they are ownedh®y government. This can occur, for example,
when the local government accounts are not detadledugh to separate water supply or sewage
collection from other activities. Division 84 d®IC Rev. 4 includes the administration of prograrame
related to a variety of services, enabling the camity to function properly, but it does not incluthe
actual operation of facilities, such as water worl&me activities in this division may be carrmat

by non-government units.

Box 2.1: Main activities related to water in the eonomy

ISIC 0161Support activities for crop production [corresponds to class 0140, ISIC Rev. 3.1]
This class includes among various support acti/ftie crop production:

- operation of agricultural irrigation equipment.

ISIC 3600Water collection, treatment and supply [corresponds to class 4100, ISIC Rev. 3.1]
This class includes water collection, treatment d@isttibution activities for domestic and indudtn@eds. Collection of water from
various sources, as well as distribution by varimeans is included. The operation of irrigatianals is also included; however the
provision of irrigation services through sprink|eaad similar agricultural support services, isinoluded. This class includes:

- collection of water from rivers, lakes, wells.etc
- collection of rain water
- purification of water for water supply purposes
- desalting of sea or ground water to produce vatéhe principal product of interest
- distribution of water through mains, by trucktimer means
- operation of irrigation canals
This class excludes: operation of irrigation equ@minfor agricultural purposes, see 0161; treatmehivaste water in order tq

prevent pollution, see 3700; (long-distance) trammspf water via pipelines, see 4930.

ISIC 3700Seweragdpart of class 9000, ISIC Rev. 3]

This class include:
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- the operation of sewer systems or sewer treatfaeitities

- collecting and transporting of human waste whiten one or several users, as well as rain watenégns of sewerage network
collectors, tanks and other means of transportggewehicles etc.)

- emptying and cleaning of cesspools and septicstainks and pits from sewage; servicing of chahtalets

- treatment of waste water by means of physicamibal and biological processes like dilution, enieg, filtering, sedimentatiol
etc.

- treatment of waste water in order to preventiolh, e.g. from swimming pools, industry

- maintenance and cleaning of sewers and drains

- sewer cleaning and rodding.

»

n

ISIC 3900Remediation activities and other waste managemengwvices[part of class 9000, ISIC Rev. 3]

This class includes:
- decontamination of soils and groundwater at fheepof pollution, either in situ or ex situ, usiagy. mechanical, chemical
biological methods
- decontamination of industrial plants or sites|uding nuclear plants and sites
- decontamination and cleaning up of surface watkwing accidental pollution, e.g. through coliea of pollutants or througk
application of chemicals
- cleaning up of ail spills and other pollutionsland, in surface water, in ocean and seas, ingucbastal areas
- asbestos, lead paint, and other toxic materatieaent
- other specialized pollution-control activities

This class excludes: treatment and disposal oftrarardous waste, see 3821, treatment and dispd$ealzardous waste, see 382

outdoor sweeping and watering of streets etc.84e8

D

=

ISIC 4923Freight transport by road [corresponds to class 6023, ISIC Rev. 3.1]
This class includes:
- all freight transport operations by road (e.gging haulage, bulk haulage, including haulagarker trucks, etc.)

This class excludes, among other things, distdioutif water by trucks, see 3600

ISIC 4930Transport via pipeline [corresponds to class 6023, ISIC Rev. 3.1]
This class includes:
- transport of gases, liquids, water, slurry afeéptommodities via pipelines
- operation of pump stations
This class excludes: - distribution of natural oamufactured gas, water or steam, see 3520, 353W0;36transport of water,

liquids etc. by trucks, see 4923.
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ISIC 8412Regulation of the activities of providing health cee, education, cultural services and other sociaksvices, excluding
social security[corresponds to class 7512, ISIC Rev. 3.1]
This class also includes:
- administration of potable water supply programmes
- administration of waste collection and dispogsdrations

- administration of environmental protection pragraes.

Source: UN (2006b).

2.74. Monetary supply and use tables are constructedhi®mproducts associated with the industries
in Box 2.1 and provide information on the valuetb& output produced (supplied) and its uses as
intermediate, final consumption and exports. Itiaral accounts, products are classified according
the Central Product Classification (CPC) Ver. 2Unifed Nations, 2006). The CPC constitutes a
comprehensive classification of all goods and ssmwiand classifies products based on the physical
properties and the intrinsic nature of the produgsvell as on the principle of industrial origiithe
CPC and the ISIC are both general-purpose claasifics, with the ISIC representing the activityesid
and the CPC the product side of these two inteiedlalassifications. Note, however, that a onerte
correspondence between the CPC and the ISIC ialn@tys possible as the output of an industry, no
matter how narrowly defined, will tend to includera than a single product. Similarly, a produat ca
be produced by industries classified in differelasses. In general, however, each subclass cCE@
consists of goods or services that are predomipgmtdduced in a specific class or classes of th€,IS

Rev. 4.

2.75. The main products related to water which are idiatiin the CPC Ver. 2.0 are described in
Box 2.2 together with the reference to the ISIC .Reelass in which most of the goods or services in
guestion are generally produced. It should be dtitat bottled water is not explicitly included time

list of water-related products as it is treatedn@ same way as other beverages such as beedyisid
and wines. While the SEEAW standard tables do engtlicitly record the physical and monetary

exchanges of these products within the economy, tlam be easily expanded to add this information.
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They do, however, record information on the voluntdswater used and discharged during the

production of these beverages.

2.76. The simplified standard tables explicitly identibnly two of the products related to water
which constitute the most important water-relateddpcts: CPC 18Natural water and CPC 941,
Sewerage, sewage treatment and septic tank cles@ngces It is, however, highly recommended to

also explicitly include the other water-related gwots.

2.77. Although the term natural water seems to describgemwin the natural environment, the CPC
class “Natural water” is very broad and coverstgfies of water: water in the environment, water
supplied and used within the economy and also wdisstharged back into the environment. The exact
boundaries of this class are usually determinedheystatistical framework that uses the CPC. To
reflect these different types of water flows, wadecounts disaggregate the CPC class of naturarwat
firstly in terms of the type of flow (from the ecomy to the environment, within the economy and from
the economy to the environment), secondly in teofrthe type of water: for example, water supplied t
other economic units is further disaggregated teniiy, for example, if it consist of wastewater
supplied for further use. This is particularly ionfant for water conservation policies which enem&
the reuse of water. Examples of relevant categasfewater in the physical supply and use tables ar

presented in Chapter 3.

2.78. Physical supply and use tables record the amounwaiker that is exchanged between an
economic unit and the environment (abstraction aedirn flow) and between economic units.
However, monetary supply and use tables may rapervalue of the service associated with the water
exchange as well as the value of the water exclthngeéhis is because the output of the supplying
industry is generally a service (and the monetddyr $ecords the value of the service). For example,
the water supply industry, which collects, treatd supply water, generally charges only for theviser

of collection, treatment and supply and not foravats a good.
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Box 2.2: Main products related to water accordingo CPC Version 2.0

Product code

ISIC reference

Natural water- CPC 18000

ISIC 3600 — Collection, treatment and

supply of water

Transport services which includes the following clabses

CPC 6511Road transport services of freight by tank trucksemi-

trailers
CPC 6512ZRailway transport services of freight by tankergar

CPC 65139Transport services via pipeline of other goods

ISIC 4923 - Freight transport by road and

ISIC 4630 - Transport via pipeline

Water distribution services which include the feliag subclasses:

CPC 69210Nater distribution services through mains, excepam

and hot water
CPC 69230MNater distribution services, except through mains

CPC 86330MNater distribution services through mains (on adee

contract basis)

CPC 86350MNater distribution services, except through maims & fee

or contract basis)

ISIC 3600 - Collection, treatment and

supply of water

Operation of irrigation systems for agricultural pposeswhich is part
of CPC 86110 - Services incidental to crop produtti The class CP(
86110 includes a number of activities necessary dgricultural
production ranging from the preparation of fielasharvesting. The
supply and use table only report the part of thés< that is relevant fo

water.

ISIC 0161 - Support activities for crop

L production

r

Water-related administrative serviceghich are part of CPC 91123
Administrative housing and community amenity seegic The class
CPC 91123 covers a number of services, the pattisheelevant for

water include: (i) public administrative services fwvater supply, (iii)

-ISIC 8412 - Regulation of the activities of
providing health care, education, cultural
services and other social services, exclud

social security
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services provided by offices, bureaux, departmerd programme

units involved in developing and administering riegions concerning

D

water supply; and (iii) public administrative sex®@$ related to refuse

collection and disposal, sewage system operatidnstneet cleaning.

Sewerage, sewage treatment and septic tank cleasgngces- CPC | ISIC 37 — Sewerage
941. This group includes: (i) Sewerage and sevieggment services
(CPC 9411) and (ii) Septic tank emptying and clagnservices (CP(

9412).

Site remediation and clean-up services, surfaceewat CPC 94412/ ISIC 3900 - Remediation activities and
This subclass includes services involved in impletimg approved| other waste management services
plans for the remediation of surface water on at@minated site, thaf

meet requirements specified by legislation or ragah

Site remediation and clean-up services, soil andugdwater— CPC
94413. This subclass includes: (i) services ingdlin implementing
approved plans for the remediation of soil and gobwater on a|

contaminated site, that meet requirements specifigdegislation or

regulation, (i) maintenance and closure of langfdnd other disposd

sites; and (iii) operation, maintenance, closurehaZzardous wast

7%

disposal facilities.

Note: main products related to water as identifiedhe CPC Ver. 2.0 are presented together withréference to the

industry, ISIC Rev. 4, in which most of the goodsservices in question are generally produced.

Source: UN (2006a).

2. Main identities of the SNA accounting framework

2.79. The conventional economic accounts consist of d@agmated sequence of accounts which
describe the behaviour of the economy from the pectdn of goods and services, generation of
income, to how this income is made available taowes units in the economy and how it is used by

these units. The 1993 SNA has identities withinheaccount and between accounts that ensure the
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consistency and the integration of the system. ibmatities that are used in the SEEAW more

frequently are described below.

2.80. A particularly useful identity for the SEEA involsehe total supply and total use of products.
In a given economy a product can be the resulbafi@stic production (output) or production in anothe

territory (imports). Hence
Total Supply = Output + Imports.

2.81. On the other side (use), the good and servicesugeatican be used in various ways. They can
be used by: (a) industries to produce other goous$ services (intermediate consumption); (b)
households and government to satisfy their needgaats (final consumption); (c) they can be acqlire
by industries for future use in the production tifer goods and services (capital formation); andlfy

they can be used by the economy of another teyri@xports). Therefore
Total Use = Intermediate Consumption + Final Consuaom +
+ Gross Capital Formation + Exports.

Total supply and total use as defined above hawetequal. In the SNA this identity is expressaly o

in monetary terms, but in the SEEA it holds alsewlithe accounts are compiled in physical terms.

2.82. Another identity of the SNA involves the generatiohvalue added. Gross value added is the
value of output less the value of the goods andises, excluding fixed assets, consumed as inputs b
process of production, (intermediate consumptiand is a measure of the contribution to Gross
Domestic Product (GDP) made by an individual praaudéndustry or sector. When we take into
account also the reduction in the value of thediessets used in production during the accounting
period resulting from physical deterioration, notm@bsolescence or normal accidental damage

(consumption of fixed capital), we then obtain nalue added:

Gross Value Added = Output — Intermediate Consuompti

Net Value Added = Output — Intermediate Consumptiddonsumption of Fixed Capital.
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2.83. Once the value added is generated, it is decomposdle primary generation of income

accounts in compensation of employees, taxes ansldias on production and operating surplus:
(Gross) Value added = (Gross) Operating Surplu®m@nsation of Employees + Taxes — Subsidies

2.84. Another identity of the SNA particularly useful he SEEA involves assets and links them with
flows. This identity describes the stocks of assetthe beginning and end of an accounting pearatl

their changes. Changes are the result of tramsecton the asset (gross fixed capital formation),
consumption of fixed capital, changes in the voluofighe asset that are not due to transactions (e.g
changes in classification, discoveries, naturalastisrs etc.), changes in their prices (holding

gains/losses on assets):
Closing Stocks = Opening Stocks + Gross Fixed @hpidormation — Consumption of Fixed Capital

+ Other Changes in Volume of Asset + Holding gdossles on assets.

3. Thewater accounting framework

2.85. Figure 2.3 gives a simplified representation of 8EEAW accounting framework and links
supply and use tables (SUT) with the asset accourtie framework of the SEEAW is the same as the
one of the SEEA-2003, but it focuses specificallywater. The unshaded boxes represent monetary
accounts that are already part, explicitly or iroply, of the SNA. The grey boxes represent acts®un
that are introduced in the SEEAW and are not caléanghe SNA. They are measured in physical and

monetary units.

2.86. The monetary SUT are shown in Figure 2.3 with udskdaboxes. While the 1993 SNA supply
table in monetary terms remains unchanged in thEAS¥ framework, the use table in the SEEAW
contains a more detailed breakdown of the costsveder use, which are not usually explicitly avhi&a

in the SNA. Monetary supply and use tables forewatre presented in chapter 5.

2.87. Expenditure accounts are also shown in the figuith wnshaded boxes. This is because the

information on expenditures for water protectiord ananagement are also part of the conventional
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accounts even though the information is generafjgreagated and special surveys are necessary to
separately identify these expenditures. Watergmtatn and management accounts are also presented

in chapter 5.

2.88. Physical SUT describe the water flows from abstoagtuse and supply within the economy

and returns into the environment and are showmhenfigure with shaded boxes as they are not part of
the core national accounts. The SEEAW also intcedUuSUT for pollutants (emission accounts) which
describe the flow of pollutants, in physical andgibly in monetary terms, generated by the economy

and supplied to the environment.

2.89. The asset accounts are obtained in Figure 2.3 mbiong the opening and closing stocks of
assets with the part of the SUT which affects ttoelss. In particular, Figure 2.3 distinguisheseass
related to water which are within the asset boupdanshaded box) which includes infrastructures for
the storage, mobilization and use of water, as a®lhssets of water which include mainly watehim t
environment. Note that part of the assets of wiatatready included in the SNA (e.g. groundwaber)
they are not shown separately for two reasonsstlffithese assets represent a minimal part ofraér
assets; secondly, the valuation of those assets) #wough theoretically possible, remains in pcaca

difficult exercise and it is often embedded in tfaue of land.

2.90. The framework in Figure 2.3 can also be presemematrix form. The matrix presentation is
commonly referred to as National Accounting Mairnluding Water Accounts (NAMWA). NAMWA
and more in general National Accounting Matrix imihg Environmental Accounts (NAMEA) have
been developed by Statistics Netherlands (CBS) adupted by Eurostat. It should be noted that
NAMWA is not a different framework rather an altative presentation of the information contained in

the supply and use tables presented in Figure 2.3.
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Opening Stocks:

Assets

by ISIC

Economic assets.

In particular assets related to water (e.g.
infrastructures for the storage,
explotation, distribution and treatment of
water)

Water resources assets

Industries Households and Government T T Rest of the World
Output of products
(inlcluding those related to distribution, Imports
treatment and disposal of water)
Supply of distributed water T
to other industries and Households P
Supply of return flows Supply of return flows i s
to the environment to the environment
Supply of pollutants Supply of pollutants
to the environment to the environment
Intermediate consumption Final consumption Gross fixed capital formation, Exports
(including those related to water use) P Consumption of fixed capital p
Current expenditures for water Expenditures for water Capital expenditures
protection and management protection and management for water protection and management
Use of distributed water
Exports

(within the economy)

Use of distributed water

Abstraction of Water Resources
(from the environment)

Own final consumption of Water
Resources
(from the environment)

Treatment of pollutants

Treatment of pollutants

Water abstraction, depletion/degradation

Other changes of assets:

Closing Stocks:

+

+

Other changes in volume and holding
gains (losses) on economic assets

Other changes in volume (e.g.
precipitation, evapotranspiration, inflows,
outflows, etc.)

Economic assets, closing stock

Water resources, closing stocks

Figure 2.3: SEEAW framework

70

SNA Supply Table
(monetary units)

Supply Table
(physical units)

Emission accounts
(monetary, physical units)

SNA Use Table
(monetary units)

Expenditure accounts
(monetary units)

Use Table
(physical units)

Emission accounts
(monetary, physical units)

[Isnaaccounts

I:l Physical/monetary acccour



The SEEAW framework

E. Spatial and temporal issues in water accounting

2.91. Water resources are not evenly distributed in tamd space. Major spatial variability at the
global level can be seen in the difference betwa@h regions where almost no precipitation fallsl an
humid regions where several metres of rain canykirly. Even at smaller spatial scales, therelman
great variability in the availability of water: wiin the same river basin there can be areas sutgect
water scarcity, while others are subject to flogdinThe temporal distribution of water resources
depends on the characteristics of the water cyekriods of high rainfall alternate with dry perépdior
example, on a yearly basis, dry summer months @lewed by wet winter months. The frequency of
the water cycle varies with climatic regions aneé thter-annual and year-to-year variability can be

significant.

2.92. Economic information that is compiled accordinghe SNA and uses as spatial references the
country or administrative regions, and as a tempai@rence the accounting year and in some cases
smaller temporal references (such as quarterlywadsd Since water accounts consist of integrating
hydrological information with economic informatiosgme issues in the reconciliation of the temporal

and spatial reference of the two sets of data arise

2.93. Considerations on the choice of the spatial andbteal reference for the compilation of water
accounts are presented next. In general, prishityld be given to the spatial and temporal refezen
of the conventional economic accounts. The ma&soa being that it is easier to adapt the referefice
hydrologic information to that of the conventioredonomic accounts, as hydrological data are often
available at a more disaggregated spatial and teahfrel than economic data. As a second priegipl
in order to allow for meaningful comparisons thrbugmne, the spatial and temporal references of the

accounts should not be changed.
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Spatial dimension

2.94. The choice of the spatial reference for the contipitaof the accounts ultimately depends on
the objectives of the analysis. As mentioned abake compilation of national water accounts is
important for designing and evaluating macro-ecoicomater policy. However, to reflect better sphtia
differences in the water use, supply, pressure atemresources and to make decisions on water

allocation between different users, it is often enappropriate to use a finer spatial reference.

2.95. The water accounting framework can in principle dmenpiled at any level of geographical
disaggregation of a territory. At sub-nationaldewvthe options are usually to compile the accounts

either at the level of administrative regions, ribasins or accounting catchments.

2.96. An administrative region is a geographic area designhated by the provirgiaernment for
administrative purposes. Administrative regione asually responsible for certain economic policies
within their jurisdiction and regional economic aooats are usually compiled for administrative

regions.

2.97. A river basin is a naturally defined region which is drained &yriver or stream. It is
internationally recognized that the river basirttie most appropriate unit of reference for Integulat
Water Resource Management (see, for example, Ageéhd&nited Nations, 1992) and the EU Water
Framework Directive (WFD)). In particular, the WH@quires Member States to formulate a river
basin management plan for each river basin diStréthin their territory, and, in the case of an
international river basin district, Member Statbalsensure coordination with other Member States o
third countries with the aim of producing a singieernational river basin plan. Water managemant c
in fact be more effectively pursued at the rivesibdevel since all water resources within a risasin

are inextricably linked to each others both in terofi quantity and quality. In this way, managers a

5 In the WFD, “River basin district” means the amfaland and sea, made up of one or more neighbguiver basins
together with their associated groundwaters andtebavaters, which is identified under Article 3(@3 the main unit for
management of river basins. It may include sevevalr basins and their sub-basins.
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able to gain a more complete understanding of diveoaditions in an area and the factors which etffe
those conditions. For example, emissions from wage treatment plant might be reduced
significantly, and yet the local river and groundaramay still suffer if other factors in the rivbasin,

such as polluted runoff from upstream emissionsymaddressed.

2.98. As there are often large spatial differences imteof availability and use of water resources
between different river basins of a country, espigciin “water stressed” countries, the use of ol
averages is not always sufficient for sound poliegisions at the local level. Policy analysesdach
main national “basin area” (a homogeneous basia foemed by the association of contiguous river-
basins) are generally required. In addition, tlempilation of the accounts by local basin data
providers for their water management needs is gdlyeessential to sustain their involvement in the

water accounti Nng process.

2.99. River basin agencies have been increasingly esteddi in countries. They are usually
government bodies endowed with their own resouraed entrusted with all issues (economic,
hydrological and social) related to water. They aften responsible - within a clear legal and
participatory framework - to collect taxes and feaswater abstraction and discharges and to make
decisions on water allocation. To support theicisien, they often collect physical and monetaryada
related to water resources. The WFD, for instaneguires the establishment of competent autheritie

in the river basin districts to be responsibletfae implementation of the Directive.

2.100. While the compilation of physical water accountsriger basin can be easily undertaken (as
river basin agencies generally collect physicahdatt river basin level), the compilation of mongtar
water accounts at the river basin level requirdsaework to reconcile the spatial reference of ecuoit
information (such as output, value added etc.) théconly available at administrative region. @fte
techniques to allocate economic data to river basinlve the allocation of economic accounts at the

administrative region level to the river basin e basis of other socio-economic data.
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2.101. Depending on the characteristics of the administeategions and river basins in a country, it
may be useful to define regions for the compilatadfrwater accounts for which both economic and
physical data are more easily available. Suchoregithat we refer to here ascounting catchments

would be composed by river basins or sub-basins wodld be large enough so that economic
information is available. An accounting catchmeould consist, for example, of an administrative
region and be composed by several river basing apould be composed by several administrative

regions to cover a whole river basin.

Temporal dimension

2.102. The temporal reference of economic data generalffgrd from that of hydrological data:
hydrological data generally refer to the hydrolegigear (which is a 12-month period such that the
overall changes in storage are minimal and carry@eeduced to a minimuf)) economic data, and in
particular accounting data, refer to the accountpegr. It is imperative that the hydrological and
economic data used in the accounts refer to theegsamporal reference. Moreover, it is recommended
that the reference period for the compilation a# Hccounts is the 12-month accounting period of the

national accounts.

2.103. Yearly accounts often hide potential seasonal béiig of water use and supply as well as of
availability of water resources in the environmeitdeally, quarterly water accounts would be useiul
the analysis of intra-annual variations. They &@yever, very data demanding and thus are oftén no

considered a feasible option.

2.104. The choice of the frequency of the compilation lné taccounts depends on the availability of
data and the type of analysis. Annual accountvigeodetailed information on water resources and
their use, and allow for a detailed time serieslyis. However, there may be cases where compiling

annual accounts on water use may not provide $ogmif information: the inter-annual variability may

" UNESCO/WMO International Glossary of Hydrology® 2dition, 1992
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not be greater than the variability of the estimatprocedure. Moreover, an increase of those water
uses which depend heavily on the climatic varisgtigguch as agriculture) may be interpreted as a
structural change of water use while in realityniay just be a short term increase in response to a
climatic change. An alternative could be the cdatfmn of accounts on water use every three or five

years which would allow for a sufficiently completealysis of the water use trend (Margat, 1996).

2.105. To reflect the long-term hydrological cycle (longban a year), “budgetary” accounts could be
compiled. These accounts combine average dataater wesources (budgetary asset accounts) with
actual annual information on water use. Budgetaset accounts refer to an average year in a s#ries
years long enough to be stable (20 or 30 years)paodde information on the average annual water
availability in the environment. These accountalldobe also supplemented with accounts for a
particular year, e.g. the dry year, which wouldaldse the worst condition of the natural water eyst
Annual water use accounts describe the water usteoeconomy in a particular year. Combining
hydrological information on annual averages witloremmic information on water use for a specific
year can be justified by the fact that while theiaaility of water resources is pseudo-cyclical aheir
average is relatively stable in the long term andai given climatic situation (and it is often the
reference for the assessment of water resourcesgrwse tends to change over the years (due, for
example, to increasing population and changes & dtiucture of the economy). Therefore the
combination of these two types of information woaltbw for the analysis of the natural water supply

in relation to the evolution of human water demédargat, 1996).
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Chapter 3 Physical water supply and use tables

A. Introduction

3.1. Physical water supply and use tables (SUT) desarisker flows, in physical units, within the
economy and between the environment and the ecandihgse accounts follow water from its initial
abstraction from the environment by the econonsy/sitpply and use within the economy, to its final
discharge back to the environment, all expresseguentitative terms. Physical SUT have the same
structure of the monetary SUT compiled as part led standard national accounts compilation.
Chapter 5 presents the monetary tables as welhadybrid SUT, in which physical and monetary
information are presented side by side. Organipimgsical information using the same framework as

the monetary accounts is one of the characteffistitures of the SEEAW.

3.2.  The compilation of the physical water SUT allows: f@) the assessment and monitoring of the
pressure on water quantities exerted by the econdbjythe identification of the economic agents
responsible for abstraction and discharge of waiey the environment; and (c¢) the evaluation of
alternative options for reducing the pressure otewaln combination with monetary information on

value added, indicators of water use intensity amodiuctivity can be calculated.

3.3.  The objective of this chapter is to provide a coafansive overview of physical supply and use
tables. Section B of this chapter introduces tiséirtttion between flows from the environment te th

economy (i.e. abstraction), flows within the ecompofihe. supply and use of water between two
economic units) and from the economy back to thérenment (i.e. returns). This distinction is used

to construct physical water supply and use tablekta show the basic accounting rules described in
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section C. Section C also presents the standaysiigadl SUT that countries are encouraged to compile
and supplementary tables which further disaggregemes of the standard tables and may be of interes

for specific analyses and policies.

B. Type of flows

3.4. When constructing a supply and use table for wedsources, the SEEAW implicitly takes the
perspective of the economy as it describes theaot®ns between the environment and the economy.
It describes: (a) flows from the environment to gwmnomy; (b) flows within the economy; and (c)
flows from the economy to the environment as désctiin Figure 3.1. Note that flows within the

environment are described in the asset accourtisdpter 6.

3.5. For each type of flow, the origin of the flow (suyppand its destination (use) are clearly
identified. The supply and use tables are consttutor each type of flow in such a way that theiba

accounting rule, that supply equals use, is satisfi
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Territory of Referen

Atmposphere
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Inland water resources system and
other sources
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National Economy

L

Rest of the World
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— — — & Flows from the economy to the environment
——» Flows within the economy

Figure 3.1: Flows in the physical supply and usebles

1. Flowsfrom the environment to the economy

3.6. Flows from the environment to the economy invollie abstraction/removal of water from the
environment by economic units in the territory efarence for production and consumption activities.
In particular, water is abstracted from the inlamdter resource system (which includes surface-,
ground- and soil-water as defined in the assetsiflaation, see chapter 6), and from other sources.
Abstraction from other resources includes abstactrom the sea (for example, for direct use for
cooling, or for desalination purposes) and collattof precipitation (which occurs, for example tihe
case of water roof harvesting). The supplier adsth flows is the environment and the user is the

economy, more specifically, the economic agentpamsible for the abstraction. It is assumed that t
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environment supplies all the water that is usedtfalsted), hence the equality between supply aed us

is satisfied.

3.7. The use of water as a natural resource excludefmthigu or passive uses of water, which do
not entail a physical removal from the environmegixamples include the use of water for recreation
or navigation. In-situ uses of water, although agplicitly considered in the supply and use tables
could be included as supplementary items in th@wautts, in particular in the quality accounts asythe
can have a negative impact on water resourcesrmstef water quality. In addition, in-situ usesica
also be affected by activities of abstraction aradew discharge: for example, upstream over-absbract
may affect navigational and recreational uses ofirtkiiream waters. Thus, when allocating water to

different users, consideration of in-situ uses atev resources is generally made.

3.8. Water is abstracted either to be used by the samoroenic unit which abstracts it (in which
case, we refer to it abstraction for own ugeor to be supplied, possibly after some treatmengther
economic unitsdbstraction for distributiop The industry which abstracts, treats and segphater as
a principal activity is classified under class 389IC Rev. 4, Water collection, treatment and supply

There may be, however, other industries which albstnd supply water as a secondary activity.

2. Flowswithin the economy

3.9.  Flows within the economy involve water exchangetsveen economic units. These exchanges
are usually carried out through mains (pipes), dtbher means of transporting water are not excluded.
The origin and destination of these flows corregjsoto those of the monetary SUT of the SNA,
namely the agent providing water is the supplial e agent receiving it is the user. There iy ame
exception to this correspondence with the mone&Uy, which involves the flows of wastewater: the
industry collecting wastewater is a “user” in thkeypical SUT while in the monetary tables it is a

“supplier” of wastewater collection and treatmeeaivices.
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3.10. Figure 3.2 presents a more detailed descriptiowatier exchanges. The solid line arrows
connect economic units, thus they represent thaipalysupply and use of water within the economy:
the economic unit from which the arrow originategtie water supplier while the economic unit where
the arrow points to is the water user. The dolilegl arrows represent flows from the environment to

the economy and the dashed line arrows represams firom the economy to the environment.

Flows from the
environment to Inland water resource system and Other sources
the economy
(dotted line)
A 4
Imports » of which: » Exports
ISIC 36- Collection, purification and
Flows within the v distribution of water
economy and
between d Industriesg:j v
economies (Isic) <
(solid line) A 4 Households
of which: “
ISIC 37 - Sewerage f ‘
Flows from the L v v 3

economy to the
environment

. Inland water resource system and Other sources
(dashed line) 4

Figure 3.2: Detailed description of physical wateflows within the economy

3.11. Most of the water is generally supplied by the istdy ISIC 36,Water collection, treatment and

suppl; however, it can also be supplied by other indestand households. This includes the cases,
for example, when water is supplied by industriesl @#ouseholds for further use or is supplied to
treatment facilities before being discharged irtte environment. Note that the physical supply of

water by households generally represents a flowasftewater to ISIC 3Bewerage

3.12. The collection of wastewater by ISIC 33ewerageis recorded as use of wastewater by
ISIC 37 and a supply of wastewater by the industryhouseholds generating the wastewater. The

corresponding monetary transaction is recordedeatstin the opposite way: ISIC 37 supplies the
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service of wastewater collection and treatment twhig in turn used by the economic units who

physically generate wastewater.

3.13. During distribution of water (between a point ofstaction and a point of use or between
points of use and reuse of water) there may beetbsd water. These losses may be caused by a
number of factors: evaporation when, for examplatewis distributed through open channels; leakages
when, for example, water leaks from pipes into ¢ineund; and illegal tapping when users illegally
divert water from the distribution network. In atigh, when losses during distribution are computed
as a difference between the amount of water supplie received, they may also include errors in the
meter’s readings, malfunctioning meters, theft, dtcthe SUT, the supply of water within the econo

is recorded net of losses during distribution. tRermore, the losses during distribution are reedras
return flows when they are due to leakages andaasrveonsumption in all other cases (see secti@n C.

for further details).

3.14. The use table describing the flows within the egcopshows the destination of these flows:
water can be used by industries to produce othedgi@nd services (intermediate consumption), by
households for their own use (final consumptionyl &y the rest of the world (exports). Other
economic uses, i.e. change in inventories, wilhbglected for water, since these are usually nigddig

given that water is a bulky commodity.

3.15. The basic SNA supply-and-use identity is satistiégb for flows of water within the economy,
as the total water supplied by the national econguug imports equals the sum of water uses for

intermediate consumption, final consumption andoetsp

8 Note that the term “water loss” may have a différmeaning in a different context. Here the tesfers to a loss of water
from the economic system. Part of these losseseaactually seen as a resource from the poinie wf the inland water
resource system as water, by returning to wateruregs, becomes available for use again.
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3. Flowsfrom the economy back into the environment

3.16. Flows from the economy back to the environment minef discharges of water by the
economy into the environment (residual flows). Fhine supplier is the economic agent responsible fo
the discharge (industries, households and redteofaorld) and the destination (user) of these flisvs
the environment. The environment is assumed toalisthe water that is returned (supplied) to it.

Hence, for these flows, use equals supply.

3.17. Flows from the economy to the environment are dbedrin accounting terms in the supply
table as a supply of an economic unit to the emvitent. Each entry represents the amount of water
generated by an economic unit and discharged h@e@hvironment (in the SEEAW discharges of water

back to the environment are also referred toetignsor return flows.

3.18. Returns are classified according to the receivirggliat a distinction is made between ‘water
resources’, which include surface-, ground- and w@iter (as specified in the asset classification i

chapter 6) and ‘other sources’ such as seas onecea

3.19. Discharges of water by the rest of the world am@séhlocally generated by non-resident units.
These are often insignificant. Even in a countrigeve there is a large presence of tourists, the

discharges would generally take place through ezgidnits (i.e. hotels, restaurants, etc.).

C. Physical supply and use tables

3.20. Physical supply and use tables for water deschbeliree types of flows mentioned above: (a)
from the environment to the economy, (b) within tbeonomy, and (c) from the economy to the
environment. In particular, the use table is ai@di by merging information on water use: the total
water intake of an economic unit is the result wéct water abstraction (flow from the environmémt
the economy) and water received from other econamits (flow within the economy). Similarly, the

supply table is obtained by merging informationthe two types of water flows leaving an economic
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unit: one destined to other economic units (flowthivi the economy) and the other destined to the

environment (flow from the economy to the enviromte

3.21. Physical supply and use tables can be compilecadbus levels of detail, depending on the
policy concern of a country and data availabilith simplified standard SUT, which countries are
encouraged to compile, contains basic informationtlee supply and use of water and provides an
overview of water flows. In addition, all the imfoation contained in the table is balanced: i.@psu

equals use. As a second step, a more detailedc@bbe compiled, with a more detailed breakdown of

items in the simplified SUT.

1. Standard physical supply and use tables for water

3.22. Table 3.1 shows the standard physical supply aedtaisles for water. The breakdown of the

economic activities, classified according to ISIEVR, distinguishes the following groups:
. ISIC 1-3 which includeg#\griculture, ForestryandFishing

. ISIC 5-33, 41-43 which includesMining and quarrying Manufacturing and

Construction

ISIC 35 -Electricity, gas, steam and air conditioning supply

ISIC 36 -Water collection, treatment and supply

ISIC 37 -Seweragp

ISIC 38, 39, 45-99, which corresponds to 8exvice industries

3.23. ISIC 35, 36 and 37 have been separately identliechuse of their importance in the use and
supply of water and water-related services. Irtipalar, ISIC 36 and 37 are separately identified a

they are key industries for the distribution of eraand wastewater. Cost-recovery policies anccpdi
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aiming at improving the access to safe drinkingewaind sanitation are examples of policies invavin

almost exclusively these two economic activities.

3.24. ISIC 35 is a major user of water for hydroelecipmwer generation and cooling purposes: it
abstracts and returns into the environment enorngoasitities of water. Aggregating information on
water use and supply by ISIC 35 with that of otimelustries would provide misleading information as

the water use (and returns) of ISIC 35 alone maweigh any other industry’s water use (and returns)

3.25. A detailed description of each flow of water in thienplified standard physical supply and use

table, Table 3.1, is presented below.

3.26. Abstraction is defined as the amount of water that is remofman any source, either
permanently or temporarily, in a given period oféi for consumption and production activities. Wate
used for hydroelectric power generation, is alsmsodered as abstraction. In Table 3.1 water
abstraction is disaggregated according to the megabstraction for own use and for distributiongl a
type of source (abstraction from inland water resesi — surface water, groundwater and soil water as

in the asset classification - and from other sosirghich include sea water and precipitation).

3.27. Water is abstracted either to be used by the sameoenic unit which abstracts apstraction
for own use,or to be supplied, possibly after some treatmentther economic unitgbstraction for
distribution . As mentioned earlier, most of the water is auterd for distribution by ISIC 36\Vater
collection, treatment and supplyrowever, there may be other industries which ralbstand supply

water as a secondary activity.

3.28. Abstraction from water sourcesincludes the abstraction from the inland wateoueses as
well as abstraction of sea water and the directecbbn of precipitation for production and
consumption activities. Water is generally abgedcfrom the sea either for cooling purposes - the
corresponding wastewater flow is generally returb@dhe original source of water (i.e. the sea or

ocean) — or for desalination processes. In therlatase, desalinated water could be returneddo th
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inland water resource and constitute a resourcéypisal example of collection of precipitationrigof

rain harvesting by households.

Table 3.1: Standard physical supply and use tabldsr water

Physical use table

Physical units

o]
Industries (by ISIC categories) é
1]
5-33] 38,39 s |8
S |5
1-3 41-43 35 36 37| 45-99 Total % @ s
T | 2
1. Total abstraction (=1.a+1.b=1.i+1.ii)
1.a. Abstraction for own use
1.b. Abstraction for distribution
From the 1.i. From inland water resources:
. 1.i.1 Surface water
environment .
1.i.2 Groundwater
1.i.3 Soil water
1.ii. Collection of precipitation
L.iii. Abstraction from the sea
o 2. Use of water received from other economic units
\Within the
Of which:
economy 2.a. Reused water
2.b. Wastewater to sewerage
3. Total use of water (=1 + 2)
Physical supply table
Physical units
o]
Industries (by ISIC categories) é
1]
5-33] 38,39 s |2
S |6
1-3 41-43 35 36 37 45-99 Total 4 1] s
T | 2
Within the |+ Supply of water to other economic units
of which:
economy 4.a. Reused water

4.b. Wastewater to sewerage
5. Total returns (=5.a+5.b)

To the 5.a. To inland water resources
5.a.1. Surface water
environment 5.a.2. Groundwater

5.a.3. Soil water
5.b. To other sources (e.g. sea water)
6. Total supply of water (=4+5)
7. Consumptior (=3-6)
Note: Grey cells indicate zero entries by definitio
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3.29. Abstraction from soil water includes water use in rainfed agriculture. Thi€dmputed as the
amount of precipitation that falls onto agricultufi@lds. The excess of water, e.g. the part thatot
used by the crop, is recorded as a return flowh® énvironment from rainfed agriculture. It is
important to record this flow for several reasoitsshows, for example, the relative contribution of
rainfed and irrigated agriculture for food prodocti In addition, considering the importance ohfed
agriculture worldwide (more the 60% of all food gdumtion in the world is produced under rainfed
conditions), this information can be used to asdéssefficiency of rainfed agriculture (e.g. crop

production per volume of water used) and to forreul@ater policies.

3.30. Within the economy, thaise of water received from other economic unitgefers to the
amount of water that is delivered to an industrguseholds or the rest of the world by another
economic unit. This water is usually deliveredotigh mains (pipes), but other means of transportati
are not excluded (such as artificial open chanredts). It also includes wastewater to seweradechv

is separately identified along with reuse watehelise of water received from other economic units
by the rest of the world corresponds to &xports of water. It is generally the industry, ISIC 3@hich

exports water.

3.31. Thetotal water use(row 3 in Table 3.1) of an industry is computedtzes sum of the amount of
water directly abstracted (row 1 in Table 3.1) @ahe amount of water received from other economic
units (row 2 in Table 3.1). It might be perceivbdt water abstracted for distribution is counteité:
first as a use when water is abstracted by theilliging industry and then when water is deliveted
the user. However, water abstracted for distrdoutis a water use of the distributing industry even

though this industry is not the end user of thisena

3.32. Thesupply of water to other economic unitgefers to the amount of water that is supplied by
an economic unit to another. It includes the sugpt one establishment to another. The supply of

water is recorded net of losses in distributionhe Supply to other economic units generally occurs
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through mains, but can also occur through artifioigen channels, trucks and other means. Note that

the supply of water by the rest of the world copasds to themport of water.

3.33. The supply and use of water to other economic watsbe disaggregated in several categories.
However, in the standard tables onigused water and wastewater to Sewerageare explicitly

identified given their importance in water conséiwa policies.

3.34. The concept of reused water is linked to that ofteravater. Wastewater is water which is of

no further immediate value to the purpose for whitclvas used or in the pursuit of which it was
produced because of its quality, quantity or timh@acurrence. Wastewater can be discharged dyrectl
into the environment (in which case it is recordeda return flow), supplied to a treatment facility
(ISIC 37) (recorded as wastewater to Seweragelpplaed to another industry for further use (reused
water). Total wastewater generated by an econamicis obtained from Table 3.1 as the sum of the

supply of reused water, wastewater to Sewerageetndis into the environment.

3.35. Reused water,defined as wastewater supplied to a user for &urtlse with or without prior

treatment, excludes recycling within industrialesit It is also commonly referred to eeclaimed

wastewater It is important to record this flow as the reudevater can alleviate the pressure on water
resources by reducing direct abstraction of wdtarexample, watering golf courses and landscaping
alongside public roads can be done by using (td@atastewater instead of surface or groundwater.
Also some industries, such as power-generationtplean use reclaimed wastewater (a lot of water is
needed to cool power-generation equipment, andgusiastewater for this purpose means that the

facility does not use higher-quality water that nieeybest used somewhere else).

3.36. In order to avoid confusion, it should be notedttlence wastewater is discharged into the
environment, its abstraction downstream is not wered as a reuse of water in the accounting tables

but as a new abstraction from the environment.
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3.37. As already mentioned, reused water excludes theclieg of water within the same industry or
establishment (on site). Information on recycleatev, although very useful for analysis of watee us
efficiency, is not generally available. Thus thmpglified standard tables do not explicitly repadtrt

However, a reduction in the total volume of wateed, while maintaining the same level of outputy ca
provide an indication of an increase in water uSigiency which, in turn, may be due to the use of

recycled water within an industry.

3.38. Within the economywater can be exchanged betweeater producers and distributors (i.e.
ISIC 36) before being effectively delivered to usefThese wateexchanges are referred to iagra-
sectoral sales These are the cases, for example, when theildistn network of one
distributor/producer does not reach the water aser has to sell water to another distributor ineord
for the water to be delivered. These sales aidificincrease the physical supply and use of water
within the economy, but do not influence the glofattysical) balance of water with the environment,

and thus they are not recorded in the physical Isugpd use tables.

3.39. Total returns include water that is returned to the environmehdtal returns can be classified
according to the receiving media (i.e. inland watsources - as specified in the asset classificati
and sea water) and to the type of water (e.g. dteatater, cooling water, etc.). The standard &ble
report only the breakdown according to the recgvimedia so as to ensure the links with the flows in

the asset accounts. More detailed tables can in@itexd to show returns of different types of water.

3.40. Thetotal water supply (row 6 in Table 3.1) is computed as the sum of @heunt of water
supplied to other economic units (row 4 in TablE)3and the amount of water returned to the

environment (row 5 in Table 3.1).

3.41. Storage of water Note that water can be temporarily stored in ¢senomy, e.g. in water
towers, in closed cooling or heating circuits, et€herefore, when comparing the situation at the

beginning and end of the period, some changesvienitories may occur. However, they are generally
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rather small (as water is a bulky commodity andstieostly to store) in comparison with the other

volumes and thus not reported in the physical suppt use tables.

3.42. Table 3.1 can be supplemented with information lom number of persons with sustainable
access to an improved water source and with adoessproved sanitation reported in supplementary
tables as presented in Annex Il. This informat®particularly important for the management of evat
resources and for poverty reduction: it used to itoorprogress towards Target 10 of the Millennium
Development Goal to “halve, by 2015, the proportmnpeople without sustainable access to safe
drinking water and sanitation”. Presenting all evatelated information, including social informatio

in a common framework has the advantage of alloviangonsistent analyses and scenario modelling.
For example, an analysis of the impact of invesiimgvater infrastructure on the number of people
having access to improved water sources could Bdyeandertaken if the information is organized

according to the accounting framework.

3.43. In order to have a complete picture of the watew# within the economy, Table 3.1 can be
supplemented by detailed information on the orggial destination of water flows by identifying whe i
supplying water to whom. Table 3.2 presents a imatr transfers within the economy. Each entry
represents a water exchanges from a supplier () to a user (by column). For example, the
intersection of row “ISIC 37" with the column comag ISIC 45, Wholesale and retail trade and
repair of motor vehicles and motorcyclespresents the amount of water that is supplietbbC 37 to

ISIC 45, which could use treated wastewater, famneple, for car washing.
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Table 3.2: Matrix of flows of water within the ecamomy

Physical units

Use Industries (by ISIC categories) E
2
= o
) S
3 2
2 |3 5 _
5-33, 38,39 ° S L2 o
5 5 E o
Supplierd 1-3 41-43 35 36 37| 45-99Total § ‘g S %
"‘ T 4 g &
o [1-3
@ S, |5-33,41-43
Q
=}
o
2 5 p7
> [38,39, 45-99
€ |1otal
Households

Rest of the world
Use of water received from other

2. Water consumption

3.44. The concept of water consumption gives an indicatibthe amount of water that is lost by the
economy during use in the sense that it has entde@conomy but has not returned either to water
resources or to the sea. This happens becausedigé part of the water is incorporated into podsiu
evaporated, transpired by plants or simply consumgdhouseholds or livestock. The difference
between the water use (row 3 in Table 3.1) andwhter supply (row 6 in Table 3.1) is referred to as
water consumption It can be computed for each economic unit andtlie whole economy. The
concept of water consumption used in the SEEAWasststent with the hydrological concept. It
differs, however, from the concept of consumptieediin the national accounts which instead refers t

water use.
3.45. For the whole economy, the balance between watersfican be written as:

Total abstraction + Use of water received from obh@nomic units = Supply of water to other economiits +

Total returns + Water consumption
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Note that since the total water supply to othemeoic units equals the total water use receivethfro

other economic units, the identity can be rewritisn

Total abstraction = Total returns + Water consuompti

3.46. Water consumption can include water that is stofed,example, in water towers, but this

quantity is usually very small as water is gengratbred only for a short period of time.

3.47. When water consumption is computed for each ingu#tgives an indication of the industry’s
water use efficiency. Since water supply doeseatptal water use by industry, water consumption is

computed as a difference between the supply anéyigedustry:

Water consumption by industiy= Total use of water by industiy- Total supply of water by industiy
3.48. If we take the perspective of the inland water tgse system, the discharges of water into the
sea should also be considered as lost water diieevater, once in the sea, is not directly avaddbr
further use as it would be in the case, for examplelischarges into a river, where discharged wate
becomes a resource for downstream uses. The dooté@pand water consumptiois introduced to
give an indication of the amount of water that @ returned to the inland water system. Inlandewat

consumption is thus calculated as:
Inland water consumption = Water consumption + Retdo Other sources (e.g. sea water).

3.49. The concept of consumption can also be adaptegdoific resources. For example, the 2002
Joint OECD/Eurostat Questionnaire on Inland Watesss the concept dfeshwater consumption
which takes into consideration water which was @eséd from fresh water sources and is discharged

into non-fresh water sources

3.50. Since water consumption is calculated as a diffegernt may include flows that are very

different in nature (for example, the part of tlksdes in distribution which do not return to thetava

9 Where carried out, desalination of seawater, enctintrary, should be counted as a negative consomp
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resources). For analytical purposes it is usebulistinguish water consumption that results from
evaporation and transpiration or enters into présiecesult of the production process) from water

consumption as a result of illegal tapping and oradtioning meters.

3. Supplementary itemsin the physical supply and use tables for water

3.51. The standard physical supply and use table in Taldlecontains aggregate flows. In practice,
when compiling these accounts, a more detailedkidi@an both on the industry side as well as on the
type of water, is often necessary for more detadedlyses. The level of detail depends on the
country’s priorities and data availability. Talde8 presents an example the breakdowns of watessflo

(in italic) which are useful for analytical purpas¢ogether with a numerical example.
3.52. In Table 3.3 abstraction for own use is furtheladigregated in the following uses:
- Hydroelectric power generation
- Irrigation water
- Mine water
- Urban runoff
- Cooling water

3.53. Water used fohydroelectric power generationconsists of water used in generating electricity
at plants where the turbine generators are driverfalling water. Usually this water is directly
abstracted by the power plant and returned immelgiab the environment. It is important to record
the amount of water used and discharged by a hydvepfacility especially for allocation policies as

water used for the generation of hydroelectric pomay be in competition with other uses.

3.54. lrrigation water consists of water which is artificially applied tands for agricultural

purposes.
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3.55. Mine water consists of water used for the extraction of ratyroccurring minerals including
coal, ores, petroleum, and natural gas and it deduwater associated with quarrying, dewatering,
milling, and other on site activities done as pafrtmining. Mine water use generally involves a
removal and displacement of water in the environnfdaring dewatering processes) when the mine
extends below the water table. It might be argtieat this should not be considered as part of
abstraction. It is important, however, to recohistflow as it often results in the disposal ofgear

volumes of water and its displacement can be damgaigi the environment.

3.56. Urban Runoff is defined as that portion of precipitation onambareas that does not naturally
evaporate or percolate into the ground, but flovesowerland flow, underflow, or channels or is pgipe
into a defined surface water channel or a construatfiltration facility. It is also referred tasarban
stormwater Note that here the term ‘urban areas’ may ineladso rural residential zones. When
urban runoff is collected into the sewage systdns recorded in the use table as an abstractiom fr
other sources (in particular from precipitation) bB§IC 37, and when it is discharged into the

environment it is recorded as a return flow in sh@ply table.

3.57. It is important to record the collection and disgjeof urban runoff for the following reasons:
(a) for management purposes, in order to desigitipslto reduce its negative impacts on the water
resources as urban runoff usually contains relptivegh concentrations of pollutants (including
bacteria and viruses, solid waste, and toxics aaglheavy metals and petroleum-based compounds)
which reach receiving waters; (b) for consistencithwthe monetary tables, as the value of
corresponding services (collection of urban rurspff recorded in the economic table; and (c) for
practical reasons, in order to measure consistéhéytotal use and supply of water of ISIC 37. c8in
urban runoff ultimately merges into the return flonem ISIC 37 into the environment, the total retur

of ISIC 37 in the supply table would include urbamoff in addition to the discharges of wastewater

collected from industries and households.
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3.58. Although separate estimates for urban runoff mayabailable in some countries, these flows
generally cannot be measured directly. What caméasured is the difference between the volumes of
wastewater discharged by economic units (industtied households) into sewers and the volumes of

wastewater leaving the sewers with or without tresit.

3.59. Cooling water is defined as water which is used to absorb antbve heat. Cooling water has
the potential of not only inducing thermal pollutibut also emitting pollutants that are collectedhe
water during use (when, for example, water is alsed for rinsing in the manufacturing of basic

metals).

3.60. Note that in Table 3.3 abstraction for own use BYCI36, Water collection, treatment and
supply represents the part of the total abstractionofen internal use such as cleaning of pipes, filter
backwashing, etc. This water is then dischargedl filmle environment and is recorded as a return flow
from ISIC 36. In the numerical example ISIC 36 tadsts a total of 428.7 millions cubic metres of

water of which 23.0 are for own use and the restfstribution.

3.61. Returns to the environment (row 5 of Table 3.3) atso be further disaggregated according to

the type of water use. The following categories ba distinguished:

- Hydroelectric power generation

- Irrigation water

- Mine water

- Urban runoff

- Cooling water

- Losses in distribution because of leakages
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3.62. Information on the returns afrban runoff can be relatively straightforward to collect when

storm sewer system is in place and urban runatissharged separately from wastewater. In therothe
cases, when the discharge of ISIC 37 combines urbaoff with other wastewater discharges,
estimates are necessary. In Table 3.3, 100 mdlicubic metres of urban runoff are collected by the

sewerage system and 99.7 per cent of it is diseltkirggo the environment.

Table 3.3: Detailed physical water supply and usebles

Physical use table

Milliong cubic metres

Industries (by ISIC categories) ‘g
w
5-33] 38,39 2 |8
< —
[} o
1-3 41-43 35 36 37 45-99 Total 3 D =
<} 9} ]
I o =
1. Total abstraction (=1.a+1.b=1.i+1.ii) 108.4 114.5 404.2 428.7 100.1 2.3 1158.2 10.8 1169.
1.a. Abstraction for own use 108.414.6 404.2 23.0 1001 23 752. 10. 763.4
Hydroelectric power generation 300.0 300.0 300.0
Irrigation water 108.4 108.4 108.4
Mine water 0.0 0.0
Urban runoff 100.0 100.0 100.0
From the Cooling water 100.0
environment Other 114.6 4.2 23.0 0.1 2.3 1442 10.9 155.0|
1.b. Abstraction for distribution 405.7 405.7 405.7
1.i. From inland water resources: 1084145 304.2 427.6 0.1 2.3 957.1 9.8 966.9
1.i.1 Surface water 55.3 79.7 301.0 4.5 0.1 0.0 440.4 0.0 440.6
1.i.2 Groundwater 3.1 348 3.2 4231 0.0 2.3 466.5 9.8 476.3
1.i.3 Soil water 50.0 50.Q 50.0
1.ii. Collection of precipitation 100.0 0.0 100.0 1.0 101.4
L.iii. Abstraction from the sea 100.0 1.1 101.1 101.1
" 2. Use of water received from other economic units 50.7 85.7 3.9 0.0 4271 511 618.4 239.3 858.(
\Within the of which:
2.a.Reused water 12.0 40.7 52.7] 52.7]
economy
2.b. Wastewater to sewerage
2.c. Desalinated water

3. Total use of water (=1 + 2) 159.1 200.2 408.1 428.7 527.2 53.4 1776.f 250.3 2027.
Physical supply table

Milliong cubic metres

Industries (by ISIC categories) ‘g
w
533] 38,39 3 | £
< -
[} o
1-3 41-43 35 36 37| 45-99 Total 3 7] =
<} 9] ]
T o =
- 4. Supply of water to other economic units 17.9127.6 5.6 379.6 427 49.1 622.5 235.5 858.0
\Within the .
of which:
econom 4.a. Reused water - 10.0 - - 427 52.7 52.7
Y 4.b. Wastewater to sewerage 171817.6 5.6 1.4 49.1 191. 235.5 427.1
4.c.Desalinated water 1.0 1.0 1.0
To the 5. Total returns (=5.a+5.b) 65.0 29.4 400.0 47.3 4838 0.7 1026.2 4.8 1031.
) Hydroelectric power generation 300.0 300.0 300.0
environment Irrigation water 65.0 65.0| 65.0|
Mine water 0.0 0.0
Urban runoff 99.7 99.7] 99.7]
Cooling water 100.0
Losses in distribution because of leakages 245 24.5 24.5
Treated wastewater 10.0 3841 05 394.6 1.5 396.1
Other 19.4 0.0 229 0.2 425 3.3 45.8
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5.a. To inland water resources(=5.a.1+5.a.2+5.a.3) 65.0 23.5 300.0 47.3 2275 0.7 664.( 4.6 668.6

5.a.1. Surface water 300.0 52.5 0.2 352.7 0.5 353.2

5.a.2. Groundwater 65.0 23.5 473 1750 05 311.9 4.1 315.4

5.a.3. Soil water 0.0 0.9

5.b. To other sources (e.g. sea water) 5.9 100.0 256.3 362.7 0.2 362.4

6. Total supply of water (=4+5) 82.9 157.0 405.6 426.9 526.5 49.8 1648.1 240.3 1889.

7. Consumptior (=3-6) 76.2 43.2 25 1.8 0.7 3.6 128.Q 10. 138.4
of which:

7.a. Losses in distribution not because of leakages 0.5 0.5 0.5

Note: Grey cells indicate zero entries by defimtio Blank cells indicate cells which are non-zebot small in the

numerical example.

Source: SEEAW-land.

3.63. In Table 3.3, 404.2 millions cubic metres of wadee abstracted from the environment by the
industry Electricity, gas, steam and air conditioning suppl®IC 35, of which 300 millions cubic

metres are used for hydroelectric power generatah100 millions cubic metres for cooling purposes.

3.64. Losses in distribution, which are discussed in illetathe next section, are allocated to the
water supplier. In the numerical example of Tahl® the losses in distribution because of leakages
occur in the water supply of ISIC 38/ater collection, treatment and supplyhe remaining part of the
losses in distribution (which in the table corresg® to 0.5 million cubic metres, row 7.a of Tablg)3
includes both losses because of evaporation andrepp losses (illegal use and malfunctioning

metering).

3.65. In addition to the breakdowns shown in Table 3.4t tountries which rely on water
desalination as a source of water, it may be ugefekplicitly identify the supply oflesalinated water
(row 4.c of Table 3.3). It is generally ISIC 36 it desalinises water and supplies it within the

economy. Other industries may also desalinatevsear, but it is often for their own use.

3.66. Table 3.4 shows the matrix of flows associated Wilble 3.3. This numerical example shows
the origin and destination of the water flows witlthe economy. In particular, it can be seen that
ISIC 37, Sewerage supplies reclaimed wastewater to ISIC 5-33,41-88ning and quarrying,

Manufacturing and Constructior(40.7 millions cubic metres) and to ISIC 1Agriculture, forestry
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and fishing(2 millions cubic metres). In additioAgriculture, forestry and fishinglso receive reused

water fromMining and quarrying, Manufacturing and Constructi@L O millions cubic metres).

Table 3.4: Matrix of water flows within the econony

Millions m3
User| Industries (by ISIC categories) ‘g ™
ko] S «®
= 5] <@
7 . | 2|5 B
h=] 1) c =
5-33, 38,39 5 £ s 5
< — o
@ S] o ¥
Supplierd 1-3| 41-43 35 36 37 45-99 Total 4 @ @ g
o o) s
I o o -
1-3 17.9 17.9 17.9
2| 5-33, 41-43 10 117.6 127.6 127.4
© 2135 5.6 5.6 5.6
g % 36 387 45 39 1.4 51.1 140.1 2395 379.6
& gl 37 2.0 407 0.0 42.7 42.7
| 38,39, 45-99 49.1 49.1] 49.1
Total 50.7 857 3.9 0.0 191.6 51.1 383.0 239.5 622.5
Households 235.5 235.5
Rest of the world
Use of water received from other | 507 507 857 39 00  427.1 51.1 6185 239.5 858.0

Note: SEEAW-land.

4., Lossesin distribution

3.67. Within the economy, water supply is recorded netladses in distribution. Losses in

distribution are recorded in the tables as follows:

. The net supply plus the losses are shown in theuatabstracted from the environment

by the suppliers of water (typically ISIC 36)

. The losses are allocated to the supplier of waterape not explicitly shown in Table

3.1, although they are shown in the more detaikeold 3.3

. Losses due to leakages are recorded in the retuuws to the environment

. Losses due to evaporation when, for example, wéaedistributed through open

channels, are recorded as water consumption agithept directly return to water resources
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. Losses due to illegal tapping and malfunctioningteriag are included in water

consumption of the supplier of water

3.68. A supplementary table can be constructed to explicchow the losses in distribution.
Table 3.5 shows gross and net supply of water withe economy as well as the losses in distribution
It is obtained by reorganizing entries in the pbgbiSUT. This table allows for the direct calcidatof
losses in distribution as a proportion of the gnasser supply thus giving an indicator of the a#fiacy

of the distribution network.

Table 3.5: Supplementary table of losses in distsution

Millions cubic metres

o]
Industries (by ISIC categories) é
w
5-33] 38,39 s |8
< “—
[} o
1-3 41-43 35 36 37 45-99 Total % @ =
[S) 9] =]
T o =
1. (Net) Supply of water to other economic unifs .917.27.6 5.6379.6 42.7 49.1 622.4 235.9 858.0
2. Losses in distribution (=2.a+2.b) 0 0 0 25.0 0 0 25.Q 0] 25.Q
2.a Leakages 0o 0 0 245 0 0 24 .9 0 24.9
2.b Other (e.g. evaporation, apparent losses) 00 0 05 0 0 0.5 0l 0.5
3. Gross supply within the economy=1.+2.) 17.9 127.6 5.6404.6 42.7 49.1 647.5 235.5 883.0

Source: SEEAW-land.

3.69. It should be noted that losses in distribution geaerally calculated as a difference between the
amount of water supplied and that received. Is ttase, losses in distribution include not onlyl rea
losses of water (evaporation and leakages) butaparent losses which consist of unauthorizedwate

use (such as theft or illegal use) and all inactesaassociated with production and customer nreeri

3.70. There are cases where illegal tapping — that islidngal removal of water from the distribution
network — is significant in magnitude and affectd anly the efficiency of water distribution netvkor

but, at times, could cause major problems withm riletwork (e.g. cause contaminants to enter irgo th
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mains via back-siphonage). Specific analyses mayrdmuired to determine the extent of this

phenomenon.

3.71. It may be useful, for countries in which illegalppng is significant, to identify the units
(households or industries) responsible for illegalbnnecting to the distribution network as welltas
amount of water used by these units. This canlyehsi shown as a supplementary item in the table.
This information would be very useful for policy nppwses as it provides a more accurate indication of
the actual water use by industries and householt¢hen linked to the monetary accounts, the

information could be used for pricing policies.

3.72. Consistent with the 1993 SNA, where illegal tappisgnot considered as a transaction (use) in

the supply and use tables, the SEEAW does nota@ttpliecord it in the standard tables.
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Chapter 4 Water emission accounts

A. Introduction

4.1. Emissions to water can constitute a major enviramalegproblem and cause the quality of water
bodies to deteriorate. Different types of pollusamenerated during production and consumption
activities are discharged into water bodies. Sahéhe pollutants emitted into water resources are
highly toxic and thus affect negatively the qualdfythe receiving water body and ultimately human
health. Similarly, other substances, such as gemoand phosphorus, can lead to eutrophication, or
organic substances can have negative effects ooxtygen balance thus affecting the ecological statu

of the receiving water body.

4.2. Emission accounts describe the flows of pollutaatkded to wastewater as a result of
production and consumption, and flowing into watesources either directly or through the sewage
network. They measure the pressure by human @eswn the environment by presenting information
on the activities responsible for the emissions, tifpes and amount of pollutants added to wastewate
as well as the destination of the emissions (eatewresources and sea). Emission accounts are a
useful tool for designing economic instruments,luding new regulations to reduce emissions into
water. When analysed in conjunction with the tedbgy in place to reduce emissions and treat

wastewater, they can be used in impact studiegwftachnologies.

4.3. Section B presents some basic concepts used ircdhwilation of emission accounts and
defines the scope and coverage of the emissionuatso Section C describes in detail the standard

tables for the compilation of the emission accounts
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B. Coverage of emission accounts and basic concepts

4.4. Emissions to water refer to the direct releaseadiupants to water as well as the indirect release
by transfer to an off-site wastewater treatmenthpl&uropean Commission, 2000). In the SEEAW,
emission accounts focus only on the release olufmits into water resources through the (direct and
indirect through a wastewater treatment plant) ltisge of wastewater into water resources. Thedire
discharge to water resources of heavy metals azdrtaus waste not through wastewater is not
covered in the water emission accounts but in tehst&waccounts as it involves the discharge of solid

wastée®.

4.5. Emission accounts record the amount of pollutardeddto water by an economic activity
during a reference period (generally the accountyegr) and are expressed in terms of weight
(kilograms or tonnes, depending on the pollutandannconsideration). They describe in terms of
pollutants, the part of the water flows in the ghgbsupply and use tables of chapter 3 that aséirtkd

to the environment either directly or through atneent plant. Emission accounts cover: (a) potitga
added to wastewater and collected in the sewerageonk; (b) pollutants added to wastewater
discharged directly to water bodies; and (c) sel@aton-point sources emissions, namely emissions
from urban runoff and from agriculture. The emassaccounts thus provide the description, in terms
of pollutants resulting from production and constiop, of the wastewater flows discussed in

Chapter 3. Box 4.1 provides an overview of theeg/pf emissions included in the emission accounts.
Point and non-point source emissions

4.6. Sources of pollution are classified as point sowante non-point source emissions. Point source
emissions are those emissions for which the geddgaplocation of the discharge of the wastewaser i

clearly identified. They include, for example, ssibns from wastewater treatment plants, power

19In the European context, emissions to air, land aater are covered, for example, in the Direc®6¢61/EC concerning
integrated pollution prevention and control (th@@Directive) and in the European Pollutant Relesas® Transfer (E-PRTR)
Regulation (REGULATION (EC) No 166/2006).
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plants, other industrial establishments. Non-p6antdiffuse) sources of pollution are sources witha
single point of origin or a specific outlet intoreceiving water body. Pollutants are generallyiedr

off the land by storm-water runoff or may be theulé of a collection of individual and small scale
polluting activities which for practical reasonsnoat be treated as point sources of pollution. The

commonly used categories for non-point sourcesigelagriculture and urban areas.

4.7. Point source emissions are generally considereidrei@msmeasure since the point of emission to
the water resources is clearly identified. Thigum allows for the identification of the econominit
responsible for the emission and for the measurémithe pollution content of the discharge at the
precise location. Non-point source of emissionsncd be measured directly but need to be estimated
through models which take into consideration sdvéaators including the soil structure and the
climatic conditions as well as the delay with whitie pollutants reach the water table. Furtheis it
difficult to allocate non-point emission sourcesth@ economic unit that generates them because of

their nature.

4.8. Emission accounts include all point source emissioinpollutants in wastewater and those non-
point sources for which physical flows are recordieadhapter 3, namely urban runoff and irrigation
water. Urban runoff is described in the emissioocaints in terms of the pollutants deposited oranrb
areas and in the air, often as a result of trarispoother economic activities. Returns of irrigat
water and rainfed agriculture are described in sephthe pollutants which are added to the return
flows from agricultural land, that is fertilizers@ pesticides spread on the soil during infiltratiato

groundwater or runoff to surface water.

4.9. For the sake of simplicity as wells as to maintaonsistency with the water flows in the
physical supply and use tables presented in chaftewe exclude a number of non-point source
emissions, although they affect the quality of watssources. In a more comprehensive approach, all

emissions to water would be included in the emissiocounts. These include, for example, pollutants
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that reach the water bodies after leaking from fidinsites or having passed through natural lamds

precipitation passes through waste, it collectdupiolg compounds including ammonia, heavy metals,
chloride and oxygen-depleting substances whichmaltély infiltrate the soil and reach a groundwater
body. The same can occur when precipitation df@ring absorbed pollutants present in the air

infiltrate natural land.

Include: Exclude:
Point sources: Point sources:

Pollutants added to wastewater Discharges of heavy metal and hazardous wastes not
contained in wastewatein€luded in the SEEA waste
accounts)

Pollutants resulting from in-situ use (e.g. natigr, fishing,
etc.)
Non-point sources: Non-point sources:
Urban runoff All non-point sources except for urban runoffigation water
Irrigation water and rainfed agriculture and rain-fed agriculturar(cluded in the quality accounts)

Box 4.1: Scope of emission accounts

Water pollutants

4.10. Before starting the compilation of emission accasura list of pollutants has to be defined.
Most often this list is based on the country’s eanimental concerns as well as national legislation
water and, where applicable, international agreeseiror example, in the case of European Union
countries, the EU Water Framework Directive (Eup®arliament and Council, 2000) provides, inter
alia, an indicative list of pollutants (which ispaated in Table 4.1) as well a list of priority sténces.
The list of priority substances which has beenl#stiaed in 2001 by the Decision No 2455/2001/EC of
the European Parliament and of the Council contaghsubstances or groups of substances which have

been shown to be of major concern for European i&/ate
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Table 4.1: Indicative list of the main pollutantsfrom in the EU

10.

11.

12.

Organohalogen compounds and substances which maysiach compounds in the aquatic environment.
Organophosphorous compounds.
Organotin compounds.

Substances and preparations, or the breakdown giodfisuch, which have been proved to possesmogenic or
mutagenic properties or properties which may affetoidogenic, thyroid, reproduction or other esriwe-related

functions in or via the aquatic environment.

Persistent hydrocarbons and persistent and bioadeinhe organic toxic substances.
Cyanides.

Metals and their compounds.

Arsenic and its compounds.

Biocides and plant protection products.

Materials in suspension.

Substances which contribute to eutrophication értipular, nitrates and phosphates).

Substances which have an unfavourable influencéheroxygen balance (and can be measured using peeesn

such as BOD, COD, etc.).

Source: European Parliament and Council, (2008hnex VIII.

Gross and net emissions

4.11.
defining the coverage of the emission accountsguié 4.1 shows schematically the path that the
wastewater and associated pollutants generatednbgcanomic unit follows.
identified in the figure are: households, agrictdtuother industries and the rest of the world.e Th

wastewater and associated pollutants are eithehaiged directly into the environment with or wittho

The pathway of pollutants from their origin to theelease into the environment helps in

self-treatment, or supplied to a wastewater treatrp&ant.

The economic units
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4.12. The fact that the discharge of pollutants to theiremment can occur in one or two steps
(directly or through a treatment plant - ISIC 38ads to the distinction between gross and net
emissions. Gross emissionare the pollutants added to the water by an dgtigissessed at the point
where the wastewater leaves the activity's sitetljerdwelling, in the case of householdsyet (or
final) emissionscorrespond to the pollutants discharged into waésources. When wastewater is
discharged directly into a water body gross and emissions coincide. In practice, however, an
economic activity may discharge part of its wastewalirectly into water resources (thus releashng t
pollutants directly), and supply the rest to a wastter treatment plant which, after treatment,
discharges the ‘treated’ wastewater into the emvirent. Since treated wastewater may still contain
traces of the pollutant generated by the econowiiwity, the net emission of the economic unit webul
correspond to the sum of the direct release ofupatits into water resources and the indirect releas

through wastewater treatment plants.

Households Agriculture Other industries Rest of the World
\ ‘/
Sewerage
v v l v

Water resources and sea

Figure 4.1: Wastewater and associated pollutant ghway

Source: Based on Preux and Fribourg-Blanc (2005).
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4.13. For the whole economy, the difference between gaossnet emissions totals would correspond
to the pollution removed by purification processesluding wastewater treatment plants. The
distinction between gross and net emissions isapgticable for non-point pollution (e.g. resulting

from agriculture).

4.14. In the calculation of the net emissions, the redeat pollutants by the sewerage industry,
ISIC 37, has to be reallocated to the economic nesiponsible for the discharge in the first plagdis
is often difficult to calculate as the industry CSB7 treats aggregated flows of wastewater conmiow f
diverse users of the sewage system. In genemhltbcation of emissions in the return flow of €S37
to the original economic unit responsible for geatierg that pollution is obtained by applying global

abatement rates of the treatment plant to everg&ion collected by the treatment plant.

4.15. The exchange of pollutants with the rest of the lvofimport and export) covers only
exchanges of pollutants associated with the digghaf wastewater from one economy to a wastewater
treatment facility (ISIC 37) of another economyor example, the import of a pollutant corresporals t
the import of wastewater from the rest of the wondh the aim of discharging it, possibly after
treatment, in the national territory. Emission @outs do not include ‘imports' and 'exports' of
pollutants through natural flows. For example, flodlutant content of rivers crossing country basde

and/or flowing to the open sea. These are coveréue quality accounts in chapter 7.

C. Emission accounts

4.16. As discussed in Section B, the emission accourdsrdethe pollution added to water by an
economic unit and not the total pollution dischargéth wastewater. This implies that, if an indyst
abstracts (or receives) 1 cubic metre of water twhilceady containg kg of a pollutant and returns to a
river 1 cubic metre of wastewater containyngg of the same pollutant, even though the totsthiarge
of the pollutant to the river ig kg, only {-X) kg is recorded as it represents the pollutionegated by

the industry. This has several implications fag theasurement of emissions: the level of emissi®ns
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not given by the pollutants content of outgoingwio of water, but by the difference between the
pollutants content of incoming and outgoing flowVhile for drinking water the pollutant content
should normally be negligible, for some other ugeg. cooling or process water) the pollutant conte

of the incoming water can be significant.

4.17. Pollution is generally measured in terms of qugndit a measured parameter (see for example,
the list of pollutants in Section B) released dgrim certain period of time. They can be expressed
either directly in terms of the quantity of a paetar (for example, kilogram per year) or reportecm
arbitrary unit that can represent one or more patars. For example, population equivaténiade of

five-day biochemical oxygen demand (BOD5), Nitrogsi), Phosphorus (P), Suspended solids (SS).

4.18. Information on emissions to water is organizedhi@ accounts according to Table 4.2. In order
to avoid the double counting of the emissions b)CIS7, Sewerageemission accounts comprise of
two tables. The first table, table A, starts wétldescription of gross emissions by industries.thia
table, only the pollutant content of the urban fffimollected and discharged by ISIC Sewerageis
recorded under the column of ISIC 37 as ISIC 3théseconomic activity responsible for its colleatio

and discharge.

4.19. The second table of the emission accounts, table@rds the emissions to water by ISIC 37.
It allows for the reallocation of emissions of ISBZ to the industries generating them in the filace
thus allowing for the calculation of net emission3able A ‘gross and net emissions’ in Table 4.2

reports the following items:

. The total amount of a pollutant generated by anneouc unit (gross emission)
measured at the point of discharge (row 1 of Tab®. This information is disaggregated in

the following categories:

1 One population equivalent (p.e.) means the orghitidegradable load having a BOD5 of 60 g of oxygenday.
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— The amount of pollutant that is released direathkp iwater (that is, it is contained in the

direct discharge of wastewater into the environihéuotwv 1.a of Table 4.2);

— The amount of pollutant that is released into teeex system (row 1.b of Table 4.2).
Note that the pollutant content of the urban ruraaffiected by ISIC 37 is recorded in this

row.

. The indirect emissions to the environment of eawtustry through ISIC 37 (row 2 of
Table 4.2). These emissions can be calculated tdmeeemissions to water by ISIC 37 are

identified in table B;

. The net emission by industry (row 3 in Table 42pbtained by the sum of direct and

indirect emission.

4.20. The direct emissions to water are further disaggied) according to whether wastewater has
undergone on-site treatment (row 1.a.1 and 1.aTabfe 4.2% and/or according to the receiving media
(row 1.a.i and 1l.a.ii of Table 4.2) — water resesrand the sea. Additional information can be
presented in supplementary tables to further dissaggge emissions according to the type of receiving

media, e.g. surface water and groundwater.

4.21. Table B ‘emission by ISIC 37’ in Table 4.2 presedetailed information on the emissions to
water by ISIC 37,Sewerage and allows for the calculation of net emissidns industries. In

particular, the second part of Table 4.2 presdmddllowing information:

. Total amount of pollutant released by ISIC Séwerage(row 4 of Table 4.2), which is

disaggregated to:

12 Note that it would be useful to have the amountpoflutant before the on-site treatment and after fompute the
depollution efficiency of an industry). Howevemee it is not required to report emissions to @e-facility in the emission
registers for national policies (European Commiss2000 (Annex 2 page 77)), they are not includethantables.
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— The amount of pollutant that is released directijoiwater after having undergone

treatment (row 4.a of Table 4.2).

— The amount of pollutant that is released direatip iwater without treatment (row 4.b

of Table 4.2). For example, in discharges of rawage through a sewage collecting

system.
Table 4.2: Emission accounts
Table A. Gross and net emissions
tonnes
=
Industries (by ISIC categories) S
=
1]
5-33] 38,39 s |2
S |5
Pollutant COD 1-3 41-43 35 36| 37 45-99 Total g g s
T | 2
1. Gross emissions (=1.a+1.b) 3150.2 5047.4 7405.1 1851.0498.5* 1973.8 19925.9 11663. 31589.
1.a. Direct emissions to water (=1.a.1+1.a.2#laa.ii) 2470.0 390.1 7313.2 1797.8 0.0 27.7 11998.7 2712.1 14711.
1.a.1 Without treatment 2470.0 257.4 7313.2 1797.8 7.9 11846.2 1865. 13711.
1.a.2 After on-site treatment 132.7 0.0 0.0 19.4 152.5 847.7 1000.7
1.a.i To inland water resources 2470.0 311.8 5484.9 1797.8 27.7 10092.2 2599.1 12691.9
1.a.ii To the sea 0.0 78.3 1828.3 0.0 0.9 1906.4 113.G 2019.4
1.b. To Sewerage (ISIC 37) 680.2657.3 92.0 53.2 498.5 1946. 7927.2 8950.9 16878.
2. Reallocation of emission by ISIC 37 213.6403.3 66.8 16.7 498.5 585.9 2784.7 2810.1 5594.§
3. Net emissions (=1.a+2) 2683.64793.3 7380.0 1814.5 498.5 613.6 14783. 5522.§ 20306.8

Note: * this corresponds to the pollutant contehth® urban runoff collected by Sewerage. In thisnerical example,

urban runoff is collected and discharged withoaatment, thus gross and net emissions coincidsi@ 37.

Table B. Emissions by ISIC 37

tonnes
ISIC 37
Pollutant COD
4. Emissions to watei(=4.a+4.b) 5,594.
4.a After treatment 5,096.3
To water resources 2396.4
To the sea 2,699.
4.b Without treatment 494.5
To water resources 234.4
To the sea 264.1

Source: SEEAW-land.
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4.22. Emissions by ISIC 37 are disaggregated accordingdeiving media. Additional information
can be presented in supplementary tables to fudisaggregate emissions by ISIC 37 according to the

type of receiving media, i.e. surface water andigowater.

4.23. In order to calculate net emission by industry, én@ssions to water by ISIC 37 (row 4 of Table
4.2) have to be reallocated to the industry resipbagor the discharge in the first place. Rowf2 o
Table 4.2 explicitly shows the reallocation of esiigs from ISIC 37 to the various industries. Hist
example, the emission by ISIC 37 has been reakactd the industries applying a global abatement
rate of 67° per cent to the pollutant release of each industrthe sewage network (rowl.b of Table
4.2). Note that in this numerical example, it ssamed that urban runoff is discharged without
treatment (see also Table 3.3 of chapter 3), hémcéSIC 37 the figures in row 2 and row 4.b are th
same. Net emissions (row 3 of Table 4.2) are ¢aled by adding the direct emission by industryMro

1.a of Table 4.2) and the reallocation of emissigriSIC 37 (row 2 of Table 4.2).

4.24. When information is available, emissions from wastier treatment plants could be further
disaggregated in Table 4.2 according to the typdredtment process. Three types of treatment
processes are identified by the UNSD/UNEP Questoenmechanical, biological and advanced) and

the OECD/Eurostat Questionnaires (primary, secondad tertiary).

4.25. For policy purposes, it may be useful to recordsupplementary tables, additional information
such as the pollutant content and volume of slugigeerated by ISIC 37 and number of people with
access to improved sanitation. Annex Il providaseaample of supplementary table to the emission

accounts.

4.26. In some countries there is legislation regulating generation and disposal of sewage sludge
which requires the collection of information ondde production (usually in dry weight as, depending

on the methods of water treatment and sludge tratrauch as digestion, filter-pressing etc., the

13 The global abatement rate is obtained in this etarby dividing the pollutants removed by ISIC 33w 1.b - row 4.) by
the pollutant received by ISIC 37 (row 1.b). Thizresponds to (16878.0-5594.8)/ 16878.0 = 0.67
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concentration of dry solids can be very variabkeell as its pollutant content. For European ¢oun
for example, there is a directive, Sewage Sludgeddie (Directive 86/278/EEC, European Parliament
and Council 1986), which regulates the generatioth ase of sewage sludge (in order as to prevent

harmful effects on soil, vegetation, animals andjrend seeks to encourage its use.

4.27. During wastewater treatment, sewage sludge is géeetas accumulated solids and is separated
from water. Due to the physical-chemical procedseslved in the treatment, the sludge tends to

concentrate heavy metals and poorly biodegradableetorganic compounds as well as potentially

pathogenic organisms (viruses, bacteria etc.) ptasewastewaters. On the other hand, sludge ean b

rich in nutrients, such as nitrogen and phosphqrand contains valuable organic matter that iswsef

when soils are depleted or subject to erosion.

4.28. The indicator on the number of people with accessntproved sanitation, target 10 of the
Millennium Development Goals, is an indicator oé tability of a country to prevent damages to human
and environmental health originating from wastewalischarge (by avoiding, for example, the spread
of excreta-related diseases and by reducing pohutif water resources). The indicator is basethen
distinction between improved and not improved s#ith. Improved sanitation technologies consist of
connection to a public sewer, connection to a septstem, pour-flush latrine, ventilated improved p
latrine. Not improved sanitation technologies ashsf service or bucket latrine (where excreta are
manually removed), public latrine and latrine witdtn open pit (WHO/UNICEF). Presenting
information on this indicator together with the adots facilitates integrated analyses of emisstons

water.
Urban runoff

4.29. The collection and discharge of urban runoff isorded both in terms of volume (in the
physical supply and use table) and in terms ofupafit load (in the emission accounts). This isabse

it is highly polluted and there is an increasingaagness in the potential danger of dischargingti i
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the environment without treatment. Urban runoffially contains a great deal of litter and orgamd a
bacterial wastes as well as oil, antifreeze, detetgy pesticides and other pollutants that get a@sh
from driveways, backyards, parking lots and stremtd are usually collected through storm sewers

(drains usually at street corners or at low pointghe sides of the streets).

4.30. Even though the pollution content of urban run-afshe result of a ‘diffuse’ pollution and
often it can be also the result of natural origiRsr example, leaves in the gutters that createrganic
pollution), its emissions to water are allocated$tC 37, Seweragesince this is the economic unit

responsible for its collection and discharge.

4.31. Note that when urban runoff is collected in the sasewer system that collects domestic and
commercial wastewater (sanitary sewers), it magiffecult to measure the amount of pollutant, which

pertains specifically to urban runoff.
“Water collection, treatment and supply” ISIC 36

4.32. Emission accounts report the direct and indirebtofigh ISIC 37) releases of wastewater
pollutants to the environment. Thus the removalpoflutants during purification processes by the
industry ISIC 36,Water collection, treatment and suppljoes not appear in Table 4.2. In addition,
water supplied by ISIC 36 can, in most of the cadesconsidered almost free of pollutants (such as
those described in section B of this chapter) affipation of water generally involves other pobuits

(e.g. microbiological pollutants).

4.33. Supplementary tables can be constructed to anaheseollutant load of the water abstracted
and supplied by ISIC 36 to study the efficiencypafrification processes (removal of pollutant from

abstracted water before distribution).
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Chapter 5 Hybrid and economic accounts for activities and prducts related

to water

A. Introduction

5.1. The formulation and evaluation of a wide range ofigies related to water, such as those
aiming at efficient water allocation and the reagvef the costs of water services, are at the hefart
water management. The objective of this chaptés study the economy of water, that is to desciibe
monetary terms the use and supply of water-relateducts and to identify: (a) the costs associated
with the production of these products, (b) the meogenerated by their production, (c) the investmen
in water-related infrastructure and the costs tontain them, (d) the fees paid by the users forewat
related services as well as the subsidies receiVds economic instruments to manage water, namely

taxes on the use of the resource and permits t@sadt are also discussed in this chapter.

5.2.  The starting point to study the economy of watertaspresent the conventional national
accounts together with the physical informationwater abstraction, namely the use and supply within
the economy, and discharges of wastewater and tpotki into the environment. These accounts are
referred to as “hybrid accounts”, where the namgbthd” refers to the combination of different types
of units of measurement in the same accounts. prégentation of physical and monetary information
in the same accounts allows for the derivation afsistent indicators for evaluating the impact on
water resources of changes in the economy, e.qugelsain the economic structure, changes in interest

rates, etc. Using the hybrid accounts in economéclels permits the analysis of possible trade-offs
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between alternative water policies and economiatatlies. The structure of the hybrid accounts is

presented in section B.

5.3. Economic accounts expand the hybrid accounts (awhier-related activities carried out for
own use (that is when industries, as well as honigish abstract water for their own use, or treat th
wastewater they generate) and (b) for expenditdirth® government for water-related services (for
example, the formulation and administration of gowmeent policy, the setting and enforcing of public
standards, etc.). Even though the value of thegeittes is likely to be small compared with thther
activities, the full extent of national expenditsren water can be understood only when all these
expenditures are accounted for. Economic accdont&ater-related activities carried out for owreus

and for government expenditure for water-relatadises are discussed in section C.

5.4. Even though they are not explicitly discussed ie ®EEAW, complete stock accounts (in
physical and monetary units) for water-related asfructures can be compiled by disaggregating the
relevant information from the standard 1993 SNAcoagtds for produced assets. The standard tables
only provide information on the stocks of waterated infrastructure, such as pumps and dams, as an
example of the form of such accounts. Stock actodior water-related infrastructure, which are
already part of the 1993 SNA, often require addiilodata sources and data collection activities to
separately identify those assets in monetary ténntise standard national accounts, as well as taiob
information on the physical characteristics of thestructures (e.g. number, capacity, lifetime,
depreciation, etc.). Stock accounts for waterteglainfrastructure can assist in formulating and
evaluating policies that aim to improve access &tewand sanitations, which are highly dependent on

investments in infrastructure or on infrastructundsch are already in place.

5.5. Section D discusses how other monetary flows rdl&dewater, such as taxes and subsidies are

recorded in the accounts.
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5.6. Section E presents national expenditure and fimmnaccounts for water-related activities
classified by purpose. The national expenditureoants give an indication of the expenditure by
resident units on specific activities related totavasuch as wastewater and water management. The
financing accounts are particularly important asrasf water and water-related products do not ydwa
pay for the entire costs associated with the udeey benefit from transfers from other economictsini
(generally the government) which bear part of thetg. Similarly, investments in infrastructureg ar
also often partly financed by units other than ¢me that benefits from its use. The analysis ef th
financing of the use of water and water-relateddpods, as well as investments in water-related
infrastructures, provides information on how theexditures are financed: by which agent and by
means of which instrument (sales of services, envirental taxes, etc.). This information is reldyan
for example, for assessing the implementation ef polluter/user-pay principle as the accounts for

financing show the portion of the total cost paydthe polluter/user.

B. Hybrid supply and use tables

5.7.  Hybrid supply and use tables (SUT) juxtapose tlamdard SNA supply and use table with the
corresponding physical tables, described in chapdeand 4. In so doing, the physical and monetary
data share the same structure, classificationscandepts. Physical information is juxtaposed t® th
monetary supply and use tables. This includes:waler abstraction, use and supply within the
economy, and returns into the environment; and dlissions of pollutants. At finer levels of
disaggregation, the hybrid accounts provide thesrgdic community with access to a structured
database for monitoring the overall hydrologicatie@mic performance of national economies. In this
way, hybrid accounts build a bridge between (agat@gpolicy assessment and (underlying) policy

research (para. 4.6, SEEA-2003).

5.8. Hybrid accounts can be presented in different wape based on supply and use tables and the

other on input-output tables. For a more genandlextensive description of hybrid accounts andiinp

11¢



Hybrid and economic accounts for activities anddoicis related to water

output tables, we refer to Chapter 4 of the SEEA20UN et al., 2003) and Chapter XV of the 1993

SNA (Cec et al., 1993). Here we focus on the spppd use table presentation of the hybrid accounts

5.9. The starting point for hybrid SUT is the 1993 SN#oply and use tables. As the term suggests,
these tables record the value of the productiopls) and consumption (use) of products. The syppl
and use tables show, by row, products classifiedming to the Central Products Classification (FPC
Ver. 2.0 (UN, 2006a). The industries are clasdifiey column, according to International Standard

Industrial Classification of all Economic ActiviseRevision 4, ISIC Rev. 4 (UN, 2006b).

5.10. The simplified standard hybrid SUT explicitly idé&@gtthe following two water-related products

in the monetary part of the tables:

. Natural water- CPC 1800, which is primarily associated with theput of ISIC 36,
Water collection, treatment and supplyn the monetary supply and use tables, natusdkmw
corresponds to the exchanges of water between edonmits (mainly between ISIC 36 and
the other economic units such as other industhieaseholds, and rest of the world). Note that
this class is very broad and it covers very diffeérgypes of water exchanged in the economy

including reused water.

. Sewerage, sewage treatment and septic tank cleag@ngces- CPC 941. This group
include Sewerage and sewage treatment servig@C 9411) andeptic tank emptying and
cleaning servicefCPC 9412). These services are primarily assediatith the output of

ISIC 37,Sewerage

5.11. Depending on data availability, other products tedlato water could also be explicitly
identified in the tables. These includgperation of irrigation systems for agricultural pposes which
is part of CPC 86110 and is primarily (and unigyelgsociated with the output of ISIC 01&ypport
activities for crop productionWater-related administrative servigeshich are part of CPC 91123 and

primarily associated with the output of ISIC 84I1dhd Site remediation and clean-up servicks
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surface and ground water (CPC 94412 and part of @413) primarily associated with the output of

ISIC 3900.

5.12. Economic activities, classified according to ISIE@V, are identified by column in the supply
and use tables. The level of disaggregation ofistries depends on the country’s situation and data
availability. The simplified standard tables idént limited number of groups of industries forseaof

compilation. These include the following groups:

. ISIC 1-3 -Agriculture, forestry and fishing
. ISIC 5-33, 41-43 Mining and quarrying, Manufacturing and Constructjo
. ISIC 35 -Electricity, gas, steam and air conditioning supplyparticular,Hydroelectric

power generation, transmission and distributignart of ISIC 3510);

. ISIC 36 -Water collection, treatment and supply
. ISIC 37 -Seweragp
. ISIC 38,39, 45-99 — the so-calleér8ice industries

5.13. As mentioned in para 5.11, it is highly recommendlmdanalytical purposes when compiling
water accounts to further disaggregate the aawitelated to water other than ISIC 36 and 37, hame
Operation of agricultural equipmenfpart of ISIC 0161),Remediation activities and other waste
management services related to wafgart of ISIC 3900), andAdministration of water-related

programmegpart of ISIC 8412).

5.14. Note that, in some countries activities of watep@Ey (ISIC 36) and sewerage (ISIC 37) are
carried out by the same establishment and no sepaczounts are kept by the establishment. This
makes it difficult to separate information on thests related to the two separate ISIC classesthdo
extent possible, information should be disaggretyat® as to show explicitly the costs and output of

each of these activities. Additional informationdaestimation may be needed to separate these
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activities. As recommended by the 1993 SNA, in¢hse where water and wastewater are produced in
an integrated production process, one may usedbestructure of a firm which is treating wastewate

only to estimate the portion of the cost for tregtivastewater.

1. Hybrid supply table

5.15. Table 5.1 shows the form of the standard hybridogufable. The table consists of three parts:

. Monetary supply table.It describes in monetary units the origin of prots. This
information is organized according to the 1993 S&lfpply table where products are shown in

rows and the producers are presented in columns.

. Physical supply table of water It contains information on the volumes of water
supplied to other economic units (which correspotaisow 4 of Table 3.3) and discharged
(returns) into the environment (which correspondsdw 5 of Table 3.3). This information

corresponds to the physical supply table describexthapter 3.

. Total emission of pollutants in physical unitd shows gross emissions by industry for
the sake of simplicity (which corresponds to rowfITable 4.2). Information on net emissions
could also be shown in the same table. This infdiom corresponds to the emission accounts

described in chapter 4.

5.16. The monetary supply table presented in Table 50lvsiby column the following information:

. Output at basic prices by industries classifiedatitng ISIC Rev. 4;
. Imports;
. Other items to derive the total supply at purchsisprices, namely (a) taxes and

subsidies on products; and (b) trade and transpargins. Trade and transport margins include
trade margins plus any transport charges paid aggwarby the purchasers in taking delivery at

the required time and place (para. 15.40, 1993 SNAYhe case of water, transport margins are
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generally not separately invoiced and trade margmsoften insignificant. For these reasons,

Table 5.1 reports a zero value for trade and tramspargins.

5.17. The bulk of the supply dlatural water(CPC 1800) an@&ewerage servicd€PC 941) appears

in the columns corresponding to ISIC 36 and ISICa’7they group together establishments whose
principal activities are the distribution of watend wastewater services respectively. Since an
establishment may engage in other activities, th&A Snakes a distinction betwegprincipal and
secondary activity Theprincipal activity of a producer unit is the activity whose value ediéxceeds
that of any other activity carried out within thanse unit - the output of the principal activity rhus
consist of goods or services that are capable ioigbeelivered to other units even though they may b
used for own consumption or own capital formatipar@. 5.7, 1993 SNA). Theecondary activitys

an activity carried out within a single producerituim addition to the principal activity and whose
output, like that of the principal activity, muse Isuitable for delivery outside the producer updré.

5.8, 1993 SNA).

5.18. In the numerical example in Table 5.1, an indugtnygroup of industries) in ISIC 5-33, 41-43
supplies water as a secondary activity (for a tofad0 millions currency units). In addition, ISI&7
supplies water as a secondary activity. This cpoads to reused water from ISIC 37 for furtherinse

other industries.

Table 5.1: Hybrid supply table

Billions currency units, Millions cubic metres

Output of industries (by ISIC categories)
35 Tota Tota
off output Taxes legTrace an{ supply &
5-33, which 38,39| at basi Subsidie| transporjpurchaser’
1-3 41-43 Total Hydrg 36 37| 45-99 priceg Importg on products margin: price
1. Total output and supply(Billions currency units) 137.6 749.0 221 3.3 1.7 9.0 367.0 1286.4 363.0 70.Q 0.0 1719.4
o X\.Igl(l:\lheitural water (CPC 1800) 0.00.040 0.0 00 1.7 02 0.0 1.9 0.0 -0.14 0.0 1.8
1.b Sewerage services (CPC 941) 0.0 0.0 0.0 0.0 00 88 0 8.8 0.0 0 8.8
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2. Total supply of watel (Millions cubic metres) 82.9 157.0 405.6 300.0 426.9 526.5 49.8 1648.7 0.0 1648.7
2.a Supply of water to other economic units 17.927.6 5.6 0.0 379.6 42.7 49.1 6225 0.0 622.9
of which:2.a.1- Wastewater to Sewerage 17.917.6 5.6 00 14 00 49.1 191.4 0.0 191.4

2.b Total returns 65.0 29.4 400.0 300.0 47.3 483.8 0.7 1026.7 1026.7
3. Total (gross) emissions cCOD (Thousand of tonnes)3150.2 5047.4 7405.1 0.0 1851.0 498.5 1973.8 19925. 19925.

Note: Grey cells indicate zero entries by defimitio

Source: SEEAW-land.

2. Hybrid usetable

5.19. Table 5.2 shows the format of the standard hybsel table. The table consists of two parts:

. Monetary use table It provides information on the destination (uge)nonetary units
of products and, in particular, water-related pridu The use table shows products by rows

and industries by columns as the conventional 1993 use table.

. Physical use table It contains information on the volumes of wabstracted from the
environment (row 1 of Table 3.3) and received frotihher economic units (row 2 of Table 3.3).

This information corresponds to the physical usdetalescribed in chapter 3.

5.20. The uses of products in Table 5.2 are describedcblymn in terms of: intermediate
consumption, final consumption, exports and gragstal formation. Each of these uses are described

next.

5.21. Intermediate consumptionrefers to the value of the goods and serviceswoed as inputs in
production, excluding the using up of fixed asse#sich is recorded as consumption of fixed capital

value added. Intermediate consumption is valugulathaser’s prices.

5.22. In the SEEAW, final consumption is measured in Table 5.2 in terms of actual final
consumption rather than in terms of expendituregkvis the common practice in the 1993 SNA. This
is done to monitor the link between physical quaediof water and the monetary values of goods and
services delivered to the households: often wadkated services are not purchased directly by

households, but are provided to them by governnagiat non-profit institutions serving households

124



Hybrid and economic accounts for activities anddoicis related to water

(NPISHSs) free or almost free of charge. Actuakfioonsumption measures the value of the goods or
services delivered to households, regardless othveinehey are paid by households themselves or by
government units and NPISHs through social trassiieikind. Box 5.1 shows how to compute actual

final consumption from final consumption expendgsir
5.23. Actual final consumption comprises of the followitwgo categories:

. Actual final consumption of householdsincludes the costs that households actually
incur for the purchase of products (this corresgomnal the concept of final consumption
expenditure of households) and social transferdsnd from government and NPISHs. These
transfers correspond to the final consumption eggare incurred by NPISHs (all considered

individual) and individual consumption expenditufegovernment.

. Actual final consumption of government which corresponds to its collective (as

opposed to individual) consumption expendituresAd18.82).

5.24. Collective consumption expenditures of the govermimiaclude the value of those services
provided by the government for the benefit of akmbers of the community or of the society as a
whole, in the sense that the consumption of oneviddal does not reduce the supply of the prodact t
other individuals. Although collective servicesnkéit the community, or certain sections of the
community, rather than the government, the actoasamption of these services cannot be distributed
among individual households, or even among groupshauseholds such as sub-sectors of the
household sector. It is therefore attributed t® slme government units that incur the correspgndin
expenditures (para. 9.91, 1993 SNA). In the cdseaber, administrative services of water controtia
water quality monitoring are examples of servicesvigied to the community as a whole, and their use
is attributed to the government as a collectivescomer. Box 5.2 presents the conditions of the

1993 SNA that distinguish between individual antemtive goods and services.
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Total final consumption in the economy may be vidviem two angles. It may be defined from the exgiture side
as the total value of all expenditures on individaad collective consumption goods and servicesirired by resident
households, resident NPISHs and general governomdtd. Or, it may be defined in terms of actualficonsumption
as the value of all the individual goods and sessiacquired by resident households plus the valubeocollective
services provided by general government to the conity or large sections of the community. Belove ttelevant
paragraphs of the 1993 SNA describing the concefpfmal consumption expenditure and actual finahsumption are
presented.

Final consumption expenditureincludes (para 9.94, 1993 SNA):

(a) Household final consumption expenditure: Tbdmsists of the expenditure, including imputed exprire,
incurred by resident households on individual congtion goods and services, including those soldrizes that
are not economically significant;

(b) Final consumption expenditure of NPISHs: Tb@sists of the expenditure, including imputed exprire,
incurred by resident NPISHs on individual consumptgoods and services;

(c) Government final consumption expenditure: Thansists of expenditure, including imputed expandi,
incurred by general government on both individuahsumption goods and services and collective copsiom
services. This expenditure may be divided into:

(i) Government expenditure on individual consuraptgoods and services;
(if) Government expenditure on collective consurmptservices.
Actual final consumption includes (para 9.96, 1993 SNA):

(1) Actual final consumption of households. Thigrieasured by the value of all the individual conption goods
and services acquired by resident households. eTaer three sets of goods and services enteringhimasehold
actual final consumption:

. Those acquired through expenditure by households$lelves (which corresponds to (a) Househp
final consumption expenditure);

. Those acquired as social transfers in kind from $HH; (which corresponds to (b) Final
consumption expenditure of NPISHs)

. Those acquired as social transfers in kind fromegahngovernment (which corresponds tg) (¢
Government expenditure on individual consumptiondgpand services).

(2) Actual final consumption of general governmertis is measured by the value of the collectivastonption
services provided to the community, or large sextioof the community, by general government (which
corresponds to (¢ Government expenditure on collective consumpservices).

The table below shows how to obtain informationaatual final consumption from the 1993 SNA use ¢abTotal final
consumption may be presented by reorganizing themues as follows. The table on the left shows 19893 SNA
presentation of the use table. (table 15.1 of #@31SNA) using the expenditure side. The tablehanright shows the
SEEAW presentation of the use table using the aitipm side.

d

Total final consumption recorded Total final consumption recorded
in the 1993 SNA use table in the SEEAW use table
Final consumption expenditure Actual Consumption
Government
Households
(€)= (Q)+(ci)
_ Social _
Households NPS.HIS Total = transfers in GovernmentTOtal N
individual . - @+b)+| = ! - (@)+(b)+H
@ (b) Collective| Individual © Final kind from (c) ©)+c)
(c) (ci) consumptio Governmen| :
expendituresand NPISH
(@) (b)+(ai)
Total use of products

Box 5.1: From final consumption expenditure to aatal final consumption
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The consumption expenditures incurred by governmiaits and NPISHs have to be divided into thoseuired for
the benefit of individual households and those inedi for the benefit of the community as a wholelasge sections
of the community.

Individual goods and services are essentially '@V, as distinct from "public" goods. They hahe tfollowing
characteristics:

(a) It must be possible to observe and record toeigition of the good or service by an individhalusehold or
member thereof and also the time at which it tolaice;

(b) The household must have agreed to the pravisibthe good or service and take whatever act®n i
necessary to make it possible - for example,tbgnding a school or clinic;

(c) The good or service must be such that its asétipn by one household or person, or possiblyabgmall,
restricted group of persons, precludes its acqaisity other households or persons.

Most goods can be privately owned and are indiidaahe sense used here. On the other hand,icédtiads of
services can be provided collectively to the comityuas a whole. The characteristics of these ctile services
may be summarized as follows:

(a) Collective services can be delivered simultarsty to every member of the community or of paitic
sections of the community, such as those in a@adrf region of a locality;

(b) The use of such services is usually passiveé does not require the explicit agreement or actjve
participation of all the individuals concerned;

(c) The provision of a collective service to ondividual does not reduce the amount availablethers in the
same community or section of the community. Theneo rivalry in acquisition.

The collective services provided by government &inmostly of the provision of security and defendke

maintenance of law and order, legislation and ragoh, the maintenance of public health, the pridecof the

environment, research and development, etc. Alhbers of the community can benefit from such se&wicAs the
individual usage of collective services cannot eeorded, individuals cannot be charged accordintyé@ usage or
the benefits they derive. There is market failanel collective services that must be financed duaxation or other
government revenues.

The services provided by NPISHs are often confittethe members of the associations that contrahthathough

they may also provide individual goods or servidesthird parties. Many NPISHs are only concerneithw
protecting the interests or welfare of their mensber providing recreational, sporting or culturakifities which

households or persons cannot otherwise easily mbitai themselves acting individually. Although NEMs may

provide services to their members in groups, theices are essentially individual rather than odtile. In general,
persons other than their members are excluded anigedno benefit from the services provided. Tiem as

already noted, all the services provided by NPI@ksby convention treated as individual.

Box 5.2: Individual and collective goods and servas of government and NPISHs

Source: paras. 9.80-9.85, 1993 SNA. (CEC et al3199

5.25. Gross capital formation (GCF) is the total value of gross fixed capitalm@tion, changes in
inventories and acquisitions less disposals ofafales. It is included in Table 5.13 at the aggrega
level for consistency of presentation with the 13SA tables to show the basic identity that supply

equals use. In Table 5.13, GCF of Natural watezeio as it represents the use of this product for
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capital formation. Only in the case in which waterstored over two accounting periods could the

value of GCF for natural water be non-zero. GCFsEwerage services is not applicable.

5.26. Exports consist of sales of products from residents to-remident units. In the numerical

example in Table 5.2, there are no exports of warher wastewater services.

Table 5.2: Hybrid use table

Billions currency units, Millions cubic metre

Intermediate consumption of industries (by I1SICegaties) Actual final consumption
35 Households g
S
Socia| »
2
transfers i s
c e
Fina|  kind fron| 2 3
= £ ©
5-33 of which| 38,39  Tota| consumptio| Governme g S §
c —_ %]
= < =t >
1-341-43  Tota| Hydrg 34 371 45-99 industry expenditurgs and NPISHs  Tot alg K] '% § g
o [2 |8 | & e
1. Total intermediate consumption and us¢(Billions 72.9419.4 9.9 11 11 1.7157.8 664. 321.4 1314 452.8 53.6 506.4 146.0 403.0 1719.4
of which:
1.a Natural water (CPC 1800) 02 03 0.02 0.0 0.0 0.2 0.§ 0.6 0.4 1.0 - 1.0 00 0/0 18
1.b Sewerage services (CPC 941) 04 24 0.1 0.0 0.03 1.0 3.9 2.4 2.4 4.9 - 4. 0.q 8.
3. Total use of water(Millions cubic metres) 159.1200.2 408.1 300.0 428.7 527.253.4 1776. 250. 250.: 0.0 2027.p
3.a (U1) Total Abstraction 108.4 1145 404.2 300.0 .428100.1 2.3 1158. 10.¢ 10.¢ 1169.
of which:3.a.1- Abstraction for own use 108.4114.6  404.2 300.@3.0 100.1 2.3 752.4 10.¢ 10.¢ 763.4
3.b - Use of water received from other economit¢supni  50.7 85.7 3.9 - 0.0 427.1 51.1 618§ 239.! 239.! 0.9 858.0

Note: Grey cells indicate zero entries by defimitio

Source: SEEAW-land.

3. Hybrid account for supply and use of water

5.27. Table 5.1 and Table 5.2 can be presented togetherm the hybrid account for supply and use
of water as presented in Table 5.3. Table 5.3igesvinformation by industry on the output produced
including water-related output, the intermediat@siomption, including the costs of purchasing water
and sewerage services and value added. It formdadlsis for the calculation of a consistent set of

hydrological-economic indicators.
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5.28. Note that activities are classified to the relevd®tC category regardless of the kind of

ownership, type of legal organization or mode oémpion. Therefore, even when activities for water
collection, treatment and supply (ISIC 36) and semge (ISIC 37) are carried out by the government
(as it may be the case in some countries), theuldhme classified to the extent possible in thecHje

classes (ISIC 36 and 37) and not in ISIC Bdblic administration

5.29. When information is available, the producing urmitaild be further disaggregated according to
the type of institutional sector that owns them vg@mment, corporation and households). This
information can be useful to assess, for exampke degree of involvement of the government in water

supply or wastewater sanitation.

5.30. Table 5.3 also presents information on gross fixapital formation for water-related
infrastructure by industry, which represents inwestts in fixed capital related to water (infrasture).

It also shows the closing stocks of fixed assetswater supply and sanitation. The stocks of fixed
assets represent the total value of infrastrudtupdace, disaggregated according to whether tette

to water supply or wastewater services.

Table 5.3: Hybrid account for supply and use of weer

Billions currency units, Millions cubic mett

Taxes le§  Actual final
Industries (by ISIC categories) subsidie] consumption
35 orn
producty

c

2

trade an ]

17} € 15

5-33, 41 of which 38,39, 44- Tota|Rest of th| transpo .—g g 2

< c —

Q = ©

1-3 43 Tota| Hydrg 34 31 99industr world  margin g %’ ‘§. g
z o |8 e
1. Total output and supply (Billions currency units) 137.6  749.0 22.1 3.3 1.7 9.0 367.0 1286.4 363. 70.4 1719.
of wtich:
1.a. Natural water (CPC 1800) 0.0 0.04 0.0 0.0 1.7 0.2 0.0 19 0.9 -0.1 1.4
1.b. Sewerage services (CPC 941) 0.0 0.0 0.0 0.0 0.0 8.8 0.0 8.9 0.9 0.4 8.4
2. Total intermediate consumption and usi(Billions currency units) 729 4194 9.9 11 1.1 1.7 157.4 664.Q 403. 452.8 53.571 146.0 1719.4
of which:

2.a. Natural water (CPC 1800) 0.2 0.3 0.0 0.0 0.0 0.0 0.2 0.8 0.9 1.0 - 1.4
2.b. Sewerage services (CPC 941) 04 24 0.1 0.0 0.0 0.0 1.0 3.9 0.0 4.9 - 8.8
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3. Total value added (gros: (= 1-2) (Billions currency units) 64.7 3295 12.2 1.8 0.6 7.3 209.4 6224 0.4 622.4
4. Gross fixed capital formation(Billions currency units) 6.6 65.7 13.1 11.8 10.5 23.7 1314 131.4
of which:
4.a. For water supply 0.311 11.8 1.3 134 13.4
4.b. For water sanitation 0.2 9.2 0.0 9.4 94
5. Closing Stocks of fixed assets for water suppl(Billions currency 5.2 197.1 22.2 224.4 224.4
6. Closing Stocks of fixed assets for sanitatio(Billions currency 2.4 115.7 0.1 118.9 118.2
7. Total use of wate (Millions cubic metres) 159.1 200.2 408.1 300.0 428.7 527.2 53.4 1776.1 0.9 250.! 2027.
7.a. Total Abstraction 108.4 1145 404.2 300.0 428.7 100.1 2.3 1158.7 10.¢ 1169.
of which7. a.1- Abstraction for own use 108.4 114.6  404.2 300.0 23.0 100.1 2.3 752. 10.¢ 763.4
7.b. Use of water received from other economicsunit 50.7 85.7 3.9 0.0 4271 51.1 6189 04 239.¢ 858.
8. Total supply of watel (Millions cubic metres) 829 157.0 4056 300.0 4269 526.5 49.9 1648.7 0.4 240.7 1889.
8.a. Supply of water to other economic units 17.9127.6 5.6 0.0 379.6 42.7 49.1 622.5 0.9 235! 858.
of which:8.a.1- Wastewater to Sewerage 17.9117.6 5.6 0.0 1.4 0.0 49.1 191.4 0.0 235.¢ 427.
8.b. Total returns 65.0 29.4  400.0 300.0 47.3 483.8 0.7 1026.4 4.8 1031.
9. Total (gross) emissions of COl(Thousand of tonnes) 3150.2 5047.4 7405.1 1851.0 498.5 1973.419925. 11663.! 31589.

Note: Grey cells indicate zero entries by defimitio

Source: SEEAW-land.

5.31. To enhance their analytical capacity, the accow@s be augmented with supplementary
information on specific aspects related to wafehis includes labour input in the supply of wateda
sanitation services and information on social atgpebat are important for water management.
Indicators on access to water and sanitation, whighthe indicators in Target 10 of the Millennium
Development Goals, are notable examples of sooiicators that could be linked to the SEEAW
accounting tables. Information on labour input mia¢ important for analysing the impact on
employment of water allocation policies. Similarligformation on access to water and sanitation may
be used to evaluate policy reforms and structuhanges aiming at improving access to water and

sanitation.

C. Further disaggregation of hybrid accounts

5.32. In order to provide a complete picture of the ecopmf water, the hybrid accounts presented
in Table 5.3 should be complemented with the actotor water-related activities carried out for own

use and for expenditures of the government on ciVe consumption services related to water.
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5.33. Water-related activities carried out for own use aot explicitly identified in the national
accounts. Their costs are incorporated into thadse principal activity of the establishment. the
SEEAW, these costs are explicitly identified toaibta more complete picture of the total waterteda
expenditures by the economy and to assess how mach economic activity spends for the direct

provision of water and wastewater services.

5.34. Accounts for the expenditure of the government ollective consumption services related to
water are a further disaggregation of the infororatin Table 5.2 (and Table 5.3). Consumption
expenditure of the government (intermediate condionp compensation of employees and
consumption of fixed capital) are separately idedi by purpose, that is, in the case of the SEEAW,
according to whether they are related to collecsgevices related to water. These accounts arfeluse
for the compilation of environmental protection ergiture and resource management accounts, as

well as for the compilation of the financing table.

1. Hybrid accountsfor activities carried out for own use

5.35. The accounts presented in this section explicilgntify the intermediate costs and output of
water-related activities when they are carried foutown use by households and industries. To asses
the contribution of water-related activities to theonomy, the costs of these activities need to be

separately identified.

5.36. Hybrid accounts for own use are compiled for théofeing activities:

. Water collection, treatment and supgl$IC 36),

. Sewerag€ISIC 37)

Remediation activities related to wat@rart of ISIC 39) could also be carried out forrouse. They,

however, are not included in the simplified stamd@bles because they are usually small.
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5.37. Economic units may carry out abstraction or wastewteatment for own use. This includes,
for example, farmers who abstract water directbnfrthe environment for irrigation purposes, electri
power plants or other industrial establishmentg thigectly abstract water for their own use (ea. f
cooling purposes). By the same token, enterprseshouseholds may operate their own wastewater
treatment facilities (industrial wastewater treabtnglants, septic tanks, etc.). The costs asstmaith
these activities do not explicitly appear in the@mts described in the previous section as they ar

incorporated with those of the principal activity.

5.38. In the 1993 SNA, goods and services produced far o8e should be valued at the basic prices
at which they could be sold if offered for salee market (para. 6.84, 1993 SNA). However, sioce
water-related activities reliable market pricesrdui generally exist, in the SEEAW the value of the
output of these activities is deemed, by conventaxual to the sum of the costs of production: that
as the sum of intermediate consumption, compensati@mployees, consumption of fixed capital and

other taxes (less subsidies) on production.

5.39. Table 5.4 presents the hybrid account for actisioé Water abstractionand Seweragecarried

out for own use. In the SEEAW, these activitiee egcorded under the ISIC class of the principal
activity. For example, if a manufacturing industfiSIC 17) treats wastewater on-site before
discharging it to the environment, the activity toéating water is recorded under ISIC 17. This
presentation is consistent with the way informatisnorganized in physical terms (as presented in
chapters 3 and 4) where wastewater dischargedet@niironment (with or without treatment) by an
industry is recorded under the ISIC class of thdugtry discharging water. The costs of water
abstraction are therefore directly linked for eamtiustry to the volumes of water abstracted, ara th

costs of treating wastewater with the volume ofteaster discharged after on-site treatment.
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5.40. For other purposes it may be relevant to re-orgamizd allocate activities for own use to the
relevant ISIC (e.g. ISIC 36 or ISIC 37). The separdentification of water-related activities fawn

use, as done in the SEEAW, easily allows for thi®rganization if so desired.

5.41. Note that Table 5.4 also includes households ag thay abstract water directly from the
environment and often carry out activities of wasiter treatment through the use, for example, of

septic tanks.

Table 5.4: Hybrid account for water supply and sewrage for own use

Millions of currency units, Millions cubic metres

Industries (by ISIC categories)

35 >

- & ?

5-33 of which 38,39 E é

1-3 41-43 Tota Hydro 36 37 45-99 Total % g

T
@ |1 Costs of production(=1.a+1.b) (Millions of currency units) 336.0 355.3 1,253.0 930.0 71.3 310.3 7.1 2,333.] 33.5 2,'3_66.‘
2 1. a. Total intermediate consumpi 162.¢  171.¢ 606.: 450.C 34.5 150.: 3.5 1,128.¢ 16.2] 1,145
g 1.b. Total vale added (gros 173.« 183.¢ 646.7 480.C 36.¢ 160.z 3.7 1,204. 17.3 1,221
8 1.b.1 Compensation of employ: 104.1 73.2  258.7 192.C 14.7 64.1 1kt 516.4 0.C 516.¢
—E 1.b.2 Other taxes less subsidies on produ -1.7 -1.€ -6.E -4.8 04 1.€ 0.C -8.C 0.5 -75
2 1.b.3 Consumption of fixed capi 71.1  111.¢6 394t 292.¢ 217 94t 2.2 695.¢ 16.§ 712.€
& [2. Gross fixed capital formation (Millions of currency units 672.1 781.€ 1,503.¢ 1,116.( 2.6 2,960.] 70.4 3,030.
§ 3. Stocks of fixed asse (Billions of currency units 11.2 13.1 25.1 18.€ 0.C 49.4 1.2 50.€
4. Abstraction for own use (Millions of m‘) (from Table 3.3) 108.« 114.¢  404. 300.C 23.C 100.] 2.3 752.¢ 10.€ 763.
o |1 Costs of prodiction (=1.a+1.b) (Millions of currency uni 121.( 6.1 127.] 18.2 145.
2 1.a. Total intermediate consumption (Millions ofr@ncy units) 30.0 15 31.5 4.5 36.1
S 1.b. Total value added (gross) 91.0 4.6 95.4 13.7 109.2
g 1.b.1 Compensation of employees 27.3 14 28.7 4.1 32.9
° 1.b.2 Other taxes less subsidies on production -0.9 0.0 -1.0 -0.1 -1.1
? 1.b.3 Consumption of fixed capital 64.6 3.2 67.9 9.7 77.5
G;’ 2. Gross fixed capital formatior (Millions of currency units) 266.2 2.4 268.6 38.1 306.1
& |3. Stocks of fixed asset(Millions of currency units) 3354.1 30.5 3384.6 480.2 3864.

4. Return of treated watel (Millions of m3) (from Table 3.3) 10.0 0.5 10.5 1.5 12.4

Source: SEEAW-land.

5.42. The information required for Table 5.4 is not likab be readily available in many countries.
Specific surveys need to be put in place in ordeedtimate the costs associated with the activifes

water collection, treatment and supply and wastemaeatment when they are carried out for own use.
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Information on the physical quantities of watertadbsted and average costs could be used to populate

the table as a first step in the compilation oftiiae.

2. Government accounts on water-related collective consumption services

5.43. For analytical purposes and, in particular for cdimg the table of financing, it is useful to
develop economic accounts for government experghton water-related services. These are classified
according to the Classification of the FunctionsGmivernment (COFOG) (UN, 2000b). COFOG is a
classification of expenditures by the governmemtoading to purpose: it classifies transactions sagh
outlays on final consumption expenditure, intermageliconsumption, gross capital formation and
capital and current transfers by general governnamabrding to the function that the transaction

Serves.

5.44. The following functions classified in COFOG areen&dnt for water:

. Wastewater managemeniCOFOG 05.2. This group covers sewage systematipa

and waste water treatment. Sewage system opeliaiirdes management and construction of
the system of collectors, pipelines, conduits anthps to evacuate any waste water (rainwater,
domestic and other available waste water) from ghimts of generation to either a sewage
treatment plant or to a point where waste watedisgharged to surface water. Wastewater
treatment includes any mechanical, biological ovaamted process to render wastewater fit to

meet applicable environment standards or otherityuabrms.

. Soil and groundwater protection part of COFOG 05.3. It covers activities raigtito
soil and groundwater protection. These activitinslude construction, maintenance and

operation of monitoring systems and stations (othan weather stations); measures to clean

134



Hybrid and economic accounts for activities anddoicis related to water

pollution in water bodies; construction, mainterarand operation of installations for the

decontamination of polluted soils and for the sgeraf pollutant products.

. Environmental protection not elsewhere classif(ade.c.) (related to water) — part of
COFOG 05.6. This group, with focus on water, cevaaministration, management, regulation,
supervision, operation and support of activitieschrsuas formulation, administration,
coordination and monitoring of overall policies,aps, programmes and budgets for the
promotion of environmental protection; preparatiand enforcement of legislation and
standards for the provision of environmental protecservices; production and dissemination
of general information, technical documentation atatistics on environmental protection. It
includes environmental protection affairs and sesithat cannot be assigned to the previous

classes (05.1), (05.2), (05.3), (05.4) or (05.5).

. Water supply— COFOG 06.3. This group covers (i) administnataf water supply
affairs; assessment of future needs and deterrmmatif availability in terms of such
assessment; supervision and regulation of all &aoétpotable water supply including water
purity, price and quantity controls; (ii) constriget or operation of non-enterprise-type of water
supply systems; (iii) production and disseminatiof general information, technical
documentation and statistics on water supply affaird services; (iv) grants, loans or subsidies

to support the operation, construction, maintenamagpgrading of water supply systems.

5.45. Note that the above COFOG categories refer to ciiMle services of the government. The
classes COFOG 05.2 and 06.3 should not be confughdhctivities ofSewerageandWater collection,
treatment and supplyclassified in ISIC 37 and 36 respectively, whiate considered as individual
services in the SEEAW. Expenditures incurred byegonments at a national level in connection with
individual services such as water supply and sHoitaare to be treated as collective when they are

concerned with the formulation and administratidrgovernment policy, the setting and enforcement
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of public standards, the regulation, licensingupervision of producers, etc. as in the case otation

and health. (Based on para. 9.86, 1993 SNA).

5.46. In the cases in which the activities of water sypphd sewerage are carried out by the
government and are classified under ISIC Bdblic administration and defencéhe activities related

to the production of individual goods and servicasried out by the government (such as water supply
and wastewater services) should be separatelyifidehtto the extent possible, from the activities
related to the production of the collective sersiqguch as the management and administration of
water-related programmes, the setting and enfornemfepublic standards, etc. see also Box 5.1) and

classified under the relevant ISIC category.

5.47. Table 5.5 presents economic accounts for governmemtnditures on water-related collective
consumption services. The collective consumptiervises are assumed to be produced and used by
the government. The value of these activitiesgisat to the costs of their production, namely thens

of intermediate consumption, compensation of engésy consumption of fixed capital and other taxes
less subsidies on production. These accounts dwmlfdirther disaggregated for central, state andllo

government. This table serves as input in the dlatipn of the table on financing in section D.

Table 5.5: Government accounts for water-relatedalective consumption services

Millions of currency units

Government (by COFOG categories)

05.3 (part)
05.2 Soil and 05.6 06.3
Wastewater | groundwater| Environmental| Water

management protection | protection n.e.c, supply

1. Costs of production(=1.a+1.b) 3.79 0.56 1.55 0.27
1. a. Total intermediate consumption 2.82 0.42 0.86 0.04
1.b. Total value added (gross) 0.97 0.14 0.69 0.17

1.b.1 Compensation of employees 0.42 0.13 0.69 0.11
1.b.2 Consumption of fixed capital 0.55 0.00 0.01 0.07

Source: SEEAW-land.
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D. Taxes, fees and water rights

[The issue of treatment of permits and licensenim update of the 1993 SNA is currently under disimrs This section will

be updated as soon as agreement is reached]

5.48. This section deals with specific government insteats used to regulate the use of
environmental services and how they are recordedhén SNA. Economic instruments used by
government include decisions and actions that affee behaviour of consumers and producers by
causing a distortion in the prices to be paid foviebnmental services. One way that governments
control the use of water and water resources muthin taxes/subsidies. The other is through thérigs

of licences — for a fee or for free — which entitle owner to some sort of exclusive use of an

environmental asset or part of it (for exampleptigh water rights).

1. Taxes, subsidies and rent

5.49. As mentioned in the previous sections, the usevaeed at purchaser’s price. Therefore, they
include taxes paid by the final consumer (taxepmducts) as well as by the producer (other taxes o
production). They also include subsidies to wagtated activities and products which lower thee@ri
paid by users or/and the production costs for tloelypcers. Due to their importance as water policy
instruments, a more in-depth examination of howesasubsidies and rent on water are treated in the

1993 SNA context is useful.

5.50. It must first be clarified that sometimes taxes &pek are used as a payment of a service (e.g.
water delivery or collection of wastewater). Inngacountries, notably where water use is not meliere
water services are recovered through local ‘tayesd to the municipality, the county etc. In the
accounts, these taxes are to be considered as p&ymecounterpart to a service, equivalent toiaepr
(see para. 8.54(c), 1993 SNA) although they maycower the total cost of the service. These taxes

therefore recorded in the use table as a purcHasater related products.
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5.51.

5.52.

The following entries, as described in the 1993 She relevant for water:

. Other taxes on productiofD29) include all taxes except taxes on produttat t

enterprises incur as a result of engaging in prodoc Such taxes do not include any taxes on
the profits or other income received by the enisgrand are payable irrespective of the
profitability of the production. They may be pajalon the land, fixed assets or labour
employed in the production process or on certativiies or transactions. (para. 7.70, 1993
SNA). They explicitly include taxes on pollutiorfihed as: “Taxes levied on the emission or
discharge into the environment of noxious gasemiidis or other harmful substances; they do
not include payments made for the collection arspa$al of waste or noxious substances by

public authorities” (para. 7.70, 1993 SNA).

. Other current taxegD59), in the secondary distribution of income @aats, which

include payment by households to obtain certaienies.

. Rentis a property income receivable by the owner ¢dragible non-produced asset in
return for putting the tangible non-produced asdethe disposal of another institutional unit.
In other words, rent is the property income recéifrem certain leases on land, sub-soil assets

and other naturally occurring assets (para. 5ME, 2001).

One of the regulatory functions of government i¢aibid the ownership or use of certain goods

or the pursuit of certain activities unless specifermission is granted by issuing a license oemth

certificate for which a fee is demanded. If thseuis of such licenses involves little or no worktha

part of the government, the licenses being graaigdmatically on payment of the amount due, it is

likely that the licenses are simply a device tcseataxes (and thus are recorded as other taxes on

production) even though they provide a certifioateuthorization in return.

5.53. Thus payments to government on access (includirgjrattion and exploitation) of water

resources, granted with little or no work on thetmd the government, are recorded as other taxes o
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production (1993 SNA, D29) when paid by enterpriged other current taxes (1993 SNA, D59) when
paid by households (para. 5.38, IMF 2001) whenrds®urce is owned by the government. However,
when government uses the issue of license to eseerciregulatory function (for example, by carrying
out some sort of control that it would otherwiset i@ obliged to) the sale of licenses should be
recorded as a sale of services (based on para.ldB54£2001). Payment on access to water resources

owned by the government units are recorded as(pama. 5.94, IMF 2001).

5.54. Subsidies can be thought of as negative taxes oduption and their impact on the operating
surplus is in the opposite direction to that ofemxon production. They are current unrequited
payments that government units, including non-r@sicgovernment units, make to enterprises on the
basis of the levels of their production activities the quantities or values of the goods or sesvice
which they produce, sell or import (para. 7.71, 39NA). Subsidies are receivable by resident

producers or importers and are not payable to fioasumers.

5.55. Current transfers that governments make directhhdaseholds as consumers are treated as
social benefits. Subsidies do not include grahts government may make to enterprises in order to
finance their capital formation, or compensate tHenmdamage to their capital assets, such graritggbe

treated as capital transfers (para. 7.72, 1993 SNA)

2. Water rights

5.56. Water rights represent another economic instrurtieatt government may use to regulate water
use and give incentives to use water efficien®pvernments manage water resources by issuingsright
(e.g. licenses, allocations, entitlements) to cdnivater use and allocate water among differens.use

Water rights vary enormously, within and betweemrddes, in their duration, security, flexibility,

divisibility and transferability.
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5.57. The 1993 SNA introduced a new category of assetedcanon-financial intangible non-
produced assets among which is an item called deasel other transferable contracts. The
characteristic of intangible non-produced assethas$ they entitle their owners to engage in specif
activities or to produce certain specific goods aadvices and to exclude other institutional ufridsn
doing so except with the permission of the ownEe leases themselves are not produced but ark lega
constructs designed to permit or inhibit certaiticats. They may control, for example, who may
extract a natural resource and under what condit{para. 6.39-6.40, SEEA-2003). It is important to
note the distinction between the right to contrek wf an asset and the asset itself: only the §ht

usage is designated an intangible non-produced.asse

5.58. In light of this new category of assets, water tsgtonstitutes an intangible non-produced asset
only if the right to use the asset is (or was) ayed for a period exceeding a year. Sometimes the
right of use will be indefinite. Almost certainlgome legal documentation will exist to evidence
control over the property right. If the agreemenfor a year only, even if it is renewable, théist
agreement is commonly called a licence and the payrdue under it is treated as rent (see previous
section). It should be noted, though, that itis period of the agreement which determines whetteer
payment constitutes rent or acquisition of an igthle asset and not the use of the word “licence”

alone.

5.59. When water rights are acquired by purchase, thad tmist will be negotiated at the outset. This
cost is seldom subject to adjustment or renegonatiuring the period of its validity. The transaost

for the sale and acquisition of water rights areorded as capital transactions and do not affeet th
saving of either the asset owner or user. If th& ¢s not met in full at the time the water riglasses
from the (original) owner to the new owner/usee thfference will be recorded in terms of financial
assets and liabilities between the two partiesa tiéix on the right to use the asset is levieis likely

that the user will be responsible for paying this.
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5.60. When water rights are tradable, the unit issuirgyrilghts (almost always government) creates
the asset and records this creation in its othangés in assets account. If the water right id,dble
sale and purchase are recorded in the capital ats@f the two units involved. If it is issued drebut
has a positive value, determined e.g. on marketdqmugh net present value calculations, it idl stil
recorded in the same way as sale and purchase ioafhital account, but in addition a capital trensf
of the same size is made from the issuer to the memer of the permit. This transfer exactly cascel
the acquisition of the water right so the lendingborrowing position of each of the two units is

unaffected.

E. National expenditure and financing accounts

5.61. This section presents national expenditure andnfiimy accounts for water-related activities

classified by purpose. These activities are dbedrin more detail below.

5.62. The accounts presented in this section are baseéneironmental protection expenditure
accounts (EPEA) (SEEA-2003, Eurostat 1994, 2002h 2002b). Information from the hybrid and
economic accounts presented in the previous sectmovide inputs to the tables on national

expenditure and financing presented in this section

1. Environmental protection and resource management related to water

Environmental protection

5.63. This section describes environmental protection) @&Rivities but also products, actual outlays
(expenditure) and other transactions related tekathey are classified according to the Classiion
of Environmental Protection Activities and Expemnd#& (CEPA 2000) which is a generic, multi-
purpose, functional classification for environméntaotection. CEPA can be used to classify
environmental protection activities environmental protection products and expenditure for

environmental protection.
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5.64. Environmental protection activitiemre those where the primary purpose is the priotect the
environment; that is the prevention, reduction aignination of pollution as well as any other
degradation of the environment caused by econoutigities. This definition implies that, in ordés

be considered environmental protection, activiti@sparts thereof, must satisfy the primary purpose
criterion (causa finalis), i.e. that environmenfabtection is their prime objective. Actions and
activities which have a favourable impact on theimmment but which serve other goals are not

classified as environmental protection.

5.65. Environmental protection activities are productiactivities in the sense of national accounts
(see, for example, 1993 SNA paragraph 6.15), thathey combine resources such as equipment,
labour, manufacturing techniques, information netgoor products to create an output of goods or

services. An activity may be principal, secondaryor own use.
5.66. Environmental protection products are:
. Environmental protection services produced by emmnmental protection activities; and

. Adapted (cleaner) and connected products. Conngutatlicts are products whose use
by resident units directly and exclusively serves emvironmental protection objective but

which are not environmental protection servicesdpoed by an environmental protection
activity. Adapted (or ‘cleaner’) products are daefil as products that meet the following
criteria: (a) on the one hand, they are less polutwvhen consumed and/or disposed than
equivalent normal products (equivalent normal patdare products that provide similar utility,

except for the impact on the environment); (b) ba tther hand, they are more costly than

equivalent normal products (Eurostat, 2002a).

The expenditures recorded are the purchasers’ grafe environmental protection services and
connected products and the extra costs over andeahoviable but less-clean alternative for cleaner

products.
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5.67. Expenditurefor environmental protection includes outlays and other transactions related to

. inputs for environmental protection activities (emge raw materials and other
intermediate inputs, wages and salaries, taxesedinto production, consumption of fixed

capital);

. capital formation and the purchase of land (investih for environmental protection

activities;

. outlays of users for the purchase of environmemtalection products;

. transfers for environmental protection (subsidiesestment grants, international aid,

donations, taxes earmarked for environmental ptiztecetc.).

5.68. In the case of waterWastewater managemerand Protection and remediation of sail,
groundwater and surface watare considered for the protection of the environtvand are part of the

Classification of Environmental Protection Actieis and Expenditure (CEPA-2000).

5.69. Wastewater manageme(@EPA 2) comprises activities and measures ainté¢tieaprevention

of pollution of surface water through the reductioihthe release of wastewater into inland surface
water and seawater. It includes the collection aedtment of wastewater including monitoring and
regulation activities. Septic tanks are also ideld. (Explanatory notes of CEPA-2000, SEEA-2003).
In particular,Wastewater managemeimcludes: (a) activities for the collection, treent and disposal

of wastewater, activities aimed at controlling tipgality of surface and marine water, administration
activities in the wastewater domain (these actsittorresponds to Sewerage, ISIC 37 and part of the
public administration activities ISIC 84); (b) these of specific products relevant for wastewater

management such as septic tanks; and (c) specifisfers.

5.70. Protection and remediation of soil, groundwater asudface wate(CEPA 4) refers to measures

and activities aimed at the prevention of pollutafiftration, cleaning up of soils and water bosliend
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the protection of soil from erosion and other phgsidegradation as well as from salinisation.
Monitoring, control of soil and groundwater pollni is included. (Explanatory notes of CEPA-2000,
SEEA-2003). Protection and remediation of soils, groundwatedaurface watemainly include (a)
activities for the protection of soil and groundesawhich correspond to part of ISIC 39 - Remediati
activities and other waste management servicesl-pant of the public administration activities ISIC

84) and (b) specific transfers.

Management and exploitation

5.71. Natural resources managemeincludes activities and measures for research ritaopagement

of natural resources, monitoring, control and siliatece, data collection and statistics, costs hd t
natural resource management authorities at variewsls as well as temporary costs for facilitating
structural adjustments of sectors concernebdlatural resourceexploitation includes abstraction,
harvesting and extraction of natural assets inalgdixploration and development. In general, these
accounts typically correspond to the standard esdo@ccounts for various natural resource-related

industries such as fisheries, forestry, mining aader supply (based on paras. 5.39-5.41, SEEA-2003)

5.72. The management of natural resources (for exampdgéemsupply) are not included in CEPA.
Even though there is no agreed classification fatural resources management and exploitation, the
framework of environmental protection expendituceaunts (EPEA) can be extended to cover natural

resources management and exploitation.

5.73. Water management and exploitatiorclude (a) activities for the collection, storageeatment
and supply of water (ISIC 36), the administratioh veater ways and water bodies, supervision,
research, elaboration of plans and legislation aader policy (part of ISIC 84) and (b) specific

transfers.
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2. National expenditure accounts

5.74. National expenditure accounts aim at recordingdkgenditure of resident units and financed
by resident units in order to get a total that esponds to the effort a nation is making out ofoitg
resources. They are compiled for environmentaltqmtion related to water, hamelvastewater
managemenand Protection and remediation of soil, groundwater aswarface wateras well as for
Water management and exploitatioThe standard tables for the national expenditure financing
accounts are compiled only fevastewater managemeandWater management and exploitatioiihe
compilation of the tables oRrotection and remediation of soil, groundwater awtface waterequire
additional data disaggregation of what is includtethe standard tables and are thus included asopar

the supplementary tables.

5.75. This sub-section describes the component of themaltexpenditure for EP and illustrates the
national expenditure accounts fdfastewater managemeimt Table 5.6. These accounts can also be
compiled forWater management end exploitatiand Protection and remediation of soil, groundwater

and surface water

5.76. The main components of the national expenditureefovironmental protection, described by

row in the accounts presented in Table 5.6, cowsiie following:

. Use of environmental protectiofEP) servicesby resident units (excef@pecialised
producersto avoid double counting — see para. 5.70 fortaildel explanation). This is the sum
of intermediate and final consumption and capitainfation. Intermediate consumption
includes the use of EP services for own use andgdfiPices purchased b9ther producers
Only in the case of soil remediation can the us&®fservices for capital formation (row 1.c of
Table 5.6) be non-zero faDther producers This entry consists of improvement of land

resulting from decontamination of soil. It is notluded in row 2 of Table 5.6 as it is a use of
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the output of ISIC 39 by other producers and noinaestment for production of EP services or

land acquisition, which are recorded in row 2 obl€a5.6.

In the case ofWastewater managementhe use of EP services corresponds to the use of
Wastewater service€CPC 941 and CPC 91123) for intermediate and fowmisumption by
resident units (except fypecialised producers in this case ISIC 37). Capital formation is not

relevant for water and wastewater services thissribt recorded under this category.
. Use ofAdaptedandConnected product®r intermediate and final consumption.

In the case ofVastewater managememtdapted producténclude, for example, phosphate free
washes and highly biodegradable produc@onnected productsclude, for example, septic

tanks, biological activators of septic tanks andvises for collecting septic tanks sludge.

. Gross capital formationfor producing EP services. This item correspotalsthe
investments made by EP producers for producing éfices. It includes gross fixed capital

formation and net acquisition of land.

In the case oWastewater managemerit corresponds to the gross capital formatiomted to
wastewater management activities: e.g. the ingtatiaof sewage networks, treatment plants,
etc. This corresponds to the investments madehbyptoducers of wastewater services for

collecting, treating and discharging wastewater.

. Specific transferseceived for EP. Specific transfers are unregugayments received
by residents or non-resident units which contribiatéhe financing of characteristics activities
and uses of specific products or constitute a corsgigon for income or losses related with

environmental protection (SERIEES 2039, Eurostat, 1994). This item includes aurrend

14 SERIEE stands for European System for the Cobeatif Economic Information on the Environment (Ested, 1994).
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capital transfers for EP. They are not the coyasrof the previous items in the table in order

to avoid the double counting.

In the case ofVastewater managemerspecific transfers consist, for example, of sdies to
specialised producers of sewerage and treatmevicesrand also of transfers to the rest of the
world in order to finance programs of collectiveveeage and treatment in other countries

(international public or private aid for developme(SERIEE § 4071).

5.77. The sum of the categories above corresponds ttotaedomestic usef EP services. Since the
national expenditure aims at recording the expemnditf resident units and financed by residentsunit
in order to get a total that corresponds to therefa nation is making out of its own resource® th
financing of theRest of the worldrow 6 of Table 5.6) for EP has to be subtracteximf the total

domestic use. In the case Wastewater managemerhis financing consists of international aid for

Wastewater management

5.78. National expenditure for EP is allocated by colutorihe following categories of beneficiaries:
Producers, Final consumerand theRest of the world Producers are further disaggregated into
Specialised producer@and Other producers Specialised producersvhich are defined as those
producers which carry out an EP activity as theingpal activity. In the case of wastewater
management, they correspond mainly to producerssidiad in ISIC 37. Other producersas those
producers that use EP services (including the dskERoservices for own use) and connected and
adapted products for their intermediate consumptiovest for their production of EP services forrow

use and receive specific transfers for EP.

5.79. Final consumers identified in national expendit@ecounts includeHouseholdsas actual
consumers of EP services and connected and adppiddcts or as beneficiaries of specific transfers

andGovernmentn its capacity as consumer of collective services
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5.80. TheRest of the worlds included by column as part of the users/bergiies as it may receive
specific transfers for EP. In the caseWastewater managemeritansfers to th&kest of the world

include transfers “to finance programs of colleetigewerage and treatment in other countries

(SERIEE § 4071).

5.81. Expenditure byspecialised producerglSIC 37) consists of gross capital formation toe
production ofWastewater servicel®apital formation, row 2 of Table 5.6) and spiectfansfers (row 4

of Table 5.6). The entries in the other cells lo¢ tolumn ofSpecialised producershould not be
recorded in order to avoid double counting betwéden output (and subsequent uses). The use of
Wastewater serviceandConnected and adapted produéts intermediate consumption I8pecialised
producersis part of the output of th8pecialised producerand recorded as intermediate consumption
of Other producersand final consumption dflouseholdsandGovernment It is thus already included

in the total national expenditure. The use of ER/ises for capital formation (row 1.c of Table 6.6
should also not be recorded for specialised produas it represents the use of capital goods fer th

production of EP services and thus included ingtwess capital formation in row 2.

5.82. Expenditure ofOther producersincludes: the use ofWastewater servicegas intermediate
consumption (including also services produced fon ase) (row 1.b); investments for the production
of wastewater services as secondary activity oofen use (row 2); the use Gonnected and Adapted

products(row 3); and specific transfers (row 4).

5.83. Information in the row 1 and 2 of Table 5.6 is @ed from the hybrid account for supply and
use of water in Table 5.3, hybrid account for watelated activities for own use in Table 5.4 and
government accounts on water related collectivevises in Table 5.5. For example, the use of
Wastewater serviceBy Other producerss the sum of the use &ewerage servicefsom Table 5.3
(3.95 billions currency units in row 2.b of Tablg8band the value of the output 8&éwerage servic®r

own use from Table 5.4 (0.14 billions of curreneytun row 1 of Table 5.4).
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Table 5.6: National expenditure accounts for wasteater management

Billion currency units

USERS/BENEFICIARIES

Producers Final consumers

Specialise
producer] Othe Rest 0

(ISIC 37) producerfHouseholdsSovernmerjtthe world — Total

1. Use ofWastewatel services(CPC 941 and CPC 91123 4.09 4.85 3.7¢ 12.74
1.a Final consumption 4.85 3.7¢ 8.64
1.b Intermediate consumption 4.0¢ 4.09
1.c Capital formation nr Na Na

2. GrossCapital Formation 9.18 0.51 9.69

3. Use of connected and adapted products

4. Specific transfers 0.001 0.000 0.001

5. Total domestic use(=1.+2.+3.+4.) 9.18 4.60 4.85 3.79 0.00 22.43

6. Financed by the rest of the world 1.00 1.04

7. National expenditure: (=5.-6.) 8.18 4.60 4.85 3.79 0.00 21.43

Note: Grey cells indicate non relevant or zero iestby definition, nr not recorded to avoid doubtnting; Na

not applicable in the case of wastewater management

5.84. The use ofWastewater servicely Households corresponds to their actual finalsconption:
4.9 billion currency units are derived from row 2bTable 5.3. The use dWastewater servicdsy the
government is derived from the government accoumts water-related collective services. |t

corresponds to row 1 of Table 5.5 (3.79 Millionscafrency units).

5.85. Additional information to that in the tables in feas B and C is required to compile the
national expenditure accounts, namely informationtbe use ofconnected and adapted products

Specific transferaindfinancing from the Rest of the world
3. Financing accounts

5.86. Users of water-related products do not always bHeaentire costs of production. In the case of
water, it is not uncommon for users to receive gfars from other units (generally the government).
These transfers include subsidies on the produasfowater-related products, investment grants and

other transfers that are financed either from gomemt expenditure or from specific taxes. This
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section describes the financing of national expemdiby identifying the financing sector (e.g. whic
sector is providing the financing) and the benafi@s (e.g. which units benefit from the financinas

well as the amount being financed.

5.87. Table 5.7 presents the financing accounts/ffastewater managemetat show how the national
expenditure forWastewater managemeig financed. The columns of Table 5.7 show themea
categories of users/beneficiaries identified inl&€ab.6. The rows of Table 5.7 show the different
financing units (that is, those actually bearing thost) which are classified according to the
institutional sectors of the national accounts:egahgovernment (which can be further disaggregated
in central and local government), non-profit-instibns serving households (NPISHs), corporatiorss an

households.

5.88. The expenditures recorded in the columnSpfecialised producersorrespond to their gross
capital formation (and net acquisition of land).heTtable entries describe how capital formation is
financed: partly by the specialised producers thdwes (row 3.a); and partly by the government
through investment grants (row 1). If the investingrants, however, are funded from earmarked
taxes, it is assumed that those who pay the taregeheral households and other producers) are the

financing units (row 4 and 3.b respectively).

5.89. The national expenditure recorded in the columi@tfer producersorresponds to the sum of

the intermediate consumption &flastewater serviceéncluding those produced for own use), the
capital formation (investment in infrastructure amet acquisition of land) for secondary and own-use
activities for wastewater services and specifinsfars they may receive. The various column esitrie
describe how this expenditure is financed. Othedpcers may finance their intermediate consumption
and capital formation themselves (row 3.b) or mageive subsidies from specialised producers (row

3.a) or the government (row 1) through specifingfars and investment grants. If these subsidids a
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investment grants are funded through revenues farmarked taxes, it is assumed that the unit that

pays the taxes is the financing unit.

5.90. National expenditure ofHouseholds corresponds to their actual final consumption of
Wastewater service€onnected and adapted produ@sd any transfers they receive. Entries in the
column describe how this expenditure is financetlouseholds may finance part of their final
consumption themselves (row 4), however, they nmegeive: (a) social transfers in kind from the
Government and NPISH (rows 1 and 2) and (b) subsidhat lower the price of environmental
protection services or products, in which cases iagsumed that the government is the financing unit
However, when subsidies originate in earmarkeddaxes assumed that the units that pay the téxes

general households and other producers) are thading units.

5.91. The expenditure of th&overnments a collective consumer corresponds to its expaedon

collective consumption services. In general, gupenditure is financed by the government from the
general budget (row 1). It may happen that reseiiftm earmarked taxes fund some of government’s
provision of collective consumption services. Iistcase the collective services are financed gy th
sectors that pay the earmarked taxes. Revenuss dates of non-market services (partial payments)
are not accounted in the column of government aspidrt of non-market output covered by partial

payments does not come under collective servicélsdrirst place.

5.92. The expenditure recorded in the column of Rest of the worldcorresponds to the transfers
paid for international co-operation for environnmedrigrotection. These transfers can be financdteeit

by the government or by households, through NPISHSs.

Table 5.7: Financing accounts for wastewater managnent

Millions currency units

FINANCING SECTORS: USERS/BENEFICIARIES

Producers Final Consumers | Rest o| Tota
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Specialise
producer Othe

(ISIC 37) producergHouseholdsSovernmerjt

the worl

1. General government 1.64 0.001 2.43 3.79 7.84
2. NPISHs
3. Corporations 6.55 4.40 10.58
3.a Specialised producers 6.55 6.55
3.b Other producers 0.00 4.40 4.25
4. Households 0.20 2.43 2.63
5. National expenditure 8.18 4.60 4.85 3.79 0.00 21.43
6. Rest of the world 1.00 1.00
7. Domestic uses 9.18 4.60 4.85 3.79 0.00 22.43

Note: Grey cells indicate non relevant or zeroiestby definition

Source: SEEAW-land.
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Chapter 6 Water asset accounts

A. Introduction

6.1.  This chapter links the information on the abst@ttind discharge of water with information on
the stocks of water resources in the environmdtis allows for an assessment of how current levels

of abstraction and discharges affect the stocksagér.

6.2.  This chapter starts with a description of the hyalgaal cycle, which governs water movement
from the atmosphere to the earth, and its linké whie water asset accounts (Section B). Unlikerth
natural resources, such as forest or mineral depogiich are subject to slow natural changes, wiater
in continuous movement through the processes opaadion, precipitation etc. It is important to
understand the natural cycle of water, not onlydfbect it correctly in the accounting tables, lalgo

for analytical purposes, for example, to answerdbestion on how to meet the water demand in dry

seasons.

6.3. Section C describes how the 1993 SNA asset boundasybeen expanded. It presents the
SEEAW asset classification and describes the SEER#MNdard tables for asset accounts. In the case
where water resources are shared among severatrigsyrthe asset accounts can explicitly identify
information on the part of the water resources hgilog to each country and the origin and destimatio
of water flows between countries. Water asset agtsocan be used for the management of shared
waters as they facilitate the formulation and maonmitg of policies for water allocation among couesr
with connected water resources. Section D deskritzev to include information on transboundary

waters in the asset accounts.
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6.4. This chapter focuses only on the quantitative asseat of the stocks and the changes in stocks
which occur during the accounting period. The gaaVe characteristics of the stocks are dealhwit

the quality accounts presented in chapter 7. Theeatary description of the assets of water res@urce
is not dealt with in this chapter: as yet there mvestandard techniques to assess the economie gélu
water; market prices do not fully reflect the valfethe resource itself; and the resource rentftisno

negative. A discussion on various methods of vawirater is presented in chapter 8.

B. The hydrological cycle

154



Water asset accounts

6.5. Water is in continuous movement. Due to solaratdn and gravity, water keeps moving from

lands and oceans into the atmosphere in the formapbur and, in turn, falls back again on land and

Water in the atmosphere
N n
I |
I |
I |
A A A
Water on land surface Water in oceans
and sub-surface v and seas

> Liquid/solid flows - precipitation

- Vapour flows - evaporation, transpiration

oceans in the form of precipitation. The succesgib these stages is called the hydrological cycle.
Understanding the hydrological cycle helps to defihe water asset boundary and to explain spatial
and temporal differences in water distributiongudfie 6.1 shows the various stages of the naturtdrwa
cycle. The figure shows land, atmosphere and se@positories of water. If we focus on water on
land surface and sub-surface, the natural inputvatier is precipitation. Part of this precipitation
evaporates back into the atmosphere, part infdganto the ground to recharge groundwater, and the
remainder drains into rivers, lakes, reservoirs gralindwater and may eventually reach the seas Thi
cycle continues as water evaporates from land,cead seas to the atmosphere and falls back onto

land, oceans and seas in the form of precipitation.

Figure 6.1: Natural water cycle

Source: UNESCO (1989).

6.6. The natural water balance describes the hydrolbgigale by relating the flows described

above in the following way:

Precipitation = Evapotranspiration + runoff +/- olgas in storage.
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This means that precipitation either evaporatesamspires through vegetation (evapotranspiration),
flows within rivers or streams (runoff), or is s¢éadrin natural or man-made water bodies (changes in

storage).

6.7.  Within this natural water balance, adjustments #thdx¢ made to reflect modifications to the
cycle due to the human activities of abstracticonfrand returns into the environment. Water asset
accounts describe this new balance by relatingstbeages of water (stocks) at two points in time
(opening and closing stocks) to the changes irag®that occur during that period of time (flowsjed

to natural and human causes.

C. The water asset accounts

6.8. Asset accounts describe the stocks of water resswatthe beginning and end of an accounting
period and the changes in stocks that have occulueidg that period. Before describing water asset
accounts, this section presents the definitionssiess in the 1993 SNA and its expansion in the SEEA

2003.

1. Extension of the 1993 SNA asset boundary

6.9. The 1993 SNA defines economic assets as entities:

(@) Over which ownership rights are enforced by insititual units, individually or

collectively; and

(b) From which economic benefits may be derived byrtbeiners by holding them, or

using them, over a period of time (para 10.2, 1S83\).

6.10. In particular, in the case of water, the 1993 SN&imks water resources within its asset
boundary as “aquifers and other groundwater ressuto the extent that their scarcity leads to the

enforcement of ownership and/or use of rights, reankaluation and some measure of economic
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control”. Thus only a small portion of the totahigr resources in a country is included in the 1993

SNA.

6.11. The SEEA-2003 extends the 1993 SNA boundary touteslall water resources that provide
direct use and non-use benefits. This implies that SEEA-2003 asset category “water resources”
(classified in the category EA.13) includes all thater resources from which water can be extrarted
the current period as well as other resources whialy be extracted in the future. This amounts to

include all water resources in the national teryito

2. Asset classification

6.12. Water resource assets are defined as water foufrdsh and brackish surface and groundwater
bodies within the national territory that providéedt use benefits, now or in the future (option
benefits), through the provision of raw materiaidanay be subject to quantitative depletion through

human use. The SEEAW asset classification of wassurces consists of the following categories:

EA.13 Water Resources (measured in cubic metres)

EA.131 Surface water

EA.1311 Artificial reservoirs

EA.1312 Lakes

EA.1313 Rivers and streams

EA.1314 Glaciers, snow and ice

EA.132 Groundwater

EA.133 Soil water

6.13. The SEEAW asset classification expands the SEEA206lssification by including the

categories EA.1314 Glaciers, snow and ice and EA.Bdil water. While the SEEA-2003
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acknowledges the importance of these resourcesrinst of flows, it does not include them in the asse
classification because they represent only a teargostorage of water. The explicit inclusion of
glaciers, snow, ice and soil water in the SEEAWeas$assification reflects the increasing imporganc
of these resources in terms of stocks (in particidail water) and also allows for a clearer
representation of water exchanges between wateuress. Water in the soil, for example, is a very
important resource (both in terms of stocks andvé$lp for food production as it sustains rainfed
agriculture, pasture, forestry, etc. Water managgnmends to focus water in rivers, lakes etc. and
neglects soil water management, even though theageganent of soil water holds significant potential

for water savings, increasing water use efficieany the protection of vital ecosystems.

6.14. Glaciers are included in the asset classificatimenethough their stock levels are not
significantly affected by human abstraction. Theltnderived from glaciers often sustains river flow
dry months and contribute to water peaks. Moreor®&nitoring glacier stocks is also important for

monitoring climate change.

6.15. Surface watercomprises all water that flows over or is stored the ground surface
(UNESCO/WMO International Glossary of Hydrology, 929. Surface water includeartificial
reservoirs,which are man-made reservoirs used for storageyaggn and control of water resources;
lakes which are, in general, large bodies of standingewaccupying a depression in the earth’s
surface;rivers and streamsvhich are bodies of water flowing continuouslypariodically in channels;
snow and icevhich include seasonal layers of snow and icehenground surface; arglacierswhich
are defined as an accumulation of ice of atmospherigin, generally moving slowly on land over a

long period. Snow, ice and glaciers are measurawhiter equivalent.

6.16. Groundwatercomprises of water which collects in porous layefsunderground formations
known as aquifers. An aquifer is a geologic forioatgroup of formations, or part of a formatiorath

contains sufficient saturated permeable materiayigédd significant quantities of water to wells and
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springs. It may be unconfined, that is have a wttble and an unsaturated zone, or may be confined
when it is between two layers of impervious or asinompervious formations. Depending on the
recharge rate of the aquifer, groundwater can bsilfg¢or non-renewable) in the sense that wataiois
replenished by nature in human life spans. No# the concerns of non-renewable water applies not
only to groundwater, but also to other water bodies example, lakes may be considered non

renewable when the replenishment rate is very soaatipared to the total volume of water.

6.17. Soil waterconsists of water suspended in the uppermostabedoil, or in the zone of aeration

near the ground surface, that can be dischargtaitine atmosphere by evapotranspiration.

6.18. The asset classification can be adapted to spesitiiations depending on data availability and
country priorities. For example, the classificatioould be further disaggregated to classify aitfi
reservoirs according to the type of use, e.g. fon&n, agricultural, hydroelectric power generatoil
mixed use. Rivers could be further classified bea basis of the regularity of the runoff as perahni
rivers, where water flows continuously throughdw year, or ephemeral rivers, when water flows only

as a result of precipitation or to the flow of atermittent spring.

6.19. Note that boundaries between the different categorh the asset classification, such as
between lakes and artificial reservoirs and rivaard lakes/reservoirs, may not always be precides, T
however, is mostly a hydrological problem and doesaffect the accounts. In those cases in whieh t
separation between two categories is not possébleategory combining the two categories could be

introduced for ease of compilation in the table.

Fresh and non-fresh water resources

6.20. Water resources include all inland water bodiesargigss of their salinity level: they include
fresh and brackish inland water. Freshwater isinadly occurring water having a low concentratidn o
salt. Brackish water has salt concentration betmtbat of fresh and marine water. The definitidn o

brackish and freshwater is not clear cut: the gglitevels used in the definition vary between
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countries. Brackish water is included in the assmtndary on the ground that this water can be (and
often is) used, with or without treatment, for somdustrial purposes, for example, cooling water or

even for irrigation of some crops.

6.21. The asset classification of water resources cafutiber disaggregated to distinguish between
fresh and brackish water. This would allow for arendetailed analysis of the stocks of water amd th
uses according to the salinity level. Chapter &pnts quality accounts for water which can be dase

on salinity levels.

Water in oceans, seas and atmosphere

6.22. The asset classification of water resources exsludater in oceans, seas and atmosphere
because the stocks of these resources are enorcomugared to the abstraction. These assets, in
general, do not incur depletion. Water in oceaeas and atmosphere is recorded in the accounts onl

in terms of abstracted water. In particular:

. the physical supply and use tables (see chaptexc®yd: (a) water abstracted from and
returned into the sea (in the case, for exampl@bstraction of sea water for cooling purposes
or for desalination); (b) the precipitation dirgctised by the economy (in the case, for example,
of water harvest); and (c) evaporation and evapsp#ation which occur within the economic

sphere (part of water consumption);

. the asset accounts record: (a) water flowing irdeams and sea (outflows from rivers);
(b) water vaporised and evapotranspired from wedsources; and (c) precipitation into water
resources (flow from the atmosphere into the inlasader resources).

Produced versus non-produced assets

6.23. All water resource assets described in the prevparagraphs are considered in the SEEAW as

non-produced assets, that is, they are “non-fireradgsets that come into existence other than gfrou
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processes of production” (para. 10.6, 1993 SNA)colld be argued, however, that water contained in
artificial reservoirs comes into existence throagproduction process: a dam has to be built, ance o

the dam is in place, activities of operation anchagement of the dam that regulate the stock lefvel o
the water have to be exercised on a continuousragdlar basis. The discussion on whether to
consider water in a reservoir as a produced assenbt yet concluded. For this reason, the SEEAW

has retained the classification of the SEEA-2003.

3. Asset accounts

6.24. The water asset accounts describe the stocks dadrwasources and their changes during a

period of time. Figure 6.2 presents a schematimfof an asset account. In particular, it presents

. Opening and closing stocks which are the stocksllavthe beginning and end of the

period of time;

. Increases in stocks which include those due to muagdivities (i.e. returns) and natural

causes (e.g. inflows, precipitation); and

. Decreases in stocks which include those due to huaadivities (i.e. abstraction) and

natural causes (e.g. evaporation/evapotranspiratiatflows etc.).

These accounts are particularly relevant becausg lihk water use by the economy (represented by

abstraction and returns) and natural flows of wadehe stocks of water in a country.
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Opening Stocks

Increases in stocks
due to human activitieg
due to natural processes

Decreases in stocks
due to human activities
due to natural processe

0

Closing Stocks

Figure 6.2: Schematic representation of an asseteount

6.25. The standard table for asset accounts for watewuress is presented in Table 6.1. The columns
refer to the water resources as specified in tisetadassification, and the rows describe in detel
level of the stocks and the changes therein deEoémomic activities and natural processes. Thadgte

presented in the table are discussed in detailkxhbe

Table 6.1: Asset accounts

Millions cubic metres

EA.131 Surface water
EA.131] EA.1314
Artificial| EA.1314 EA.1313 Snow, Ic EA.137 EA.133
Reservoirs  Lakes  Riverg and Glacierlﬁroundwater Soil wate Tota
1. Opening Stocks 1,500 2,700 5,000 0 100,000 500 109,70
Increases in stocks
2. Returns 300 0 53 315 0 669
3. Precipitation 124 246 50 23,015 23,434
4. Inflows 1,054 339 20,137 437 0 21,967
4.a. From upstream territories 17,650 17,65
4.b. From other resources in the territgry 1,054 339 2,487 0 437 0 4,317
Decreases in stocks
5. Abstraction 280 20 141 476 50 967
6. Evaporation/Actual evapotranspiratio 80 215 54 21,125 21,474
7. Outflows 1,000 100 20,773 0 87 1,787 23,747
7.a To downstream territories 9,430 9,430
7.b To the sea 10,000 10,00
7.c To other resources in the territory 1,000 100 1,343 0 87 1,787 4,317
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8. Other changes in volume 0
9. Closing Stocks 1,618 2,950 4,272 100,189 553 109,58

Note: Grey cells indicate zero entries by definitio

Source: SEEAW-land.

6.26. Returnsrepresent the total volume of water that is retdrfrem the economy into surface and
groundwater during the accounting period. Retwans be disaggregated by type of water returned, for
example, irrigation water, treated and untreatedtewsater. In this case, the breakdown should mirro

that used to disaggregate the returns in the palsigply and use tables in chapter 3.

6.27. Precipitationconsists of the volume of atmospheric wet preatmn (e.g. rain, snow, hail etc.)
on the territory of reference during the accountioegiod before evapotranspiration takes place. The
majority of precipitation would fall on the soil drwould thus be recorded in the column of soil wate
in the asset accounts. Some precipitation wousd &hll into the other water resources e.g. surface
water. It is assumed that water would reach aguitdter having passed through either the soil or
surface water (e.g. rivers, lakes, etc.), thus rexipitation would be shown in the asset accouots f
groundwater. The infiltration of precipitation ggoundwater is recorded in the accounts as anvinflo

from other water resources into groundwater.

6.28. Inflows represent the amount of water that flows into waesources during the accounting
period. The inflows are disaggregated according their origin: (a) inflows from other
territories/countries; and (b) from other water owges within the territory. Inflows from other
territories occur with shared water resources. éxample, in the case of a river that enters thédey

of reference, the inflow is the total volume of wathat flows into the territory at its entry pouhiring
the accounting period. If a river borders two coi@s without eventually entering either of therack
country could claim a percentage of the flow toalteibuted to their territory. If no formal conwvam
exists, a practical solution is to attribute 50 pent of the flow to each country. Inflows fromhet

resources include transfers, both natural and madembetween the resources within the territory.
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They include, for example, flows of infiltration dnseepage as well as channels built for water

diversion.

6.29. Abstractionrepresents the amount of water removed from anguree, either permanently or
temporarily, during the accounting period for firmnsumption and production activities. Water used
for hydroelectric power generation is considered pawater abstraction. Given the large volumés o
water abstracted for hydroelectric power generatibis advisable to separately identify the absiom
and returns from hydroelectric power generatiorbsttaction also includes the use of precipitation f
rain-fed agriculture as this is considered a rerhoVavater from the soil as a result of human atfiv

(e.g. agriculture). Water used in rain-fed agtigré is thus recorded as an abstraction from saiew

6.30. Evaporation/Actual evapotranspirationis the amount of evaporation and actual
evapotranspiration that occurs in the territoryreference during the accounting period. Note that
evaporation refers to the amount of water evapdréi@m water bodies such as rivers, lakes, aréfici
reservoirs, etc. Evapotranspiration refers toadhmunt of water that is transferred from the swithte
atmosphere by evaporation and plant transpiratiBuapotranspiration can be “potential” or “actual”
depending on the soil and vegetation conditiongemtiial evapotranspiration refers to the maximum
guantity of water capable of being evaporated given climate from a continuous stretch of vegerati
covering the whole ground and well supplied withteva Actual evapotranspiration, which is reported
in the accounts, refer to the amount of water ehatporates from the land surface and is transgiyed
the existing vegetation/plants when the groundtigsanatural moisture content that is determingd b
precipitation. Note that actual evapo-transpimattan only be estimated through modeling and may be

a rough approximation.

6.31. Outflowsrepresent the amount of water that flows out ofewaesources during the accounting
period. Outflows are disaggregated according &déstination of the flow, nhamely (a) to other wate

resources within the territory, (b) to other tesries/countries and (c) to the sea/ocean. Outflaws
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other water resources within the territory représeater exchanges between water resources witlin th
territory. In particular, they include the flow$ water going out of a water body and reaching othe
water resources within the territory. Outflowsdther territories represent the total volume of ewat

that flows out of the territory of reference durittte accounting period. Shared rivers are a typica
example of water flowing from one upstream courtitya downstream country. Outflows to the

seal/oceans represent the volume of water that fioleshe sea/oceans.

6.32. Other changes in volum@&clude all the changes in the stocks of watet #ra not classified
elsewhere in the table. This item may include,doample, the amount of water in aquifers discodere
during the accounting period, disappearance or appee of water due to natural disasters, etc.elOth

changes in volume can either be calculated asiéuadsor directly.

6.33. Exchanges of water between water resources aredalscribed in more detail in a separate
table, Table 6.2. This table, which expands tHermation in rows 4.b and 7.c of Table 6.1, progide
information on the origin and destination of floeetween the water resources of a territory of
reference allowing for a better understanding ef ¢ixchanges of water between resources. This table
is also useful for the calculation of internal resable water resources and for reducing the risk of
double counting when assessing separately thigamali for surface and groundwater due to the water
exchanges between these resources (FAO/AQUASTAT1)20 Table 6.2 assists in identifying the

contribution of groundwater to the surface floweedl as the recharge of aquifers by surface runoff.

Table 6.2: Matrix of flows between water resources

Millions cubic metres

EA.131 Surface water
EA.1314 Outflows tq
EA.1311 Snow, Icq other
Artificial | EA.1312 EA.1313 and EA.132] EA.133 resources i
Reservoir: Lakeg Rivers Glacierd Groundwatef Soil water the territor
EA.1311 Artificial Reservoirs 1,000 1,000
EA.1312 Lakes 100 100
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EA.1313 Rivers 1,000 293 50 1,343
EA.1314 Snow, Ice and Glaciers 0
EA.132 Groundwater 87 87
EA.133 Soil water 54 46 1,300 387 1,787
Inflows from other resources in the territor 1,054 339 2,487 0 437 0 4,317

Source: SEEAW-land.

6.34. In Table 6.1 sustainable water abstraction whigbably speaking, is the level of abstraction
which meets the needs of the present without comimiag the ability of future generations to meet
their own needs, can be specified for each watsswee. This variable is exogenous to the accounts
and it is often estimated by the agencies in chafgeater management and planning in a country. It

estimation takes into account economic, socialemdronmental considerations.

4. Definition of stocksfor rivers

6.35. The concept of a stock of water is related to thengty of surface and groundwater in a
territory of reference measured at a specific poirttme (beginning and end of the accounting pario
While for lakes, reservoirs and groundwater thecemh of a stock of water is straightforward (even
though for groundwater it may be difficult to meesuhe total volume of water), for rivers it is not
always easy to define. Water in a river is in ¢ans movement at a much faster rate than the other
water bodies: the estimated residence time of vionater resources is about two weeks for riverd an

around ten years for lakes and reservoirs (Shikiaoual999).

6.36. To keep consistency with the other water resourtes, stock level of a river should be
measured as the volume of the active riverbed ohéted on the basis of the geographic profile of the
riverbed and the water level. This quantity isalguvery small compared to the total stocks of avat
resources and the annual flows of rivers. Howetha,river profile and the water depth are impadrtan
indicators for environmental and economic consitiens. There might be cases, however, in which

the stocks of river may not be meaningful eithezehese the rate of the flow is very high or becéabse
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profile of riverbed changes constantly due to toppfic conditions. In these circumstances,

computing the stock of rivers is not realistic aah be omitted from the accounts.

Link with Supply and Use tables

6.37. Asset accounts in physical units are linked witle Bupply and use tables. In particular,
changes due to human activities in the asset atgonamely abstraction and returns, represent the
intersection of the supply and use tables withabget accounts (see Figure 2.4). The abstradiatn t
appears in the asset accounts in Table 6.1 comespio the Abstraction from Water Resources by the
economy in the physical use table, row 1.i of Tahle or Table 3.3. Similarly, the returns that eqp

in Table 6.1 correspond to the Total Returns toeN&esources in the physical supply table, rono%.a

Table 3.1 or Table 3.3.

6.38. The link between physical water asset accounts pingsical supply and use tables is
analytically important as it provides information the sources of water for the economy as welhas t
destination of water discharges by the economyalldiws for the evaluation of the pressure exeked

the economy on the environment in terms of abstva@nd returns.

D. Accounting for transboundary water resources

6.39. When the accounts are compiled for water resoutitaisare shared by several countries, the
part of the shared resources which belongs to gpahian country as well as the origin and destorat

of specific flows can be explicitly identified. Dainternational conventions on transboundary water
(The Helsinki Convention, 1996 and UN Convention the Law of the Non-navigational Uses of
International Watercourses, 1997) as well as theoggan Water Framework Directive cover issues
related both to the quality and quantity of transfaary waters. Physical water asset accounts can

provide information on inflows coming from and datf’s going to neighbouring countries.
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6.40. Table 6.3 presents an example of how informationt@msboundary waters can be made
explicit in the asset account: inflows and outfloave further disaggregated according to the couoitry
origin (in the case of inflows) and destination {ire case of outflows). In addition, since sonuev8
may be subject to agreements between riparian deantinformation on the established quotas is
reported alongside with information on the actdalk. If there is an agreement that establishes th
part of the transboundary waters that belong to ¢bantry, the opening and closing stocks are

measured by the quota established in the agreement.

6.41. If the territory of reference of the accounts igwer basin which extends beyond the boundary
of a country, the opening and closing stocks ofewa¢sources could be disaggregated accordingeto th
country the water resources belong to. Similamyprmation on abstraction and returns could be
disaggregated according to the country respon$ilslehose flows. Table 6.4 presents an exampkenof
asset account for a river basin shared by two cmmt Note that the same structure can be uséukin

case where there are more riparian countries sharaters.

Table 6.3: Asset account at national level

Cubic metres

Water Resources Legal quotas
(classified according to|| established b

the asset classification treaties

1. Opening Stocks
Increases in stocks
2. Returné?
3. Precipitation NA
4. Inflows
4.a from upstream territoriés
4.a.1 Country @

4.b from other Water Resources in the territory AN

Decreases in stocks
5. Abstractior®

6. Evaporation/Actual evapotranspiration NA
7. Outflows
7.a to other Water Resources in the territory NA
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7.b to the sea NA
7.c to downstream territoriéd
7.c.1 Country @

Other changes in volume NA
Closing Stocks

Note: (a) Each of these flows may be subject totam@stablished in treaties and agreements

between riparian countries; NA not applicable.

6.42. The opening and closing stocks of the water ressuic the basin are disaggregated by country
according to the quotas established in treatiethéfy exist. Abstraction and returns are further
disaggregated according to the country abstraciing returning water. In principle, a country can
abstract water only from its share of the asseaweéler, there may be cases that a country abstracts
more than their share of the stock that is assidned treaty. In this case, there is a transfewater

from one country to the other.

6.43. Established quotas for abstractions and returnsdlynén physical terms) as well as on other
flows can be included in the tables in a separatenen to monitor the compliance to the treatiesnas

Table 6.3. However, for sake of simplicity of pgagation, this information is not included in Tabl&.
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Table 6.4: Asset accounts for a river basin sharely two countries

Water Resources
(classified according to the asset

classification)

Country 1 Country 2 Total

1. Opening Stocks
Increases in stocks
2. Return&
2.a by Country ®
2.b by Country &
3. Precipitation
4. Inflows from other resourcés
4.a Country
4.b Country &
Decreases in stocks
5. Abstractiof?:
5.a by Country ®
5.b by Country &
6. Evaporation/Actual evapotranspiration
7. Outflows to other resources in the coufitry]
7.a Country ¢
7.b Country &
8. Outflows to the sea

9. Other Volume changes
10. Closing Stocks

Note: (a) Each of these flows may be subject totagi@stablished in treaties and agreements between

riparian countries. Information on these quotasusth be reported in a separate column when availabl
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Chapter 7 Water quality accounts

A. Introduction

7.1. Water quality determines the uses that can be naide Pollution creates health hazards,
detrimentally affects biodiversity, raises the sost treating water and increases water stresfutfeno

of groundwater aquifers can be almost irreversibhot detected at an early stage.

7.2. The importance of monitoring and accounting for evaguality is internationally recognized

(see, for example, World Meteorological Organizati@992, and Agenda 21 (United Nations, 1992)).
International targets have been established witfands to the quality of water. This is the case for
example of the European Water Framework Direct#-D) of the European Parliament and of the
Council, which requires EU countries to establisiitev policies to ensure that all water meets “good

status” by 2015 (see Box 7.1).

7.3.  While in previous chapters the focus was on watdeims of input into the production process
and water availability regardless of its qualityistchapter focus on the quality of water andiiik Lo

various uses. It can be seen as a first step tsrgzosystem accounting and its variants.

7.4. Quality accounts do not have a direct link to ther@mic accounts, in the sense that changes in
quality cannot be attributed to economic quantitisgg linear relationships, as in the case ofwtheer
asset accounts presented in Chapter 6. Howevere gjuality is an important characteristic of water
and limits its use, the SEEAW covers the qualitgcamts. Further, the SEEAW covers driving forces

in terms of the structure of the economy and pdpuia pressures in terms of abstraction of watet an
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emission, responses in terms of environmental edipgres and taxes and fees charged for water and

sanitation services. The state and impacts amesepted in terms of quality accounts.

7.5. Quality accounts describe the quality of the stooksvater resources. The structure of the
guality accounts is similar to that of the assetomnts. The quality accounts, however, look much
simpler than the asset accounts, as changes intyquak the result of non-linear relationships.
Therefore, it is not possible to distinguish change quality due to human activities from changes i

quality due to natural causes.

7.6. Although constructing quality accounts may be sinfstbm a conceptual point of view, there
are two main issues with its implementation: théirdion and measurement of water quality classes.
Water quality is generally defined for a specifancern and there is little standardisation of cptse
and definitions or aggregation methods. Aggregatian be (i) over different pollutants to reach one
index, which measures the combined impact of pafitd on water resources, (ii) over time to address
seasonal variations; (iii) over space, to reaclingls quality measure for measurements at different

locations.

7.7. Because of the issues outlined above, and a laeksoffficient number of country experiences,
this chapter is presented in terms of issues assoles learnt from trial implementations instead of
ready-made solutions. Section B describes basicequs of water quality assessment, including the
difficulty of defining quality in the presence ofultiple uses. Section C discusses the structure of
guality accounts. Section D focuses on two issties:choice of determinands and the assessment.
Two indices that are used when aggregating ovetespee presented in section E. Section F describes
the exercise currently under way in the EuropeavirBnment Agency to construct quality accounts for

rivers.
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The Water Framework Directive (European Parliamerd Council, 2000), that came into force on 22 Dawer 2000,
has the following key elements:

« It expands the scope of water protection to allesatA distinction is made between surface watekers,
lakes, transitional and coastal waters), groundwatel protected areas i.e. areas that are destyfiatevater
abstraction, protection of aquatic species or lrageeational purposes. “Water bodies” are the uhias will be
used for reporting and assessing compliance wiéhRirective’s environmental objectives. For eachfate
water category, water bodies are differentiatecbetiag to their “type” (depending on the ecoregigeplogy,
size, altitude, etc.). The main purpose of thisotggy is to enable type specific “reference comdit” to be
defined, which are the key of the quality assessmercess.

« It sets a deadline of 2015 for achieving "goodwstéafor all waters. For surface water this compgibeth “good
ecological status” and “good chemical status”. Taemer is defined in Annex V in terms of the bioiogl
community, hydrological characteristics and phystb@mical characteristics. Member States will répgbe
ecological status for each surface water categoty five classes ranging from high to bad. The luzug
values will be established through an intercaliloratexercise. Chemical status is reported as goddiling to
achieve good. For groundwater, as the presumpsothat it should not be polluted at all, the apploas
slightly different. There is a prohibition on ditetischarges and a requirement to reverse any @ulgenically
induced upward pollution trend. Besides reportihg themical status, quantitative status is repoateeither
good or poor, depending on the sustainability elise.

¢ It endorses a "combined approach" of emission Iwalues and quality standards. In a precautionanss it
urges all existing source-based controls to be @mginted. At the same time a list of priority substs, Annex
X, will be defined prioritised on risk whose loadhosild be reduced based on an assessment of ¢ost-
effectiveness.

Box 7.1: The European Water Framework Directive 200/60/EC

Source: European Parliament and Council, 2000.

B. Basic concepts of water quality assessment

7.8. Natural waters exhibit a wide variety of chemiocalg( nitrate, dissolved oxygen, etc.), physical
(e.g. temperature, conductivity, etc.), hydro-manpigical (water flow, river continuity, substratetc.)
and biological (e.g. bacteria, flora, fish, etchacacteristics that result from natural processed a

anthropogenic activities. Water quality is desedlby all these characteristics.

7.9. Quality applies to water bodies, waterbeds whichtaim or transport this water, and to the
riparian zone. The quality of water running thrbuay river could be very good, whereas the riverbed
could be severely polluted with heavy metals thavehsunk into its sediment. In this chapter we

restrict ourselves to the quality of water bodies.
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7.10. Quality describes the current state of a certaitewhody in terms of certain characteristics,
which are called “determinands” (i.e. “what helpstetmining quality”). The term “determinand” is
chosen over pollutant, parameter or variable (K€risen and Bogestrand, 1996), to underscore the fact
that a determinand describes a feature constitativbe quality of a water body, and is not exchesy
associated with either human activities or natprakcesses. Examples of determinands, as usee in th
French System for the Evaluation of the Qualitywddter (SEQ-eau) (see below), are depicted in the

second column of Table 7.1.

Table 7.1: Indicators and their determinands inclded in SEQ-eau

Indicators Determinands*

Organic and oxidizable matter Dissolved, @0,, COD, BOD,, DOC, NKJ, NH*

Nitrogen (except nitrates) NA NKj, NO,

Nitrates NOs

Phosphorus PO, total P

Suspended Matter Suspended solids, turbidity, parency

Colour Colour

Temperature Temperature

Salinity Conductivity, Cl, SOz, C&*, Mg**, K*, TAC, hardness

Acidity pH, dissolved Al

Phytoplankton %@ and pH, chlorophyll a + pheopigments, alga®,
(24 hours)

Micro-organisms Total coliforms, faecal colifornfagcal streptococci

Mineral micro-pollutants in water Arsenic, mercucgdmium, lead, total chromium, zing,
copper, nickel, selenium, barium, cyanides
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Metal on bryophytes (moss) Arsenic, mercury, cadmilead, total chromium, zing,

copper, nickel

Pesticides in water 37 substances are concerned

Organic pollutants (except pesticides) in water  sGBstances are concerned

Note: *The original does not use the word determéhhut the word parameter.

Source : Oudin, 2001.

7.11. For policy purposes (such as setting objectives @metking compliance), it is necessary to
define the quality of water either by specifyingies of hormative values for its determinands, \Whic
represent the requirements for certain uses (Tra@v,9) or allowable deviations from reference
conditions, in the case, for example, of the Wdtermework Directive. For reasons of practicality,
ease of reporting as well as the inherent uncdytamater quality is eventually reported in therfoof
discrete classes. The description of quality ant®in the SEEA 2003 supposes that quality classes

have been defined (see section C).

7.12. The quality of a water body may be approached imseof its uses/functions. There is no
standard classification of water uses/functionowever, the uses/functions most commonly used are:
drinking water, leisure, irrigation, and industryFrance distinguishes aquatic life, drinking water,
leisure, irrigation, livestock and aquaculture (@udnd Maupas, 1999). Australia and New Zealand
mention aquatic ecosystems, primary industriegesdon and aesthetics, drinking water, indususe

as well as cultural and spiritual values (althod@ighthe latter two categories no quality guidelirses
provided) (ANZECC/ARMCANZ, 2000). The Millennium casystem Assessment investigates
functions as services supplied by the aquatic estesys: flood mitigation, groundwater recharge, food

provision, pollution control, etc. (Millennium Ecgstem Assessment, 2005).
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7.13. Gascé et. al. (2005) assess water quality in teofnbydrological power defined based on
topographic position (which gives indications oftgmtial for hydroelectric power generation) and

osmotic power due to salt concentration (which témvater availability for animal and plant nutrito

7.14. Countries assign water uses/functions to waterdsoh different ways. One approach used in
France has been to use the same water uses/furictiait water bodies of a certain type (riverkda,

or groundwater) independent of the actual usestioms of the specific water bodies.

7.15. Since 1999, France has used the System for theu&vah of the Quality of Water (SEQ-eau)
(Oudin, 2001) as an assessment framework. It g&dan the concept of suitability for a use or
function, with a specific instance for every catggof water (rivers, lakes, groundwater, etc.). r Fo
rivers, SEQ-eau considers five uses (drinking watersure, irrigation, livestock watering and
aquaculture) and one function (aquatic life), tbgetcalled “uses”. The evaluation system is based
15 suitability indicators (see Table 7.1), eachregping a possible alteration of suitability. Fach
use, a subset of these indicators is selectedeXfample, for the use ‘irrigation’ only four indicas are
selected (salinity, micro-organisms, micro-polldtaand pesticides), but for drinking water 13 ofit o
15 are selected. Each indicator has a set of mé@tands, which is a group of parameters having
similar impacts, from a list of 135 monitored parders, as specified in Table 7.1. For example, the
“Nitrogen (except nitrates)” indicator is computddm NH4+, NKj, NO2- concentration values. A
class is assigned to each determinand of an imaticating threshold values which are indicator sfeci
and use specific. A final suitability class foeach use can then be defined by taking the womsesc
obtained for any relevant indicator, and for eacfdidator, the worst score obtained for any
determinand; when multiple samples are used duhagnonitoring period, the “d0percentile” rule is

applied.

7.16. In the French approach, it is possible to derivdadal quality index and a global quality class

of a water body. This is not done by taking thesv@f the worst score obtained for the differeses
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but by defining “quality” threshold values for eaictdicator determinand and selecting the “suitayili
threshold values associated to the most restrictsee(considering only aquatic life, drinking waaerd
leisure). For instance, the high quality threshiold nitrate is defined as 2 mg/l, the lower vahfe2
mg/l (for aquatic life) and 50 mg/l (for drinkingater). The global quality index is the worst score

obtained for any indicator.

7.17. Other countries, such as the United States of Acaeaind Australia, define water uses/functions
specific to the actual uses/ function of the wditedy. For each water body a specific use or uses a
identified and the quality criteria are set accogly. Standards are water body-specific. In thgsecof
multiple uses, water quality could be defined inrte of its most sensitive or stringent use. Thjgor
example, the case in Australia: “where two or mageeed uses are defined for a water body, the more
conservative of the associated guidelines shoutgik and become the water quality objectives”

(ANZECC/ARMCANZ, 2000).

7.18. The quality assessment for ecological status usdtieé European Water Framework Directive
(WED) (see Box 7.1) is not based on a specificsifastion for different uses, but evaluates quyadis

the deviation from reference conditions observedefach “type” of water body. The WFD classifies
surface water bodies into five ecological statusssés: high, good, moderate, poor and bad. This
classification results from the observation of dmwalelements: biological, physico-chemical (as

illustrated in Table 7.2) , and hydro-morphologiqahlity elements.

7.19. The observation of a quality element reoiesn on ri@nitoring of its determinands. For
example, three determinands are considered for‘dkggenation” quality element: COD, BOD and
dissolved oxygen. Each determinand is valued uaifigtio” between 0 and 1, with values close to 1
representing reference conditions for the waterylsotype. The [0, 1] interval is divided into five
subintervals, for each of the status classes. Bdwndaries between moderate and good status and

between good and high status are made comparalbtssacountries through an inter-calibration
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exercise.

In order to determine the quality clémsa quality element, the values of a group of

determinands may be combined (by taking an averagéjan etc.) when they show a sensitivity to the

same range of pressures, otherwise, the worst dasssigned to the quality element. At the ehd, t

worst class of all relevant quality elements defags the status class of the water body.

Table 7.2: Physico-chemical quality elements usddr the ecological status classification

of rivers in the WFD

Element

High status

Good status

Moderate status

General

conditions

The values of the physicochemig
elements correspond totally or nea

totally to undisturbed conditions.

Nutrient concentrations remain withjn

the range normally associated w|

undisturbed conditions.

Levels of salinityy, pH, oxyge
balance, acid neutralising capacity g
temperature do not show signs
anthropogenic disturbance and rem
within the range normally associat

with undisturbed conditions.

dlemperature, oxygen balance, pH, &
rlyeutralising capacity and salinity do n

reach levels outside the ran

iestablished so as to ensure

twnctioning of the type specifi
ecosystem and the achievement of
values specified above for the biologi

s
quality elements.
nd

l\#utrient concentrations do not exce
o]

the levels established so as to ensure
ain

e]}mctioning of the ecosystem and t
achievement of the values specifi

above for the biological qualit

elements.

oZbnditions consistent with th
atchievement of the valug

oepecified above for th
théological quality elements.
c
the

cal

the

he

Specific
synthetic

pollutants

Concentrations close to zero and
least below the limits of detection
the advanced

most analytig

techniques in general use.

@bncentrations not in excess of f{

p$tandards set in accordance with
girocedure detailed in section 1.2

without prejudice to Directiv

91/414/EC and Directive 98/8/EC.

heonditions consistent with th

tkehievement of the valug

$pecified above for th

cbiological quality elements.

Specific non+

Concentrations remain within {

he Coricaions not in excess of tbre Conditions consistath the
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synthetic

pollutants

range normally associated

undisturbed conditions.

witlstandards set in accordance with tlaehievement of the valugs

91/414/EC and Directive 98/8/EC.

procedure detailed in section 1.2€pecified above for the

without prejudice to Directivebiological quality elements.

Waters achieving a status below moderate shalldssidéied as poor or bad.

Waters showing evidence of major alterations towthlkeles of the biological quality elements for eface water body type

and in which the relevant biological communitiewvidée substantially from those normally associatéth the surface water

body type under undisturbed conditions, shall lzessified as poor.

Waters showing evidence of severe alterations éovdiues of the biological quality elements for sueface water body type

and in which large portions of the relevant bioldicommunities normally associated with the swefaater body type under

undisturbed conditions are absent, shall be cliaskis poor.

Source: European Parliament and Council (2000).

C. The structure of the accounts

7.20. The general structure of the quality accounts &sdhme as that of the water asset accounts in

Chapter 6. The only difference is the additiorited quality dimension, which describes the volurhie o

water. Table 7.3 shows the general structure é@ility accounts as presented in the SEEA 2003s Thi

table shows the opening and closing stocks togetlitér the changes in stocks that occur during the

accounting period for each quality class.

Table 7.3: Quality accounts

physical units

Quality classes

Quality 1 [ Quality 2 | .| Qualityn]

Total

Opening stocks
Changes in stocks

Closing stocks

Source: SEEA-2003.
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7.21. Each column shows the volume of water of a certpiality class at the beginning and end of
the accounting period. The column “total” represethe stock of the water body at the beginning and
the end of the accounting period as defined in tdra@. The row “changes in stocks” is derived as a

difference between closing and opening stocks.

7.22. Since water quality is not only affected by actastin the last accounting period, but also by
activities in previous (at times several) accoumtperiods, multi years average figures could beduse

for the opening and closing stock.

7.23. Table 7.3 can be compiled also for costal watexemithe direct pressure of the economy
through discharges of wastewater into the sear gosio-economic importance and their links witle th

guality of inland water resources (affected dingtty land-based pollutions).

7.24. Each entry in Table 7.3 represents the amount demwaf a certain quality measured in
volumes. However, for rivers this is not a conestiunit due to the flowing nature of the water. A
specific unit of account has been introduced feeriguality the “standardized river-kilometre” (idal

and Jstdahl, 1984) later changed istandard river unif{SRU). To complete the spatial aggregation at
the level of a river basin, rivers are divided irtonumber of stretches of homogeneous quality (for
instance, between consecutive monitoring sites)veaier flow. The value, in SRU, of a stretch afer

of lengthL and of flowq is the product x g. Quality accounts for rivers can be compiled bgessing
the quality class for each stretch, computing tHRUSvalue for each stretch, and summing the
corresponding SRU per quality class to populateqiindity accounts in Table 7.3. The different afyal

classes can be aggregated without double counpiaug(8.128, SEEA-2003).

7.25. The total quantity of SRU should appear in the &bicolumn of Table 7.3 (even though it
cannot be related to the “total” column in the assmounts for rivers, which is expressed in volume

not in SRU). This quantity strongly depends on itin@imum size of rivers to be considered in a river
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basin. Because of a lack of adequate data, thginarcontribution of the smallest rivers is gerigra

unknown.

7.26. In the case of France, the river system is comgrisé about 10.8 million SRU for its
approximately 85,000 km of main courses and isgisagated into 55 catchments. Estimates from the
Institut Frangais de I'environnement (1999) sugdhat considering all rivers mapped at the 1:50,000
scale would increase by 2,5 the total SRU mappedhat1:1,400,000 scale. Therefore, it was
concluded that the total quantity of SRU should @iat at covering the entire river system, but ahley
part of it which is actually monitored and subjécta quality assessment. The ratio between the
quantity of SRU for monitored rivers and (an estienaf) the quantity of SRU for the entire system

gives an estimate of the monitoring coverage ofriher system.

7.27. Table 7.4 shows the quality accounts for rivercamspiled in France for the years 1992 and
1994. Five quality classes are used, 1A (best),2lB and NC (not classified, worst). The degaip

of stocks according to quality was available footyears and the figures are comparable as they are
obtained from comparable assessment methods. Waktygaccounts show that there has been an
improvement between the two years: there are mRld B good quality classes (1A and 1B) and less

in bad quality classes (3 and NC).

Table 7.4: Quality accounts of French watercoursely size class

(organic matter indicator - in 1000 SRU)

1992 state Changes by quality class 1994 state
1A 1B 2 3 NC 1A 1B 2 3 NC 1A 1B 2 3 NC
Main rivers 5( 1253 891 510 177 3 336 9| -183| -165 8| 1583 893 358 12
Main
309| 1228| 1194| 336 50 16| 464| -275| -182| -22| 325| 1691| 919| 154 288
tributaries

Small rivers 260 615 451| 128 47 44 130| -129 -17 -28| 306| 749 322| 110| 188

Brooks 860 1464| 690 243 95 -44 176| 228 15 -23| 810| 1295 917| 258 72
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Note: The figures in the middle column (in italia®) not in all cases match precisely the calculalifférence between 1992
and 1994. This is because of difficulties in conipg certain groups of watercourses in some watgtdiasins between the
two years. The ‘organic matter indicator’ consilére following parameters: dissolved oxygen, BQb®chemical oxygen

demand at 5 days), COD (chemical oxygen demandandonium (NH"). It also looks at eutrophication and nitrates.

Source: Institut Frangais de 'Environnement, 1999.

7.28. In the case of groundwater quality, since flow &rylow, quality accounts can directly be
constructed in volumetric units (e.g. cubic metre$able 7.5 provides an example of quality accsunt
for groundwater in Australia, using salinity levdty defining quality classes: “fresh” (salinity<@0

mg/l), “marginal” (500<salinity<l 500), “brackish” (1 500<salinity <5 000) and “saline”

(salinity>5 000 mg/l). These categories corresptingdotential limitations for economic uses: “Frésh
guality is recommended for human drinking, “mardiinguality can be used for irrigation and, at the
end of the range, some industrial processes aeetahlise very saline water, including sea wateg (th

salinity of which is about 35 000 mg/l).

7.29. Although complete accounts could not be establisheti998 (only groundwater in so-called
“groundwater management areas” was monitored)sthdy of the major differences between the two
assessments shows a shift from the “fresh” to thargjinal” water quality category. The volume of

brackish water also increased between the two years

Table 7.5: 1985 and 1998 accounts of the groundveaitquality

in Victorian provinces, Australia

Gigalitres

Fresh| Marginal Brackish Saline Total

1985 477.5 339.2 123.3 32.3 972.3
1998 (incomplete) (39.1) (566.6) (141.1) (NA) (746.8)
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Note: The 1998 assessments are based on Permigsibleal Volume (PAV) which is

equivalent to sustainable yield. NA not applicable.

Source: Australian Bureau of Statistics, 2000.

7.30. Quality accounting is useful for following the eutibn of the water quality and provides an
indication of the efficiency of the measures takermrotect or improve the state of water bodiefie T
comparison of changes in ‘stocks of quality’ is egfed to provide an assessment of the effectiveness

of protective and restoration measures.

7.31. There is a complication however, as changes in m@giality can have different causes. They
could result from emissions of pollutants, selfifioation, changes in dilution factors because of
increased abstraction of water, increased run-afé do uncontrolled events or new regulations
restricting emissions and so on. Each of thesateveas an effect, positive or negative, on chamges
water quality. This is illustrated in the concegdtacheme below: water quality at timés the result of

an unknown non-linear functidrof water quality at, and possible causes (including the interactions):

Water quality t = f(Water quality § A(uncontrolled events)A(abstractions), A(emissions),

A(expenditure))

whereA(uncontrolled events) signifies the change thauoed betweet, andt; that cannot be related
to any event in the economic sphergabstractions) A(emissions) and A(expenditure)represent
causes related to the economic sphere. As a coeseg, it is difficult to attribute changes in ‘sks of
guality’ to the direct causes. Quality accountgehaherefore, a much simpler structure than thlsetas

accounts.

7.32. It should be noted, however, that cost-effectiverssalyses may be carried out with the help of
these accounts. Let us suppose, for example,dli@mMing situation: the global quality & was 6.6,
there were no major natural events during the atitog period, no less emissions and no more

abstractions on this particular stretch. If meaguthe quality at; shows that it has increased to 7.0,
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this change of 0.4 could be attributed to the eminental expenditures that were made (for instatace,
restore the self-purification capacity of the esisyn), and derive a cost-effectiveness estimatbes
ratio 0.4A(expenditure) But this does not imply that the quality increagould have been 0.8, had the

expenditures doubled in value.

D. Issues

1. Thechoice of determinands

7.33. Different countries use different determinands lasstrated by Table 7.6. There are large
differences in both number and choice of deterniisamsed and the number of common determinands
is very low. This variety reflects primarily diffent concepts and understandings of local problems.

The large difference in pesticides, for instanedlects the existence of different agriculturalgtices.

7.34. The choice of determinands is the outcome of ansifie, practical, economical and political
compromise. Some important determinands cannotebably and affordably monitored. This is
especially the case for pesticides, of which a twens can be accurately quantified among several
hundreds of active substances in use. The santdepnooccurs when considering biological toxins
(with special mention to cyanotoxins) and endocuisruptors. Large numbers of chemicals, such as
toxic hydrocarbons derivatives, are hardly solublewater and pose considerable problems when

attempting to make reliable samples.

7.35. There has been little or no standardisation of rda@teands, methods to measure them, as well
as threshold values to define quality classes. mh& consequence of this lack of standardisatas h
been the inability to compare accounts across cmsat In the context of the WFD, attempts are unde
way to standardize both the choice of determinaasisvell as threshold values for assessing quality

classes.
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Table 7.6: Number of determinands per chemical grap in different assessment systems

Number of determinands
of which: of which: of which: of which:

Specifictd Specifictd Specific tg Common
Determinand group Total Canadg Francg South Africg determinands
Biological information g 1 1 2
Environmental 1 1 1 1 6
Gases dissolved 5 2 1 1
Metals (and metalloids) 24 3 2 1 9
Nutrients 5 1 1 1
Organic matters 7 4 1
Other 1 1
Pathogenic germs 8 1 3 2
Pesticides 6B 22 23 6 4
Radioactivity 26 26
Salinity 14 1 3 4
Toxics (n-metal, n-pesticides 1p4 36 38 3 2

Note: Thetotal number of determinand®flects the number of determinands used at Iegstne country. Common
determinandgefers to the number of determinands used byhheetcountries in their guideline§pecific to country X
refers to the number of determinands used only diyntry X in its guidelines (and not by the othewuntries in the

table). .

Source: Philippe Crouzet (based on Canadian Cowfidiinisters of the Environment, 2001, Oudin andwas, 1999,

Department of Water Affairs and Forestry, 1996).

2. Thechoice of assessment method

7.36. As mentioned in section B, most water quality assests evoke a form of the ‘rule of the
worst’ (or “one out, all out”), i.e. the rule ofvedys choosing the lowest or most detrimental vilam
a certain set. This rule can be applied at thelle¥ determinands (choosing the worst measuredeval

in a time series for a determinand at a monitopogt), at the level of indicators (choose the gyal
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class of the worst performing indicator), at theeleof classifications (choosing the worst class
obtained in any classification albeit biological ohemical, as recommended by the WFD) or a
combination. This rule has different justificatfonApplied to one determinand or indicator comgdute
from multiple samples, this rule reflects the fawt a peak pollution has more detrimental effélcts
average pollution. Applied to several indicatorsseveral uses, the rule means that all indicabors
uses must be taken into account equally. It isfits¢ instance of this rule which is problematis, ia

shown in Figure 7.1 for arbitrary values.

Figure 7.1: Comparison of assessment rules for twaifferent sets of data

Water quality assessment example
Sample rank (sorted)
0 2 4 6 8 10 12
100
80
== Excellent]
= Good 5
©
C— Mediocre 60 .S
== Bad 2
©
mmm \Worst 8‘
—A—A-Year 1 40
—1—B Year1
——B Year 2 20
—A—A Year 2
0
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Source: Philippe Crouzet.

7.37. Figure 7.1 represents a hypothetical situation lctv 12 measurements are obtained from two
locations (A and B) in year 1 and 2. Each poimresents the quality index resulting for each sampl
and is plotted in the figure in which also the 5Salify classes are represented as shades of grey.
Location B shows a significant improvement of gtyaliuring year 2. However, since 2 measurements
are in the worst class, year 2 is classified id=ily as year 1. The case of location A is slightl
different: it is classified as worst in year 1 dvadd in year 2, despite the fact that the resultgest a

significant improvement of quality.

7.38. There are several issues with the “rule of the wWor&xtreme values, as illustrated in Figure
7.1 can have a significant impact on the eventladsification of the water body. A water body is
classified as bad regardless of whether it has angingle trespassing value, or has permanent bad
guality status. Furthermore, the improvement ohitaring often results in the apparent worsening of
quality indexes (a larger number of measurementa t#rger number of determinands increases the
probability to monitor extreme values). Finallet “rule of the worst” tends to hide seasonal

variations.

7.39. One possible solution to deal with extreme valuegoi smooth the effect. As an example,
according to the French SEQ-eau approach, the dooreach indicator is determined by the most
downgrading sample observed in at least 10% ofsHraples analysed during the monitoring period

(Oudin 2001).

7.40. An alternative for the ‘rule of the worst’ is exelifigd by the Canadian federal system
(Canadian Council of Ministers of the Environme®CME), 2001). The principle is based on the
weighting of three factors of trespassing valuesath site. It takes into account the number of

determinands beyond their threshold (“scope”(S)mber of failed determinands / total number of
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determinands monitored), the frequency of trespasduring the assessment period (“frequency” (F) =
number of failed tests / total number of tests) #raldistance between the threshold and the obgerve
value (“excursion” (E) = [observed value / targelue]-1). All factors are normalised as to falltire
range 0-100.

s2+F2+E2

3
7.41. The final CCME Water Quality Index (CCMEWQ)I) is exjuo 100 minus the length of the 3

CCMEWQI =100-

dimensional vector [S,F,E] normalised to 0-100.isTimeans that CCME Water Quality Index is 100
(best quality) when the length of the vector [S]ksEzero. By construction, the index can be agxplio
different sets of determinands (and therefore diffie uses of water), as long as annual series #xist
order to assess frequency. The authors recomnmetdiatasets should have at least 4 values per year
The overall quality is classified in one of 5 clessexcellent (100-95); good (94-80); Fair (79-65);

marginal (64-45) and poor (44-0).

E. Water quality indices

7.42. Due to the experimental nature of developing wapeality indices, this section is limited to
discussing two indices constructed for rivers. Séhandices have been used for spatial aggregatidn a

each corresponds to a different need.

7.43. The River Quality Generalised Index (RQGI) aggregates water quality over river basins.
Water quality accounts could be used to measureffimency of water management programmes that
often exist at the basin level. The results of sueas taken or the expenditures incurred should be
readable through an improvement of the water qualit is therefore important to be able to aggtega

water quality over river basins.

7.44. The Pattern Index measures the variance in the quality classeseoftitetches that underlies a

particular RQGI score for a river basin. It allofes differentiating between basins where wateofig

19C



Water quality accounts

uniform quality and basins where it results fromtaim “hotspots” or occasional exceeding. Imprayvin
the quality of a water body that results from atdpmt” requires less effort than purifying wateattls

permanently polluted by numerous chemicals.

7.45. The River Quality Generalised Index (RQGI) is a gieted average of quality clas@j

according to SRUSJ- . It results in a value between 0 (worst) and ldé€5s(), equally spaced.

Where n is the number of quality classes.

191



Water quality accounts

Reference map: FV 1997-99 GQA Grades
Gauging station set: Flows computed from the field FLOW,
Computed flows: estimated long term average natural flowtthe

River Quality General Indexes
RQGI " %P E
[0 Verygood (8-10) {11) 5
[0 Good (6 - 8) {16}
[0 Medium (4- 6) {7}
[0 Poor(2-4
[0 Bad(o-2)
HD

Figure 7.2: Global river quality in England and Wales in 1997-1999

Source: Data collected by EPA England and Walegdian Environment Agency, 2001b). Original data

published in (European Environment Agency, 1998)

7.46. As an application, Figure 7.2 shows RQGI score pegr basin in England and Wales in
1997/1999 (European Environment Agency, 2001b)e d¥erall index for all the reviewed catchments

improved from 6.50 in 1990 up to 7.47 in 1997/1999.

7.47. As an application of the pattern index, Figure §h8ws the aggregated map of Irish basins with

potentially mediocre quality of waters. These hasialthough not showing a high proportion of bad
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guality, record a low proportion of good qualitidue to their low variance in quality per stretchey

could be confronted with severe water quality peots.

Figure 7.3: Pattern Index for Ireland, 1990

Map: General Quality Grades

Gauging station set: Flows computed with regression by catchment. d
Computed flows: estimated long term average natural flow at the end @rghe e,

Quality pattern
[0 Good (19)
[0 Acceptable ! Local (10)
O Mediocre ! Local [t
[ Bad/Black spots (0}
B veryBad (0}
HD

Source: Data provided by Irish EPA, processingriggd in (European Environment Agency, 2001c).
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Chapter 8 Valuation of water resources

A. Introduction

8.1. The national accounts value water like all otheodprcts: water is valued at price of its
transactions. Unlike many other products, howetles, prices charged often provide only a poor and
inadequate indicator of water’'s economic valueitaasion arising from certain unigue characteristic

of water:

. Water is a heavily regulated commodity for whiclk firice charged (if any) often bears
little relation to its economic value or even te @ost of supply. This situation is sometimes
severe in water-scarce developing countries whextemmay be provided to some users at no
charge. Administered prices occur in part becalisanatural characteristics of water inhibit the
emergence of competitive markets that establishn@mic value. (For a more detailed

exploration of this topic, see Easter et al., 1963ng, 1996.);

. Water supply often has the characteristics of anahimonopoly because water storage

and distribution are subject to economies of scale;

. Property rights, essential for competitive marketrg often absent and not always easy
to define when uses of water exhibit charactessof a public good (flood mitigation), a

collective good (a sink for wastes), or when wadesubject to multiple and/or sequential use;

. Water is a ‘bulky’ commodity, that is, its weighd-value ratio is very low, inhibiting the

development of markets beyond local area;
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. Large amounts of water are abstracted for own ysendustries other than ISIC 36,
Water collection, treatment and suppsuch as agriculture or mining. Abstraction fernouse

is not recorded explicitly as an intermediate inmit water; hence, the use of water is
underestimated and the value of water’s contrilbytfor example to agriculture, is not explicit

but accrues to the operating surplus of agriculture

8.2.  The need to treat water as an economic good hasreeegnized as an essential component of
sustainable water management. Integrated WatesuRess Management (IWRM), a globally endorsed
concept for water management, identifies maximiziegnomic value from the use of water and from
investments in the water sector as one of the Kggctives along with equity and environmental
sustainability (Global Water Partnership, 2000)hisTprinciple was reconfirmed at the 2002 World
Summit on Sustainable Development in Johanneshibeg2003 Third World Water Forum in Tokyo,
and the 2005 Millennium Project Report to the UNhe prices charged for water recorded in the

national accounts often do not reflect its full Bomic value.

8.3. The economic value of water can be useful for manlicy areas, for example, to assess
efficiency in the development and allocation of eratesources. Efficient and equitable allocatién o
water takes into account the value of water useddgpeting end-users in the present generation, the
allocation of resources between present and fugereerations, and the degree of treatment of wastes
discharged to water or other activities that aff@eter quality. Water valuation can also be useful
setting water pricing policy and in the design abeomic instruments to achieve better use of water
resources. Instruments for water include propeights, tradable water markets, taxes on water

depletion and pollution, and subsidies for watended management.

8.4. Economists have developed techniques for estimdtiagralue of water. This chapter reviews
the techniques for valuation and discusses thaisistency with the 1993 SNA valuation. It does not

provide recommendations on which valuation techaitpuuse and it should be seen as an overview of
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existing practices. Further, because there isamsensus on the valuation techniques to use ntineon
inclusion of these techniques in the SEEAW (becafdteir lack of consistency with the 1993 SNA
valuation principle), this chapter is presentechasadd-on to the water accounts because of itgypoli

relevance.

8.5. The valuation techniques reviewed include those monly used for the water goods and

services presently included in the water accounts:
(a) Water as an intermediate input to production inadture and manufacturing;
(b) Water as a final consumer good;
(©) Environmental services of water for waste assinatat

8.6. Other water values, notably for recreation, navaatand biodiversity protection, and water

gualities, such as reliability and timing of wagarailability, are not addressed.

8.7. Section B discusses some issues that arise inngalwater such as the aggregation of water
values from the local to national level. Sectiod&cribes some background concepts in the economic
valuation of water and the valuation principle loé¢ 11993 SNA. Section D provides an overview of the
valuation technigues and section E discusses ttemgths and weakness of each water valuation

technique through empirical examples.

B. Issues in the valuation of water

8.8. This section briefly presents some issues thateafts the valuation of water goods and
services: namely, the scaling and aggregation ¢émealues, the risk of double counting as someeval

of water is already captured in the accounts ardythes of measures of value and their implications
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National and local valuation: scaling and aggregatin of water values

8.9. Water valuation has a long history in economicssthyoat the project or policy level. Projects
and policies are often implemented for a designatater management area, such as a river basin.

There has been little experience of aggregatingehecalized values to the national level.

8.10. Because water is a bulky commodity and the costsamisporting and storing water are often
high, the value of water is determined by local aegional site-specific characteristics and optitors
use. For example, the value of water as an inpugriculture will often vary a great deal by ragio
because of differing factors that affect productimosts and product value, including soil, climate,
market demand, cost of inputs, etc. In additidre timing of water availability, water quality and
reliability of supply are also important determitauof water value. Consequently, the value of wate

can vary enormously within a country, even for saene sector.

8.11. The site-specific nature of water values means weter values estimated for one area of a
country cannot be assumed to hold in other ar8dss poses a problem for constructing accounts for
water value at the national level, because the atetommonly employed for national accounts -
scaling up to the national level from sample datannot be as readily applied. It is more accuaaid
useful for policymakers to construct water accouatshe level of a river basin or an accounting
catchment for which economic information can be ped, and aggregate them at national level to
obtain national water accounts. River basin actowill also be more useful for policymakers be@aus
many water management decisions are taken at ¥iee biasin level, and even policy at the national
level must take into account regional variationsmater supply, demand and value. Furthermore, in
some countries, there may be extensive transfensatdr between river basins. Inter-basin transhees

often valued according to the use made of the watdre receiving river basin.
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Double-counting

8.12. In interpreting accounts for the value of watemecenust be taken to avoid double counting.
The value of water as an intermediate input isaalyefully included in the 1993 SNA, although it is

rarely explicitly identified:

. For industries purchasing water from ISIC 018Lpport activities for crop production-
operation of agricultural irrigation equipmenand 36,Water collection, treatment and supply
the water value in the 1993 SNA is spread out amtinige components of an industry’s
production costs: the service charge paid, anytendil current and capital costs (purchases of
equipment, energy, labour, and other inputs) ireditoy a company for treatment, storage, or

transport of water, and industry value-added whngresidual water value accrues.

. For industries abstracting water for own use, thki@ of water is split between costs
incurred for abstraction, transport, treatment,storage of water; and the industry’s value-

added.

. For households, water value in the 1993 SNA incdutthe portion paid to water utilities

or incurred by self-providers for abstraction.

8.13. The value of wastewater treatment may be partliecefd in the costs of services provided by
ISIC 37, Sewerage and the costs for self-treatment by industry dodiseholds. Damages from
changes in water quality to industrial productiagpacity or industries’ costs of averting behaviatg
already included in the 1993 SNA as part of theeetHd industries’ costs of production. Some
consumer averting behaviour and health costs mayndladed in the 1993 SNA as part of consumer
expenditures, but others may not be, or may noedsy to identify. The value of recreational or
aesthetic water services to consumers may alsa least partly reflected in the market prices afda

housing, or tourism facilities.
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8.14. In summary, most values for water are already ishetlin the 1993 SNA, but not explicitly
attributed to water. The role of water valuatisrto make those values explicit, but they shouldb®o
interpreted as additional values not included i 1893 SNA. The value of water as a consumer good,

even if not paid by the users, should in principdeincluded in the 1993 SNA.

Valuation techniques; marginalvs. average value

8.15. There are many valuation techniques for variousewases and, because of their foundation in
cost-benefit analysis and its emphasis on economglfare, they can produce three conceptually

different measures of ‘value:’

. Marginal value, the price the last buyer would biéing to pay for one additional unit.
This value corresponds to price in a competitivekag and in principle is compatible with the

1993 SNA valuation.

. Average value, the average price that all buyerslevde willing to pay, including a
portion of consumer or producers’ surplus, whichthe maximum amount that each buyer
would be willing to pay, even though he is not adiyucharged that price. Average value can
be quite different (higher or lower) from the manali value. For example, tleveragedamage
from a heavy load of pollution into a lake may ldstantially lower than thmargind damage

that would result from a small increase in load.

. Total economic value, a measure of total econométfare that includes consumer

surplus and producer surplus, that can be usestiimate average value.

8.16. These concepts are defined and explained in se&iand their implications for valuation are
described further in section D. Because averageevaicludes consumer/producer surplus, a concept
that is not compatible with the concept of valu¢ha 1993 SNA, it would certainly be preferableuse

techniques that measure marginal value, but oftéa hot possible to measure marginal value (see
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sections C and D). Nevertheless water valuatiamséful in its own right, but attention should kado
when comparing water value with national accoumgfgregates as the underlying valuation principles

are not the same.

8.17. When economic values are intended to contributa thscourse on valuation, evaluation and
policy, then it may be appropriate to include a#llues for which there are reasonable estimates,
regardless of whether they are average or margiahles. In any case, there are very few point
estimates of value, whether marginal or averagat, ¢an be provided with great certainty. Valuation
studies often provide a range of values becauskeofincertainty and considerable amount of judgment
underlying the method and its implementation. BEm@ual report on cost-benefit analysis of federal
regulations in the United States, for example, respa range of values, sometimes quite large, and
guidelines specify some of the alternative assupmgtand parameters to be used, such as discoent rat

(Office of Management and Budget, 2003).

8.18. A useful approach to the valuation challenge wdddto include values for all water services
that can be estimated with fairly reliable data aechniques, and to identify whether the values are

marginal or average so that the user is aware wfthis may distort policy analysis.

C. Economic approach to the valuation of water

8.19. In economic terms, water is an essential commosiitythe value (willingness-to-pay) for a
basic survival amount is infinite. Once basic reeack met, economic valuation can make an important
contribution to decisions about water policy. Aroanodity has economic value when users are willing
to pay for it rather than do without. The economédue of a commodity is the price a person would
pay for it (or, on the other side of the transattithe amount a person must be paid in compenstgion
part with it). Economic values can be observedmpeople make a choice among competing products
available for purchase (or for barter trade - valneed not be expressed only in monetary units). |

competitive markets, the process of exchange ashads a price that represents the marginal economic
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value, that is, the value of the last (marginal)t wold. In the absence of water markets or where
markets function poorly, valuation techniques canused to estimate the economic value of water.

One of these techniques is called a ‘shadow pf&ee Box 8.1).

8.20. Economists have many techniques for estimating @ligarices, and a great deal of practical
experience applying these techniques. Most teclmsiqwere typically developed for cost-benefit
analysis of projects and policies, and other appilinis whose requirements and purposes are quite
different from those of the national accounts. €aquently, the application of these techniques for
valuation of water in the water accounts, whichsatellite accounts to the 1993 SNA, should be dbase

on the same valuation principles as the 1993 SNApt entirely straightforward.

8.21. Water valuation can be quite complex: data arenoftet available and expensive to collect,
water values are usually very site-specific andeffiem transfer (a method of applying values obtdine
from one study site to other sites) is not well eleped for many aspects of water. Methods and
assumptions are not standardized and uncertainty lmeaquite high. In addition, many valuation
techniques depart from the concept of value in1883 SNA, raising major challenges to monetizing

water accounts in a manner that is consistent thigh1993 SNA.

In economic analysis, such as an evaluation ofradtieve allocations of water among competing
users, it is necessary to express the benefits cstis in monetary terms using prices and
guantities. Often observed prices are used. Hewebserved prices sometimes fail to reflect
true economic values. Examples include governmegilation that sets prices for commodities
like water and energy, taxes or subsidies thabdigharket prices of agricultural commoditieg,

minimum wage that is set above market clearinggwioor trade restrictions that increase the
price of domestically produced goods. In such saseis necessary to adjust the observed
market price for these distortions. In other casbere may be no market price at all, and the
price must be estimated. The resulting adjustegistimated price is called a ‘shadow price.’

Box 8.1: Shadow prices
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8.22. The 1993 SNA records actual market (and near matkatsactions, and the 1993 SNA-value
of a product is its market price. In competitivankets, prices represent marginal values of goods a
services. There are many instances, however, iithvbbserved prices may differ from marginal
values, sometimes significantly, due to factorshsas market failure, administered prices, taxes and

subsidies, and trade protection. Sometimes thissertions may be large, sometimes small.

8.23. Non-market valuation techniques estimate either ginai value, average value or total
economic value (TEV), which includes ‘consumer $wsp in addition to the market price paid.
Consumer surplus is the difference between whahdividual is willing to pay and the price that the
individual actually pays. The difference arisesdiese the same price is charged to all consumes in
given market regardless of what the consumer iBngito pay. Prices in the 1993 SNA may be quite
different from marginal values, but the 1993 SNAedgmot include measures of consumer surplus. The

relationship among these three concepts of econwaiie is illustrated in Figure 8.1.

. Total economic value of water is measured as thme slutotal willingness-to-pay of all
consumers, and is typically displayed as the amdeuthe demand curve. For quantity Q*,
total economic valués the area A+B. This measure is appropriateplieations such as cost-

benefit analysis when the purpose is to measuréothéchange in economic welfare.

. The figure (A+B)/Q* represents theverage valueof a unit of water when Q* units of
water are used. The average value is larger thengimal value (by the amount A/Q*) because
it includes a portion of consumer surplus, theed#ghce between consumers’ willingness-to-pay

(the demand curve) and market price.

. P* represents thenarginal valueof a unit of water at Q*. For an individual, the
marginal value represents the benefit from the afsene more unit of water. For a business,
the marginal value represents the increase in etnue made possible by increasing water

input by one unit. The marginal value is releviortassessing the economic efficiency of the
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allocation of water among alternative uses. Coitipet market prices equal the marginal

value.

8.24. In some instances it is easier to measure totalaamedage values than marginal values, but the
consequences for valuation can be large. For ebaritps not uncommon for practitioners to estimat
the total damages from water pollution, then divijethe tons of pollutant emitted to obtain average
damages per ton of pollutant. This average vadikely to differ significantly from marginal vaés if

the dose/concentration-response function is noatindt can be quite misleading to apply the averag
value obtained from one study in one location t@thar location, or even the same location at a
different point in time. As mentioned earlier, watservices are often provided and acquired without
trade or through trade in imperfect markets andchanformation is not available for specificatioh o
proper demand functions and calculation of margioratotal economic values. In such cases cost

rather than benefit-based measures are commontytaselue water.

Price

Demanc
Curve

A

PY——————
B |
*
0 Q Quantity

Figure 8.1: Demand curve for water

Note: The value of water for human survival is likéo be infinite and is not

included in this graph.

204



Valuation of water resources

D. Overview of valuation methodologies

8.25. People value an environmental good, such as w&termany purposes, which economists
classify into use values and non-use values (see88%. (Note that for the purposes of the follogi
discussion, only water beyond the amount necesiarysurvival is considered because only this
amount of water has a finite value.) Use valuderreo the use of water to support human life and
economic activity. They include (i) the direct usk water as a resource, (ii) the indirect support
provided by water ecosystem services, and (iii) whRie of maintaining the option to enjoy direct or
indirect use of water in the future (option valuefyon-use values include the value of knowing that
water and water ecosystems will be available taritgenerations (bequest value) and the intrinsic

value of water ecosystems (existence value).

8.26. An estimate of the total value of water should udd all use and non-use values. While in
many early water valuation studies, only tangitde values were included, in recent decades thesvalu
of other uses has been recognized and includedet@xtent possible. Even where monetary values
cannot be reliably estimated, many official goveeminguidelines for cost-benefit analysis requirat th
some physical indicator of values be included. udéibn techniques for most direct uses are reltive
well developed, mainly because they are closelgteel to market activities. The valuation of some
indirect uses, like waste assimilation servicesls® fairly well developed. However, the valuatiof
other indirect services (such as habitat protectiod cultural values associated) and the non-useya
are more controversial and not as well develop®ithce these services are not yet included in themwa

accounts, they will not be discussed further.

20t



Valuation of water resources

Use Values

Direct use values The direct use of water resources for consumptiges such as input t
agriculture, manufacturing and domestic use, angcansumptive uses such as hydroelectric power,
recreation, navigation and cultural activities.

Indirect use values The indirect environmental services provided bwtev such as wast
assimilation, habitat and biodiversity protectitiydrologic function.

Option value: the value of maintaining the option for use oft@radirect or indirect, in the future.
Non-Use Values
Bequest value the value of nature left for future generations.

Existence value the intrinsic value of water and water ecosysteimsluding biodiversity, the valug
people place simply on knowing that a wild riveat Example, exists even if they never visit it.

=}

A1%

Box 8.2: Categories of economic values for water

8.27. Table 8.1 shows the valuation techniques that lmeen most often applied to the water uses
included in water accounts. All except contingealiation are based on what economists call ‘revkeale
preference’ methods, that is, water value is derifrem observed market (revealed) behaviour toward
a marketed good related to water. Contingent valpnais a ‘stated preference’ technique based on
surveys that ask people to state (stated prefesgntieeir values. Economists are often more
comfortable with estimates derived from actual neadkehaviour, but for some water services, even
indirect market information may not be availabletswas protecting wetlands or endangered species.
Each technique is described in greater detail i tlext section. A more detailed discussion of
valuation methodologies for water with referencesntany studies in the literature can be found in
(Gibbons, 1986, Turner, et al., 2004; and Youn@6)9Frederick et al. (1997) provide an exhaustive

review of water valuation studies in the Unitedt&s¢a
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Table 8.1: Valuation techniques for water

Valuation techniques

Comments

1. Water as an intermediate input to production:
agriculture, manufacturing

Residual value

Change in net income

Production function approach

Mathematical programming models

Sales and rentals of water rights

Hedonic pricing

Demand functions from water utility sales

Techniques provide average or marginal
value of water based on observed market

behavior

2. Water as a final consumer good
Sales and rentals of water rights

Demand functions from water utility sales
Mathematical programming models

Alternative cost

Contingent valuation

All techniques except contingent valuation
provide average or marginal value of watern
based on observed market behavior.
Contingent valuation measures total
economic value based on hypothetical

purchases

3. Environmental services of water: waste assimilain

Costs of actions to prevent damage

Benefits from damage averted

Both techniques provide information on

average or marginal values
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E. Empirical applications of water valuation

8.28. This section presents valuation techniques orgarnigethe major categories of uses addressed
in the water accounts: water as an intermediatatitgp agriculture and manufacturing, water as alfin

consumer good, and environmental services of wataevaste assimilation.

8.29. Examples are also presented to illustrate soméeiftoblems that arise when applying these
techniques and how different practitioners havereblthem. The majority of water valuation studies
have addressed water value for irrigation, wastgpalal and recreation (Frederick et al., 1997;
Gibbons, 1986; Young, 1996). The reader shoulg keemind that some important attributes affecting
the value of water cannot be dealt with in suchriaftoverview. For example, the value of water is
likely to change with location and the season dation water has low value outside the growing
season). The value of water in a particular uslé also be affected by the quality of water and the

reliability of supply.

1. Valuing water as an intermediate input to agriculture and manufacturing

8.30. The most commonly used valuation techniques forewas an intermediate input into
agriculture and manufacturing are the residual @auad its variants, mathematical programming and

hedonic pricing applications.

8.31. lrrigation is the single largest use of water ie thorld (Gleick, 1993), but it is also among the
lowest-valued uses of water (Gibbon, 1986). Prtiducdecisions in agriculture are highly complex
and filled with uncertainties. In a review of gation water valuation studies, Young (1996) finuzst

of them flawed, with a tendency to overestimate vhtue of water. The most commonly applied
valuation technique is the residual valuation apploand its variations, change in net income amrd th

production function approach.

20¢€



Valuation of water resources

8.32. In some countries with relatively little irrigatedyriculture, industry is the major user of water.
For example, in Sweden, two industries alone, Rufgaper and Chemicals, accounted for 43% of total
freshwater water use in 1995 (Statistics Swedef9)191t is often assumed that the industrial vatfie
water is relatively high, compared to agricultupet this use of water has received much less abtent
than other uses (Wang and Lall, 1999). In a reveéwaluation of water studies in the United States
Frederick et al. (1997) found 177 estimates fagation water, 211 estimates for the recreatiomdlie

of water, and only 7 estimates for industrial watelue.

Residual Value, Change in Net Income, and Prodadtanction Approaches

8.33. Residual value and its related techniques of changeet income (CNI) and production
function approach are techniques applied to wasedwas an intermediate input to production. They
are based on the idea that a profit maximizing fivith use water up to the point where the net rexen
gained from one additional unit of water is justualjto the marginal cost of obtaining the water.
Residual valuation assumes that if all marketscarapetitive except for water then the total valdie o
production exactly equals the opportunity costalbtthe inputs. When the opportunity costs of non-
water inputs are given by their market prices (ueit shadow prices can be estimated), the shadow
price of water, then, is equal to the differen¢® (tesidual) between the value of output and thséscaf

all non-water inputs to production:

TVP=>pq +VMR,q,

TVP = total value of the commodity produced;

pig; = the opportunity costs of non-water inputs to prctibn;
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VMP,, = value of marginal product of water;
gw = the cubic meters of water used in production.

8.34. Although the literature terms the shadow price @aftev as its ‘value marginal product’, the
residual value actually measures average valueusec& MP is measured for the total amount of
production and total non-water inputs, rather tmaarginal output and marginal costs of non-water
inputs. Average and marginal values are identozdy in cases where production functions exhibit
constant returns to scale. Whether average vawerges significantly from marginal values depends

on the nature of the production function, whiclamsempirical question.

8.35. In applying this technique to water accounts itidddbe noted that, as formulated above, the
value of water includes some costs incurred byuter for abstracting, transporting and storing wate
as well as water tariffs. These costs are alréadijided in the national accounts and should not be

double-counted.
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The residual value technique was applied to agmical production in the Stampriet region of Namjbvehere
farmers abstract groundwater to raise cattle andaite crops including lucerne for their livesto@dlange et al.,
2000; Lange, 2002; 2004). A survey was undertakeh999 and data for farm income and costs wetainbd
for 16 of the 66 farmers in the region. The ddtawt some items are considered reasonably accuratighly farm
income, inputs of most goods and services, and eosgttion of employees. Fixed capital costs, onh®flargest
cost components, were difficult to estimate becdasmers often did not keep good records. Farratss do not
always meter their water use and the estimates aitEmwuse must be treated with caution. From theesy
average farm income and costs were calculated.ayeeresidual value was calculated as Gross farmmec—
Inputs of G&S — Compensation of employees — Farhierguted income — Capital costs (depreciation, kitg

capital, cost of fixed capital).

Despite the weakness of the data, the results se&luto illustrate the sensitivity of the residuméthod to the
assumptions made. The table shows the costs adupton and residual value of water under differgnt
assumptions about the cost of capital. Assuminoacbst for capital investments, the residual vatievater was
Namibia $0.19 per cubic meter. But if the realtaniscapital, rose to 7%, farmers would not evemeanough to
cover all the capital costs and the value of wateuald be negative.

Farm revenue & costs (in 1999 Namibia $) Data seurc
Gross farm income $ 601,543 Output x marketgsritom survey
Inputs of goods and services $ 242,620 Inpyisoes from survey
Value-added, of which: $ 358,923
Compensation of employees $ 71,964 Wages-paiekind payments from survey
Gross operating surplus, of which: $ 286,959
Imputed value of farmers’ labour $ 48,000 urgrl based on average salary of hired farm
manager
Depreciation $ 66,845 Standard depreciatioesra farmers’ estimated
historical cost of capital in survey
Cost of working capital $ 17,059 Imputed a®Pthe value of fixed capital
Cost of fixed capital including land, |$75,739 to $176,72/Based on farmers’ estimated historical cost of tpi
3% -7% reported in survey
Residual value of water $79,316 to -$21,669
Amount of water used (m3) 154,869 Farmers’ “bemsss;” water is not metered
Residual value N$/m3 $0.51 to -$0.14

Box 8.3: Calculating residual value: an example fiim Namibia

Source: adapted from Lange (2004) and Lange €2@00).

8.36. The residual value method has been widely usedrfigiation because it is relatively easy to
apply, but is quite sensitive to small variatiomsthe specification of the production function and
assumptions about market and policy environmentt arn input to production is omitted or
underestimated, its value is wrongly attributedMater. In some cases, researchers conduct exéensiv

farm surveys of crop production and inputs. Inestbases, secondary data are used to derive average
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crop yields and production costs. Secondary data differ considerably from actual inputs and ygld
of the farming area being assessed. Box 8.3 demates this method using a case study from

Namibia.

8.37. Assuming the model specification is accurate, theeg for all inputs and products must be
reviewed because some inputs, notably family labooay not be paid, and the prices of other
commodities may differ significantly from their nganal values due to taxes, subsidies for energy,
trade protection, etc. Water is a major inputrt@gation and its unit value is extremely sensitieghe
volume of water used for production. Yet, in mamuntries, irrigation water is not metered and only
estimates are available, based on ‘rules of thuapplied to hectares under irrigation and the type o
crop cultivated (Johansson, 2000). In the Namiluase study described in the Box 8.3, farmers’ own
estimate of the water used was at least 50% higtear the guidelines used by water management

authorities (Lange, 2006; 2002).

8.38. Labour is a significant input to agriculture, anfleo at least some portion of this labour is
unpaid. In the 1993 SNA, this is recorded as mixedme together with operating surplus. Unless a
value is estimated for this input, the value of evawill be overestimated. Family labour is often
unpaid in both developed and developing countries ia the 1993 SNA should be estimated on the
basis of prevailing wages rather than in termshefdpportunity costs of workers. Farm managensent i
a distinct contribution of the farmer and sometintesss easy to value unless there is comparablesfarm

which hire a manager.

8.39. It is not uncommon for governments to subsidize ¢bsts of critical inputs to agriculture,
notably fertilizer and energy. Some developingradaes also fix the price paid for major agricubilir
crops, often below their marginal value. In otheutries, the price of agricultural commodities may
not be directly subsidised, but trade protectiomssd to maintain high crop prices. In applying th

residual value technique these distorted input@rtgut prices must first be corrected.
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8.40. Box 8.4 shows two examples of residual value adplistor trade protection: the United
Kingdom and Jordan. In the example of the Unitedgdom, the authors did not have information
about the amount of water used for each crop, sadbkidual value is given as the value per hectare,
meaning for the total amount of water required tlticate a hectare’s worth of a given crop. After

correcting for trade protection, only one crop,gtoes, would generate a positive return to water.

8.41. For irrigation farming, capital can be a substdntiamponent of costs, and the correct costing
of capital raises several challenges. In someiessydixed capital may be omitted entirely or inrpa
(e.g., Al-Weshah, 2000). This may be appropriatsiiuations of short-term disruption of water slypp
such as a drought, where the objective is to maenpirofits by allocating water to higher value @op
under unusual short-term conditions. But thesetsteom values of water do not reflect the longater

values and are not appropriate for long-term watanagement because they are overestimated.

8.42. Residual value, as described above, is suitabla fngle crop or single product operation. For
multiple products a slightly different version isad, the change in net income (CNI) approach. CNI
measures the change in net income from all crogpsltieg from a change in the water input, rathemth
the value of all water used in production. It feea used to compare the value of water under ptese
allocation to the value that would be obtained urate alternative allocation of water. For examie,
might be used to assess a farmer’s response tbcy pbange intended to bring about a change ipcro
mix or production technology. In contrast to resitlvalue, by measuring the impact of a change, CNI
measures the marginal value of water rather theagee value obtained with the residual value

approach.
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The case studies for UK and Jordan show the impoetaf adjusting for market distortions from traclie

protection. In both cases, the residual value afewis calculated with and without the effectivbsidies
from trade protection and substantial differencesue.

Case 1. United Kingdom. Bate and Dubourg (1997) estimated the residuslevaf water used for]
irrigation of 5 crops in East Anglia from 1987 t89ll using data from farm budget surveys. Howevata d

about actual water use was not available so thduakvalue is calculated for the amount of wateeded
to cultivate a hectare of a given crop. When ¢ffective subsidies from the EU’'s Common Agricu#tu
Programme are taken into account, the residualevislmegative for all crops except potatoes.

£ per hectare*

Not adjusted fq Adjusted fo

CAP subsidiels CAP subsidies
Winter whea 101.1] -176.4¢
Barley 13.44 -164.7(
Qilseed rap 220.04 -146.4¢
Potatoe 1428.84 880.0¢
Sugar bet 327.9] -3565.1(

*Actual amount of water used per hectare of a ésopnknown.
Source: Adapted from (Bate and Dubourg, 1997).

Case 2. Jordan. Schiffler (1998) calculated residual value for frarops (apples, peaches, olives, grap

ES)

and vegetable crops (tomatoes, watermelon, cucwnisguash and wheat) in 1994 based on data ffom

farm surveys. Values were calculated with and auithtrade protection. The difference was small (766)
fruit crops, but nearly 50% for vegetables.

Jordanian dinar per hof water input

Not adjusted for

trade protection

Adjusted for

trade protection

Fruit crops

Vegetable crops

0.714
0.46

0.663

0.24]

Source: Adapted from Schiffler (1998).

Box 8.4: Adjusting the residual value of water formarket distortions

8.43. Young (1996) notes that the change in the net ircamproach is used more often than the

single-crop residual value approach.

production function and correcting for missing oistdrted prices.

CNI faces shene problems in correctly specifying the

Since CNI is essentially a

comparison of existing production to a hypothetichange, it faces additional data challenges in

correctly specifying the resulting income and cadtproduction for the alternative.

8.44. The production function approachuses regression analysis, usually to a crosseseatf

farmers or manufacturers, to estimate a productiowction, or, equivalently, a cost function which
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represents the relationship between inputs andutsitgpecifically water and crop yields. The fuans
are developed from experiments, mathematical sitmnanodels, and statistical analysis of survey or
secondary data. The marginal value of water isinbthby differentiating the function with respeot t
water, that is, measuring the marginal change tpuwtuor reduction in costs) that results from aam

change in water input.

8.45. The production function approach and mathematicab@mmming (see below) are the most
widely applied techniques for water valuation inmagacturing. The residual value method has not
been used for industry water valuation becauseds¢ share of water is quite small in most indastri
applications and the residual value method is genysitive to the quantity of water input. Renzettd
Dupont (2003) used a production function approachnteasure the marginal value of water in
manufacturing (see Box 8.5). A similar study waslertaken in China by Wang and Lall (1999), using

data for about 2,000 firms, mostly medium and Isstgge-owned enterprises, in 1993.

Using a production function approach, Renzetti and Shad e of
H H adow price O
Dupont (2003) esymaye the marglnal value of ravteva Industry water C$/1000m
for 58 manufacturing industries in Canada overghre Food 17
years, 1981, 1986, and 1991. Assuming firms minani 5 a8
their costs, they formulate a translog cost funttiased |°°'er29es
on the quantity of output, the quantity of watée t Rubber 6
price of capital, labour, energy, materials, water Plastic 32
circulation, in-plant water treatment, as well aseral Primary textiles 14
Fjummy varial:.)I.eS that take.in.to site-specific anq Textile products 5
industry-specific characteristics such as the #ridf a
. . Wood 20
province and the share of raw water that is used fo )
industrial processes. In the cost function approtuh Paper and allied products 81
shadow price of water is estimated as the marginal Basic metals 107
change in costs resulting from an incremental ckang |Fabricated metal 48
the quantity o_f raw water intake. The mean shadow | transport equipment 25
value across industries was C$ 0.046/m3 in 199depr N -
. . on-metallic minerals 23
In very dry provinces the shadow value was highant fined leum/coal
in water-abundant provinces, C$0.098 and C$0.032, | Refined petroleum/coa 288
respectively. Chemicals 72

Box 8.5: Marginal value of water by industry in Canada, 1991

Source: Adapted from Renzetti and Dupont (2003).
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Mathematical programming models

8.46. Various forms ofmathematical programming modelsave been developed to guide water
allocation and infrastructure development decisiofbese models specify an objective function (such
as maximizing the value of output) subject to prtdhn functions, water supply, and institutionabdan
behavioral constraints. These models may be appdiene sector, such as agriculture to deterniiee t
optimal mix of crops, to a watershed to determime @ptimal allocation of water among all userstoor

a national economy. These may be linear programmmmodels or, simulation models, or more

commonly for economy-wide analysis, computable galnequilibrium (CGE) models.

8.47. The models calculate shadow prices or the margrahle of all constraints including water.
Optimisation models, as the name implies, estinmaaeginal values for water based on an ‘optimal’
allocation of water and the corresponding recomfigion of economic activity and prices. An example
of a linear programming approach to agricultureMarocco is given in Box 8.6. An economy-wide
approach may use linear programming, simulation,nasre commonly, a CGE (computable general
equilibrium) model. Diao and Roe (2000) use a CG&deh of Morocco to determine the impact of
trade reform on the shadow value of water in adtica. The long-term change in shadow prices (the
shadow prices themselves are not reported) rangm #22% for wheat to +25% for fruits and

vegetables.
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Shadow price of water in selected sectors in Moroog 1995
dirham/n?
Bouhia (2001) develops a linear Sugar cane 2.364
programming model for Morocco to Other cereals 3.013
assist in water management and water | sygar beat 3.042
policy de5|gn. The economic part of Fodder 3.047
the model is based on the Moroccan
Social Accounting Matrix, expanded |53 8.201
include 13 irrigated crops and one Maize 3.426
rainfed agricultural sector. Four types |Citrus 3.692
of water are distinguished: water Legumes 5.603
inputs from a network, groundwater, Sunflower 6.219
precipitation, and return flows.
Wheat 7.498
Vegetables 12.718
Livestock 25.019
Industrial crops 48.846
Industry and services 92.094

Box 8.6: Linear programming approach to valuing irigation water

Source: Adapted from Bouhia (2001).

Hedonic pricing

8.48. Hedonic pricing is based on the idea that the pasehof land represents the purchase of a
bundle of attributes that cannot be sold separatetyuding water services. For agriculture, thmdle
includes such things as soil quality, existing fammfrastructure, and water resources. Regression
analysis of land sales (or reasonably assessedsaluland) on the attributes of the land, bothitpas

and negative, reveals the amount that water sex\doatributes to the total value of land. The nivaaly
value of an attribute of land, such as water quyati quality, is obtained by differentiating thedonic
value function with respect to that attribute. Shechnique has been most widely used to estimate
recreation values of water and to a lesser extemstimate the value of water for agricultural uses

Box 8.7 provides an interesting example of hedagmicing that combines both water quantity and
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water quality in Cyprus. Many similar studies hdeen carried out throughout the world where water

guality is an issue.

2. Water as afinal consumer good

Markets for water and tradable water rights

8.49. A few water-scarce countries have instituted market trading water or water rights either on
a temporary or permanent basis, notably Austréliale, Spain, and parts of the United States. (See
Garrido, 2003 for an overview of these markets dodv they have functioned.) Trading in a
competitive market could establish a price thateepnts the marginal value of water. In the caestr
that have established water markets, market traees generally increased the efficiency of water us
by providing strong incentives for allocating water higher-value uses and for water conservation.
However, evidence suggests that the transactianespdo not represent the marginal value because th

conditions necessary for a competitive market atepnesent (Young, 1996).

Koundouri and Pashardes (2002) use hedonic primrgstimate the value o
water for irrigation use in Cyprus where saltwaitgrusion is occurring in
coastal areas. The authors must address an atlitihallenge to hedonig
modelling: land can be used for either agricultoretourism. Land that i
closer to the sea is less productive for agriceltdue to saltwater intrusion|,
but increases in value for tourism. The authogress land values (from @
1999 survey of 282 land owners) on a number ofaldeis reflecting existing
infrastructure, location, quality of land and thelisity of the underlying
groundwater, which was represented by proximityhe coast. The sampl
selection included only agricultural land userscleding land used for
tourism so that the value of land would not be etfd by tourism land
demand. The farmers’ marginal WTP for avoiding rsalgroundwater was
£10.7 per hectare.

7

Box 8.7: Hedonic valuation of irrigation water quantity and quality

8.50. A competitive market requires, among other thirgdarge number of buyers and sellers and
frequent transactions. In Chile, water trades anted for only 1% of total abstractions by the mid-

1990s and prices ranged from US$250 to $4,500 ees{@@250 cubic metres) (Brehm and Quiroz,
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1995; Hearne and Easter, 1995). Development of nwasrkets was greatest in areas with effective
water-use associations, well-defined property sgdrtd good irrigation infrastructure (large res@sjo
adjustable gates with flow meters); in areas withtbese characteristics, high transactions costisdd
water market development. In a few countries tbdelavater rights may provide a basis for water

valuation in the future, but this technique haslmtn applied yet.

Consumer and municipal water use

8.51. Municipal water use includes a number of distincoups: households, government, and
sometimes commercial and industrial use. Mostistuébcus on household demand when it can be
readily separated from other users. The two mostnson approaches to valuing domestic use of
water, above a basic survival amount, involve estiom of the demand curve either from actual sales
of water (revealed preference), or using contingeaiuation approach (stated preference). Both

approaches estimate the average value of water.
Demand functions estimated from water sales

8.52. This approach uses econometric analysis to medstakeconomic value (consumer surplus),
which is then used to calculate average value, hasean estimate of what the average consumer
would pay. The conditions under which a demand/ewan be derived are rather stringent and are
often not obtained, even in developed countriese(®alker et al. (2000) for more detailed discussio
Water use must be metered to provide accurateatatat volume consumed and water charges must be
based on the volume consumed, because when corspaen lump sum, the marginal cost is zero and
their consumption does not reveal marginal valDemand curves cannot be estimated where water is
rationed or where a single marginal price is chdrgeall consumers. Where a single price is chérge

a less reliable alternative sometimes used is doetrthe real tariff over time and changes in water
consumed. Walker et al. (2000) also point out thatwater demand function of households with piped

water differs substantially from those relying onpiped water supply, a common situation in most
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developing countries. An accurate estimate of gorey demand must include both types of
households. Appropriate sales data will provide tw more points to which a demand curve is fitted,
usually assuming a semi-log demand function. Talees of water is highly sensitive to the functional

form assumed for the demand curve.

Contingent Valuation Method

8.53. The contingent valuation methodology (CVM) diffdrem all the previous methods in that it
does not rely on market data, but asks individadlsut the value they place on something by asking
them how much they would be willing to pay for ithis is particularly useful for eliciting the vadiof
environmental goods and services for which them ray market prices, such as recreation, water
guality, and aquatic biodiversity. CVM was firssad several decades ago, but became a much more
popular technique after 1993 when standardized gjinmiels for CVM applications were set out by a
prestigious panel of economists following a disas$r oil spill off the Alaskan coast (NOAA, 1993).
The technigue has some application to consumerrveimand, in which consumers are asked how
much they would be willing to pay for water. CVMpically measures total economic value from

which an average value can be estimated.

8.54. Box 8.8 discusses a case where consumer demanelscaire derived using both methods, CVM
and estimated demand functions. Although the tesuk similar in some cases, they are quite differ

in others. The authors consider the demand funciipproach more reliable because it is based on
actual market behaviour. They conclude that fdmesting consumer water demand CVM is not a
good substitute for revealed preference (Walkealget2000). A comparison of values derived from
CVM and revealed preference studies for a widemgeanf environmental services show a similar

disparity (Hanley and Spash, 1993).
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Walker et al. (2000) used two different methodsstimate the value of water, revealed preferenck pn
contingent valuation. The revealed preference agpgroderived a demand curve based on surveys of
household water consumption and expenditure fro®51P998 in 7 cities in Central America. The
survey distinguished households with piped and pegbiwater. The price paid for a cubic meter ofewat
is different for households with piped and unpipeater, and a demand curve could be derived from fthe
2 points. For households relying on unpiped watexter expenditure included both cash payments |for
water plus the opportunity cost of the time reqdite haul the water, so there were further varision
the cost per cubic meter of water depending ordtb&nce to water source.

The contingent valuation survey asked householas mmoich they would be willing to pay for improvef
service with monthly consumption of 38mEach household was given only one price to redpo and
could answer yes or no. Different households vggven different prices and the distribution of yasd
no answers for the different prices was used tdvdea demand curve. In 4 cities, the revealed
preference and CVM estimates were fairly similart im the other 3 cities, the two approaches défte
by 100%. The authors conclude that the variatisntdo great to use CVM when good revealed
preference data are available.

Price at which consumers would demangd
30 nt (US$/nt)

CUM Revealed

preference

Sand Pedro Sula, Honduras 0.13 0.49
Intermediate cities, Honduras 0.10 0.14
Managua, Nicaragua 0.16 0.23
Sonsonate, El Salvador 0.32 0.16
Santa Ana, El Salvador 0.21 0.19
San Miguel, El Salvador 0.49 0.17

Panama and Colon, Panama 0.51 0.40

Note: figures represent average value

Box 8.8 : Two approaches to measure the value of mh@stic water in Central America

Source: Adapted from Walker et al. (2000).

3. Valuing the environmental services of water for waste assimilation

8.55. The SEEA identifies two principles for the dire@lwation of environmental degradation: cost-
based and damage-based. The former is based @oshef preventing environmental degradation and
has been referred to in the past as the ‘maintenaast’ approach. The latter is based on the litsnef

of averting damage incurred from environmental ddgtion.
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Benefits from Averting Damage from Water Degradatio

8.56. This approach measures the value of water’'s wastiendation services in terms of the benefits
from averting damages resulting from loss of thésvice. Damages include human illness and
premature death, increased in-plant treatment @égms water required by industry, increased casrosi
or other damage to structures and equipment, isittaif reservoirs, or any other loss of productivit

attributable to changes in water quality.

8.57. The first task in providing this value is to iddgtstandards for the waste assimilation capacity
of a water body. Water standards have been estadali by international organizations like World

Health Organisation (WHO) as well as by nationatrages in terms of concentrations of substances.
These concentrations are often grouped accorditigetonaximum level acceptable for a particular use,
with human consumption requiring the highest stathdRecreational water usually does not have to
meet such a high standard. Some industrial prosesspiire extremely clean water while others may
not, e.g., water used for cooling, although poliuteater may damage or corrode equipment. Water for

irrigation also does not have to meet the highstdards.

8.58. The next step is to determine the extent of danwesed by a change in water quality. For
human health damage, a ‘dose-response’ functiosesl, which relates a change in a specific asgdect o
water quality to the incidence of human illness ahehth. Engineering studies provide similar
concentration-response functions for damage to,ldnildings, structures and equipment, and the

environment. These damages must then be valued.

8.59. The value of clean drinking water can be measuf@dexample, as the value of waterborne
disease and premature deaths averted. The valbeadth risks averted usually includes the cost of
medical treatment and value of lost work time, ot the value of social disruption, loss of edumasi

opportunities for children, personal suffering donds of leisure time. Damage to land and property

includes, for example, the cost of declining agltienal productivity, the loss in hydroelectric powe
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resulting from accelerated siltation of a dam, loe tost of accelerated corrosion of structures from

increased salinity.

8.60. Measuring and valuing damage can be particulargllehging: damages may not occur during
the same accounting period as the change in watalitg} there may be great uncertainty about the
degree of damage caused by a change in wateryjualiltamages may occur further downstream, even
in another country. Even when damages can be mesit is not easy to value them, particularly
environmental damages. In most instances, totalag@s are estimated and an average damage cost
per unit of pollutant is estimated. A great defleffort has gone into estimating marginal damage

functions, although these estimates are more widedylable for air pollution than for water pollo.

Costs of Averting Damage from Water Degradation

8.61. Like the damage-based valuation approach, the era@mce-cost approach is also based on
environmental degradation, but rather than lookahthe cost of damages caused, it is based oroite ¢
of actions to prevent damage. It is based on teense that, for actions by individuals (such as
purchasing bottled water), an individual's perceptiof the cost imposed by adverse environment
guality is at least as great as the individual’penditure on goods or activities to avoid the dagnag
Actions taken by society, such as regulation arltbctive treatment of waste water, represent aaoci
perception of relative costs and benefits. Ashim damage-based approach, information needs include
the assimilative capacity of water bodies, the sinis of pollutants by specific activities (includin
consumption), the relationship between concentnatiof pollutants and environmental function, and
the relationship between levels of activities amgission of pollutants. Since these relationships a

likely to be non-linear, they pose a significanalténge for the policymaker.

8.62. The cost-based approach has three variants: stalicdjustment costs, abatement cost and
restoration cost. Structural adjustment costare those costs incurred to restructure the ecgnom

(production and/or consumption patterns) in orderréduce water pollution or other forms of

22

1)



Valuation of water resources

environmental degradation to a given standard. adidresses both production activities and
consumption. The level of specific activities miag reduced or entirely eliminated. Measuring the

cost of structural change often requires complexnemy-wide modelling.

8.63. The abatement cost approaahneasures the cost of introducing technologiesrevgnt water
pollution. Technologies include both end-of-pipe.g(, filters that remove pollutants from the
wastewater stream) and change in process (e.gstiguion of less polluting materials) solutionéit

the consumer level, it includes expenditures fdrssilute goods, such as buying bottled water irtstea
of using tap water, or the cost of activities lige@iling water for drinking. Restoration cost approach
measure the costs of restoring a damaged water bmdyn acceptable state. The abatement cost

approach is the most widely used of the cost-baggrdoaches.

8.64. The cost of preventing emission of pollutants wasdito value loss of water quality in some of
the early water degradation accounts in develomogntries like the Philippines (NSCB, 1998) and
Korea (Korea Environment Institute, 1998). Pobhatiabatement costs were estimated using benefits
transfer, which is a process of adjusting paransetost functions, damage functions, etc. devel@ied
one time in one setting for use in another contdxt.principle, marginal abatement curves should be
applied to estimate the marginal and total costpaifution reduction in each plant. In practice, a
average figure per unit of pollutant was used beeaunformation about specific plants was not
available. The advantage of this valuation appndadhat, at the time, it was easier to obtaiinestes

of the costs of technologies used to reduce poltugmissions than to estimate the benefits from
reduced pollution. There is a growing body ofrktieire on the health and industrial production iotpa

of pollution, which now makes it easier to estimtte damages averted from changes in water quality,

although many of these damages are average raremntarginal values.

8.65. The benefit from damages averted is a widely uggztaach in the cost-benefit literature and

the preferred technique for the SEEA. Often, tbsults are reported as the total benefit from costs
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averted or average cost per statistical life safrdillness prevented). Marginal costs, which tela
potential damages averted to marginal changes iterwguality (measured as the concentration of
substances), are not often reported. One studydthes use marginal damage cost functionsaisie of
Returns to Land and Water and Costs of DegradalignCSIRO, a report to the Australian National

Land and Water Resources Audit. Part of the ressilshown in Box 8.9.

In a report to the Australian National Land and &aResources Audit, Hajkowicz and Young (200R)
estimated the value of water in different uses, #ral costs of water degradation nationwide. Thteda
includes water degradation due to salinity, erosgedimentation, and turbidity. They estimated gireaal
damage costs using cost functions derived from reeeging studies. With salinity, the major problésn
corrosion of equipment. The marginal damages framunit increase in salinity are shown belo.
Households use the most water (85%) and sufferhighest costs from a marginal increase in salinity,
mainly from damage to plumbing systems, hot watsatérs and rain tanks. For industry, the majoratges
are to cooling towers and boiler water feeders.

Marginal damage costs from a unit increase in sality for urban and industrial water users,
Murray River (1999 Australian $ per unit of EC¥*)

Marginal cost of Share of total

salinity water use
Households 111,270 85%
Industrial 54,780 12%)
Commercial 7,400 49%

*EC = electrical conductivity units, a measuremefitwater salinity
roughly equivalent to 1.6 x Total Dissolved Solidsvater (mg/L).

Box 8.9: Marginal cost of water degradation

Source: Adapted from Hajkowicz and Young (2002).
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Chapter 9 Examples of applications of water accounts

A. Introduction

9.1. Global freshwater resources are under pressure aonever-increasing demand for human
activities, contamination from pollution, increagirincidence of water-related disease, loss and
degradation of freshwater ecosystems, and globabatic change that affects water supply and
demand. As the limits of domestic water resouaresreached, countries are increasingly dependent o
shared international water resources, raising tbeergial for conflict. These concerns affect both
industrialized countries with highly developed waa@d sanitation infrastructure as well as develigpi
countries where many people still do not have axtedasic services. Social disruption, premature
death and lost productivity from water-related eélises impose a heavy cost on developing countries.

Under these growing pressures, water managemeritdtasne increasingly difficult.

9.2. Most water statistics focus on hydrology and wapeality, but have not paid much attention to
economic and social aspects (Vardon and Peevod)20Bome critical policy questions require linking

data about water with economic data, for example:

. the consequences for water resources of econorowtlyy and patterns of household

consumption and international trade;

. the social and economic impacts of water policytrimaents such as regulation, water

pricing, and property rights;

. the contribution of specific economic activities poessure on water resources and

options for reducing pressure.
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Water accounts provide a unique tool for improveater management because they integrate data

about both the environmental and economic aspdatster supply and use.

9.3. The ability to address jointly the environmentalpeomic, and social aspects of water policy is
central to Integrated Water Resources Managem@&WRi), a widely accepted approach to water
management adopted by Agenda 21, the EU Water RvarkeDirective (European Parliament and
Council, 2000) and the 2003 Third World Water ForunTokyo. IWRM has also been identified as one
of the immediate actions countries should take dohieving the Millennium Development Goals,
which has been widely adopted as the frameworldéuelopment (Millennium Project Task Force on

Water and Sanitation, 2003).

9.4. IWRM is based on the perception of water as angiatepart of the ecosystem, a natural
resource and a social and economic good, whosetiguamd quality determine the nature of its

utilization.

9.5. Water accounting has a unique contribution to makBVRM because it is the only approach
that integrates economic accounts with accountsvider use and supply in a framework that supports
guantitative analysis. Water managers often hafarrination about water use by broad groups of end-
users, but this data cannot be easily used for@oananalysis because the classification of endsuse
rarely corresponds to the classification of ecorwaativities used for the national accounts. Tlaew
accounts, in contrast to other water databaseks Wmater data (use, supply, resources, discharge of
pollutants, assets etc.) directly to economic aot®u They achieve this by sharing structure,
definitions and classifications with 1993 SNA; ewnpter suppliers and end-users are classified by th
same system used for the economic accounts, thitteidnternational Standard Industrial Classifimat

of all Economic Activities (ISIC) (UN, 2006b).

9.6. The first part of this chapter focuses on the polises of water accounts with examples drawn

from countries that have compiled water accounihe water accounts, like other environmental
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accounts and the economic accounts, provide (itatdrs and descriptive statistics for monitorimgla
evaluation, and (ii) detailed statistics for polieyalysis. Section B describes the most common
indicators used to evaluate the current patternwaier use and supply, and pollution. It beginthwi
macro-level indicators that provide ‘warning’ sigoé a trend that may be unsustainable or socially
undesirable, often at the national level. It tipeogresses to more detailed indicators and stedistom

the water accounts that shed light on sourcesaggure on water resources, opportunities for reguci
the pressure, and contribution of economic incagtiysuch as pricing) to the problem and possible
solutions. These indicators can be compiled diydcom the water accounts without requiring much

technical expertise.

9.7. Annex lll addresses more thoroughly the link betweéedicators that can be derived from the

water accounts and sets of indicators and indexbeusndeveloped by international organizations, such
as the Millennium Development Goals, UN Commissam Sustainable Development (Sustainable
Development Indicators), OECD (Environmental Indiica) and the second World Water Development

Report (UN and WWAP, 2006).

9.8. This information sets the stage for analysis of encomplex water policy issues, mostly based
on economic models that incorporate the water amsou Rather than attempting a comprehensive
review, section C seeks to demonstrate the useaténaccounts for several critical policy issueshsu

as projecting future water demands or estimatirggitmpact of water pricing reform. Generally, these
applications require cooperation between statesti€i and economists and other specialists with

expertise in various analytical techniques.

9.9. Countries generally do not embark on the compitatib all the modules of the water accounts
at once rather they start with those modules tddtess more directly the country’s policy concerns.
Countries generally start with physical supply aise tables, emission accounts and asset accouhts an

add monetary accounts at a later stage of impleamient depending on the policy concerns and data
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availability. Most examples of policy applicationgilize accounts for the supply and use of water

emission accounts described in Chapters 3 and 4.

9.10. Although the water accounts are usually compilethatnational level for an accounting period
of one year, this is often not as useful for watemagers because water availability and use ofen v
among regions, and from one season to the nextinvéthyear. Section D addresses this problem by
describing the development of water accounting oregional basis - often for river basins or the
‘accounting catchment’ defined in chapter 2. Seleountries now compile water accounts on a
regional basis (e.g., Australia, France, Nethedaandd Sweden). The possibility of introducing more

flexible temporal dimensions is also discussed.

9.11. IWRM is based on the concept that water resourdesr§, groundwater, lakes, wetlands, etc.)

are linked to each other, to human activities amdother resources such as forests and land use.
Improved water management requires taking into actall related resources. Section E describes
some of the links between water accounts and a#saiurce accounts in the SEEA that would be useful

for IWRM and a more comprehensive approach to suwedtée development.

B. Indicators for water management

9.12. The first step toward improved water managemenisisally to obtain a good understanding of
current patterns of use, supply and pressure. ripgise statistics and indicators from the accounts

provide information on:

. Sources of pressure on water resourceew much does each sector contribute to

particular environmental problems, such as ovemtqtion of groundwater or water pollution?

. Opportunities for improving water productivitys water being allocated to the highest
value users? What opportunities exist to increas¢emefficiency and productivity? How

extensive are losses?
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. Water pricing policies are water providers achieving full cost recovetg?pricing
equitable across different users? Do pricing pefigprovide incentives for water conservation

and pollution prevention, or do they encourage sgive use of water resources?
. Sustainability of water useomparing water resources and water use

9.13. This section discusses how the water accounts ibotdr to each one of these areas of
information. The indicators presented have all bedroduced and defined in Chapters 3-5; notes to

each table and figure identify the relevant chapter

1. Sources of pressure on water resources

9.14. Simple time trends of total water use and pollutiemeal changing pressure on water resources
and indicators of ‘decoupling,’ that is, separategpnomic growth from increased use of resources.
For example, from 1993 to 1998, in Botswana, pqritaawater use declined and water productivity

(measured by GDP per cubic meter of water usedeased, so that the volume of total water use
increased only 5 percent (Figure 9.1) even thoufi® @rew more than 25 percent. For a water scarce

country, this is a positive trend.

9.15. Statistics Netherlands constructed a similar sébhditators for wastewater and water pollutants
(nutrients and metals) over the period 1996 to 2@@h der Veeren at al., 2004): even though GDP has
grown considerably, the Netherlands managed tocedhe volume of water pollutants substantially
(Figure 9.2). Of course, to assess the pressurgaber, either as a source or a sink, these tremds

be evaluated against water availability in specpiiaces and seasons. Most countries have not

integrated this step with their water accountsisane taken up later in this part of the chapter.
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Figure 9.1: Index of water use, population and GDh Botswana,

1993 to 1998 (1993 = 1.00)
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Note: These indicators can be derived from the aysupply and use table described in Chapter 3.

Source: Based on Lange et al. (2003).

Figure 9.2: Index of growth of GDP, wastewater, ath emissions of nutrients and metals

in the Netherlands, 1996 to 2001 (1996 = 1.00)
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Note: These indicators can be derived from the @aysupply and use table and the emissions table

described in Chapters 3 and 4.

Source: Figure 25, van der Veeren et al. (2004).

9.16. Even at the macroeconomic level, the water accotypisally make further distinctions based
on characteristics of water to provide a more thgioand useful assessment of trends. Some of the

most common characteristics include:

. Volume of water used disaggregated by purpose siscleooling, industrial process,
cleaning, etc. This is useful for identifying theotential for water conservation and
improvements in water efficiency. In Denmark, fexample, 79% of water was used for

cooling (Table 9.1, Statistics Denmark, 1999).

. Volume of water provided by water utilities compért® water abstracted for own use
and reuse of water. Nearly half of Australia’s ratise in 2000-01 was abstracted directly by
end-users, with the remaining provided through watains or by reuse of water (Table 9.2).
This distinction is important because in some coastthere are significant differences among
these sources in terms of water regulations, theadty for monitoring may differ, and

investment strategies for the future are affectgthle source of water.
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. Volume of abstracted water by natural source. ©xploitation of groundwater, for
example, may be a critical issue in some countseswater managers need accounts that
identify trends in groundwater abstraction and tisers of groundwater. Similarly, it may be
very useful to identify use of water from sharetemational water resources when allocations

from such resources are restricted.

. Similar measures can be compiled for wastewatdy.,(shares that are treated and

untreated) and pollution.

. Quality status of water bodies by catchment ane siass, leading to apportioning
causes between point, non-point, domestic, andr aiherces. Identifying the roles of different

sources allows identification of sound investmentaorrective measures.

Table 9.1: Water use by purpose in Denmark, 1994

1000 ni Percen
Tap water** 434,400 6%
Cooling 5,356,157 79%
Production processes 58,276 1%
IAdded to products 3,996 *
Other purposes 885,896 139%
Total 6,738,725 1009

Note: *less than 1%, ** Tap water refers to wadestributed by the water supply industry, ISIC 36,
Water collection, treatment and supplirhis table can be derived from the physical $ygmd use

table described in Chapter 3.

Source: Adapted from Statistics Denmark (1999).

Table 9.2: Water use by source in Australia in 200-01

GL Percent of tota

(10° liters) water use
lAbstraction for own use 11,60 A7%
\Water received from ISIC 36Nate 12,78 519%
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Reuse 52 2%
Total 24,91 1009
Note: This table can be derived from the physicglmy and use table described in Chapter 3.

Source: Australian Bureau of Statistics (2004).

Comparing environmental and socio-economic performiace of industries

9.17. The economy-wide indicators discussed above proardeverview of the relationship between
economic development and water use, but informadioout water use at the industry level is required
to understand the trend and prioritise actions.vi®nmental-economic profiles are constructed to
compare the environmental performance of industragsindividual companies within an industry,
among each other and over time. These profilekidgcindicators that compare the environmental
burden imposed by an industry to the economic doumion it makes. For a simple water profile, an
industry’s environmental burden is representedtbglare of water use and/or pollution generated, a
its economic contribution is represented by itsrehaf value-added. Water profiles may be used for

"benchmarking" industry performance in order torpote water efficiency and water conservation.

9.18. In Australia, for example, Agriculture accounts ®f% of total water use, but less than 2% of
gross value added (Table 9.3), indicating that btsden on water is greater than its economic
contribution - but how much greater in comparisorother industries? Water productivity combines
the two elements, economic contribution and envirental burden, into a single number by dividing

industry value-added by water use (from hybrid $yjanmd use tables in Chapter 5).

Table 9.3: Water profile and water productivity in Australia, 2000-2001

Percent AS$ VA/
Water distribution of Percent of Megalitres
consumption water Industry Gross water

(Megalitres) consumption Value-added consumption|

Agriculture, total 16,660,38: 66.9% 1.8% 0.5
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Livestock 5,568,47¢ 22.4% 0.3% 0.2
Dairy farming 2,834,41¢ 11.4% 0.3% 0.5
Vegetables 555,711 2.2% 0.3% 3.2
Fruit 802,632 3.2% 0.3% 1.9
Grapes 729,137 2.9% 0.3% 1.8
Sugar 1,310,671 5.3% 0.1% 0.2
Cotton 2,908,17¢ 11.7% 0.2% 0.4
Rice 1,951,16( 7.8% 0.1% 0.1
Forestry & fishing 26,924 0.1% 0.3% 57.4
Mining 400,622 1.6% 6.3% 84.8
Manufacturing 866,061 3.5% 13.6% 84.7
Electricity and gas supply 188,778 6.8% 2.1% 6.5
Water supply 1,793,95: 7.2% 0.8% 2.3
Other industries 832,10C 3.3% 75.2% 487.6
Households 2,181,441 8.8% Na Na|
Environment 459,39¢ 1.8% Na Na|
Total 24,908,65 100.0% 100.0%

Note: Na: not applicable. This table can be detifrem the hybrid supply and use table describeGhiapter 5.

Source: Based on Australian Bureau of Statisti€943.

9.19. Water productivity is the most widely used indigafmm the water accounts for cross-sector
comparisons. It provides a first approximationtloé potential gains and losses from a reallocation
water - an issue taken up in more detail in SecGonWater productivity is also interpreted as agio
approximation of the socio-economic benefits geteeleby allocating water to a particular industry
(and is sometimes mistakenly confused with watdueva see Chapter 8 for a discussion of this
distinction). As shown in Table 9.1, Australia’sater accounts reveal that water productivity in
agriculture (A$0.58 of VA/m of water) is orders of magnitude less than sesvi@@ther industries,

A$487.65).

Table 9.4: Water profile for Namibia, 1997 to 2001

(Namibia $ of value-added per cubic metres of wass, constant 1995 prices)

1997-98 1998-99 1999-2000 2000-01 2001102
Agriculture 5.5 5.6 55 5.2 4.5
Commercial Crops 0.8 0.8 0.7 0.8 1.9
Commercial Livestock 185 18.6 192 222 209
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Traditional agriculture 7.5
Fishing 14,352.5
Mining 130.3
Manufacturing 227.7
Services 547.7
Government 2111

8.4
1,573.9
132.9

205.9
535.9
211.8

8.1
936.2
172.1
228.5
582.7
236.7

6.2
983.3
174.4
223.9
590.2
216.6

4.4

991.3

167
224
575

0
.6
3

234.2

Note: This table can be derived from the physicg@y and use table described in Chapter 3.

Source: Based on Department of Water Affairs (200 Lange forthcoming (2006).
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Figure 9.3: Environmental-economic profiles for sme Swedish industries, 1995

Notes: The values are percentages of the totalmanufacturing enterprises recorded against each
variable. The indicators for this profile are dbhtd from the physical supply and use table (ChaBje
the emission accounts (Chapter 4), and the tablesrivironmental protection expenditures and inwesit

(Chapter 5). EPE = Environmental protection exptemd; EPI = Environmental protection investment

Source: Statistics Sweden, 1999.
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9.20. It is quite useful to compile a times series of iemymental-economic profiles over time, such

as the water productivity time series for NamimaTable 9.4. Water profiles can also be much more
extensive, as shown in the example for two indastin Sweden (Figure 9.3) using 14 measures of
performance: three measures of economic contribufpwoduction, value-added, hours worked), one
non-water environmental factor (energy use), andfddlors related to water use and wastewater

treatment.

9.21. For effective water management, one must underdtandeasons for large differences in water
use and pollution emissions from different indwedri A country’s water use or pollution depends on
several factors: size and structure of the econoeayynology, and population. Size is indicateddigl

GDP, structure by each industry’s share of GDP,teotinology by water intensity of each sector.

9.22. Table 9.5 shows the distribution of water use ustry in Namibia and the water intensity of
each industry. In 2001-2002, commercial crop fagmaccounted for 43% of total water use and had a
“water intensity” of 327 litres per dollar of outpuhat is, commercial crops require 327 litresnafter

to generate a dollar of output. Within the agriatdl sector, water intensities vary a great deal;
commercial livestock farming has water intensityoofy 18 litres per dollar of output, and othersreve
much higher. As in most countries, Agricultureghg most water-intensive sector; all other sectoes

an order of magnitude or more lower in water intgns Even a small increase in Agricultural
production would have a substantial impact on water because of its relatively high water intensity
whereas, the same increase in Service sector piodu®r even Mining and Manufacturing, would

have a much smaller impact on water use.

Table 9.5: Water intensity and total domestic waterequirements by industry

in Namibia, 2001-2002

Percent of Water intensity Total domestic water|

water use (direct): requirements:
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litres/N$ output litres/N$ output
Commercial crog 42.5% 326.5¢ 350.7%
Commercial animal products 9.0% 17.55 35.7
Traditional agriculture 23.1% 117.7 156.8]
Fishing 0.2% 0.04 21.8
Mining 2.5% 0.96 16.9
Meat processing 0.5% 1.29 31.5
Fish processing 0.3% 0.72 18.6
Grain milling 0.1% 0.26 33.6
Beverages and other food processing 0.4% 0.42 27.4
Other manufacturing 1.4% 0.68 1.24
Electricity * 0.17 16.3
Water * 0.19 18.4
Construction 0.1% 0.10 31.9
Trade; repairs 0.7% 0.38 22.0
Hotels and restaurants 0.6% 1.26 21.7
Transport 0.2% 0.14 23.7
Communication 0.0% 0.05 15.9
Finance and insurance 0.2% 0.24 22.3
Business services 0.1% 0.11 18.2
Other private services 1.1% 1.95 31.8
Government services 5.0% 1.67 24.3
Households 11.9% Na Na
Total 100.0% Na Na

Note: *less than 0.1%. Na: not applicable. Tatamestic requirements are calculated from
the physical supply and use table (Chapter 3) axliplith an input-output table. They do not

include water embodied in imports.

Source: Based on Department of Water Affairs (200 Lange forthcoming (2006).

9.23. Water productivity could be increased within anugtty by introducing more water efficient
technology or changing the product mix from lowatue to higher-value products. It can also be
increased by reallocation of water from high- teviwater-intensive industries. For a water scarce

country, a fundamental message from such analysis i
. sustainable economic growth may be limited if basedvater-intensive sectors, or,

. measures must be introduced to reduce water irtyeifseconomic growth is to be

based on water-intensive sectors like Agriculture.

This does not mean, of course, that agriculturededelopment is not feasible, rather, it indicatest

considerations on the higher-value, less watemsitee agricultural subsectors, accompanied by
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incentives to increase water efficiency and coreggon should be taken into accounts when designing

development policies.

9.24. The assessment of water intensity tells water marsagghy water use or pollution is so high,
but it is also important to understand tiiving forces that is, the forces that determine the level and
structure of industry production. For example, #akkan households used 1,800 gigalitre directly in
1994-1995, but they consume many goods and serviddsh require water to produce. When all the
water - direct and indirect - required to meet ledhw@dd demand is taken into account, total water use

rises almost nine-fold to 16,172 gigalitre (Lenzamd Foran, 2001).

9.25. This principle of measuring the ‘upstream’ wategjugements can be applied to each product or
category of final demand using hybrid input-outpaltles, which are input-output tables augmented by
water accounts (described in Chapter 5). The kylmput-output tables can be used to calculate the
total water requirement (direct and indirect) peitwf industry output and compare it to the direct
water requirement per unit of industry output (wdtdgensity). In the previous example for Namibia,
total domestic water requirements (shown in col8rof Table 9.5) are considerably higher than direct
water requirements in most instances. This immaritadicator is on the border of water statistiosl a

more complex policy analysis and will be taken ggia, in relation to trade, in the next section.

International transport of water and pollution

9.26. For countries sharing international water resoyreetions by one country often affect others,
and water management in one country may requirewtng for the volume and quality of water
flows from other countries. For example, the rivén the Netherlands have their origin in other
countries and carry pollutants emitted by upstreamntries. Table 9.4 shows the significance aof thi
problem for the Netherlands: most of the arsenB%8 copper (62%) and zinc (65%) has its origins
abroad and is ‘imported’ into the Netherlands.slich cases, even the most stringent national ptdicy

pollution control may have only a limited impact the load of pollutants in a river at the countyél.

24C



Examples of applications of water accounts

For shared international water resources, onlygsooral approach to water and pollution policy viié

effective.

Figure 9.4: Percentage of metal emissions to riveiin the Netherlands
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Note: These indicators can be obtained from th@lgugnd use table for emissions (Chapter 4).

Source: Adapted from van der Veeren et al. (2004).

2. Opportunities for improving water productivity

9.27. Water supply and water productivity are not detaedi solely by natural conditions and driving
forces. The way that water is managed affectsitheunt of water that can be utilized by end-usars a

the productivity of water. The effective supplywéter can be increased by:

. Increasing water efficiency by individual usei3omestic water requirements can be
met with very different volumes depending on consutipehavior and technology: showes

bath, toilet flush volumes, improved technology whshing devices, pressure washers,
temporized taps, etc. In industrial processes, géann technology, sometimes very simple,

may simultaneously reduce both water use and pofws well as provide recyclable water. A
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simple and effective example is the dry recoveryanfmal droppings in the stall areas of

slaughterhouses.

. Reducing system losselsosses can result from leakages due to poor strirature
maintenance and other causes such as illegal cbongcfaulty water meters, and so on. In
many industrialized countries, losses are fairlw.loIn Australia, for example, losses as a
percent of total supply range from a low of 3% ke tAustralian Capital Territory to 17 % in
Victoria (ABS, 2004). In developing countries, $es can be much higher. Among the 29
municipalities in Namibia’s water accounts, 3 hagskes between 11-15% of supply in 2001; 12
towns, accounting for 21% of municipal water suppigd losses of 20-39%; and the rest has

losses 40% or greater (Lange, 2005).

. Increasing reuse of wateand use of return flows by directing water to atm or other
uses and minimizing pollution and salinity of retftows. Reuse of water has been identified
as one of the most cost-effective ways to providgew and has been increasing steadily in

water scarce countries (ABS, 2004).

3. Water pricing and incentives for water conservation

9.28. Water pricing is important for financial sustainigyi- a system must be able to recover its
costs - and also for environmental sustainabil@gduse of the incentive pricing provides for eéfiti
resource utilization. Except for the minimum amboh water necessary for human survival, people
will generally use less water the higher its pric@onversely, where water prices are low, theiétle
incentive for conservation. It is not unusual feater scarce countries to subsidize the use ofrywate

even for low-value production in commercial agricué.

9.29. Accounts that would reveal cost recovery - the amistsupply and water tariffs - are not

compiled in many countries, or are compiled foryopart of water use, mainly because of a lack of
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data. For water supplied by utilities through wateins, it is usually possible to compile accounts
the average cost of supply, but little data is ke for abstraction for own use (for example tiStes
Sweden, 2003). On the pricing side, municipalitiemsy apply a single price for combined water and

wastewater services, making it difficult to estim#te charge for each service.

9.30. In countries with full-cost recovery (which may blefined differently in each country), the
average price should equal the average cost oflgugdphough it is unlikely to match precisely inya
given year, and sometimes researchers use thishsinar method to estimate implicit unit price and
supply cost (Chapter 5). However, many countrésqecially developing countries, do not have full-
cost recovery pricing, so the price and supply owmst differ. Furthermore, even with full-cost
recovery, unit supply costs may vary significanilighin a country due to differences in regional arat
resource availability. For example, Namibia’'s bwilater supply is based on a system of nearly 200
water schemes and unit supply costs range fromvapfdN$0.27/m3 to more than N$500.00/m3 (Lange,
2004). Prices will vary by customer where watarsfare a combination of fixed fees plus variabésfe

based on the volume and/or type of customer.

Figure 9.5: Costs and revenues for wastewater tré@ent services in the Netherlands,
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1996 to 2001 (in million euros)

Note: Data are compiled only for households and games connected to municipal sewer systems.

These figures can be compiled from the hybrid syapld use tables presented in Chapter 5.

Source: van der Veeren et al. (2004).

9.31. Once supply costs and price have been calculatesl,irmplicit subsidy by sector can be
calculated. Similar calculations can be made fast@water treatment supply costs and pricing.hén t
case of the Netherlands, full cost recovery has lzadieved for drinking water, but not for wastesvat

(van der Veeren et al., 2004).

4. Sustainability: comparing water resources and water use

9.32. In assessing sustainability of water use, the velurh water use must be compared to the
availability of water in the environment, based am assessment of stocks or estimated by renewable
water resources. However, few countries compiléewasset accounts that are as comprehensive as
their water SUT. In some countries, water qudbta greater concern than water volume, so stdwks t
measure volume may not be a high priority. In otleuntries, water managers recognize the
importance of stock accounts, but do not have celmgmsive data, particularly for groundwater stocks.
An example is provided for Namibia in Table 9.6.até&f authorities acknowledge that the national-
level figures for water availability shown in thable are mainly useful for building public awarenes
but that national figures may hide relative surpBisand shortages among sub-national regions.
Similarly annual accounts may hide seasonal vdrigbiWater management requires similar figures at

a more spatially and temporally disaggregated level
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Table 9.6: Water use in 2001 compared to estimateazailability

of water resources in Namibia

Estimated long term

available water resources* Water use,
(Mm? per annum) 2001 (Mm3)
Dams on ephemeral rivers 100 85
Perennial rivers 170 90
Groundwater 159 106
Other (recycled) 8 1
Total 437 282

Note: *Based on currently installed capacity. 3é&digures are obtained from water asset accounts

(Chapter 6) and physical supply and use tablesf@ha).

Source: Department of Water Affairs (2005).

C. Water management and policy analysis

9.33. Under IWRM, decision-makers no longer rely primaribn conventional supply-oriented

approaches to water management.

allocations of water, anticipates future water dedsa and evaluates different policy options for
meeting those demands. Options include increatliegeffective supply of water from efficiency
improvements, wastewater reuse, demand manageamahipther measures. Policy analysis using the

water accounts can address a very broad rangeswéss Some of the most critical policy issues for

water managers include:

. What are the likely future water demands underra#itve economic development

scenarios and are they sustainable? How do changagricultural, energy, forestry and other

policies affect water supply and use?

. What would be the social and economic impact otipg reform for water and

wastewater?
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. What is the impact of trade on water use and pol®

. What are the opportunities for water demand managemand other water conservation

measures? Can economic growth be ‘decoupled’ fyowth in water use?

. What are the costs and benefits of treating diffesmurces of water pollution?
. What is the highest value allocation of water amangntries sharing an international

river or lake?

. How will external phenomena, like climate changkeetf water resources and how can

the economy best prepare for these impacts?

9.34. The water accounts provide detailed informatiort ten be used to analyze pressure on water
resources, formulate long-term water managemendtegfies and design effective policies for
implementing a given strategy, such as appropuiater pricing and effluent taxes. These applicatio
typically require linking the water accounts debed in Chapters 3-5 to economic models, and
integrating the input-output (10) table with watarcounts is an essential step in building manyheé¢
models (See Box 9.1). The consistency betweemmaltiaccounts and water accounts allows the easy

incorporation of water accounts in many differeimds of economic models.
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There are many tools for economic analysis andehaking a multi-sectoral approach are often
built around input-output tables. Multi-sectorabdels include standard input-output analysis|as
well as other modeling approaches, notably compatgbneral equilibrium modeling (which use
a Social Accounting Matrix, an 10 table expanded fostitutions) and econometric model
Various partial equilibrium models, such as thoseeloped for Life-Cycle Analysis also use |
table.

[72]

o™

The water supply and use tables (SUT), describedhiapters 3-5, are directly linked to the
national accounts supply and use tables; just@s$Qhtable is constructed from the SUT, water |O
accounts can be derived from the water SUT. Inetind, water in physical units is included in
the 10 table as a primary input of production. #Dalysis of the water accounts themselje
provides very useful information regarding the stane of the economy, driving forces, and water
use & pollution, as described in the previous secti I0-based, multi-sectoral models are also
widely used for projecting future water demands,aaalyzing different policy options and thie
economic instruments for achieving them. Statisfienmark notes that their water accounts are
most extensively used for 10 analysis (Statistiendark, 2004).

Box 9.1: Water accounts and input-output analysis

9.35. The number and range of potential policy applicadi@f water accounts are vast and it is not
possible to provide a comprehensive review in tthiapter; rather, a selection of examples based on
water accounts is provided. These examples addvegecting future water demand, the socio-
economic benefits from water policy reform, assegghe costs and benefits of water treatment, and

analyzing links between trade and water use.

1. Meeting future water demand

9.36. Projecting future water demand is essential forewatanagement. For example, future water
and sanitation requirements depend on many factocdiding population growth, the volume and
composition of economic growth, and technologidamge. How the requirements are met depends on
available technologies, including innovative onée lwater demand management and reuse of water,
and water policies such as pricing and other ingeatfor water conservation. Scenario modeling
designed to incorporate some of these factors, cepe for influencing water demand and
unconventional water supply, are useful tools fatev managers. They require sophisticated economic

models, often built around water accounts integratéh 10 tables (Box 9.1).
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9.37. In Australia, the water accounts have been useensittely for water planning at the regional
and national levels (see Vardon and Peevor, 2064). example, Appels et al. (2004), on behalf & th
Australian Productivity Commission, projected imigaon water demand under different scenarios for
irrigated agriculture in the Murray-Darling BasirCSIRO used the water accounts (along with other
data) to project water requirements for Austratidghie year 2050 under a range of alternative soenar
af population growth, growth of irrigated agriculkky technological improvements in water efficiency,
and measures to improve or compensate for declimager quality (Box 9.2). An example of

projecting water use at the regional level is dibgct for Sweden in section D.

CSIRO, a major Australian research centre, undé&reostudy of future water use (2050), consideripg
options for improved technology, as well as popolatand income growth and the expansion |of
irrigated agriculture. Using a range of data, imithg those from the Australian water accountsa if
simulation model, total managed water usage wagegied to expand from a 24,000 gigalitres |in
2000-2001 to more than 40,000 gigalitres per year2850. This is due to a major expansion [of
irrigated agriculture in northern Australia as ciwamts on the availability and quality of waterea
experienced in the south. The model assumes widadpntroduction of best practice technology |in
non-agricultural sectors. The water requiremeatdrfdustry, mining and domestic use represent abjou
20% of the total. The water use by animals refléicesgrowth of the dairy industry in particular, i
is relatively water-intensive. The authors note ilmportance of international trade in driving water
use: Australia exports an estimated 4,000 gigalim®re of embodied water than it imports. This|is
about the same amount used each year by urbanahastr

Water Use - Main Sectors
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Box 9.2: Projecting water use in Australia

Source: Foran and Poldy (2002).
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2. Social and economic gains from water policy reform

9.38. To evaluate the present distribution of water amel $ocial and economic gains from policy
changes, criteria for evaluation need to be desigaad tools to measure them need to be developed.
Water policy concerns economic issues such propeggits and water allocation, investment in
infrastructure and pricing. Among the many possibhalyses, two important applications of water
accounts to water policy are described here: @)ad@nd economic benefits of present water aliocat

and alternative allocations; and (ii) consequerafasater pricing reform.

0] Social and economic benefits of water realldcat

9.39. Water consumption for production purposes, sucagagulture and industry, provide economic
benefits such as incomes, employment, and forexghange earnings. Although these benefits do not
measure the exclusive contribution of water to ecoic value (see discussion in Chapter 8), they are
often used as indicators of broadly defined socoremic benefits from the use of water in one
industry relative to another, or in one region otauntry relative to another. This indicator was

introduced in Section A as the ‘water productivitydicator.

9.40. Water productivity measures thdrect income and employment generated by water use in a
sector, but there may be significant additionaldfis, upstream and downstream from the direct.user
It is often argued that agriculture generates neghit little direct income per unit of water inpubut
supplies food processing industries that in turmegate additional income and employment. An
analysis of forward and backward linkages using thput-output approach provides a more
comprehensive picture of the socio-economic besefit water use in a particular activity, or a
particular region. Box 9.3 describes an examplehaf analysis for South Africa. A great deal of
similar analysis has been undertaken for Australsang the water accounts (e.g., Centre for

International Economics, 2004; Lenzen and Foraf120
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Water resources are under increasing pressurestngpartheid South Africa for several reasons, bigtanproved
access to safe drinking water for millions of pasly excluded households, and the emphasis oroenergrowth
and job creation, often in water-intensive indwestri An evaluation of the socio-economic benefgsegated by
each economic activity relative to its water usarmsessential input into good water managementsséata (2003)
provided such an evaluation for different agrictéduactivities within the Crocodile River catchmdot the Water
Research Council of South Africa. He measureddirect value-added and employment generated per cubiermet
of water used in each activity. He also extendes dnalysis to consider thedirect benefits by measuring th¢
value-added and employment generated by upstrednd@mnnstream linkages to each agricultural activity

Upstream linkages consist of inputs to agricultwretivities, such as fertilizer and agriculturakaficals, fuels, etc.
Downstream linkages consist mainly of food procegsndustries, and the wood processing industmetuding

paper and pulp, wood products, furniture, etc. sehkinkages are measured using a well-establisbedoenic tool,

input-output analysis. The analysis revealed ¢haimple comparison of benefits across sectorsididprovide an
accurate picture of the full, economy-wide benefits

Considering only the direct effects, both the ineogenerated (value-added) and employment are Higbes
mangoes, but when indirect effects are added, ppyears the best. This is largely because theveris little
additional processing that adds value for mange@dge pinewood is used in many wood products. b bpposite
end, sugar cane appears to be the least bendfiojplwhen only the direct income and employmentcaresidered,
but taking into account the indirect effects, sugmves to third place.

Socio-economic benefits from water use for differemagricultural activities
in the Crocodile River catchment, South Africa, in1998

Value-added (Rands/m3 water input) Employment (100@erson days/m3 water)

Direct Total (direct + indirect) Direct Total (dire ct + indirect)
Mangoes 2.8 | Pine 21.3] Mangoes 0 Pine 14
Oranges 1.9 Eucalyptus 13. Oranges 18 Eucalyptus 8 |7
Avocados 1.7 | Sugar cane 9. Grapefruit 13 Sugae can 44
Eucalyptus 1.5 Mangoes 8.9 Eucalyptus 12 Oranges 39
Grapefruit 1.5 | Oranges 6.0 Bananas 7  Mangoes 37
Bananas 1.3| Grapefruit 4.9 Pine 6 Grapefruit 8
Pine 1.2 | Avocados 3.4] Avocados b Bananas 12
Sugar cane 0.9| Bananas 3.p  Sugar cane 2 Avocados 7

Box 9.3: Evaluating agricultural water use on a cechment basis in South Africa

Source: Adapted from Hassan (2003).
9.41. In many countries, water is often not allocatedceghtly from an economic perspective, that is,
to the uses that would generate the highest netagoiz returns. While economic efficiency is nogé th
only consideration in water policy, it is an impamt aspect. Even when economic criteria are ned us

for water allocations, water managers would berfeditn an understanding of the potential economic

gains from improving the efficiency of water alldican.

9.42. The partial equilibrium approach of input-output ynadicate the relationship between the
present allocation of water and incomes and empétnbut a different modeling approach is needed

to determine what the optimal allocation of wateran economy would be. Optimization models for
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water (see Chapter 8 for a discussion of diffemmideling approaches) estimate the potential gains
from reallocating water to the highest value use&x.optimization models require a database foteva

use that could be provided by the water SUT deedritn Chapters 3 and 5. The results include
projected water demands by industry, the value afew and the resulting structure and level of
economic activity (e.g. GDP). If pollution and pailon abatement costs or damage costs are incjuded

the levels and costs of pollution are also cal@adat

(i) Consequences of water pricing reform

9.43. In many countries, even water-scarce developingas, the price charged for water does not
reflect its true financial cost, let alone the falonomic cost. Where the costs are subsidizede tis
little incentive for resource conservation. Sulesd if any, can be calculated for each industomir
information in the water SUT by subtracting the glypcost from the payment for water. Monitoring
subsidies is clearly important both for sustainafll@nagement of resources as well as for equity by
identifying which groups in society receive the agest subsidy. In addition to monitoring, however,
policy-makers need to know the potential conseqesmé water pricing reform: what would be the net
gain or loss to national income and employment, whdt industries or social groups would be most

hard hit.
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Since 1996-1997, water charges across Australise,han average, doubled, and water trading has Been
introduced in part of the Murray-Darling River Bagsiresulting in a significant improvement in watese
efficiency (Centre for International Economics, 200 The Centre for International Economics haseligyed a
model to simulate over a 5-year period the impaciGDP of water pricing changes through induced geann
water use efficiency that result in more watera@éint technology and reallocation of water amongt@s. For
irrigated agriculture, they found that water uskcefncy would have to increase 1.5% annually tarderbalance
the impact of increased water charges.

CIE then considered the impact of reducing curngater diversions to increase environmental flowsotigh
alternative economic instruments: administered c&dn applied proportionately to all users is calesably more
costly than allocating the cuts through a marketeldamethod of tradable water rights.

Impact on GDP of improvements in water use efficiecy
under a doubling of water charges in Australia (milion A$)

Percent annual increase in water use efficiency

1% annual increase 2% annual increase
Irrigated agriculture -24 78
Dryland agriculture -51 -112
Food and fibre processing 44 97
Other industries 262 410
Total impact on GDP 253 521

Box 9.4: Impact on GDP of water price increases iAustralia

Source: Based o@entre for International Economi¢z004).

9.44. Economic models, such as those used for assesbgoptimal allocation of water, can
introduce water price accounts to estimate the @cyswide impact of price reform. Similar analysis
can be made for assessing the impact of incredsedes for wastewater treatment and pollution taxes

Box 9.4 summarizes a simulation study for watergbs in Australia.

9.45. The water accounts report emissions of pollutiod,ahfully monetized, include estimates of
the cost of pollution, or the value of maintainiclgan water. The economic valuation techniques tha
would be used for monetization were described iaptér 8. There are no water accounts that have
fully monetized water pollution accounts at thiméi. In part, the challenge is that most water anto

are compiled at the national level, while waterlyidn is a localized phenomenon. Based on a cost-
benefit analysis rather than water accounts, Béxp®ovides an example of valuing water quality, and

using this approach to assess the costs and tepéfitastewater treatment.
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Zhang (2003) measured the costs and benefits oftewaser treatment in Wuxi, a rapidl
industrializing city in China’s Yangtze River Delt&Vuxi has over 200 km of waterways and borderg a

scenic lake that is popular for recreation. Thedgtreported the discharge of 9 different water

pollutants from the 13 most important industrieBhe cost of water treatment was measured as|the
present value (over 20 years) of additional infnastiure and operating costs needed to meet water
quality standards. The benefits from treatmentenmeasured as the value of damage prevented. |The
damage was valued in terms of the reduced capafithe lake to provide water services: potahle
drinking water, industry-standard water, water fish farming, a clean environment for residents pn
the lake shore and for recreation and tourism. fAétebenefit of wastewater treatment was estimated
to be 3.48 Million of US dollars.

Costs and benefits from wastewater treatment in Wuix China

(millions of US dollars in 1992 prices)

Costs (investment + operating co 22.4:

Benefits (damages and costs averted)
Drinking water treatment 2.7
Industrial water treatment 7.28
Drainage costs 1.40
Fish farming productivity 2.86
Health benefits (reduced illness) 2.60
Residents' amenity benefits 3.6D
Resident’s recreational benefits 1.73
Tourism 3.73
Sub-total, benefits 25.91

Net benefit 3.48

Box 9.5: Benefits of wastewater treatment in WuxiChina

Source: Based on Zhang (2003).

3. Trade and the environment: water use and pollution

9.46. Water use and the emission of pollution is affechgdwater policies, but is also indirectly
affected by policies in other sectors of the ecopowhich may not anticipate the impact on water
resources. For example, agricultural trade potigy have a significant impact on what is produced i
a country and indirectly the use of water. Thist®® considers two aspects of trade and the use of

water resources: trade in ‘virtual water’ and timpact of trade barriers on water allocation.
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0] Trade in virtual water

9.47. Global water availability and use are characteriagdarge regional imbalances, but water itself
is not a widely traded commodity. Trade in produaliows trade in ‘virtual water,’ that is, the wat
used for the production of goods and services.ddiia virtual water allows a country to overconme it
water scarcity by importing water-intensive good&rtual water also provides a measure of a cousitry
impact on global water resources (its ‘water fomip)y (See Champagain and Hoekstra, 2004).
Distorted water pricing, including heavy subsidiesigriculture and omission of charges for ecosyste
damage, means that international trade is unlikelyeflect the water ‘comparative advantage’ of
countries. The World Water Council has recentlgnitified virtual water as a critical issue for wate
management, and has launched a major initiativeutir its website to better define and measure
virtual water (See http://www.worldwatercouncil.brigtual_water.shtml). This work has also been

strongly supported by UNESCO (Champagain and Hoak2004).

9.48. The measurement of virtual water should includehbibie direct and indirect water used in
production. Direct water is the amount used duthgproduction process; this figure is obtainexfr
the water SUT. Indirect water is the amount usedroduce all the non-water inputs to productiora of
given product. The difference between direct waksr and total (direct plus indirect) water use loan
substantial: for example, very little water mayrieeded to produce a loaf of bread, but a greatafeal
water may be embodied in the grain used to makadord’ he methodology for measuring total water
use based on input-output models extended for Wiseter inputs (as described in Box 9.1) is well
established in the economics literature (Fgrsurgb1Miller and Blair 1985, Pearson 1989). Box 9.6
shows an analysis of trade in virtual water amowogs®ana, Namibia, South Africa, and between these

three countries and the rest of the world.
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Botswana, Namibia and South Africa have designeatesjies for economic development based in part| on
economic growth, diversification, and trade prorapti As in many developing countries, the structofe
exports in these countries is heavily weighted talwa@rimary commodities and processing of thegse
commodities, which are often water-intensive. Thélsree countries have identified water as a pymar
constraint to development and South Africa hasaalyebeen categorized as a water-stressed country.

An input-output analysis of the total (direct + irgtt) water content of trade among the 3 countaied with
the rest of the world reveals that Botswana and idenare significant net water importers, 45% aR&e3of
total national water use, respectively. South @dron the other hand, is a net water exporter, @i #@tional
water use in 1998.

Net water imports as percent of total national wateuse
for Botswana, Namibia, and South Africa in 1998

50%

Ow/southern Africa
40% Hw/ROW [
OTotal

30%

20% -

10%
o [ ]

Botswana Namibia So ica
-10% —

percent of national water use

-20%

Box 9.6: Trade and the environment: the water cor@nt of trade in Southern Africa

Source: Based on Lange and Hassan (2002).

(i) Impact of trade policy on water allocation

9.49. Most of the world’s water is used for crop irrigati Trade protection can result in distorted
international patterns of agricultural productionWhen agriculture depends on irrigation, trade
protection can inadvertently divert water to irtiga, increasing pressure on water resources and
reducing the water available for other, often high@lue uses. Economic models, either partial or
general equilibrium, are used to assess the impiattade protection on water use and pollution, and

the environmental and economic consequences.
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9.50. Chapter 8 discussed the impact of trade proteaiimagriculture and the demand for irrigation

water through several examples. The example forolmo (Bouhia, 2001) used a linear programming
model (based on an input-output table with water aiscounts) to assess the optimal allocation oémwat

under several alternative scenarios. One of therradtive scenarios included the reduction of trade
barriers (import quotas, voluntary export restdo8) on agricultural commodities. In the model,

farmers could choose what crops to plant and whethsell them in domestic or international markets

water was allocated on the basis of profitabilifywater. The model demonstrated the potential for
significant economic gains from reducing trade leasrand allowing a reallocation of water to diffet

crops.

D. Critical issues for water accounts: spatial and teporal characteristics

9.51. Water availability and demand, as well as waterliggyacan vary a great deal over time and
space. It is difficult to address sustainability a national level when sustainability of water use
determined on a local or regional basis. Recoggizhis, water managers are adopting a regional
approach to take into account temporal variatiohis; principle has been endorsed by IWRM. But this
posses a challenge for water accounting becausetiygoral and spatial dimensions relevant to water
often do not match those used for economic datihennational accounts. It is increasingly common
for countries to construct water accounts on aomgji basis - Australia, the Netherlands, Sweden,

Morocco have done so. Seasonal water accountsrieayet been compiled.

1. Accountsat theriver basin level or water management area

9.52. Water accounts must be national in coverage andpatible with the national economic
accounts for decisions made at the national/maoro@wic level. But hydrological conditions

affecting water supply vary considerably within ngagountries. Factors that drive water use, such as
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population, economic activity and land use, alsoywaithin a country and may not be distributed

where water resources are most abundant.

9.53. One of the important principles of IWRM is to apach water management at the river basin
level (or other appropriate water management ar@djis concept is part of a number of national and
regional water policies, such as the EU Water Fraonk Directive. Although the water accounts are
typically constructed at the national level, innmiple, the same accounting framework and analyesis

be applied for a river basin, an aquifer, or anfieotregion defined by relevant geohydrological
characteristics, including systems of water infnactiure that may integrate catchment and groundwate
resources. In the case of the EU Water FramewamnkcEbve, a suitable area is tlRever basin district

that is the upper management unit that can exteed several states.

9.54. In most cases, the catchment area, or river bdsugl is the most appropriate geographical
level for analysis. In some instances, water mansnt at the catchment level may require
international cooperation, for example, a catchmarda may cover several countries, or several
catchment areas may empty into a regional sea.h Bases require common management of water

resources.

9.55. The actual catchment area may differ from the topplgic surface watersheds (which are the
portions of territory that can be delimited by tivees of crest) because of the existence of undegly
groundwater resources. Furthermore, catchmentsageaerally do not match administrative areas,
which constitute the basis for economic data. Beeaof the need to make hydrological and
administrative regions coincide, a compromise isermfmade and the resulting region called an
‘accounting catchment area.’ In general, elabogptater accounts at the river basin level necatest
geographically referenced data of water flows arsghthrges of pollutants, i.e. spatial identificatiof

establishments, waste water treatment plants, etc.
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9.56. All of the indicators and policy analyses discussadier in this chapter can be applied at the
catchment or regional level as well. The environtakeconomic profiles can be constructed for each

water accounting catchment. Box 9.7 shows theilpofor two of Sweden’s sea basins. The accounts

Under the EU Water Framework Directive, Sweden preg forecasts of water use in 2015 at the disteeel. The
estimates were made by using a regional economideimdeveloped by the Swedish Business Developmeenay,
which allocated 289 municipalities into five watdistricts. The model is built from relations at nizipality level and has
five sub-models (1) Population, (2) Labour mark@) Regional economy, (4) Housing market and (5p@ementary
model for municipalities. The regional model fifsrecast population, employment and economic dgweknt until
2015 for each water district and, based on theselts; forecast water use based on water use pseesnaevailing in the
base year, 2000. For the three most water interigidestries - Pulp & paper, Chemicals, Basic me(AlACE* 21, 24,
27) - an alternative forecast (scenario 2) was masiming increased water efficiency (water uselpction value),
based on the same gains in water efficiency ackid&etween 1995-2000.

Water use in 2015 by water district, Sweden (thowd m®)

Projected water use in 2015

District/Sea Basin Water use in 2000 Scenariol Scenario 2

Bothnian Bay 380,214 477,000 454,400
Bothnian,Sea 786,846 947,300 846,700
North,Baltic,Sea 493,312 590,100 579,000
South,Baltic,Sea 637,382 750,900 713,300
North,Sea 943,55( 1,164,500 1,098,500
Total 3,241,304 3,929,800 3,691,900

Note: Scenario 2 assumes increased water efficiantlye most water intensive industries.
* NACE is the Statistical Classification of EconanActivities in the European Community.

can also be used for modeling at the regional level

Box 9.7: Forecasting water use at the district leat in Sweden

Source: Statistics Sweden (2004).

9.57. Regional accounts are necessary for management @fdividual river basin, but decision-
making at the national level also needs an overvilest brings together the different regions in a
national accounting framework, as in Figure 9.the Dverview helps national decision-makers in two
ways: (i) it helps them set priorities for actioamong different river basins by demonstrating the
relative severity if water problems in each basind (ii) it provides a tool for national water mgeas

to negotiate with decision-makers in other sectorsoordinate policy.

9.58. Figure 9.6 shows an example for the daily dischafgeitrogen; indicating both the magnitude

of nitrogen emissions in each part of the riverithas well as the source of pollution. Agricultise
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the major source of pollution in all the heavilyllpted parts of the river. Households are the sdco

most important source, and the primary source twbgen in areas with little agriculture.

Figure 9.6: Location, level and origin of nitrogendischarges in the French river basin
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Source: Presentation of French Institute for theiEemment results — RBDE meeting, 14 March 2001.

2. Temporal dimension

9.59. Water use is often concentrated in certain seaswitaply, the demand for irrigation water in

the growing season.

Because irrigation requiresnsch water - up to 80% of total water use in

developing countries (Millennium Project Task Foare Water and Sanitation, 2003) - it is extremely

important to match seasonal supply and demand.eMatiution may also have a different impact on

water quality depending on the time of the year.séme periods the quantity of water flowing may be
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so reduced that dilution of pollutants cannot occibstractions and emissions usually cover anrenti
year, but this does not provide an accurate pictfr¢ghe stress on water resources since seasonal

variations may be hidden.

9.60. A first possibility is to reduce the duration ofethaccounting period: in many countries,
guarterly national accounts are already built. @rly water accounts may be useful in some
countries; for example, seasonal water accountsSfiin would reveal higher pressure on water in
summer compared to winter. Abstraction of wated amissions are higher in the summer due to
tourism, while the volume of available water is $igra While the quarters of the year used for ovadil

accounts may not coincide with seasonal variatianwater availability and demand for all countries,

quarterly accounts for water would probably be efuisstep toward representing seasonal variations.

9.61. Accidents resulting in unusually high discharge paflluting substances at a point in time
present another challenge to water accounts. Wdmsled to annual discharge, the accidental
discharges may not appear serious; averaging antisaharge over annual water resources may
indicate an acceptable level of pollutant concerdna However, the temporary concentration from an
accident may be high enough to cause serious damigen quarterly accounts may not adequately
represent the impact of accidental spills. It & feasible to produce monthly or weekly accounts,
indicators should be designed that would show #greke of damage caused by accidental spills. These
indicators should complement the accounts by takitmaccount factors such as the concentratioa of
pollutant, the threshold for water abstraction owich aquatic life is impeded and possible syressgi

between two or several pollutants.

9.62. The construction of these indicators implies a itledaknowledge of the absorption capacities
of the different water bodies vis-a-vis the pressuexerted against them. Location and timelindéss o
the pressure are not independent in their efféotsesthe critical thresholds vary, notably accogdin

the volume and flow of the water body. The seyeoit the pressure is also related to the preseté st
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of the water environment, that is to say, to thespures accumulated over time. For each placé, eac
period, each type of pressure, thresholds shoulesbenated. Possible indicators include, for exi@amp
the number of days (in the year, in the quartenyimich thresholds have been exceeded. However this

type of information cannot presently be handlethimframework of water accounts.

E. Links between water and other resource accounts fheries, forestry, land/soil)

9.63. Water is a cross-cutting natural resource becauseused as a commaodity in every sector of
the economy, it is widely used as a sink for pdadiat and it provides ecosystem services to many
sectors (Acquay, 2001). The quality and quantityawailable water is affected not just by the direc
abstraction of water, but by activities in agricu#t, forestry, energy, human settlements and démat
uses, etc. With regard to IWRM, the SEEAW framdwbas an advantage over other water databases
because it is part of a more general environmestahkomic accounting framework, SEEA-2003 (UN
et al. 2003), designed for comprehensive representaifoall important natural resources, not just
water. The SEEA-2003 framework integrates wateroants with accounts for land and forests,
fisheries, pollution, and any other resources neangysfor IWRM, as well as with the economic

accounts.

9.64. Water accounts are constructed for (i) the dires® of water as an intermediate input to
production or as a final consumption good andt(i§ use of waste assimilation services provided by
water, represented by the emission of water pailstdrom industry, government and households.
Many other environmental services provided by waeg not addressed here, notably, navigation
services, recreational services, and habitat ptiotec In managing water, it is important to accbtor

these additional services, and for related reseuered ecosystems that may affect the quantity or
guality of water. The major issues are noted hireire revisions of the SEEAW for water accounting

are likely to address these broader issues.
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Dependence of water resources on other resources

9.65. The status of a river may depend greatly on lanthagament and the health of forests and
other vegetation in a river basin. Groundwatehagge and quality can be affected by deforestation
and land use conversion (affecting rates of irdtlbn) and runoff of pollutants from agriculturedan

other economic activities. The water accounts dbusually address some important forms of water
guality degradation such as increased turbiditynfreoil erosion, or increased salinity, although the
framework can certainly accommodate this, and thestralian water stock accounts do consider

salinity.

9.66. Furthermore, in many countries, accounts for théssion of pollutants to water may include
only point-source emissions, although non-pointreeltemissions are very important, especially from
agriculture. An exception to this is the Nethedanhwhich has made great progress in monitoring non
point source emissions. Non-point source emissioose a major challenge to water accounting
because the relationship between the use of pafigubstances, such as fertilizers, and water tguali
not easy to determine. Complex hydro-geologicadel® are required to estimate the amount of
fertilizer that leaves the farm field and the roated time it takes to travel from the field to atera
body. It is not uncommon for the travel time tac¢e&d one year, the typical accounting period faiewa

accounts.

9.67. Water-based tourism and recreation have becomeriamoindustries in many countries, both
developed and developing. Some forms of waterdasereation may depend mainly on water flow,
such as rafting and scenic beauty. But the halptatection service of water may be extremely
important for other forms of tourism that dependtbe health of a water ecosystem, like fishing or
wildlife viewing. This requires accounting for veatecosystems. Accounts for ecosystems have been
identified in the SEEA but are less well definedpiractice. Wetland ecosystem stock accounts can be

expressed in a combination of area (e.g., hectaand) qualitative classifications such as excellent,
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good, fair, bad, etc. Ecosystem accounts woulditoothe numbers and proportions of key species of

flora and fauna that indicate ecosystem integrity.

Dependence of other resources on water ecosystenahhb

9.68. Many other resources are equally dependent on weasziurces and their use. Fisheries are
particularly sensitive to water quality, water flswand aquatic ecosystem health, including seasgras
beds, mangroves, coral reefs, lagoons, and ottersystems. Agricultural land has suffered greatly
from misuse of water for irrigation, resulting ioskes of agricultural productivity due to salinatend
water logging of soil. Natural vegetation dependgiver flow and on the level of groundwater. \Whe
groundwater is depleted, vegetation may lose ittemsource. Wildlife and biodiversity also deped

the health of aquatic ecosystems and an adequppdysof unpolluted water.
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Annex |. SEEAW standard tables

This annex shows the set of standard tables that baen presented in more details throughout the

SEEAW.

Standard physical supply and use tables for waterGhapter 3)

Table I.A Physical use table

Physical units

Industries (by ISIC categories)

5-33, 38,39

1-3 41-43 35 36 37 45-99 Tota

Rest of the world

Households

Total

1. Total abstraction (=1.a+1.b=1.i+1.ii)
1.a. Abstraction for own use
1.b. Abstraction for distribution
1.i. From water resources:
1.i.1 Surface water
environment 1.i.2 Groundwater
1.i.3 Soil water
1.ii. From other sources
1.ii.1 Collection of precipitation
1.ii.2 Abstraction from the sea

From the

\Within the 2. Use of water received from other economic units

3. Total use of water (=1 + 2)

Table I.B Physical supply table

Physical units

Industries (by ISIC categories)

5-33, 38,39

1-3 41-43 35 36 37 45-99 Tota

Households
Rest of the world

Total

Within the |+ Supply of water to other economic units
of which:
economy 4.a. Reused water
4.b. Wastewater to sewerage
To the 5. Tctal returns (=5.a+5.b)
5.a. To water resources
5.a.1. Surface water

environment
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5.a.2. Groundwater
5.a.3. Soil water
5.b. To other sources (e.g. sea water)

6. Total supply of water (=4+5)

7. Consumptior (=3-6)

Note: Grey cells indicate zero entries by definitio
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Emission accounts (Chapter 4)

Table Il. A Gross and net emissions

physical units

kel

Industries (by ISIC categories) 5

=

%)

5-33] 38,39 s |2

< —

[ o
Pollutant 1-3 41-43 35 36| 37 45-99 Total § ‘ga: ©
Z | e

1. Gross emissions (=1.a+1.b)
1.a. Direct emissions to water (=1.a.1+1.a.2#laa.ii)
1.a.1 Without treatment
1.a.2 After on-site treatment
1.a.i To water resources
1.a.ii To the sea

1.b. To Sewerage (ISIC 37)

2. Reallocation of emission by ISIC 37

3. Net emissions (=1.a+2)

Table II.B Emissions by ISIC 37

physical units

ISIC 37

Pollutant

4. Emissions to water(=4.a+4.b)
4.a After treatment

To water resources

To the sea
4.b Without treatment

To water resources

To the sea
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Hybrid supply and use tables (Chapter 5)

Table Ill. A Hybrid supply table

Physical and monetary units

Output of industries (by ISIC categories)

35 Tota Total

of| output Taxes legTrade an{ supply a

5-33, which 38,39| at basi Subsidie| transporpurchaser’

1-3 41-43 Total Hydrg 36 37| 45-99 priceg Importg on products margin: price

1. Total output and supply(Monetary units)

of which:
1.a Natural water (CPC 1800)

1.b Sewerage services (CPC 941)
2. Total supply of watel (Physical units)
2.a Supply of water to other economic units
of which:2.a.1- Wastewater to Sewerage
2.b Total returns
3. Total (gross) emission(Physical units)

Note: Grey cells indicate zero entries by defimitio

Table 1ll. B Hybrid use table

Physical and monetary units

Intermediate consumption of industries (by 1SICegaries) Actual final consumption 2

&

35 Households o

Q

— (2]

5- Social transfe g

[ = =

33 Fina in kind fron -% §-

€ £ @

41 of which| 38,39 Tota consumptio| Government a g K] §
c = %)

< 5] € >

1-343Tota| Hydrg 34 371 45-99 industr expenditurgs NPISH Totg Ig s § § s

o |2 |8 I 2

1. Total intermediate consumption and us(Monetary units)
of which:
1.a Natural water (CPC 1800)
1.b Sewerage services (CPC 941)

3. Total use of watel(Physical units)

3.a (U1) Total Abstraction
of which:3.a.1- Abstraction for own use

3.b - Use of water received from other economic¢suni

1. Total intermediate consumption and us(Monetary units)

Note: Grey cells indicate zero entries by definitio
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Table IV. Hybrid account for supply and use of water

Physical and monetaunits

Taxes le§  Actual final

Industries (by ISIC categories) subsidie] consumption
35 orn
productg
=
2
trade an| ]
%) € E
5-33 of which 38,39 Tota|Restofth transpo| = g |8
= c p—
Q = ©
1-3 414 Tota| Hydrg 34 37  45-99industr world  marging % g ’}:_} |
z o |8 2

[

Total output and supply(Monetary units)

of which:
1.a. Natural water (CPC 1800)

1.b. Sewerage services (CPC 941)
. Total intermediate consumption and usi(Monetary units)
of which:
2.a. Natural water (CPC 1800)
2.b. Sewerage services (CPC 941)
. Total value added (gros: (= 1-2) (Monetary units)
Gross fixed capital formation(Monetary units)
of which:
4.a. For water supply
4.b. For water sanitation
Closing Stocks of fixed assets for water suppl(Monetary units)
. Closing Stocks of fixed assets for sanitatio(Monetary units)

N

S

oo

=

. Total use of wate (Physical unit)
7.a. Total Abstraction

of which7. a.1- Abstraction for own use
7.b. Use of water received from other economicsunit
Total supply of watel (Physical units)
8.a. Supply of water to other economic units
of which:8.a.1- Wastewater to Sewerage
8.b. Total returns
9. Total (gross) emission(Physical units)

Note: Grey cells indicate zero entries by defimitio

©

Table V. Hybrid account for water supply and sewerage for ow use

Physical and monetary units

Industries (by ISIC categories)

35

5-33 of which 38,39

1-3 4143 Total Hydrg 36 37 45-99 Total

Households
Total industry

1. Costs of production(=1.a+1.b) (Monetary units)

1. a. Total intermediate consumpti
1.b. Total value added (gro
1.b.1 Corpensation of employe
1.b.2 Other taxes less subsidies on produ
1.b.3 Consumption of fixed capi
2. Gross fixed capital formation (Monetary unit)
3. Stocks of fixed asse (Monetary unit)
4. Abstraction for own use (Physical unit)

1. Costs of production(=1.a+1.b) Monetary unit)
1.a. Total intermediate consumption (Monetary ynits

1.b. Total value added (gross)
1.b.1 Compensation of employees

Water supply for own use

own use
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1.b.2 Other taxes less subsidies on production
1.b.3 Consumption of fixed capital

2. Gross fixed capital formatior (Monetary units)

3. Stocks of fixed asset(Monetary units)

4. Return of treated watel (Physical units)

Note: Grey cells indicate zero entries by defimitio
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Table VI. Government accounts for water-related collective assumption services

Monetary units

Government (ISIC 84) (by COFOG categories)

05.3 (part)
05.2 Soil and 05.6 06.3
Wastewater | groundwater| Environmental| Water

managemen{ protection | protection n.e.c{ supply

1. Costs of production(=1.a+1.b)
1. a. Total intermediate consumption
1.b. Total value added (gross)
1.b.1 Compensation of employees
1.b.2 Consumption of fixed capital

Table VII.LA National expenditure accounts for wastewater manageent

Monetary units

USERS/BENEFICIARIES

Producers Final consumers

Specialise
producer] Othe Rest 0

(ISIC 37) producerfHouseholdsSovernmerjtthe world — Total

1. Use olWastewaer services(CPC 941 and CPC 91123
1.a Final consumption

1.b Intermediate consumption

1.c Capital formation nr Na Na
GrossCapital Formation

Use of connected and adapted products
Specific transfers

Total domestic use(=1.+2.+3.+4.)
Financed by the rest of the world
National expenditure: (=5.-6.)

Njolo d 0N

Note: Grey cells indicate non relevant or zero iestby definition, nr not recorded to avoid doubtinting; Na

not applicable in the case of wastewater management

Table VII.B National expenditure accountgor water management and exploitation

Monetary units

USERS/BENEFICIARIES

Producers Final consumers‘ Rest o| Tota

271



Set of standard tables for the water accouts

Specialise the worl
producer] Othe

(ISIC 36)] producergHouseholdssovernmerjt

1. Use olWastewatel services(CPC 941 and CPC 91123
1.a Final consumption

1.b Intermediate consumption

1.c Capital formation nr Na
GrossCapital Formation

Use of connected and adapted products
Specific transfers

Total domestic use(=1.+2.+3.+4.)

Financed by the rest of the world

Njolo M o™

National expenditure: (=5.-6.)

Table VIIILA Financing accounts for wastewater management

Monetary units

USERS/BENEFICIARIES

Producers Final Consumers
Specialise
producerg Othe Rest 0
FINANCING SECTORS: (ISIC 37) producergHouseholdssovernmerjt the world  Tota

1. General government

2. NPISHs

3. Corporations
3.a Specialised producers
3.b Other producers

4. Households

5. National expenditure

6. Rest of the world

7. Domestic uses

Note: Grey cells indicate non relevant or zeroiestby definition.

Table VIII. B Financing accounts for water managemaet and exploitation
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Monetary units

USERS/BENEFICIARIES

Producers Final Consumers
Specialise
producerg Othe Rest 0
FINANCING SECTORS: (ISIC 36) producergHouseholdsSovernmerit the world  Total

1. General government

2. NPISHs

3. Corporations
3.a Specialised producers
3.b Other producers

4. Households

5. National expenditure

6. Rest of the world

7. Domestic uses

27
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Asset accounts (Chapter 6)

Table IX. Asset accounts

Physical units

EA.131 Surface water

EA.1311] EA.1314

Artificial| EA.1314 EA.1313 Snow, Ic EA.133 EA.133

Reservoirs  Lakeg Riverg and GIacierFroundwaterSoil wate Total

1. Opening Stocks
Increases in stocks
2. Returns
3. Precipitation
4. Inflows
4.a. From upstream territories
4.b. From other resources in the territgry

Decreases in stocks
5. Abstraction
6. Evaporation/Actual evapotranspiration
7. Outflows
7.a To downstream territories
7.b To the sea
7.c To other resources in the territory
8. Other changes in volume
9. Closing Stocks

Note: Grey cells indicate non relevant or zeroiestby definition.
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Annex Il. SEEAW supplementary tables

Supplementary information (in italics) to the phystal supply and use tables (Chapter 3)

Physical use table

hysical units

Industries (by ISIC categories)

5-33, 38,39

1-3 41-43 35 36 37| 45-99 Total

Rest of the worlp

Households

Total

1. Total abstraction (=1.a+1.b=1.i+1.ii)
1.a. Abstraction for own use
Hydroelectric power generation
Irrigation water
Mine water
Urban runoff
From the Cooling water
Other
environment 1.b. Abstraction for distribution
1.i. From water resources:
1.i.1 Surface water
1.i.2 Groundwater
1.i.3 Soil water
1.ii. From other sources
1.ii.1 Collection of precipitation
1.ii.2 Abstraction from the sea
\Within the 2. Use of water received from other economic units
of which:
economy 2.a.Reused water
3. Total use of water (=1 + 2)

Physical supply table

sical units

=
<

Industries (by ISIC categories)

5-33, 38,39

1-3 41-43 35 36 37 45-99 Total

Rest of the worldy

Households

Total

4. Supply of water to other economic units
of which:
4.a. Reused water
4.b. Wastewater to sewerage
4.c. Desalinated water
To the 5. Total returns (=5.a+5.b)
Hydroelectric power generation
environment | |rrigation water
Mine water
Urban runoff
Cooling water
Losses in distribution because of leakages
Treated wastewater
Other
5.a. To water resources(=5.a.1+5.a.2+5.a.3)
5.a.1. Surface water
5.a.2. Groundwater

\Within the

economy
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5.a.3. Soil water
5.b. To other sources (e.g. sea water)

6. Total supply of water (=4+5)

7. Consumptior (=3-6)
of which:
7.a. Losses in distribution not because of leakages

Note: Grey cells indicate zero entries by defimitio

Matrix of flows of water within the economy

Physical units

Use Industries (by ISIC categories)
5
= 3]
O
9
9]
E
o
=}
2 -
s B
2 S
3 o B
5-33, 38,39 © s S
ey —
8 |2 B
Supplierd 1-3 41-43 35 36 37| 45-99Total =] @ e £
o [} B c
T o 2] >
o [1-3
2
5 [5-33,41-43
32 3 |35
>
o
2 5 7
@ 38,39, 45-99
Total
Households

Rest of the world
Use of water received from other
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Supplementary information to the emission account§Chapter 4)

Table A. Gross and net emissions

physical units

kel

Industries (by ISIC categories) 5

=

%)

5-33] 38,39 s |2

< —

[} o
Pollutant 1-3 41-43 35 36| 37| 45-99 Total § ‘ga: s
Z | e

1. Gross emissions (=1.a+1.b)
1l.a. Direct emissions to water (=1.a.1+1.a.2#ilaa.ii)
1.a.1 Without treatment
1.a.2 After on-site treatment
1.a.i To water resources
Surface water
Groundwater
1.a.ii To the sea

1.b. To Sewerage (ISIC 37)

2. Reallocation of emission by ISIC 37

3. Net emissions (=1a+2)

Table B. Emissions by ISIC 37

physical units

ISIC 37

Pollutant

4. Emissions to watei(=4.a+4.b)
4.a After treatment
To water resources
Surface water
Groundwater
To the sea
4.b Without treatment
To water resources
Surface water
Groundwater
To the sea
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Sludge indicators

ISIC 37

Total sewage sludge produced (vol.)

Load in total sewage sludge
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Supplementary information to hybrid and economic acounts (Chapter 5)

Economic accounts - supplementary information

Industry (by ISIC categories)

2-33,

1 41-43

35

of which

total hydro 36 37

38,39,

45-99

Total

industry

Labour input
Number of workers
Total hours worked

National expenditure accounts for the

Protection and remediation of soil, groundwater andsurface water

Monetary units

USERS/BENEFICIARIES

Producers Final consumers
Specialise
producer Othe| Rest 0
(ISIC 37) producerfHouseholdsSovernmerijtthe world  Total

=Y

. Use of EP services

1.a Final consumption

1.b Intermediate consumption
1.c Capital formation

Total domestic use(=1.+2.+3.+4)

Gross Capital Formation (for EP activitieg
Use of connected and adapted products

Financed by the rest of the world

National expenditure: (=5.-6.)

2.
3.
4. Specific transfers(implicit subsidies,)
5.
6.
7.

Note: Grey cells indicate non relevant or zeroiestby definition,

Financing accounts for the

Protection and remediation of soil, groundwater andsurface water

Monetary units

FINANCING SECTORS:

USERS/BENEFICIARIES

Producers

Final Consumers
Rest o

Specialise

Othe

Household%ovemmert the worlg  Total
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producerg producer|

(Isic 37

1. General government

2. NPISHs

3. Corporations
3.a Specialised producers
3.b Other producers

4. Households

5. National expenditure

6. Rest of the world

7. Domestic uses

Note: Grey cells indicate non relevant or zeroiestby definition.
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Supplementary information to the asset accounts (Gipter 6)

Matrix of flows between water resources

Physical units

EA.131 Surface water

EA.1311

Artificial

Reservoirs

EA.1312

Lakes

EA.1313

Rivers

EA.1314
Snow,
Ice and

Glaciers

EA.132

Groundwater

EA.133

Soil

water

Outflows to
other
resources in

the territory

EA.1311 Artificial Reservoirs
EA.1312 Lakes

EA.1313 Rivers

EA.1314 Snow, Ice and Glaciers
EA.132 Groundwater

EA.133 Soil water

Inflows from other resources in the territory

Quality accounts (Chapter 7)

Quality accounts

Physical units

Quality classes

Quality 1 | Quality 2 |

Quality 3]

Quality n

Total

Opening stocks
Changes in stocks

Closing stocks

Supplementary information to the water accounts

Social indicators

Access to water and sanitation

Total population

Proportion of population with access to improveditsaion, urban and rural

Proportion of population with sustainable accesartimproved water source, urban and rural
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Annex Ill.  Water accounting and water indicators

Water accounts provide a very powerful tool for nmed water management as they provide
basic information for the derivation of many watelated indicators and a structured database for
economic and hydrologic information. Therefore #@dvantage of deriving indicators from such a
framework is the ensured consistency of the indicaaind the ability to study further the interligles

and causes of changes as well as scenarios modeling

The section addresses more thoroughly the link betwthe water accounts and water
indicators. Section 1 draws together the wide eaofgindicators that can be derived from the act®un
to show how, together, they provide a comprehensateof indicators for water and sanitation policy
appropriate for Integrated Water Resource Managéni@RM). Section 2 links the indicators
proposed in the World Water Development Report (&thiNations and World Water Assessment
Programme, 2006) to the water accounts, in padicidy looking at which indicators from the World

Water Development Report can be derived from thE/SE.
1. Indicators derived from the water accounts

As a broad concept rather than a technical metlogypllWRM does not adopt a particular set
of indicators. However, the indicators derivednirthe water accounts cover many critical aspects of

water management under an IWRM approach, such as:
. Water resource availability;

. Water use for human activities, pressure on waemources and opportunities to

increase water efficiency;
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. Opportunities to increase effective supply througanagement of return flows, reuse,

and system losses;
. Water cost and pricing policy: the user-pays anltlper-pays principles;
. Access to and affordability of water and sanitatsenvices.

The major indicators for each of these aspects afewwmanagement are discussed below.
Although not shown explicitly, it should be undersd that most of the indicators can be compiled not
only at the national level, but also at the regldeael, such as for a river basin. The indicatoasn
also be disaggregated by type of resource, for el@nsurface and groundwater. While a national
overview is important, they will be more useful IWWRM if compiled at the level at which IWRM is

likely to be implemented, the regional level, forer basin or other water management area.

Water resource availability

IWRM promotes sustainable, long-term water use tha#s not compromise the ability of
ecosystems to provide water services in the futureluding both human water requirements and
ecological water requirements. Treatment of wateailability in the water accounts is addressed in
chapters 6 and 7. Table Ill.1 provides a list@ksted indicators on the status of water resourcése
environment and indicators on the pressure exdryelduman activities. The first five indicatorsthis
table assess water availability from a simple esvinental perspective, the natural volume available.
These indicators differentiate between domestiewedsources and resources that originate extgrnall
because water managers must distinguish water mes®uhat are entirely under national control
(internal water resources) from those which mustshared with other countries. Note that these

indicators do not provide information on the quatiite status of water resources.

Indicators on the status of water resources iretheronment can be used to assess and monitor

water resources in a territory and compare therh tiose of other territories. These indicatorswall
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for the evaluation of some natural characteristicimatic, geographic and topographic — of a regio
It is important to look at these indicators in dai to those on pressure caused by human acsviiie

order to link water demand with water supply frdme £nvironment.

Internal Renewable Water ResourddRWR) gives an indication of the amount of watleat is
internally produced through precipitation. IRWRdsmputed by adding up average annual surface
runoff and groundwater recharge occurring withinoaintry's borders. A method has been developed
by FAO/AQUASTAT to improve consistency in globaltdasets by avoiding double counting of the
overlap between surface and groundwater. Thiscatdr can be computed from the matrix of flows

between water resources in Table 6.2.

External Renewable Water Resourcpsovides information on the amount of renewable
resources that are generated outside the territbrgference. These resources consist mostlyvef ri
runoff but, in arid regions, they may also inclugiwundwater transfers between the countries. This
indicator corresponds to inflows from other temi¢s as illustrated in Table 6.1. In the definitio
external inflows are classified as natural or actigpending if upstream water consumption due to
human activities is excluded or not. Since theoaats record stocks and flows that occurred during
the accounting period, the indicator derived frone taccounts correspond to the Actual External

Renewable Resources.

Total Natural Renewable Resouraepresents the amount of water that would be abkilin a
territory if in the upstream territories there weme human induced water consumption — water
abstracted from water resources and not returnéal Wwater resources. Should this quantity be
available, this indicator can be derived by comfgninformation on total actual renewable resources
and water consumption in upstream countries. deaaccounts are compiled for an internationalrrive

basin, as described in Table 6.4, this indicatal@de obtained from Table 6.4.
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Total Actual Renewable Water Resourpegvides an indication of the amount of water tisat
generated through natural processes in a terribegause of internal precipitation and inflows from
other territories. This quantity can be deriveghirTable 6.1 and Table 6.2 or obtained as a sutheof
previous two indicators. Asset accounts generddynot explicitly show the inflows subject to forima
or informal agreements between riparian territorieowever this information can be added to specify

the part of inflows from other territories subjéatinternational agreements.

Exploitable water resource®flects some of the limitations on the naturaisailable water by
taking into account the economic and technologamaisiderations, as well as ecological obligations

that constrain the amount of naturally availabléervaesources that can be exploited.

The remaining indicators in Table Ill.1 reflect psere on water resources from population,

total water use, and vulnerability to depletion.

Table 111.1: Selected indicators of water resourceavailability and

pressure on water derived from the water accounts

Indicator Definition and Source

Internal Renewable Water Resourcés  “Average anfioal of rivers and recharge of groundwater genatdtem

endogenous precipitation.” (FAO/AQUASTAT)

External Renewable Water “Part of the country’s renewable water resourcearesth with neighbouring

Resources countries. Total external resources are the inflmm neighbouring countries

1%

(trans-boundary groundwater and surface water we)o and the part of th

shared lakes or border rivers. The assessmentdsnesi the natural resources

o

generally; if there are reservations in neighbogirtountries, they are calle

actual resources.” (FAO/AQUASTAT)

Total Natural Renewable Water “The sum of internal and external renewable waesources. It corresponds
Resources to the maximum theoretical amount of water avagafdr a country on an

average year on a long reference period.” (FAO/AGUAT)
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Total Actual Renewable Water “(Fresh water resources total) The sum of interaiadl external renewable
Resources water resources, taking into consideration the tjtiaof flow reserved to
upstream and downstream countries through formahfmrmal agreements
or treaties and reduction of flow due to upstreaithdrawal. cf. externa
surface water inflow actual or submitted to agreetselt corresponds to the
maximum theoretical amount of water actually auaiafor a country at a
given moment. The figure may vary with time. Theimputation is referring

to a given period and not to an inter-annual averag(FAO/AQUASTAT)

Dependency ratio “Ratio between the external reid& resources and total natural renewable

resources.

Indicator expressing the part of the total renewahlater resourceg

originating outside the country.” (FAO/AQUASTAT, WDR 2003, Margat

1996)
Exploitable water resources “Part of the water resources which is considered b® available for
(Manageable resources) development under specific technical, economic aadvironmental

conditions.” (FAO/AQUASTAT)

Per capita renewable resources Ratio between Tenawable water resources and population size. (VRWD

2003, Margat 1996)

[

Density of internal resources Ratio between theraye internal flow and area of the territory (Marg

1996)

Annual Withdrawals of Ground and| The total annual volume of ground and surface watestracted for water
Surface Water as a Percent of Total uses as a percentage of the total annually renewatilme of freshwatern.

Renewable Water (UN, 2001)

Exploitation index

Consumption Index Ratio between Water Consumpdiosh Total Renewable Resources. (Margat,

1996)
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Dependency ratioprovides information on the reliance of a countoy water resources
generated outside its territory. This indicatoc@nputed as the ratio of external renewable ressur
over total natural renewable resources. It caddyesed from the asset accounts as both numeratbr a

denominator of the ratio can be derived from theoaots (see previous indicators).

The dependency ratio varies between 0 and 1.cteases as the amount of water received from
neighbouring countries increases as compared toothénatural renewable resources. Margat (1996)
presents also a complementary indicator - indicatomdependence, which measures the degree of
autonomy of a country from resources generatedidmiits borders. This indicator is obtained as the

ratio of internal over total natural renewable gses.

It is often important to relate information on watesources with economic, demographic and
social information such as population size andltlerad area. Comparing, for example, total rendeab
water resources to the population size would prewidormation on the natural ability of a territoy
generate water resources as compared to the papulsize. In other words, this indicator would
indicate if the natural water supply, measuredemmis of renewable water resources, is sufficient to
meet the demand of the current population. If emsgloitation occurs and there is an increased
pressure on the resource due to an increase inaapy alternative sources of water supply mayehav
to be developed in order to reduce the stress oterwasources. Comparing internal (or total)
renewable water resources with the area of a oeyritvould provide some information on the

geography of the water resources.

Water availability is an indicator that is often miened, but rarely defined. It is often used as
a synonym of renewable water resources. Thisvi@ltrom the idea that abstracting water at the same
rate as the recharge would not lead to the deplatfonvater resources. This is, however, a simgaifi
view. Firstly, depletion of water resources isamgd term concept and it is not simply linked to

renewable water and abstraction in one year. Maeowater availability is linked to existing
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technologies in place for the abstraction, treatmenrd distribution of water. In some cases, even

marine water may be considered available watéhgiftechnology for desalinating the water is incpla

The concept of water availability is related to thigility of a country to mobilize water. It
includes therefore factors such as the economsiligély and the level of technology for storingrpaf
the flood water in artificial reservoirs, extragirgroundwater and desalinating water. For water
stressed countries, water of low quality (requirgdensive treatment before use) may be considered
available, while in countries where water scarcgynot an issue, the same type of water may be not
considered available for abstraction. Similarhe tevel of technology has a big impact on the wate
that can be considered available. For these reagsomparing countries on the basis of this indicet

very difficult andtotal actual renewable resourcésoften used as a proxy of water availability.

FAO/AQUASTAT suggests the use of an indicator edfploitable (or manageable) water
resourcesdefined as the part of the water resources cormild® be available for development under
specific technical, economic and environmental déoms. This indicator is the result of several
considerations such as the dependability of the,flextractable groundwater, minimum flow required

for environmental, social and non-consumptive e$e, (FAO/AQUASTAT Online Glossary).

Water use for human activities

Water availability indicators provide policy-makewdth a picture of water availability and
stress, but in order to address water problems @iatitize actions, more detailed information is
needed about how water is used in an economy ahtlentives facing water users, the environmental
impacts of water use and pollution, and the soasglects of water use. IWRM calls for treating wate
as an economic good, which takes into account #teevof water in different uses, the costs of water
pollution from economic activities, as well as tn@ader socio-economic benefits generated by use of
water by different economic activities. Table 2lpresents examples of indicators that can be eeriv

from the supply and use tables in chapters 3, 45aauck particularly useful for this aspect of IWRM.

28¢



Water accounting and water indicators

Table I11.2: Selected indicators of water intensiy and water productivity

1. Water use and pollution intensity (physical unis)

m® water use / unit of physical output Water use or tons of pollution emitt@er unit of output, sud

Tons of pollution generated unit of physicalas:

output - population,

- number of households, or

- tons of wheat, steel, etc. produced

2. Water and pollution intensity (monetary units)

m® water use / value added Water use or tons of pollution emitted per unitvafue adde

Tons of pollution/value added measured in currency units

3. Water productivity ratios

GDP/ nfwater used

Value-added by industryfwater used

4. Water ‘pollutivity’ ratios

Industry share of pollution/industrghare o

value added

Opportunities to increase effective water supply: eturn flows, reuse and system losses

Water supply and water productivity are not detemdi solely by natural conditions. The way

that water is managed affects the amount of waiar ¢an be utilized by end-users and the produgtivi

of water. Ways in which water availability and goetivity can be increased include:

Increase use of return flows by directing watestmrage or other uses and minimizing

pollution and salinity of return flows;

. Increase reuse of water;

. Reduce system losses from leakages and other causes
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IWRM focuses strongly on these measures to increffsetive supply of water. Indicators that

could be derived from the water accounts for reflows, reuse, and losses are listed in Table.lll.3

Table I11.3: Indicators of opportunities to increase effective water supply

1. Return flows
Quantity of return flows by source May distingutsbated return flows (from municipal and

industrial users) from untreated return flows sash

agriculture

2. Water reuse
Reuse water as share of total industry water use y diltinguish reuse of water within a plant fromtema

supplied by ISIC 36Water collection, treatment and supply

3. Losses
Losses in distribution as share of total wateBoth the amount and the reason for these lossassaly

supply known by the water utility

Unaccounted for losses as share of total water us@hese losses occur for a variety of causes argdusually not

certain how much each cause contributes

Water cost, pricing and incentives for conservation

IWRM notes that the provision of water and sanitatservices must be financially sustainable,
taking into account the costs of supplying watdatree to the revenues generated by water tariffs.

Table 111.4 presents examples of indicators that loa derived from the hybrid accounts in Chapter 5.

Table II1.4: Indicators for costs and price of watr and wastewater treatment services

1. Cost and price of water

Implicit water price Supply cost divided by volurnéwater purchased
Average water price per¥nby industry Actual payments by that industry dedidby
Average water supply cost peF iy industry Cost of supply to that industry divitliey volume
Subsidy per rby industry Average watér price minus average wsi@ply
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2. Cost and price of wastewater treatment services

Implicit wastewater treatment price

Volume of watreated divided by supply cost

Average wastewater treatment cost per m3 by

industry

Volume of wastewater divided by treatment cost

that industry

Average wastewater treatment price per m3 by

industry

Volume of wastewater divided by actual paymen

for treatment by that industry

Subsidy per m3 by industry

Average wastewateregpninus average

wastewater supply cost
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2. Links between indicatorsin the WWDR and the SEEAW

Several indicators can be derived from the wateoasts. Examples of how countries have
disseminated these indicators and used the infoomalerived from the accounts for designing pokcie
were discussed primarily in Chapter 9. This secfiocuses on the list of indicators proposed in the
second World Water Development Report (WWERInd links them, when possible, to the various

modules of the SEEAW.

The focus on the indicator set proposed in the WWDRGEO6) is justified by the fact that the 62
indicators suggested have undergone an extensii@weand evaluation by UN agencies, academia and
NGOs. They result from an analysis of indicatotssproposed by various groups, including the
WWDR (2003) and have been recommended by the VWHter Assessment Programme (WWAP) of

the UN-Water

In the second WWDR, the indicators are grouped lisllenge areas. Table III.5 only reports
indicators of those challenge areas related tolithebetween the economy and the water resources,
namely the following seven challenge areas: glotespurces, agriculture, industry, energy, valang
sharing. Areas such as governance (2 indicatasjtlements (3 indicators), ecosysténgs
indicators), health (6 indicators), risk (3 indioet), and knowledge (1 indicator) are not repoitethe
table as these areas go beyond the scope of weteuris. Although those indicators cannot be
directly derived from the core water accounts, thay be presented side-by-side with the accounts in

supplementary tables to allow for integrated aredys

Table 1l1.5 presents, in the first three columndyrief description of the indicator, its relevance

for water policy, and details on the calculationtihheels. This information is based on thmalicator

15 For sake of simplicity, WWDR (2006) refers to theblication UN and the World Water Assessment Paogne, 2006, and
WWDR (2003) refers to UN and the World Water Assesst Programme, 2003.

16 Note that two of the five indicators in the chale area “Ecosystems” can be derived from the tualccounts:
concentration of Dissolved Nitrogen and Biologi€alygen Demand.
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Profile Sheetof the WWDR (2006) and its CD-Rom. The last cotustescribes the link with the

information provided by the water accounts.

As it can be seen from the table, 21 of thé’3Bdicators can be directly derived from the
accounts, 5 can be partially derived from the aotg®uand 12 can not be derived from the accourits bu
they can be included as supplementary informat©Ohthese 12 indicators, 4 are social indicatouelis
as urban and rural population), 3 are related a larea and can be derived from land accountse 3 ar
related to types of energy and can be derived ®eaergy accounts and the remaining 2 (Trends in ISO

14001 certification and capability of hydroelectpiower generation) are not part of the water actoun

¥ The indicators in the challenge area ‘sharing’ @hed water pollution index are not included in taealysis as their
definition is not provided in the WWDR (2006).
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Table I11.5: Indicators of selected challenge aresfrom the second WWDR

Cha“enge IndicatOI’
Area Description based on the Indicator profile sheethefsecond WWDR. Status' |Indicator Link with the water accounts
Global Index of non-sustainable water use The indicator is computed as: Derived from the water accounts.

This indicator provides a measure of the human mage in excess of natural water supply Q-DIAorQ-A Water use by sector is derived frgm
(local runoff plus river flow). Areas with high wext overuse tend to occur in regions that|are D = domestic water use (km3/yr) the physical supply and use tables
highly dependent on irrigated agriculture. Urbanaentration of water use adds a highly < I = industrial water use (kme/yr) (Chapters 3) and renewable water
localized dimension to these broader geographiwie . resources from the asset accounts
A = agricultural water use (km?3/yr)
These areas are dependent on infrastructure traports water over long distances (i.e. (Chapter 6).
Q =renewable freshwater resources (km3/yr)
pipelines and canals) or on the mining of groundwagserves, a practice that is not
sustainable over the long-term.
Urban and rural population Not derivable from the water
This indicator provides a measure total populatiohan population and, by difference, r{ accounts.
population. It can be aggregated to basin, natjamoatinental or global scales. B This is a social indicator which
could be included as supplementary

information in the accounts.

29t



Relative water stress index K The indicator is computed as: Derived from the water accounts.

This indicator provides a measure of water demaedgures from the domestic, industrigl DIA/Q Water use by sector is derived fr
and agricultural sectors relative to the local apdtream water supplies. Areas experienging D = domestic water demand (km3/yr) the physical supply and use tab

water stress and water scarcity can be identifiecelative water demand ratios exceeding (Chapters 3)and renewable wat

| = industrial water demand (km3/yr)

0.2 and 0.4, respectively. ) resources from the asset accouints
A = agricultural water demand (km3/yr)

A threshold of 0.4 (or 40% use relative to supignifies severely water stressed (Chapter 6).

( ° Prsign Y Q =renewable freshwater resources (km3/yr)
conditions. The combination of a water stress thw&band gridded population data allow|
for identification of water stress “hot spots”, asewhere large numbers of people may be

suffering from the effects of water stress and@ssequent impacts.

Domestic and industrial water use B The indicator is computed as: Derived from the water accounts.
This indicator provides a measure of water demaedsures from the domestic and (Sectoral per capita water use)(population) Water use by sector is derived frgm
industrial sectors and can be aggregated to baatignal, continental or global scales. A where sectoral per capita water use (in m3/yr/gerso |the physical supply and use tables
broad spectrum of water use arises, with high kaskociated with dense settlement and and population (number of people) are available at |(Chapters 3).

level of economic development. Maps of water uselmalinked with those depicting water national or sub-national scales.

supply to define patterns of water scarcity andsstr

Water pollution index K
Definition not available

Notes: 1 Level of development, highest to lowests Basic indicator, K= key indicator for which tleeis an indicator profile sheet and statisticalgd&i= developing

indicators for which there is an indicator profidleeet but not yet statistical presentation; ancc@ceptual indicator for which there is a discussialy.
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Indicator

Challenge
Area Description based on the Indicator profile sheethefsecond WWDR. Status' |Indicator Link with the water accounts
Global Sediment trapping efficiency index K The indicator can be computed as: Partially derived from the water

The residence time of water in large reservoirs sufisequent sediment trapping efficien
is calculated as a measure of the impact of these made structures on the characteristi
of river flow and sediment discharge to the ocdzstimations of \ater removed from basi
as diversions (i.e., interbasin transfers and comsive use) also provide information on t

impacts of diversions on river flow and sedimeansport.

he

TR = 067* Max Capacity/ Q
TE =1~ (00547 05)
TR = residence time of water in reservoir

TE = trapping efficiency of reservoir
MaxCapacity = maximum reservoir capacity

Q = local mean annual discharge (pre-impoundmen

accounts.

Only information on the annual
discharge of dams is available in

the asset accounts (Chapter 6).

.

Climate moisture index (CMI)

The CMI ranges from -1 to +1, with wet climates wshmy positive values and dry climate
negative values. As important as the baseline Gits variability over multiple years is
also critical in defining reliable water supplies.

The indicator is based on the following definitioprecipitation and potential

evapotranspiration (optimal plant water demand).

The indicator is computed as:

ratio of plant water demand to precipitation

Partially derived from the water

accounts.

Precipitation is recorded in the
asset accounts (Chapter 6). The
asset accounts record actual (an

not potential) evapotranspiration.




Water reuse index (WRI)

Consecutive water withdrawals for domestic, indastind agricultural water use along a
river network relative to available water suppléesa measure of upstream competition g
potential ecosystem and human health impacts.

The water reuse index is a measure of the numbtmes water is withdrawn consecutive
during its passage downstream. Several of thedigoriver systems bearing large
populations, industrial development, and irrigadeter use, show water use by society i

excess of natural river flow (i.e. >100%).

With high values for this Index, we can expect @aging competition for water between
users, both nature and society, as well as potiwgiod potential public health problems.
Water Reuse Index can vary greatly in responsditate variations. The reuse index

reflects the aggregate impact of water competitiooughout the basin.

ly

The indicator is computed as:

_DIA/Q

_D = upstream domestic water demand (km3/yr)
_I = upstream industrial water demand (km?3/yr)
_A = upstream agricultural water demand (km3/yr)

Q =renewable freshwater resources (km3/yr)

If the underlying data have a spa
reference, the upstream uses car
derived from the physical supply
and use tables (Chapter 3). The
accounts would also provide
information on the upstream watg
returns to the environment.
Renewable water resources can
derived from the asset accounts
(Chapters 6).

Note that, in the water accounts,
term ‘reuse’ identifies the water th
has been used by an economic u
and is supplied to another for

further use.

ial

be

=

pe

t

n
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Cha”enge Indicator
Area Description based on the Indicator profile sheethefsecond WWDR. Status' |Indicator Link with the water accounts
Resources Precipitation annually B This indicator can be derived fron

the asset accounts (Chapter 6).

n
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Total actual renewable resources (TARWR) volume

The total actual renewable water resource is teerétical maximum annual volume of water
resources available in a country. The maximum ttéeal amount of water actually availal
for the country is calculated from: (a) Sourcesvater within a country itself; (b) water
flowing into a country; (c) water flowing out ofa@untry (treaty commitments).
Availability, defined as the surface and groundevatesource volume renewed each year
each country, is how much water is theoreticallgikable for use on a sustainable basis.
Exploitability is a different matter. While availdity undoubtedly exceeds exploitability,
there is unlikely adequate data to define the degfeexploitability at this stage. In more

specific terms TARWR is the sum of:

« External water resources entering the country

« Surface water runoff (SWAR) volumes generatethisncountry
« Ground water recharge (GAR) taking place in thentry
Less:

» Overlap, which is the part of the country’s watesources that is common to surface
waters and to aquifers. Surface water flows cartrdmrte to groundwater as recharge fro
for example, river beds or lakes or reservoirs etlands. Aquifers can discharge into rive
lakes and wetlands and can be manifest as basetflevgole source of river flow during d
periods, or can be recharged by lakes or riversxdurvet periods. Therefore, the respecti
flows of both systems are neither additive nor deitile.

» The volume that flows to downstream countrieseblasn formal or informal agreements

treaties.

e

n

B

Is,

ry

The indicator is computed as:
TARWR (in km?3/yr) = (External inflows + Surface
water runoff + Groundwater Recharge) - (Overlap

+Treaty obligations)

Derived from the water accounts.

TARWR can be derived from the

asset accounts (Chapter 6).
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TARWR per capita D The indicator is computed as: Partially derived from the water
TARWR PC = (TARWR / population) £m3/km3 accounts. TARWR is derived fron
the asset accounts (Chapter 6).
Surface water as a percentage of TARWR D The indicator is computed as: Derived from the water accounts.
This indicator illustrates the degree to which artoy is using its surface water resources. lt|is 100 (Surface water abstraction) / (Surface watnoff) | This indicator can be derived fron
computed as the quantity of surface water absttaxtea percentage of the surface runoff the asset account (chapter 6).
(SWAR). Sectoral breakdown of water
abstraction is available in the
physical supply and use tables
(Chapter 3).
Groundwater development (groundwater as a percentagof TARWR) K The indicator is computed as: Derived from the water accounts.
This indicator illustrates to what degree a naimexploiting its groundwater water 100 (groundwater abstraction) / (groundwater regdar |This indicator can be derived fron
resources in terms of groundwater abstraction @ereent of the groundwater recharge. the asset account (chapter 6).
Groundwater abstraction is the quantity of grountéwvaesources used by major sectors Sectoral breakdown of water
(municipal, agricultural, industrial). Groundwatecharge is a component of TARWR. abstraction is available in the
physical supply and use tables
(Chapter 3).
Challenge Indicator
Area Description based on the Indicator profile sheethefsecond WWDR. Status' |Indicator Link with the water accounts
Resources Overlap as a percentage of TARWR D Derived from the asset account

(chapter 6).
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Inflow as a percentage of TARWR

Derived from the asset account

(chapter 6).

Outflow as a percentage of TARWR

Derived from the asset account

(chapter 6).

Total use as a percentage of TARWR

Derived from the asset account

(chapter 6).

Agriculture

Percentage of undernourished people

The proportion of undernourished people provideseasure of the extent of the hunger

problem for the region/country and thus may be m®red a measure of food insecurity.

Percentage of people not having access to sufficien
safe and nutritious food that meets their dietargds

and food preferences for an active and healthy life

Not derivable from the water

accounts.
This is a social indicator which

could be included as supplement

information.

ary

Percentage of poor people living in rural areas
Knowing proportion of poor people living in ruraleas, where agriculture and related
activities are the primary source of livelihoodppides a measure of the importance of

agriculture in the fight against poverty.

Percentage of poor people living in rural areas.

Not derivable from the water

accounts.
This is a social indicator which

could be included as supplement

information.

ary

Relative importance of agriculture in the economy

The importance of the agricultural sector in thartoy’s economy is an indication of the

political muscle that it can bring to bear in trepetition for water resources.

This indicator is computed as:

The share of the country’s GDP derived from

agriculture.

Derived from monetary accounts

(Chapter 5).

Irrigated land as a percentage of cultivated land

This indicator provides a measure of the importaoicierigation in agriculture.

Area under irrigation as a proportion of total owdted

land.

Not derivable from the water

accounts.

This indicator can be derived fron

the land accounts.

n
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Relative importance of agriculture withdrawals in water balance K This indicator is computed as: Derived from the water accounts.

This indicator measures the importance of agriceltespecially irrigation, in the country’s Water withdrawal for agriculture / Renewable water |Agricultural water use from
water balance. resources. physical supply and use tables
(Chapter 3); Renewable water fom

asset accounts (Chapter 6).

Extent of land salinazed by irrigation K This indicator is computed as: Not derivable from the water
Salinization, the process by which water-solubléssaccumulate in the soil, is a concern fas Area of soil salinized by irrigation as a percemtag |accounts.

excess salts impede crop growth and thus threapeoudtural production. The area total irrigated land This indicator can be derived from
salinized by irrigation refers to the total irrigdtarea affected by salinization. This does hot the land accounts.

include naturally saline areas.

Challenge Indicator
Area Description based on the Indicator profile sheethefsecond WWDR. Status' |Indicator Link with the water accounts
Agriculture Importance of groundwater in irrigation K This indicator is computed as: Not derivable from the water

The purpose of this indicator is to assess the miggrecy of a country’s irrigated agriculture Percentage of land under irrigation relying on accounts.

on groundwater resources. groundwater. This indicator can be derived from

the land accounts.
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Industry

Trends in industrial water use K This indicator is computed as: Derived from the physical supply
In many developing countries, industrial productéord hence the sectoral use of water have Wi=Ci+Ei and use tables (Chapter 3).
grown fast, putting increasing pressure on scam@gmresources. The relationship between where:
industrial water withdrawal and industrial growthriot linear, as technological advances Wi = the water withdrawal by industry
lead to water savings as well as water reuse ingtrg. Hence industrial water withdrawalls . . .
Ci = the water consumption by industry
in many developed countries have flattened off,levhidustrial water consumption (which
Ei = the industrial effluent discharge
is only a fraction of the total water withdrawafrtinues to grow.
Water use by sector K This indicator is computed as: Derived from the physical supply

Comparing sectoral use patterns is useful for remngg potential conflicts. This indicato

highlights the water demand from industry as coragdo other sectoral uses of water.

100 (Wi / Wt ); 100 ( Wa/Wt); 100 (Ws/Wi);

100(Wd/Wt)

Where:

Wi = water withdrawal by industry;

Wa = water withdrawal by agriculture;
W s = water withdrawal by services;
Wd = water withdrawal domestic sector

Wt = total water withdrawal

and use tables (Chapter 3).
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Organic pollution emission by industrial sector K Proportion of organic water pollution discharged by [Derived from emission accounts
Most industrial sectors discharge effluents, caritaj a load of organic pollutants which dan industrial sector (Chapter 4).
be measured via BOD, thus showing the extent tekvttie water quality has been
compromised. Some sectors pollute more than others.
If data were available regarding total annual désgles from industry, as well as the BOD|
concentrations of these discharges, the valueseoindicator could be calculated based
upon the actual values. However, as this datatiswalable for most industries in most
countries, it is necessary to calculate the indicatdirectly, based upon an assumed sec
pollution to labour ratio, as well as the employinéata which is currently available for
every industrial sector in every country.
Industrial water productivity K This indicator is computed as: Derived from the hybrid accounts
The productivity of water used in industry, in terwf the economic value added by Pi=Vi/ Wi (Chapter 5).
industrial production based upon the water withdraw Pi = productivity of water used in industry i
Vi = Total annual value added by industry i (USe&y)
Wi = Annual water withdrawal by industry i (m3/yéar
Trends in ISO 14001 certification, 1997-2002 K This indicator is computed as: Not derivable from the water
Companies adhering to the ISO 14001 environmemaldard conduct water audits and 100 (Nc / N) accounts.
evaluate environmental performance regularly. MWiitls information companies can Nc = Number of companies registered per country: |This indicator could be included 3
improve their water use efficiency and water prdéity and reduce pollution and thus N = Total number of companies registered Worldwides_upplementary information.
reduce pressure on the water resources and theoament.
Challenge Indicator
Area Description based on the Indicator profile sheethefsecond WWDR. Status' |Indicator Link with the water accounts
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Capability of hydropower generation, 2002 K Not derivable from the water

In many countries, hydropower is already well depeld but still growing, while in othersl|it Gross theoretical capability of hydropower genemsti |2ccounts.

has the potential to expand greatly. Hydropoweregation is measured on a large scale|in Technically exploitable capability; and This indicator could be included g

TWhl/year. The gross theoretical capability expesshe total amount of electricity which Economically exploitable capability, in TWh/yeaera supplementary information.

could potentially be generated, if all availabletevaesources were turned to this use. The watthours per year)

technically exploitable capability expresses thdriopower capability which is attractive

and readily available with existing technology. eTéconomically exploitable capability is

that amount of hydropower generating capacity witictld be built, after carrying out a

feasibility study on each site at current pricas] aroducing a positive outcome.

Access to electricity and water for domestic use K Not derivable from the water

Comparison of secure access to electricity, veasgess to improved water source for Percentage of population in each country, with secu/accounts.

domestic use. There are many countries where seceess to electricity still lags far access to electricity (where secure access torigiggt | This is a social indicator which

behind access to water. access to a safe, legal and adequate supply of could be included as supplement
electricity) information.

Electricity generation by energy source, 1971-2001 K Not derivable from the water

This indicator allows to measure the contributidiydropower to electricity supplies over Electricity generation by energy source, worldwiihe, |aCcounts.

time as compared to other energy sources. time series data Gigawatt-hours (GWh) per year |This indicator can be derived fron

the energy accounts.
Total primary energy supply by source, 2001 K The percentage share of any given fuel may be Not derivable from the water

Primary energy refers to energy sources as fourtddin natural state. Total global use of
various sources of energy currently deployed, idiclg coal, oil, gas, nuclear, hydropowe
geothermal/solar/wind, other combined renewablewaste. This allows computing

hydropower as a proportion of total primary enesgpply.

calculated as :
100 (Ef/ E)

Ef = Primary energy supply by fuel, worldwide, in

metric tons of oil equivalent (m.t.o.e.)

E = Total global primary energy supply

accounts.

This indicator can be derived fron

the energy accounts.

n
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Carbon intensity of electrical production, 2002 K The indicator is calculated as : Not derivable from the water
This is a measure of the carbon dioxide einiss, associated with climate change, which Ce = C/ Ee Grams of carbon per kilowatt-hour accounts.
produced through electricity generation in varicsasintries. Hydropower is one of the (gC/kWh) This indicator can be derived fron
“clean” power options in the sense of not genetagreenhouse gases. where the energy accounts.
Ce = Carbon intensity of electrical production
C = Annual carbon emissions from electricity
generation are measured in kilograms of carbon
released per year (C).
Ee = Electricity generation is measured in gigawatt
hours per year.
Volume of desalinated water produced K The indicator is calculated as : Derived from physical supply and
Where energy is available, but water supply is tairsed, desalination is an increasingly Volume of desalinated water produced is measured |#s€ tables (Chapter 3).
attractive option for providing essential drinkiggality water. millions of cubic metres of drinking quality water
produced by these means, per annum.
Challenge Indicator
Area Description based on the Indicator profile sheethefsecond WWDR. Status' |Indicator Link with the water accounts




Valuing

Water sector share in total public spending D The indicator can be computed as: Derived from the monetary
Determining what proportion of the public budgetiasvoted to the water sector would 100 (PSws/TPSes) accounts (Chapter 5).

illustrate in concrete terms the investment prioaihd political commitment assigned by where:

government to meeting the Millennium DevelopmenalSMDGSs) on water. PSws = Public spending in the water sector

The indicator is based on the following definitions TPSes = Total public spending in all economic sexctd

National Public ExpendituteTotal public expenditure in all formal and infoafreconomic

sectors of the economy.

Water Sector Expenditurdt covers investments in the water sector infradtrice and its

operation and maintenance, including those for ciapéuilding, as well as for

implementing policy and institutional reforms.

Sector Sectors are segments of the economy, identifigérims of their contributions to the

economy and daily quality of life. Water sector gelly comprises of: water supply, sewer,

sanitation, irrigation and drainage infrastructwed IWRM.

Ratio of actual to desired level of public investmet in water supply D The indicator would be computed as: Partially derived from the water
It would indicate if investments to meet water-tethtargets are on track. A ratio of less the ratio of actual level (AL) of investment to the ~ [accounts.

than 1 indicate the magnitude by which actual ibwest in the water sector will need to be desired level (DL) of investment in providing safe |The actual level of investment ca
increased, thus allowing the governments to adhsst financial responses to meet the drinking water supply, as warranted under the r@hév|be derived from the monetary
water MDG. MDG. accounts (Chapter 5).

The indicator is based on the following definitions The desired level of investment is
Actual level of investmemctual investment in provision of water supplydaservices from exogenous and may be the result
all sources. modelling based on the water
Desired level of investmer& value that captures cost of providing watedifferent accounts.

settlements (urban and rural) for given technolabahoices and target to be met in terms of

providing access to water services.
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Rate of cost recovery D The indicator can be computed as: Partially derived from the water
An assessment of the existing water fees collectimtem could guide institutional reforms 100 (AWFC/TWFC) accounts.
for strengthening financial viability of water uties, thus improving the water governance. where: Actual water fees collected can b
This indicator measures water fees actually cadliéets percent of the total collectable AWEC = actual water fees collected derived from the monetary accou
charges billed by the water utility. TWEC = total water fees to be collected. (Chapter 5).
The indicator is based on the following definitions The water accounts provide
Water FeesRates/tariffs structure established by the watity (in the form of per unit of information on the actual costs of
water used or flat rate or block rate etc.) as ramyeamount of costs to recover from providing water (and wastewater
consumers for purposes of sustaining the supplp@geroviding incentives for services). Thus the rate of recov
conservation and assuring supplies for the lessofl based on the ratio of actual wate
Actual water fees collected: Actual monetary amount collected/received bywlater utility fees collected and total costs of
from different consumers for providing water supphd services. water supply would measure the
Total water feesto be collected: This refers to the total amount that should hiasen part of the total costs of water
collected by the water utility based on the billitgdifferent consumers in accordance with supply which is recovered throug
the established water fees structure for diffecamsumer groups. water fees.

Challenge Indicator

Area Description based on the Indicator profile sheethefsecond WWDR. Status' |Indicator Link with the water accounts




Valuing Water charges as percent of households income D The indicator can be computed as: Derived from the monetary
Water charges are seen as an important econontiarment for improving water use 100 (EW/HI) accounts (Chapter 5).
efficiency and securing financial sustainabilityvediter utility. At the same time it is where:
important that water services are made accessitdleatiordable to all. EW = the total amount spent on water supply by the
This indicator shows how much water charges cartstiof the household income. The household
indicator is based on the following definitions. HI = total household income.
Expenditure on Water Charge&ctual monetary amount paid by households tovtheer
utility in return for receiving water supply andrgiees.
Household Incomen simple terms, it is defined as the total antoafincome received by
all persons living in the same household. Thisudek, but is not limited to, wages or salary
income; net self-employment income; interest, dévids, or net rental or royalty income ar
income from estates and trusts etc.
Sharing Water interdependency indicator C
Cooperation indicator The definitions for these indicators were not availablg, in principle, the indicators whi
Vulnerability indicator C are based on physical information on the flows leetwcountriecan be derived from t
PrE—— asset accounts (Chapter 6).
Fragility indicator C ( P )
Development indicator C

Source: Adapted table from the WWDR (2006)
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Glossary

GLOSSARY

Abstraction: the amount of water that is removed from any seueither permanently or temporarily,
in a given period of time for final consumption amdoduction activities. Water used for
hydroelectric power generation is also considersedabstraction. Total water abstraction can be
broken down according to the type of source (i.at&/Resources and Other sources) and the type of

use. (EDG)
Abstraction for distribution : water abstracted for the purpose of distribuitngeDG)

Abstraction for own use water abstracted for own use. However, once witaused, it can be

delivered to another user for re-use or for treatm@&DG)

Actual evapotranspiration: amount of water that evaporates from the lanéaserand is transpired by
the existing vegetation/plants when the ground issenatural moisture content that is determingd b

precipitation. (EDG)

Actual final consumption: “...the value of the consumption of goods acquibgchouseholds, whether
by purchase (final consumption expenditures) ortdaysfer from government units or Non-profit
Institutions Serving Households (NPISHSs), and usedhem for the satisfaction of their needs and

wants” (para. 9.11, 1993 SNA).

Actual final consumption of general government:is measured by the value of the collective (as
opposed to individual) consumption services progtide the community, or large sections of the
community, by general government; it is derivednirdheir final consumption expenditure by

subtracting the value of social transfers in kimggble (paras. 9.97, and 9.3, 1993 SNA).
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Aquifer: A geologic formation, group of formations, or pafta formation that contains sufficient

saturated permeable material to yield significarmargities of water to wells and springs (USGS)

Artificial Reservoirs: man-made reservoirs used for storage, regulatimhcontrol of water resources.

(EDG)
Brackish Water: water having salinity between that of fresh aratime water. (EDG)

Catchment (syn. river basin): area having a common outletifersurface run-off. (UNESCO/WMO

International Glossary of Hydrology, 2nd editio®92)
Cooling water: water which is used to absorb and remove heat.
Determinand: parameter, water quality variable or characteristiwater quality.

Direct use benefits benefits derived from the use of environmentaets as sources of materials,

energy or space for input into human activitiesargp 7.36, SEEA-2003)
Economic unit: a unit that engages in production and/or conswongictivities.

Emission to water. direct release of a pollutant to water as welltesihdirect release by transfer to an
off-site  wastewater treatment plant. ( based on tlEropean Commission, 2000

(http://www.eper.cec.eu.int/eper/documents/quidahtml/index.htn).

Evapotranspiration: quantity of water transferred from the soil t@ thtmosphere by evaporation and

plant transpiration. (EDG)
Exports: water that exits the territory of reference thgbunains or other infrastructures. (EDG)

Final consumption expenditure of householdsthe expenditure, including imputed expenditure,
incurred by resident households on individual camgtion goods and services, including those sold

at prices that are not economically significanairgp 9.94, 1993 SNA)

Fresh water resourcesnaturally occurring water having a low concentmatof salt. (EDG)
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Glaciers: an accumulation of ice of atmospheric origin geflg moving slowly on land over a long

period. (UNESCO/WMO International Glossary of Hykgy, 2nd edition, 1992)

Gross capital formation: the total value of the gross fixed capital formatichanges in inventories

and acquisitions less disposals of valuables fomitior sector. (para. 10.32, 1993 SNA)

Groundwater: water which collects in porous layers of undetgrd formations known as aquifers

(SEEA-2003)

Groundwater recharge: amount of water added from outside to the zonsat@iration of an aquifer
during a given period of time. Recharge of an agui$ the sum of natural and artificial recharge

(EDG)

Hydrological cycle (syn. water cycle)succession of stages through which water passes the
atmosphere to the earth and returns to the atmospbgaporation from the land or sea or inland
water, condensation to form clouds, precipitat@ocumulation in the soil or in bodies of water, and

re-evaporation. (UNESCO/WMO International Glossafyydrology, 2nd edition, 1992)

Hydroelectric power generation, water use for water used in generating electricity at plants wher
the turbine generators are driven by falling water (USGS

http://pubs.usgs.gov/chapterll/chapterl1M.html

Imports: Water that enters the territory of reference tigto mains or other infrastructures. (EDG)

Inflow : water that flows into a stream, lake, reservodntainer, basin, aquifer system, etc. It includes

inflows from other territories/countries and inflsirom other resources within the territory. (EDG)

Intermediate consumption the value of the goods and services consumedmsgs by a process of
production, excluding fixed assets whose consumpisorecorded as consumption of fixed capital;
the goods or services may be either transformedsed up by the production process. (para 6.147,

1993 SNA)
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Irrigation water : water artificially applied to lands for agricuted purposes. (UNESCO/WMO

International Glossary of Hydrology, 2nd editio®92)
Lake: generally large body of standing water occupyandepression in the earth’s surface. (EDG)

Mine water (syn. Mining water use): water used for the eximactof naturally occurring minerals
including coal, ores, petroleum, and natural gal$.includes water associated with quarrying,
dewatering, milling, and other on site activitiesné as part of mining. Excludes water used for
processing, such as smelting and refining, or glysrpeline (industrial water use). (USGS

http://pubs.usgs.qov/chapterll/chapterl1M.html

Non-point source of pollution pollution sources that are diffused and withowirsgle point of origin
or not introduced into a receiving stream from acsfic outlet. The pollutants are generally carried
off the land by storm-water run-off. The commonlged categories for non-point sources are
agriculture, forestry, urban areas, mining, corgtam, dams and channels, land disposal and

saltwater intrusion. (On-line glossary of envircamh statistics, UNSD)

Option benefits: benefits derived from the continued existencesl@iments of the environment that

may one day provide benefits for those currentlinly. (SEEA-2003 paragraph 7.37)

Outflow: flow of water out of a stream, lake, reservoigntainer, basin, aquifer system, etc. It
includes outflows to other territories/countries,the sea and outflows to other resources withén th

territory. (EDG)

Perennial river: river which flows continuously all through the aye (Based on UNESCO/WMO

International Glossary of Hydrology, 2nd editio®9P).

Point source of pollution emissions for which the geographical location o tischarge of the
wastewater is clearly identified. They include, '®xample, emissions from wastewater treatment

plants, power plants, other industrial establishtmen
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Population equivalents one population equivalent (p.e.) means the oghitdegradable load having
a five-day biochemical oxygen demand (BOD5) of 60fgoxygen per day. (OECD/Eurostat Joint

Questionnaire on Inland Water)

Potential evapotranspiration. maximum quantity of water capable of being evaptain a given
climate from a continuous stretch of vegetationezong the whole ground and well supplied with
water. It thus includes evaporation from the soidl dranspiration from the vegetation of a specified

region in a given time interval, expressed as depEDG)

Precipitation: total volume of atmospheric wet precipitationg(erain, snow, hail etc.) on a territory in

a given period of time. (EDG)
Recycled water the re-use of water within the same industrysiaklishment (on site). (EDG)

Reused water wastewater delivered to a user for further ush wi without prior treatment. Recycling

within industrial sites is excluded (EDG).
Rivers and streams body of water flowing continuously or periodicalh a channel. (EDG).
River basin: area having a common outlet for its surface run{&DG).

Run-off: the part of precipitation in a given country/teary and period of time, that appears as stream

flow. (EDG)

Sewage sludgethe accumulated settled solids separated frorowsrtypes of water either moist or
mixed with a liquid component as a result of natumnaartificial processes. (OECD/Eurostat Joint

Questionnaire on Inland Water)

Social transfers in kind individual goods and services provided as transsfe kind to individual
households by government units (including socialusi¢y funds) and Non-profit institutions serving
households (NPISHs), whether purchased on the rmarkeroduced as non-market output by

government units or NPISHSs; the items included éagsocial security benefits, reimbursements, (b)
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other social security benefits in kind, (c) soc#ssistance benefits in kind, and (d) transfers of

individual non-market goods or services. (para 813933 SNA)

Soil water: water suspended in the uppermost belt of soiinahe zone of aeration near the ground

surface, that can be discharged in to the atmospieevapotranspiration. (EDG)

Standard river unit (SRU): a river stretch of one kilometre with a waterwlof once cubic meter per

second. (para. 8.128, SEEA-2003)

Supply of water to other economic unitsrefers to the amount of water that is supplied avy

economic unit to another and is recorded net afdesn distribution. (EDG)

Surface water. water which flows over, or is stored on the grdusurface. It includes: artificial

reservoirs, lakes, rivers and streams, glaciemysand ice. (EDG)

Trade margin: difference between the actual or imputed pricdized on a good purchased for resale
(either wholesale or retail) and the price that ldduave to be paid by the distributor to replace th

good at the time it is sold or otherwise disposkdumara 6.110, 1993 SNA)

Transboundary waters: surface or ground waters which mark, cross orlacated on boundaries
between two or more States; wherever transboundaters flow directly into the sea, these
transboundary waters end at a straight line adioss respective mouths between points on the low-
water line of the banks. (UNECE, 1992, available liren at

http://www.unece.org/env/water/pdf/watercon.pdf)

Transport margin: transport charges paid separately by the purchas®king delivery of the goods

at the required time and place. (para. 15.40, 19198)

Urban run-off : that portion of precipitatiomn urban areaghat does not naturally percolate into the
ground or evaporate, but flows via overland flowmdearflow, or channels or is piped into a defined

surface water channel or a constructed infiltraficility.
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Use of water received from other economic unitsthe amount of water that is delivered to an

economic unit from another economic unit. (EDG)

Water body: mass of water distinct from other masses of wagNESCO/WMO International

Glossary of Hydrology, 2nd edition, 1992)

Watercourse natural or man-made channel through or along winater may flow. (UNESCO/WMO

International Glossary of Hydrology, 2nd editio®92)

Wastewater. water which is of no further immediate value to fhepose for which it was used or in
the pursuit of which it was produced because ofjitality, quantity or time of occurrence. However,
waste water from one user can be a potential sufgply user elsewhere. It includes discharges of

cooling water. (EDG).

Water consumption: part of water use which is not distributed toestieconomic units and does not
return to the environment (to water resources, @ed ocean) because during use it has been
incorporated into products, consumed by househotdévestock. It is calculated as a difference
between total use and total supply, thus it mayuiche losses due to evaporation occurring in

distribution and apparent losses due to illegapitagg and malfunctioning metering. (EDG).

Water losses in distribution: volume of water lost during transport through legds and evaporation
between a point of abstraction and a point of asel between points of use and reuse. Water lost
due to leakages is recorded as a return flow peritolates to an aquifer and is available for farth
abstraction, and water lost due to evaporatiore®nrded as water consumption. When computed as
a difference between the supply and use of an en@nanit, it may include also illegal tapping.

(EDG).

Water returns: water that is returned into the environment byeannomic unit during a given period
of time after use. Returns can be classified atingrto the receiving media (i.e. water resouraes a

sea water) and to the type of water (e.g. treat@@mvcooling water, etc.). (EDG).



Glossary

Water supply: water leaving/flowing-out from an economic unit. ai&r supply is the sum of water

supply to other economic units and water suppltheoenvironment. (EDG)
Water supply to the environment see Water returns.

Water supply within the economy: water which is supplied by an economic unit tother. Water

supply within the economy is net of losses in disttion. (EDG)

Water use water intake of economic unit. Water Use is shen of water use within the economy and

water use from the environment. (EDG)

Water use within the economy water intake of economic unit, which is distribdt by another

economic unit. (EDG)

Water use from the environment water abstracted from water resources, seas aepdns, and

precipitation collected by an economic unit inchglirainfed agriculture. (EDG)
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