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Abstract

The availability/consumption ratio — or AVCOR - orporates hydrological data and
socio-economic variables in order to establish enprehensive measure of water
availability per capita within a defined systemdens. While the index is applicable to
any area depending on the size of the system tsrther focus of this work is centred
around the Asia-Pacific region, using Australiaaasase study, and also applying the
index to a selection of countries within Asia. TWater Poverty Index (Sullivaet al.,
2003) is used as a basis for this new index, alegast criticisms and alterations of this
index is made in order to formulate the AVCOR. TAMCOR itself is comprised of
data portraying available water resources and elevant consumption patterns of the
population group under evaluation. Hydrologicaladat such as external and internal
renewable water resources, and annual averageppation values, will be integrated
into this new index. Additionally, consumption atis relating to domestic water use
and water use for agricultural purposes will algoused within the formulation of this
new index. The final AVCOR will then be weightedtlwithe average GDP (in PPP,
cap/year) of the evaluated population group wittie system borders, in order to
effectively assess the population’s capacity to leatneventual water scarcity. The new
index also encompasses a temporal dimension, whithassess per capita water
availability at any given time of the year. The AUR is a useful tool on which
policymakers may base their decisions pertainingdter allocation and water resource

management in order to alleviate water stress amdrfy to specific population groups.
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1 Introduction

Water scarcity is a many-faceted global issue, whaitects millions of people
worldwide, both directly and indirectly, every dahe United Nations’ News Centre
(2006) stated that water scarcity has far-reachfferts, and can be viewed as a
contributing factor to social issues such as cdioap political participation, civil rights,
and education. The problem of water scarcity ithierrexacerbated by influences such
as climate change, population growth, and increageahnization and urban migration.
In further illustrating this point, UNESCO, in go@t by the UN News Centre, (2006)
stated that the global water crisis is actuallyisi€ of governments, which “determine
who gets what water, when and how, and decideshakdhe right to water and related
services.” For many, water scarcity means suffeitiogn disease and malnutrition
caused by floods or droughts, while for othersetams having to walk miles to access
safe drinking water (UN News Centre, 2006). A réfpgr Frank Rijsberman, Director
General of the International Water Management timsti(IWMI), states that access to
sanitary and affordable water is integral to abdiein of poverty, and warns that if
exploitation of freshwater supplies continues thraeg/ be increased problems of
flooding, loss of water rights and access, droaglat pollution (Rijsberman, 2005). All
of these issues must be adequately addressedéntorfind a sound, equitable and
integrated solution to water poverty, on regionakional and global scales. In view of
this, the United Nations Division for Sustainablevielopment Agenda 21, Chapter 18
(1999) states that;

“The widespread scarcity, gradual destruction argtjeavated pollution of
freshwater resources in many world regions, aloiif) the progressive
encroachment of incompatible activities, demanegrdated water resources
planning and management. Such integration mustrai/gypes of interrelated
freshwater bodies, including both surface water grolindwater, and duly consider

water quantity and quality aspects.”



This work aims to emphasise the imminent needdtirceent management and
regulation of water resources. It is with this etaént relating to management and
regulation of water resources in mind that thisknisrwritten. This thesis will focus on
the applicability of water-related indicators iretformation of an integrated index, so as
to achieve equitable water availability within thestem borders. The aim of this index,
therefore, is to establish a measure of water ppwer bothregionalandnational

levels, which can be further utilized as a managenul for alleviation of water
poverty. Understanding water poverty is at the thefacorrect management of water
resources and is required prior to an assessmewtional water resources and drafting

and implementation of relevant policy.

The aim of this paper is to provide an index byckhivater availability per capita, with
relation to water consumption, can be measured Jituld in turn be compared to a
number of significant socio-economic and geograptdaators, which will lead to a
better and more accurate understanding of wateéladidy and allocation. The
conclusion of this paper will highlight the mairctars, which are most relevant for low
water availability per capita. This is the firsgi@nal index for water availability, and
should therefore be viewed as a starting point fwdrith further adaptation will result
in a more comprehensive localised index for watailability. Indices of this nature can
be applied not only on a national or regional letek can be utilized to assess water
availability per capita on a global scale. Destiiis, the focus of this paper will be on
Asia and the Pacific, and therefore a number ofpdarountries from these regions will
be taken in order to demonstrate the functioninthisfindex. The formulation of such
an index is required due to the inherent importafagater in sustaining human life,
and the considerable strain that will be placedvater resources in the future. The
Water Poverty Index (2003) will be used as thed#mithis work. The Water Poverty
Index aims to measure water poverty in a numbepaohtries, yet does not give an
adequate breakdown of water poverty in specificoregof the country. The aim of this
work, therefore, is to establish an index by whaddlitional factors pertaining to
geography, climate and demographics and so oneamtreduced to give both rural and

urban measures of water poverty. It will also bevahthat water poverty cannot be



established on a country basis, and instead shauldtoken down in order to
demonstrate the regions in which actual water ggveifaced by population groups.
This should in turn lead the way for policy makersaddress water poverty on a
localized scale, and serve as a useful tool witlthvpolicy makers can make informed
decision with regard to revision of water legigati allocation and policy on a regional,

or even national scale. A case study will be subsetly given to support this.

The initial section of this paper will present areoview water resources and water
scarcity within the Asia and Pacific regions. Thédw chapter will involve
methodology, and outline primary considerationstter formulation of an appropriate
index to measure water availability per capitehi@ tegion. This section will also
involve a quantitative comparison with importantiseeconomic and geographical
factors. The subsequent chapter will draw togeteresults of this analysis, and give a
detailed overview of the most important factorsdoninishing water availability per
capita. Each factor will firstly be described intalg giving an explanation of what is
entailed in the factor itself. A quantitative valél also be given for each factor (and
for each country in the region), based on availdaka from international organizations
such as the United Nations Economic and Social Cigeiam for the Asia Pacific
(UNESCAP), the World Bank, the World Health orgatian and relevant national
government agencies. Data on water availability@sumption per capita in each
country will then be compared with these values @aedncrete index to assess water
availability per capita will be established, andadue illustrating the relationship will be
given. An overall figure will then be given for dacountry based on aggregation of
these figures. The last section of this paper lvala conclusion which will draw
together all of the relevant data, and provideramehensive overview of the index and
its possibilities for further application. Austr@hvill be used as a case study to illustrate
the relationship between geography and climate aemavailability. This analysis will
present a clear dichotomy regarding water povertyial and urban population groups.
While only being applied to one country, this ty@enalysis can be further applied to
other countries, particularly where divergenceslimate types and precipitation values

are evident. This index will show water availalilter capita as a function of water



accessibility and consumption.

There are a number of other indices which havengited to answer the same questions
posed by this thesis. However, while these indafe=n do consider essential socio-
economic issues which are affected by water sgatbiey often only analyse water
poverty on a national scale, rather than on a negiscale. This regional approach
would serve to pinpoint the actual water povertyuwl and urban population groups.
This thesis aims to analyse the effects of relesanio-economic (such as GDP, in PPP
per capita) and geographical factorsa localized scala order to distinguish a direct
correlation between water availability and spegapulation groups, which are found
to be lacking in previous models. Additionally,amodel will differentiate between
those populations living in rural areas, and inamrlreas, and also incorporate an
examination of water availability based on geogyagid climatic conditions. Income
groupings within countries will also become a majeterminant in the application of
the index and its importance to management of watkcies. It should also be noted
that while this index will initially be formulatedn a localized scale within the case
study, the index itself should be viewed as applean a national basis, with aggregate
population groups forming the foundation of thisltfor policymakers. To this end,
Australia will be later used as an example to wihgh type of analysis could be
applied. The Water Poverty Index (WPI) will be usesda base index for the completion
of this analysis. Naturally, geographic and hydrer@ogical determinants must also
be considered in this analysis to ensure compréreress. Criticisms of the Water
Poverty Index will be discussed, as models sudhese only analyse water availability
on a regional or national scale, rather than adgtnalytical results to a specific area

within a country.

Water supply

Issues concerning water scarcity arise when theaddroutweighs the supply over any
significant period of time. Water shortages occastrtcommonly in regions with low
precipitation and low water inflow, or in areastwé high population density. Scarcity

of water supplies is often noted in areas withrietee agricultural or industrial activity,



both of which demand a high quantity of water idesrto function effectively. On top of
this, overexploitation of water resources can cauageral areas to become drier, and

also lead to saltwater intrusion into aquifer atiteoimportant water sources.

Each country usually operates and manages a latg®rk of stations which
systematically measure precipitation and river-flénvorder to simplify the procedure,
particular attention is paid to the larger and ngrbstantial bodies of immobile surface
waters, which are generally the most secure of was®urces available. However,
problems still arise due to the nature of groungwasroundwater itself is a natural
reserve of exploitable water resources, which Igext to outflows and inflows of water
from other sources. Groundwater volume can be agtdnand analysed in terms of
exploitable potential per year, and serves to reglerivers with a base flow in the
absence of rain. The replenishment of groundwassurces by precipitation is essential
in avoiding agricultural failures and droughts, this is often impeded by removal of
vegetation or soil compaction (ADB, 2001). Whilgalautflow is relatively simple to
estimate by means of extraction history and measemé of river base flows, data for
inflows into groundwater is dependent on a muchewrdnge of variables, and therefore
this specific type of data is only available iriraited number of countries (ADB, 2001).
The ADB (2001) states that,

“The agencies responsible for collecting informaffmm example, the
department of public works or the department afation) routinely analyse the
raw data to derive totals, averages, measures pédéable flow, and time series
indicators (including indicators of rainfall intertg). Some of the measures
developed may be rather detailed. For instancejlalbke water can be defined

as the volume flowing in a river that is availaklieleast 90 percent of the time.”

Water Usage

The ADB (2001) uses the following categories ardu® estimate water use, which can
then be utilized in combination with information water supply and utilization.

Analysis of water availability indicators and datn give a clear overview of national
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and regional water supply issues. Anthropogenissqunees and its effects are often
reflected by statistics on water usage, which @aadzumulated through classification
of water usage systems (ADB, 1999). As previousintioned, water usage can be
broadly defined in two primary categories — constiwepand non-consumptive usage
patterns (ADB, 2001). As the type of water consuamptan depict relative water

scarcity, this point merits further definition adidcussion

Consumptive use of water resources entails thaexn of water from its source, and
involves such activities as domestic water usgation and industry - particularly from
groundwater resources (ADB, 1999). Data conceroargumptive use of water
resources are often reported by division of seétorexample domestic water usage
(household, public and commercial establishmeirtdystrial usage (including water
that is not technically consumed during heating @mling processes), and for
agricultural usage (ADB, 1999). Water for consungtisage can also be partitioned
into groundwater and surface water usage, of wgrondwater is the more reliable
source of freshwater as it does not possess thegets and other pollutants which are
often found in surface water bodies, and is usually more acceptable colour and
turbidity (ADB, 1999). The ADB’s paper ddore Environment Statistics and
Methodological Issued 999) applies this information to specific Asiayuatries in

stating that,

In India, groundwater supplies 80 percent of rudahking water compared with
60 percent in Nepal and the Philippines (ESCAP )98&rface water, obtained
from natural or man-made reservoirs, is a majorreeufor industrial use. In
Malaysia, surface water supplies most of the intaisiemand, but in India and
Nepal, groundwater provides up to 80 percent otistdal water (ESCAP 1995).
Water used for agriculture is predominantly surfagster, except in arid and
semiarid regions where groundwater supplies a aersible volume (e.g.,

Pakistan).
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On the other hand, non-consumptive use involvesisieeof water on site, and is used
for fisheries, generation of hydropower, recregtenmd navigation (ADB, 1999). As
opposed to consumptive usage, data for non-consuenyes are generally not given in
guality of water used, and are instead often dygulan values obtained from the use of
this water (ADB, 1999). For example; values dispthjor non-consumptive water used
in hydropower plants for electricity generation aseially in Gigawatt hours per year
(ADB, 1999). For the purposes of this new indexystonptive use of water resources is

most relevant.

Two separate measures for water availability arstramployed on the national level.
Firstly, a measure of the renewable water supphychvis an aggregate annual quantity
that is employed primarily as a foundation for fient development of indicators and
indices of water supply and availability. The cdti level of use is attained when the
rate of water extraction reaches or surpassesvdrage annual water availability. The
second measure involves the ratio of available watources to the total population as
a whole. Countries can consequently be rankedlbgive water availability per capita.
An example of such a measure would be the Falkdnmeex, or the Water Poverty
Index (WPI).

The pattern and degree of water use depends gmificant number of variables, but on
the macroeconomic scale, the most important deteamis of water consumption
include; the level of development, the compositibeconomic activities or economic
structure (which is also related to the level ofelepment), and climatic conditions
(ADB, 2001). Over the last decade or so, domestitiadustrial water use has declined
dramatically, which is thought to be caused byremdased sense of awareness about
water scarcity issues. However, a number of otfiects may have triggered this — such
as an increase in water rates, restrictions oneganchtering and so on. In many
developed countries, groundwater accounts for aftliee quarters of the public water
supply. It is often used as a primary source ofipwater supply, mainly because of its

superior quality as opposed to surface waters. @heoater often has lower pollution
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values, and does not need as much treatment. Hovm@ause of this fact, there is an
increasing pattern of overabstraction of groundwagsources, which has caused an
overall decrease in water tables in many develapedtries. The consequences of this
are considerable; drying up of wetlands and in@@aslinisation of aquifers (ADB,
2001). ADB (2001) suggests that due to a lack eflide data and information, similar
conclusions cannot be drawn in developing countfligss, in turn, means that no real

comparison between developing and developed cegnten be made on this front.

Although possessing one of the largest economidrahgstrial growth rates in the
world, the Asian continent continues to suffer digortionately from large scale
degradation of water resources (including surfamkegroundwater), which has lead to
considerable depletion of freshwater resourcedaMaiper capita. Inefficient irrigation
techniques, water-intensive industries and a grgwirddle class that wants high water-
consuming comforts are often quoted as exacerbptmiglem (Challaney, 2007).
Agriculture, mainly irrigation, accounts for the joapart of water withdrawals. Up to
50 per cent of withdrawals in the more industredizountries of the region are for
agricultural purposes, but this figure increasesitwe than 90 per cent in all South
Asian countries (with Bhutan as the exception), amiyes at 99 per cent in Afghanistan
(UNEP, 2000). In addition to misuse and overexptmn of water supply, most
developing countries in the region have sufferedfgrowing water scarcity,

deteriorated water quality, and sectoral conflater water allocation (UNEP, 2000).

Scarcity of water resources, and its effects orenatailability, should not be
underestimated. The years between 1950 and 1998 dawarease of water availability
of almost 70 percent in Central and South Asiayaddb5 percent in Southeast Asia,
and approximately 60 percent in North Asia (ADBQ2J) On top of this, Challaney
(2007) states that although Asia is home to maaa tralf of the world’s population, it
has less water per capita than any other cont{aeotind 3,920 cubic meters, whereas
the world average is 7,600)mWith increasing population growth rates in many
countries in the region, problems of water avaligbwill surely worsen. By the year

2025, an estimated 3.5 billion people (almost sewveas as many as in 2000), will be
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living in water-stressed countries (Kataoka, 2003hould be noted, however, that
water availability differs greatly within the regioln Singapore, for example, internal
renewable water resources per capita are approefyrE87 to 172 rhper year, whereas

in Malaysia this figure is several times highentliais (UNEP, 2000). India, Thailand,
the Islamic Republic of Iran, the Republic of Koeead Pakistan have between 1400 and
1900nT water available per capita, per year, whereas UBBO) states that Papua
New Guinea has a huge 174,00Quer capita, per year.

Another significant issue with regard to water afaility is the absence or insufficiency
of equitable water sanitation facilities, with atimated 600 million people worldwide
living without access to potable water and withgwitable sanitation in 2005 (Kataoka,
2002). Kim Hak-Su, Executive Secretary of UNESCA#d that “... in 2005, Asia was
home to 71 per cent of the total number of peapléaé world without access to
improved sanitation; 58 per cent of those withaatess to safe water; 56 per cent of the
world’s undernourished; and 54 percent of thosadiin slums” (UNESCAP, 2006).
Affordable, reliable and equitable water sanitai®a perpetual problem for many,
despite the fact that official records in most Ast@untries demonstrate an improved
access to infrastructure. The Water and Sanit&rogram (2006) states that “... poor
quality of services could in large part be ascritiethefficient and financially weak
service providers whose performance on importararpaters falls significantly short of
internationally accepted best practices”. A dea@easygiene and sanitation standards
has facilitated the spread of waterborne diseasbsth rural and urban areas, which
then prompt the urban poor to spend a significemdwat of their meager disposable
income on water from private vendors or to carryewérom distant areas (ADB, 2009).
In Nepal, for example, women and children travetaf5 kilometers over mountainous
terrain to fetch potable water, which means thiadafe children often miss out on the
opportunity to attend school (ADB, 2009). While ess to proper sanitation facilities is
an extremely important point, it will not be inckdlin the formulation of the index. As
previously mentioned, population groups within cioies will be classified by income,
and it has been shown that access to sanitatidiiésccan be directly related to this.

Therefore, in order to ensure simplicity of theardind resist over-complication,
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sanitation and GDP (in PPP, per capita) will baveie as directly proportional to each
other, and therefore a measure based on sanitaii@rage is not merited within this

particular index.

However, water resources and sanitation are natrtheproblems. The region is faced
with water scarcity due to industrial and agrictdiipractices, both being large
consumers of available water supplies within Asigich contribute heavily to water
pollution. Significant sources of pollution frometbe practices include industrial and
sewage effluent, and agricultural and urban ruldNEP, 2000). Freshwater resources
are continuously subject to degradation by meamoldtion which include (but are not
limited to); eutrophication (increased input of ppborous and nitrogenous compounds
from agricultural processes), salinisation, andeased content of heavy metals such as
lead and arsenic (ADB, 2009). Research conducteddopsian Development Bank
show that surface water in Asian countries contairesnty times more lead that surface
water in OECD member states, which is mainly altegundustrial effluent discharge
(UNEP, 2000). India and Bangladesh suffer conshdgriaom contamination of their
groundwater with arsenic, and Japan suffers frasridipollution (a persistent organic
polluter and a known precursor of itai-itai syndejmn Bangladesh, for example, 97
per cent of the population accesses their drinkiater through around 4 million wells,

of which 19 percent were found to possess unsaédef arsenic (UNEP, 2000).

A number of international organisations are focdsse alleviation of water scarcity,
and amelioration of water management and allocasisunes within the Asia-Pacific
region. Kataoka ( 2002) gives a good overview efitistitutions operating with the
mandate to resolve these important issues. Twogpyinstitutions find themselves at
the forefront of water resources management witheérregion; UNESCAP, an
international organisation operating under auspatelse United Nations, and the Asian
Development Bank (Kataoka, 2002). UNESCAP (2008)aits its mandate as,
“working to promote regional co-operation and t@sgthen regional capacity on water
resources management towards inclusive and sullaisacio-economic development
for all in Asia and the Pacific.” In addition toishUNESCAP (2009) outlines the
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following tasks to successfully attain this mandathkich includes a) research work and
development, b) raising awareness of water isfggh, at the policy level and within
the public, and c) increasing cooperation and pastnp with UN agencies and other
organisations focussing on development. The ABievelopment Bank operates with a
similar view in mind, as it “seek([s] to promote tb@ncept of water as a socially vital
economic good that needs increasingly careful mamagt to sustain equitable
economic growth and to reduce poverty” (Kataok&®20Concomitant to UNESCAP,
the Asian Development bank also details a numbeglef’ant tasks to deal with water

issues, which include a mandate to;

Promote a national focus on water sector reform;
Foster the integrated management of water resgurces
Improve and expand the delivery of water services;

Foster the conservation of water and increase rsystciencies

o~ 0 DbdPRF

Promote regional cooperation and increase the rytueneficial use of
shared water resources within and between countries

6. Facilitation the exchange of water sector infororatnd experience and;
7. Improve governance and capacity building (ADB, 2009

There are, in addition, a number of additional gigant actors which play a vital role in
rectifying water scarcity and other water-relatesbies within the Asia-Pacific region,
which include NGOs and other specialised agendidsedUnited Nations (such as
UNEP). Furthermore, a substantive amount of moaledsindices have been established
— the most notable being the Water Poverty Indesieh aim to clarify similar water-

related issues, not only within Asia, but also ajlabal scale.

The Water Poverty Index (WPI) was established byreace, Meigh and Sullivan for
Keele University in March 2003. The index itself@oys a disaggregated approach,
and was formulated with the view of assessing whmlmtries were most at risk of

water scarcity, and water poverty. This is illustthin the forward section of the paper,

16



in which it is stated that; “The purpose of the @dRoverty Index is to express an
interdisciplinary measure which links householdferd with water availability and
indicates the degree to which water scarcity impaothuman populations” (Sullivan et
al., 2003). The formulation of this index took ird@ount a number of socio-economic
and geographical factors (divided up into 5 primgmyups), which aimed to accurately
assess water poverty. These factors will be chyickscussed later. The end result of
the study was to present a ranked list of the E$@ssed countries according to water
poverty (Sullivan et al., 2003). The main aim astimdex was to supply policy makers,
through the employment of relevant indicators, vaittool by which water management
and distribution policies can be effectively apglen a national scale (Sullivan et al.,
2003). The results from this index, therefore, $thdne used as a means to ameliorate
water management techniques, which are eitherfiomuft or lacking in many countries
worldwide. The Water Poverty Index (2003) alsoedtdhat it; “... enables national and
international organisations concerned with watergion and management to monitor
both the resources available and the socio-econftamiors with impact on access and
use of those resources”. Despite its aim to estalalinational measure of water poverty,
the index does recognize the importance of geograpbariations and the affect it may
have on water availability and access (WPI, 2008aso differentiates between “water
poor” populations which are subject to physicalevaicarcity (i.e. there is no water
available), and “income poor” groups, whose watgpdy is affected largely by
economic scarcity (i.e. a lack of effective distitibn or allocation, or lack of money to
pay for water). It should also be noted that “astéees not only relate to drinking
water or water for domestic use, but also waterrfagation of crops, pastures and other
uses (WPI, 2003).The index attempts to show aldetkveen these two elements, and
uses a range of geographical and socio-econonssifitations and variations in order
to adequately demonstrate the strength of this timough association to complex
formulations of levels of development, such asHbehan Development Index (HDI)
(WPI, 2003).
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2 Methodology
2.1 Summary of Approach

Water stress, which is implicitly comprised of issiconcerning the pressure placed on
both the quality and quantity of available watesagrces, has a considerable effect and
influence on anthropogenic activities (ADB, 2008)lequate management of water
supplies is vital in ensuring that water resouxesnot only available, but also
sufficiently reliable to sustain a variety of watsgpendant ecosystems and economic
activities (ADB, 2009). Due to increasing wateess, most countries have begun
systematically collecting and analysing hydrologibgdrometerological, and
hydrogeological data (ADB, 2001). This collectiardaanalysis, however, is often
marred by operational discrepancies in data catiectiue to the large number of
agencies that participate in this activity. Thisturn, can result in problems of data
integration, which can lead to difficulties andgnaentation in drafting and

implementing effective water-based managementiesliDB, 2009).

This decrease in water availability per capita lsarinked to socio-economical and
geographical factors such as income, populatiosiderand annual internal renewable
water resources (consumptive use, rather than ansumnptive, is most pertinent here).
These are examples of factors, which may affecematailability, and it should be duly
noted that the list of influencing factors suggdstethis essay is neither comprehensive
nor exhaustive. Income, however, is the definirggdain the formulation of this index
as it is directly related to effects such as s#oitecoverage and inequality or political
participation. In light of this, countries in thatudy will be divided into income groups
as stipulated by the World Bank (2009).

A comparative index of water availability per capitill be established, while using
these income classifications as a basis. This ¢hsewoblem of lack of data and
information, and serves to give an overview ofgheation of these countries with
regard to their social development. The index id#ally also utilize such data as

normative or descriptive indicators in its formudat This index will employ the
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“aggregate method”, and combine a number of diffevariables with the eventual
result of illustrating the real water availabiljpgr capita in each of the sample countries
analysed within this text (samples will be takesmirvarious Asian regions, and
classifications will be given). Where possible esttifically determined weights should
be used for the aggregation of variables. The eadltrshould be the aggregation of all
proposed indices to give a real reflection (andigpbf water availability in Asia and the
Pacific. Statistics from international developmerganizations such as the Asian
Development Bank, the World Bank, the Food and @dtiire Organisation (FAO), and
the World Health Organisation (to name a few), Wélused as primary sources for data
and information. UNEP and the FAO have establishddtabase in which national
estimates of these figures can be found, and frbmhafactors such as precipitation
amounts, cultivated land, and population estimesesbe derived. (ADB, 1999)
Unfortunately, there is no international body whossndate allows for the collection
and standardization of all environmentally reladedha within various countries and
regions (ADB). This in itself impedes the process] allows for possible discrepancies
in results. Data sets are also often incomplete veamust therefore this lack of data
into account when examining results of the indeati§ics provided by national
agencies from the countries will also be includethie study, although the problem of
inconsistency and standardized measuring technajgesapplies in this case, and
should therefore be duly noted in analysing thexd\lthough most countries conduct
regular and systematic collection and analysisydfémeteorological, hydrological, and
hydrogeological data, not one specific internati@mmganization has a mandate to
coordinate national efforts and compile global infation, particularly on freshwater
resources. In addition, in most countries, theembibn of water quantity and quality
data is not integrated (data collection is donasdyyarate agencies). As a result,
policymaking and planning for water quantity anclify management are often
fragmented. The Asian Development Bank’s papeCore Environment Statistics and

Methodological Issueslearly illustrates this point in saying that, “

These same agencies routinely analyse the primeteytd derive totals,

averages, dependable flows, and time series inalisgof trend and variability),
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including possibly mapping the information (assohyetal maps of rainfall
intensities or monthly totals). Here, measureswafilability are more refined.
For instance, available water may be defined asthter flowing in a river that
is available 90 percent of the time (also calle@pendable water” in irrigation
water terminology). Time series data are importantdeveloping indices of

water supply sustainability.”

The factors analysed encompass a range of socrmsto and geographic issues, and
should all be related (either directly or indirggtio water availability in the region.
Cumulated figures for each factor in the area bellestablished, and consequently
compared with water availability aggregates fostheystem units. The relationship
between the factors will be subsequently mathemlatidefined, and an equation will
be given. These equations will be formulated wlid tiew of future application to other
regions and in other countries — be it within treafand Pacific regions, or elsewhere.
These factors will then be weighted in order t@kelssh their relative importance to
water availability. Below is a definition of alllevant factors that will be used within
this study, and information here will be taken frtra large number of international
organizations that collect data on demographicssacdl issues, as well as water
resources and resource use. The index itself wibdsed on two different determinants
of water availability: availability and consumptioh clear distinction between rural and

urban populations will also be made, in order touaately assess actual water poverty.

The application and adjustment of the Water Poviedgx will be at the centre of this
paper, and will be later applied to more specifiatal areas, taking into account both
rural and urban variables. Specific population gsywcategorized by GDP and income-
related determinants will be analysed in ordersieegain the groups within a specific
country in the Asia and Pacific regions that isemalctual water stress. This is the
fundamental difference between the Water Povedgxrand the index that will be
presented in this paper — the approach presentedepict water availability on a

microeconomic level, rather than on a macroeconamitational level.
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2.2 The Water Poverty Index

The Water Poverty Index is based on five categodkded to water availability, and
the authors of this work have modelled these irtdisan relation to each other with
the view of establishing an index, which will shawomparative ranking of countries
with regard to national water poverty. The aimtotsection is to critically analyse
and provide alterations to the Water Poverty In@903), based on the five main
categories as outlined by the work. These five ngatups are Resources, Access,
Capacity, Use, and Environment. The compositiomaicators used within each
category is shown in the following table:

Table 1: Contents of the Water Poverty Index (2003)

Resour ces ® Internal Freshwater flows
External inflows
e Population

Access ® % population with access to clean water
% population with access to sanitation

% population with access to irrigation adjustedby
capita water resources

Capacity PPP per capita income
Under-five mortality rates

Education enrolment rates

Gini coefficients of income distribution

Use

Domestic water use in litres per day

Share of water use by industry and agriculture stdpli
by the sector’s share of GNI

Environment Water quality

Water stress (pollution)
Environmental regulation and management

Informational capacity

Biodiversity based on threatened species
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Criticisms for the resource section

The Water Poverty Index (2003) states that, “tls@ueces index is a basic indicator of
water availability”. The principle of estimating tea availability is therefore essentially
the same in the Water Poverty Index as it is imie index. However, there are some
fundamental differences, particularly with regasdtte implementation, estimation and
use of precipitation estimates as a water resoiitee WPI does not account for this,
but it is an important indicator, which should lmmsidered within the formulation of
the index. Precipitation is important with regaodriternal freshwater supplies, and
also recharge of both surface water and groundweseurces. Within the new index,
precipitation will also be viewed as an importaator for contribution to drinking
supplies per capita, and an estimation will be mesd® how much of this precipitation
will be used for drinking water within the areasrters. Additionally, a temporal
aspect will be introduced into the new index, sai thonthly estimates may be made of
water resources, based on scientific data. Thpanscularly important due to the
considerable seasonal variability intrinsic in watsource flows, and also
precipitation. This also serves to reduce inacéasaegarding the obligation and
tendency to simply introduce averages of flows wueck of data. A minor difference
will also be made concerning internal and extewetkr inflows — the parameters used
within the new index will be total renewable waitgtows, and internal renewable
water inflow — although this change is not a gedtgration to the current WPI. Another
fundamental change will be made to the last indiceggarding population. The new
index will make a distinct division between ruraldaurban population groups, with the
view of correctly identifying which groups are undlee most water stress. This will be
accomplished by using system inputs that are Speoifach population group, rather
just by using aggregate population statistics deenWater Poverty Index. This
approach is far too general, and a more localipgiaach is called for in order to
assess actual water poverty, within both urbanraral areas. This is the fundamental
change from the Water Poverty Index, as often ramdl urban groups have very

different water resources available to them, amglghould be duly noted. The index
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will allow for the input of data based on specdi®a limits, and population groups. For
example, an analysis can be done in Australia state-by-state basis, as long as the
scientific data concerning water inflow, populatgnoups and precipitation values is

present.

Criticisms for the access section
This section deals with issues regarding acceskeém water and sanitation, and water
resources for irrigation. All of these factors, rewer, are positively correlated with
GDP, and should therefore not be considered asattyexclusive from the GDP
indicator, nor from each other. This point is ithased by Global Health Watch, in their
2008 report on water and sanitation, “While theewaind sanitation sectors remain
largely sidelined by governments, it is the poartlwe rare occasions when they are
asked, who repeatedly put water and sanitatiohesttighest priorities.” This clearly
shows a positive relationship between access tmakater and access to sanitation,
which further illustrates that these factors arky oequired in the absence of a GDP
indicator. This, however, is not the case in the fmulation of the water availability
index, and these factors should therefore be dosg avith. The last indicator, relating
to irrigation, will be utilized to a certain extefithe Water Poverty Index (2003)
characterizes the establishment of indicator ifdélewing manner, stating that it is,
“... an index with relates irrigated land, as a pmijpo of arable land, to internal water
resources. This is calculated by taking the pesggnbf irrigated land relative to the
internal water resource index and then calculatwegndex of the result. The idea
behind this method of calculation is that countvigh a high proportion of irrigated
land relative to low internal available water res®s are rated more highly than
countries with a high proportion of irrigated largdiatively to high available internal
water resources”. An interpretation of this indarawill be transferred into the new
index, however with a particular focus on the petage of land used for agricultural
purposes, as a percentage of total land mass afdéae This will then be related to the
total amount of precipitation lost by its introdiaect onto agricultural land, which of

course diminishes the total amount of water avhladbthe individual.
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Criticismsfor the capacity section
While the Water Poverty Index does have merit,dlege a considerable number of
noticeable faults, which must be discussed in ai@é&nd a sufficient remedy to these
problems. The first intrinsic fault, which needss®considered, is the complexity of
the index itself. The Water Poverty Index integsadevariety of additional complex
indices, which are intended to act as functionahponents in the establishment of the
index. Indeed, the formulation of the index itssl€onforms largely to the
methodology and structural formation of these caxphdices of which it is
comprised, in order to give a comprehensive outlmwicerning water poverty in a
number of different countries (Olcay Unwadral.,2003). There are, however, problems
with this type of formulation, the most obviousmgover-complication. Two such
indices used in the formulation of the Water Poyvértex are the UNDP education
index from the Human Development Report (2001), thedGini Coefficient. The
formulation of the Human Development Index (HDIdependent on three primary
factors: expectancy at birth, educational attaingremd GDP per capita in PPP (WPI,
2003). These components are all featured unddraading of “capacity” within the
Water Poverty Index. While GDP per capita in PPPhé incorporated in the
formulation of a new index measuring water avalighithe other two constituents will
not. The reason for this is simple; these two raimgielements are themselves
determined by GDP. Therefore, for the simple fomtioh of a water-related index, it is
not necessary to further complicate this with awttmeasures, which are already
interrelated anyways. Indeed, the WPI itself presid source to support criticisms of
the index. In quoting Srivisian (1994), Sullivanal.(2003), state that, “countries can
be compared internationally by their real incomsdobon values which are locally
specific. This is not the case with such measwsdgeaexpectancy or educations
attainment whose ‘relative values may not be timeesacross individuals, countries and
socio-economic groups’. This is precisely theoatle behind the creation of a new
index, and this point gives importance to a neveixnbdased otocalizedinformation
and data, and accounts for divergences with regasdcio-economic issues. It is for
this reason, and in combination with the abstratire of these measurements, that the
HDI should be left out of an index on water avaligb The authors of the WPI then
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go on to suggest that, “... these numbers are ‘indisaand not precise measures”.
While the word ‘indicator’ does possess a certanoant of ambiguity, it must
nevertheless be a well-formed and concrete vahricplarly within scientific indices.
In light of this, complicated and scientifically egrtain indices such as the HDI have
no place in the formulation of a scientific ind&@he Gini coefficient is also not needed
within the formulation of the new thesis. Whilegimeasure could perhaps be useful
for a national analysis of water availability,stgertainly not required on a localized
basis, which is the integral point advocating teklishment of a revised index for
water availability. This is because within a givaea, the possibility for variances in
inequality is relatively small. This difference gridlecomes more obvious when
evaluating larger areas. Additionally, there isiled data for the calculation of the Gini
coefficient on a local level, and it should therefbe omitted from the index in order to

constrain uncertainties.

Criticismsfor the use section
The Water Poverty Index uses two factors for thigion: domestic water use in litres
per day, and the share of water use by industryagndulture adjusted by the sector’s
share in GDP. Inclusion of the first componenutified within a scientific index on
water availability, but it still requires some atiloinal correction. This indicator does
not account for loss of water that occurs throughgfer, and is therefore not
statistically correct in its estimation. This figuwwill be adjusted in the new index to
include a loss coefficient to correct the inacciga@osed by this, and to accurately
reflect the total domestic water consumption pegr. dais figure will also be converted
into a per capita quantity. Additionally, the WaRmverty Index only uses a base figure
of 50L per day for developing countries, whereasceete country-specific data as
obtained from the FAO will be used for the formidatof this new index. The second
indicator — the share of water use by industry agriculture adjusted by the sector’s
share of GDP — will also partially be used in thenulation of a new index. However,
the assessment of industrial water use here ipartitularly relevant. This is due to the

fact that a large amount of water resources usédmthe industrial sector are used
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primarily for cooling and heating processes, megtivat the majority is recycled and
reused. In fact, with the employment of increasirggficient technology, the reuse of
water in industry has become more economical, meathiat there is less water loss.
Agriculture, on the other hand, is still the largesnsumer of water in most countries,
and usually accounts for around 70% of water compsiam. It is for this reason that use

of water for agricultural purposes will be a majuicator within the index.

Criticisms for the environment section
The index also overcomplicates itself in the empiegt of unnecessary and essentially
redundant indicators — such as the incorporaticandhdex of “water stress” (designed
in the context of the Water Poverty Index to meatewquality), and also an indicator
dedicated to “regulation and management capadi§PIl( 2003). Both of these factors
simply lead to an over complication of the indeseit and should be omitted in its
formulation as they neither serve to greatly infilce the ranked outcome of the index,
nor adequately profess any sort of reason why sheuld be included. The “water
stress” indicator is merely another measure of m@tality, as the Sullivan et al.
already state, and should therefore either berated into the water quality indicator,
or left off altogether. For exampliertilizer consumption per hectare of arable land
andpesticide use per hectare of crop lasttbuld be directly related to tiposphorous
concentrationindicator found in the initial part of this sectientitled “water quality”.
The water stress section also only incorporatesdir formulated indices, which leaves
this section open for further criticism and meagtiarther scrutiny with regard to the
general lack of transparency of its constituents.edxample; “pesticide use” does not
adequately describe the type of pesticide to bd,um® seems also to assume equitable
use of pesticides over a large area. It does Inetefore, take into account that perhaps
pesticides may be applied more heavily in certagasof a country as compared to
other areas. The same criticisms can in turn béeapio the index regarding “fertilizer
consumption per hectare of crop land”. The avexadges with which we are presented
here is not sufficient and are filled with too mangonsistencies to warrant merit. This

section also uses an indicator nameugk ‘percentage of country’s territory under severe
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water shortag€s which also applies an ambiguous and highly disgunotion of

“water scarcity”. The indicator of €nvironmental regulation and managemeatid
“informational capacity is irrelevant in the formulation of this indext.does not
account for bureaucracy or administrative and lagli® inefficiencies, which operate
in many countries around the world, nor does ibaot for cultural divergences in
policy regulation, which is also an important copiciat should be considered. This
means that perhaps what is considered bad regulatiane country may not be the
case in another country. In many cases, this seo/kinder effective environmental
policies, including those relating to water avaiigpand allocation. The index does

not allow for this, only incorporating such factas stringency, and number of
guidelines. In most cases, neither of these indisdtave any relevance to actual water
scarcity to the individual. These constituents tatgely on ambiguous, vague and,
most importantly, subjective information — whicleuitably leads to inaccuracies
within the index itself. The indicator pertainirg“environmental regulation and
management” incorporates components such as envénaal regulatory stringency;
environmental regulatory innovation; percent ofdamea under protected status; the
number of sectoral EIA guidelines. None of thes@ponents occupy an appropriate
place in the formulation of an index of water pdydrased on scientific data. The place
of innovation, protection of land, and quantityedA guidelines is irrelevant in
analysing water poverty to the individual. Additadly, the subjective analysis of these
components and their origin have not been propgalyfied by the authors of the
Water Poverty Index, and this leads to further dawer their inaccuracy. Furthermore,
these analyses cannot have been completed onliazéolchasis, and therefore do not
account for divergences in rural and urban enviremia legislative implementation.
Therefore, it is impossible to evaluate which pagiohs are more affected by this. This
can also be applied to the index of “informatiocabacity”, where only the level and
guantity of accessible information is assesseterahan the different population
groups that have access to education or informaitimut water-related issues — i.e.
urban populations would definitely have more act¢eghis information than rural
population groups. Moreover, it is equally impotteonote that this parameter is not

calculated with particular regard to water-relag=iies, but only environmental issues
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as a whole, and therefore does not employ a séejmpaoach, which would be crucial
to its correct formulation. The incorporation ot®logical and policy related aspects
such as these in the index serves to defer fromdimatific information which should
drive the implementation of water-related polichislis the main downfall of the
Water Poverty Index. The authors, while attemptmgcrutinize the capacity of
policymakers to implement water-related policy,yocduse an over complication of the
index, and should instead focus on an in depthyaisabf the relevant and available

scientific data in order to increase the viabibfypractically implementing the index.

2.3 The Availability/Consumption Ratio

General Parameters

The use of general parameters pertaining to pdpoland area data is integral in the
formulation of the index. This data will be usedattzurately define the system area and
boundaries, which are being evaluated, and pravidasis from which the index can be
calculated. The majority of this data will be retred from the United Nation’s Food and
Agricultural Organisation (FAO), and is relevant fbe years between 2003 and 2007,
which is the most up-to-date information that caddrated. The exception to this is the
data pertaining to GDP per capita, which will beéated from the World Bank. These
“general parameters” falls within the category pbpulation and area” in the flowchart

below. Specifically, this group will include thellf@mving parameters:

Total Population

For the index of national water availability, tim$ormation will be located in
population within the FAO’s Aquastat database, #ilsconverted into total population
within the area. This will be done for purposesalfierency and uniformity within the
index. For smaller system areas, this informatiam certainly be found in the relevant
government institutions dealing with population atatistical information. This
information will be further converted in the indexgive a population density estimate,

which will be accomplished by dividing the totalgaation by the system area (in m
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Percentage of urban and rural populations

Data retrieved from the UN Food and Agriculture @migation (FAO). This data will be
used in conjunction with population density estiesatand then cross-referenced with

the World Bank’s national income grouping schem&DP per capita.

Total area (km?2)

This information will also be found in the FAO’s Agstat database, and is converted to
total area in square kilometres. Once again, in&bion about area estimates can be

found within national databases when being appbesinaller area units.

Populations categorized by income

This data will be collected from various nationalgrnment institutions, and also from
international organizations such as the World B&tétistics required for the
establishment of this factor are relatively difficw find for smaller population groups,
due to a lack of collected data. This point is ¢fi@re the main downfall of this study,
and more research and data needs to be aggregaieter to give a clear reflection of
income groups classified by GNI in rural and urbagas. However, data from the
World Bank will be utilized, which gives groupingécountries based on average GNI
per capita. For the purpose of this index, thremgmy GNI groups will be established.

These include limits (in US dollars) of:

Table 2: Income groupings according to the WorldiBa

L ow Income; $ 93¢
Middle | ncome: $ 3,70
High Income: $11,45¢

This factor will then be the average national GBFRPP) per capita, divided by the
income grouping of the country. This will be resirto as th&DP coefficient (F)The
final point of the index will be to calculate theadlability/consumption ration,

multiplied by this GDP coefficient. This GDP coefént will be defined as the average
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GDP per capita within the population group, dividgdl1455 (the highest income
bracket).This will in turn show how GDP per capita is a tadh dictating how

populations deal with depletion of water shortages.

Average GDP per capita
11455

= ability of GDP per capita to deal adequately with water shortage

Availability /Consumption X

In the event that this figure is high, then the Gidfhe community is large enough to
combat water scarcity. This does not, however, ynipht the community itself suffers
from water scarcity (i.e. that the availability/samption ratio is less than 1).This will
be further divided up into rural and urban populatgroups. However, for purposes of
simplicity, an average output figure will be giviem the GDP corrected estimate of
water availability within the system boundariesisTigure will be an average between
GDP corrected estimates for rural and urban pojenlaroups. It should also be noted
that in the event that the GDP corrected figulewser than the availability/consumption

ratio, then the population will struggle to deatiweventual water scarcity.

The abovementioned determinants are very impontathie formulation of the index, as
they provide information defining the system arBae next logical step is to detail the
parameters used to illustrate water availabilitshiai the system area. The formulation
of this section of the index will be based around tifferent groups; on the one hand,
categorization will be accomplished by means oflaldity, and on the other,

consumption.

The following screenshot depict the general pararseif the index, with the pink
sections illustrating data integral to the proparctioning of the index, whereas the
peach fields contain optional data. This optiorathdioes not need to be incorporated
into the index, however, the more data that islalkg within the index, the better it
functions. The white fields contain calculated figg} which are formulated by using

general parameters as primary data.
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p A LB c | D | E

1 |System data
2 [Time scale number of months 12 months (t)
d 1.0 a
4 |Area system area m,?,lﬂ km®
& % agricultural area 27 %
6 agricultural area 89,243 km"
7 Availability total renewable 10,338 msfp!a
8 intermal renewable 4751 m'lpla
9 system input 6,087 m'/p/a
10| tatal withdrawal 1,240 m'/pla
1" withdrawal for agriculture 1,000 m*/p/a
12 | GDP 2,900 5//a
13 Population total population 86206000 p
" %o urban . 33 Y
16 % ‘rural 67 %
16 Population urban 28,037,984 p
1 Population rural 58,108,016 p
18 Fopulation density 262 plkm®
19
an

Figure 1. Screenshot of general parameters wittgrirtdex

The following flow chart (Figure 2) depicts the pesses involved in the formulation of

the new index, and the relation of all factors.

Total and Intemal renewable | Total withdrawal (m3cap/yr)
: water fiow |
Ayailabiiity .
: Precipitation | Use far drinking water (%)
: Quantity dependant an time {mm)
Total Population
Aural and Urban popuiations {54
Population and Area :
|
| Tulal area {krnl)
Averasge GOP (in PPP) o2r capita, per year
m Averzge domestic consumption, L/cap/da!
—— Consumption Pattern ! = - 3 Heepiay,
i
Cansumptian & Loss coefficient through transfer

Use for Agricu ture | Agricultural Area (36}
T

: Water for agncuitursl use (mmfcap/yr]

Figure 2: Flow chart of parameters in the new index
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Availability
Availability of water resources within a predefinaea can be attributed to two main
sources as outlined by the Asia Development Barikrmal renewable water resources,
and total renewable water resources (ADB, 199%lichtors such as precipitation and
use for drinking water will also fall under thisaweng. The calculation of the index,
however, can be done by using only one of theseragtants, or even a combination of
these factors can be utilized when possible.ithortant, however, to describe the
possible methods of calculation used within whaeferred to as “system input”, which
aims to show the amount of water entering the aysteea boundaries.

Concept of system input

Within the framework of the index, the system ingata can be viewed as a conversion
from data detailing the availability of freshwatesources, to actual available water
resources entering the confined area, which isgoeualuated, and also within a given
monthly timeframe. Following on from this, this e@nsion should also be considered
as a measure for actual availability of freshwagéspurces for the purposes of potential
exploitation by the community. Although it is obusly true that the more scientific
information known the better, the system inputreShwater resources can be calculated

by using either

a) information pertaining to internal and extenwaker flows,
b) precipitation values given for the specific tinagne, or

c) calculating the total discharge from a riveotirer body of water within the
system boundaries.

The application of this data, therefore, dependtherreliability of the data given, the
scientific basis of measurement criterion emploleduantify water resources, and the
characteristics of the area being analysed (ieehgldrogeological properties of the
system). These three factors are important indhmdtion of the index, because the use
of each method depends on the system area; i.@aréas with no external water input,

the precipitation option is best employed; for &rgreas relying on system input, then a
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calculation based on external water flow is needed;for small areas situated on a
river, water availability can be measured by calted discharge of the water body, and
thus the third option should be used. This indicaantegral when performing
evaluations on a more localized scale, where ttienflaws and precipitation amounts
have already been scientifically investigated. @leantage of this conversion
mechanisms is that it is able to calculate witmrthe first instance, a given timeframe,
and secondly within specific system borders. Ongelassumption that the index makes
is the use of system input water for drinking psgm An assumption, between 0 and
20, will be made to illustrate the percentage ofew&rom external sources used within
the area for drinking water. This estimate willdssed on the relative quantity of

external and internal renewable water resources.

Total internal renewable water resources (m3/cap/year)

The ADB defined total renewable water resources$.ashe sum of the annual average
freshwater flow of rivers and the groundwater piatlifrom rainfall within the

country’s borders” (ADB, 2009). Around two-thirdétbis figure is from flood runoff,
while the rest can be classified as regular growtemnand surface water supply. It
should also be noted that the distribution of watspurces is largely uneven, and is
dependent on both spatial and temporal criteri@n \Water resources vary depending on
the region, and also on seasons and meteorolq@iealomena). Both of these criteria
directly affect internal renewable water resourdéss value will also be dependant on

precipitation;

Xy=z

Where x is precipitation, y is a coefficient vat@band z is total internal renewable

water resources. This figure will ultimately givealid analysis of water availability in
rural and urban population groups. It should alsmbted that approximately one third
of this number can be counted as usable surfacgrandwater, as around two-thirds
of this water source is deemed to be attributedtbtad run-off, which quickly flows into

the ocean (ADB, 1999). The source of all internatew is ultimately rainfall, which is
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integral to recharging groundwater resources thaply a type of “base flow” in months
with little or no precipitation (ADB, 1999). Thedapability to adequately recharge
groundwater resources (due to removal of vegetatnohsoil compaction) is an essential
element which contributes significantly to instasioé crop/agricultural failure and
drought, and should therefore be closely obsernédwonitored (ADB, 1999).

Total renewable water resources per capita (m3/cap/year)

Total renewable water resources per capita, howstiew water resources, which enter
the country from outside its borders, and also riedk considered when evaluating
water availability. According to the ADB’s Handbook Environmental Statistics,
renewable water supply is obtained from two soungecipitation that falls directly on
its land area, and water from rivers originatimgniroutside the country (external water
sources). Although the majority of countries irsteiudy depend largely on internal
water resources, others such as India, Bangladethlailand depend on external
water supplies such as river flows from neighbagidountries. Thailand is a perfect
example of this. Almost 70 fof water flows into Thailand each year from
neighbouring countries, a figure which correspaiedsiore than half of Thailand’s

internal water resources (ADB, 1999)
The ADB further illustrates the importance of rerae water resources by stating that;

“The renewable water resources statistic is an aggpeannual average figure
that is useful mainly as basis for developing iathes of water supply
availability. A critical level of utilization is awsidered reached when the water
withdrawal rate reaches or exceeds the average alnanailable water supply.
Another useful indicator is the ratio of availablater supply to the total
population. The resulting indicator is “per capitvailable water supply.”
Based on this indicator, countries may be rankezbeding to relative per capita

water availability or scarcity.”
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Average precipitation in depth (mm)

In each case, average precipitation will be givearaaverage over a specific period of
time, and will be given in millimetres. Average pigtation values should be allocated
not for the country as a whole, but for differergas within the country (which is, of
course, dependant on climatic conditions). Theesfthre value taken to represent this
indicator should accurately reflect the rainfalthvim the region being analysed, rather
than the national average rainfall. This is angraécomponent of the index, and
requires scientific investigation into the rainfpditterns of the specific region, which
can then be used as a useful and applicable poleohanism by both local and national
policymakers. This indicator will also be correthtgith population estimates within the
index itself. In practice, each country should defitself an appropriate population
estimates that clearly illustrates the dichotomiyMeen rural and urban areas. An
assumption will be made to estimate the amountextipitation for drinking water used
within the system boundaries. This data will beaot#d from Food and Agriculture
Organisation; however, in the event that this datet available, it will be located from
other sources. Data for China, for example, wilbb&ained from Ramphal & Sinding’s
book onPopulation Growth and Environmental Issuesyhich a national precipitation

estimate is given.

Calculations for Availability

The following methodology will be implemented tdadate water availability
within the system units, by incorporating the abpaeameters. For purposes of
clarity and coherency, these calculation methodisb&ipresented in the following
order; by calculation on precipitation input, caition on system input, and

calculation on runoff.

System Input
Calculation on precipitation
This will be accomplished by utilising data on ppéation within the system
borders. Consequently, the total amount of preatipih within the system borders

(referred to in the index dstal flow to area)will be calculated by incorporating
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both the quantity of average annual precipitatiom{m), and also the area of the
system (in krf). Furthermore, this figure will be converted fraim?/time, to ni/s.

This will be done with the following calculation:

Total Flow to Area (m3/s)

_ Precipitation(mm) % (1000.1000) X Area(km?)
B 1000 ' 365 X 24 X 60 X 60

The estimated percentage used for drinking watkitiven be integrated into the
index, from which the amount for drinking water Mae calculated, using the

following calculation:

Amount used for drinking water (m3/s)

% drinking water
100

= Total flow to area X

The availability from system input will then be calated by utilising the following
calculation, which will also convert the value td/capita/year:

Availability from system input (m3/cap / year)
= (Used for drinking water (m3/s)
><60><60><24><365

time

)/population

Calculation on system input
This section will calculate the amount of waterikaklity from system input
sources (i.e. External sources). It should be ntitatthis mode of calculation is
only relevant for areas in which there is an exogsnwvater inflow through the
system borders. Without this, there would be néesygsnput. The method of

calculation is the following:

System input as mm precipitation requires the cmior of precipitation to total

values for the entire area being evaluated.
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System input as mm Precipitation
quantity as total flow to area X 1000
N 1000 x 1000
X (365 x 24 x 60 x 60)

/system area

The total flow to area, which is needed to calauthts equation, is defined as:

Total flow to area (m3 / s)
= used for drinking water (m3 / s)

o 100
% used for drinking water

The next step is to calculate the amount of thitesy input that is used for drinking
water by the entire population, per unit of tinte@slalso important to note that the
availability from system input is equal to the diénce between external and
internal renewable water resources. In view of, tiis following equation will be

used:

Used for drinking water (m3 / s)

__availability from system input (m3 / s) X population
B 60 X 60 X 24 X 365

X time

Calculation on system runoff
This calculation should only be employed in smgditem units, in which surface
water is flowing through or into the system. Frdmstsurface water, a total amount
of runoff can be calculated, which is valuable mifation when assessing water
availability. The first step in this series of asktions is to convert the total flow
from mm/unit of time, into L/fitime, which ensures compatibility with future wmit
of measurements. For this section, the total amolninoff, and the percentage of
runoff water used for drinking water, should be wnoThe total amount of water

used for drinking water will then be evaluated gdime following equation:
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Used for drinking water (m3 / s)
% runoff for drinking water

3 3
= total runoff(m3/s) x 100

The availability from runoff, calculated based be system input (i.e. Surface
water), can be calculated in the following manmérile keeping in mind that the
use of runoff for drinking water is a factor of thercentage used for drinking

water, and also the quantity of runoff:

Availability from system input
= (use of runoff for drinking water(m3 / s)
60 X 60 X 24 X 365

X lati
Time )/population

Internal from precipitation
Calculation on precipitation
After the input of an average annual precipitatiafue (in mm), this figure will
then be converted to¥km?/time, which will be accomplished using the folloi

equation:

Total precipitation (m3 per km? per time)

__ Precipitation(mm)
- 1000

X (1000 x 1000)

The second step involves calculating the waterabidity from precipitation within

the system borders, by means of employment ofdl@ifing calculation:

Availability from Precipitation (m3 / cap / year)
precipitation(mm)

_ time Jti
population density

me
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Consequently, the amount of precipitation usedafprcultural purposes will then
be calculated, using the total amount of agricaltarea and the total population.
This calculation also involves the assumption tra person requires 1008year
of agricultural land for food production. Therefptiee equation that analyses the
guantity of water used for agricultural purposes bba calculated into the following

manner:

. . agricultural area(km?) x 100 x 1000 X 4
Minus for agriculture = - /time
total population

Following on from this, an equation to quantify timount of water available for

drinking water will then be implemented into theéx:

Available for drinking water (m3 / cap / year)

__Available from precipitation

minus for agriculture
The quantity used for drinking water will then tsaulated:

Used for drinking water (m3 / cap / year)

= Available for drinking water

% used for drinking water
100

In light of these above calculations, therefore, tiital water availability using
precipitation values can be calculated in the feilg manner:

Total water availility from precipitation (m3 / cap / year)

% used for drinking water

- availability from system input
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Calculation on system input
With regard to the internal precipitation valuds system input quantity should be
equal to (or at least roughly equal to) the amaiiatverage annual precipitation for
the system area (in mm/year). This value will tberconverted into cubic meters
per square kilometre, per unit of time. This wii lone for the purposes of
subsequent calculations within the index, in whiahunit measurements must be
comparable. Due to the fact that later calculatisitisbe done in cubic meters, this

value also needs to be converted — hence the peedchlculation.
The amount available from precipitation based @tesy input is as follows:

Available from precipitation
= Available from drinking water (m3 / cap / year)

+ use for agriculture (m3 / cap / year)

The amount of water used for agriculture basedystem input is calculated in the
same way as when using precipitation values (seeegbThe amount of water used

for drinking water can then be calculated, with fibleowing equation:

Used for drinking water (m3 / cap / year)
= total availability through precipitation

— availability from system input

Lastly, the total water availability of the area (i/cap/year) using system input is

calculated by:

Total water availability
= total water withdrawal (m3 / cap / year)
— withdrawal for agriculture (m3 / cap / year)

+ available from system input (m® / cap / year)

The screenshot below shows the formulation of tatemavailability section within

the index itself. Once again, pink fields illuséatata essential to the calculation of
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the index; peach fields are optional data, andenidds contain calculations based
on these previous data input figures. Figureseénfai right-hand column are

calculations based on total (rather than per digityres.

i A B ¢ D E £ G H |
2z Availability calconmm | calc on syst input calc on runoff
23 system input as mm Precipitation 1,821 13,278 176 mm/t=Iim" #
24 as total Flow to area 19,016 138,654 1.842 m'/s 599,672,510,000 m’fa
25 used for drinking water 12 12 0%
% I _Iused for drinking water 282 16,638 - mis 71,960,821,200 m*/a
27 availability from system input B35 6,087 - mfpla
28
29 intemal from Precipitation calc on mm calc on syst input
30 in mm 1,821 1,806 mmit = Ifm* it
31 1,621,000 1,806,417 m* [ km® /1 599,673,510,000 m'fa
32 availability from precipitation 6,956, 6,901 m’/pfa
33 minus far agriculture 414" 414 ‘mipia 35,697.204,000 m’fa
34 available for drinking water 6,542 6,486 m’lp/a
35 used for drinking water 37 37 %
36 used for drinking water 242 240 m*/p/a 20,867,123.322 m'la
7
38 total Water Availability Input & Precipitation 1,077 1,075 m’/pfa m’/a
Figure 3 Screenshot of Availability section within the index
Consumption

Secondly, this analysis will be done on both alrara an urban level, so as to pinpoint
the exact population groups that are most effelsyedater scarcity. Although the
definition of what constitutes rural and urban plagion groups is largely left at the
discretion of the country completing the analysis still important here to formally
define the border between urban and rural populaioups. The United Nations

Statistics Division’s definition of urban and rugpulations is as follows:

“Because of national differences in the charactiesghat distinguish urban
from rural areas, the distinction between the urlaaud the rural population is
not yet amenable to a single definition that wdudapplicable to all countries
or, for the most part, even to the countries withiregion. Where there are no
regional recommendations on the matter, countriashmestablish their own
definitions in accordance with their own needbhited Nations Statistics
Division, 2008).

This is the method that will be applied in thisdstwvith regard to urban and rural

41



population groups, and all data collected thaedéhtials between the two groups will
be utilized in accordance with the above-mentigoiéakiple. The factors listed below
are relevant for the formulation of this index. 18w chart of the formulation process

will also be given below.

Average domestic water consumption (L/cap/day)

This factor will be measured in conjunction witloas coefficientwhich will be

estimated at about 25 %. This coefficient aimsthdate actual domestic water
consumption per capita, by allowing for losses.réfae, the end result for this factor
will be the average consumption of water of thaltpbpulation, multiplied by a factor

of 1.25. Ideally, a clear distinction and two separcalculations should be done here — a
calculation for the water usage per capita, peridayral areas, and also in urban areas.
This data will be drawn from the 20@atistical Yearbook for Asia and the Pacific
(published by UNESCAP). It should be noted, howetleat domestic consumption
patterns have changed slightly since this periatifte data is still largely applicable to
many Asian countries. Therefore, it is still coresill suitable to apply this data in the
formulation of the index. In the event that thiseds not available (in the case of
Singapore for example), standard data will be &plgh line with the consumption

estimates from national government institutions.

Final value for water consumption per capita (L/day)

= Average water consumption (L/cap/day) x 1.25

Agricultural Area (km?)

This parameter will be extracted from the FAO’s Agtat database, under which it is
defined as “cultivated land”. The FAO (2009) takedltivated land” to mean, “The sum
of the arable land area and the area under permearggs.” This figure was originally

given in (1000 hectares), but will be converted isjuare kilometres for the purpose of

42



the index. Figures regarding agricultural land wé&gin a specific area within a nation’s
borders can be obtained from national governmestituions.

Total water withdrawal (m3/cap/year)

This figure will be based on the total water foatpper capita within the various
countries being analysed, and will be obtained frdmekstra and Chapagain’s 2006
article on the Water Footprint. This figure contaall relevant information on per capita
water footprint for national water intensive sestersuch as industrial, agricultural and
household water usage. In the event that thisdigainot available, the global average of
1240 mi/cap/year will be applied.

Quantity of water used for agricultural purposes (m3/cap/year)

The concept of a national water footprint is ndikenthe concept of virtual water, and
was largely developed and extrapolated by HoekstdeChapagain (2006). This
agricultural-based indicator will be measured ushregWater Footprint model,
particularly the section pertaining to the watestfwint caused per capita for direct and
indirect agricultural purposes. Hoekstra and Chapa(006) effectively divided water
consumption based on categories. The most pertoaegories used for the
development of this index will be: water used faternal consumption of agricultural
products, and water used for external consumpti@gocultural products. These
factors require clear definition in order to avowhfusion about what is included in
these indicators, and what is not. Hoekstra arap@gain (2006) state that; “...
agricultural water use includes both effective fainthe portion of the total
precipitation which is retained by the soil anddut® crop production) and the part of
irrigation water used effectively for crop prodwceti Here we do not include irrigation
losses in the term of agricultural water use asegrthat they largely return to the
resource base and thus can be reused.” Thereftga@mportant to note that this indictor
is comprised only of water, which is used for agjtieral purposes, and does not include
rainfall or runoff water, which would serve to foer complicate the index. These
indicators will instead be included in other setsi@f the index. Additionally, this

indicator includes not onlynternal water footprint for production of agricultural gand
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but also theexternalwater footprint for production of agricultural gaodt is important
to illustrate the distinct difference in definitiamd formulation of these indicators.
Hoekstra and Chapagain (2006) effectively detaildiiference between these two
factors in stating that, “The internal water foatpis the volume of water used from
domestic water resources; the external water foutthe volume of water used in
other countries to produce goods and services iap@nd consumed by the inhabitants
of the country”. This definition will be applied egifically to agricultural products. This
indicator will be further divided up into rural amdban categories, in order to ascertain
a ratio of water consumption for agricultural usabee index will calculate this ratio
based on the average national water footprint gikahwhen there is no water footprint
value given, a standard figure of 100&/cap/yr will be applied. This average will be

calculated by using the following formula:

Average water footprint
= (rural water footprint X % rural population)

+ (urban water footprint X % urban population)

Calculations on Consumption

The calculations referring to the consumption pati®f the area’s inhabitants is
dependent on a number of integral determinantijdig: the use of water for domestic
use (in L) per capita, and per day, and also the doefficient involved in the transfer of
water. This loss coefficient will be fixed at 25&b,0order to ensure simplicity. In
practical situations, however, this loss coeffitigimould be accurately measured to
ensure there are no inaccuracies in the calculafitins index. With this in mind, the

following calculations will be used in the index:
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Consumption per time

Consumption per time (L / cap / time)

100 + 25

= daily domestic consumption X EETTEE X 365 X time

In much the same manner, the consumption per ydahen be calculated. This figure

will then be converted into Httap/year by dividing the output figure by 1000.

Consumption per year (L / cap/year) = daily domestic consumption

100 + 25
X——X

365
100

This converted figure can then be utilised in thtaltper capita water demand, which

can be calculated by using the following equation:

Total domestic water demand
= total domestic consumption (m3 / cap / year)

+ withdrawal for agriculture (m* / cap / year)

Urban/Rural Calculations

These calculations follow roughly the same patéeithe other calculations pertaining
to domestic consumption. To avoid confusion, tHeutation of urban domestic
consumption per time and per year will be includédwever, seeing as this calculation
is the same as the calculation for rural populagimups (except the consumption of
rural populations is used), the calculations wat he presented within the body of this

paper. Calculation of domestic urban consumptiasifollows:

Domestic urban consumption per time

100 + 25

= urban domestic consumption (L / cap / day) X EETTEE X 365

X time
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Domestic urban consumption per year (L/cap [year) =

100 + 25
—X

365
100

daily domestic consumption X
This figure must then be converted intd/cap/year, which will be accomplished by
dividing this figure by 1000. This final output tige will then be added to the
agricultural per capita water withdrawal irf/oap/year. The total water demand for

urban population groups therefore is:

Total water demand (m3 / cap/year)

urban domestic consumption per year
1000

+ withdrawal for agriculture (m3/cap/year)

The same calculation can be used for the calculatidotal water demand for rural
groups, except of course by incorporating the gtyaot rural domestic consumption
per year, rather than the consumption value foamidroups. The withdrawal for
agriculture, once again, is defined by the natiovetler footprint caused by the
production of agricultural goods. Further developtrie needed in order to effectively
distinguish between agricultural water footprirds fural and urban population groups.
This figure is also fixed at 100Gfnap/year in system boundaries where no data is
available.

The screenshot below shows the formulation of taeemconsumption section in the
index.
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4 A B c o E i G H
42 Consumption
43 Consumption 1 daily domestic consumption 192 |fp/id

-4 distribution loss 25 %

45 domestic consumption per time 87.500 Vp't

16 domestic consumption per year 87,500 Up/a

47 87 mipla

48 agriculturs 1,000 m’ipla

49

50 | total Water demand domestic 1,087 m®/p/a mifa
&)

52 urban rural

53 Consumption 2 daily domestic consumption 200 150 l/p/d

54 distribution loss 25 25 %

55 domestic consumption per time 91,260 68,438 liph

56 domestic consumption per year 91.250 68438 lpla

a7 91 68 mpia

58 agriculture 1,000 1,000 mfp/a

59 1,091 1,068 mfpla

60

61 total Water demand demestic rural & urban 1,076 m®/pfa m/a

Calculation of Availability/Consumption Ratio
The availability/consumption ratio can be calculiaite the following manner:

Availability consumption ratio

Total water availability based on precipitation

Total average water demand

In addition to this, two calculations will be usedorder to effectively distinguish
between urban and rural population groups. Thedakulation will give an average
output value for both of these groups combined. Sé¢wond calculation will be specific
to urban or rural population groups. The calculafmr the availability/consumption

ratio will be shown for urban populations, howetlex methodology is also the same for
rural populations, and the only change is replatiegtotal urban water demand with
total rural urban demand.

Total overall water availability /consumption ratio

total water availability based on precipitation

~ total water demand based on rural & urban consumption
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Total urban water availability /consumption ratio

total water availability based on precipitation

~ total water demand based on urban consumption

This availability/consumption ratio will henceforle referred to by the acronym
AVCOR. The following screenshot shows how this miation will be displayed in the

index:

54 Availability / Consumption

65 Consumption1 1.0

66 Consumption 2 domestic rural & urban 1.0

67 urban 1.0 .00
68 rural 1.0

69

70 GDP corrected Availability / Consumption

71 Consumption1 h 0.3

72 Consumption 2 domestic rural & urban 0.3

73 urban 0.2 0.25
74 rural 0.3

Figure 5: Screenshot of the final calculationshef AVCOR, and the GDP corrected data

within the index.

2.4 Data

Accurate data is imperative to the correct formatatand thus application, of this
index. A selection of relevant data sets for specibuntry groupings has been
compiled, based on GDP per capita, which is orteefprimary indicators for this

study. The World Bank gives an accurate breakddwoontries based on their GNI per
capita. In order to ensure complete transparentydriormulation of this index, it is
integral to clearly define all the relevant indmat — while addressing what is
incorporated into the indicator, and what is ndtisTis particularly true for GNI, as it is
essentially the cornerstone and one of the maildibgiblocks for the establishment of
this index. The World Bank (2009) defines GNI as,

“GNI per capita (formerly GNP per capita) is theags national income, converted
to U.S. dollars using the World Bank Atlas methddsided by the midyear

population. GNI is the sum of value added by aident producers plus any product
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taxes (less subsidies) not included in the valmatd output plus net receipts of
primary income (compensation of employees and ptppacome) from abroad.
GNI, calculated in national currency, is usuallyneerted to U.S. dollars at official
exchange rates for comparisons across economiésouglh an alternative rate is
used when the official exchange rate is judgediterde by an exceptionally large

margin from the rate actually applied in internata transactions.”

The World Bank stipulates that the established nme@ategories were founded on the
Bank’s operational lending categories (for exampgigjl works preferences). These
guidelines were first established themselves irotd assess real need from developing
countries, and were founded with the view that éhpsorer nations deserve better
conditions from the Bank, and that an accurate atetf economy capacity assessment
was required so that this could be accomplishedri®ank, 2009). The GNI was used
as the best possible gauge for economic capaaitypergress in this regard, while also
taking into account that this measure does nograte a view of success or welfare in
development (World Bank, 2009). It is for this reaghat the World Bank chose this
measure to classify countries, and why it will bstifiably incorporated into this index
on water availability. It should be noted, howewbigt within the index itself, data for
the GDP indicator will be obtained from the CIA Hamok. Classifications of countries
by GNI as accomplished by the World Bank shouldvimwved as a guide of the
country’s social and economic situation. Howevbe, tlassification is also of concrete
importance within the formulation of the index Ifseas the higher income bracket
($11455) will be used in the relevant calculatigaee above). This will display an
evaluation of the country’s ability to deal with wa scarcity — if the GDP corrected
figure is less than the AVCOR, then the countryl wifuggle to implement effective
water policies to combat water stress. Indeed; @xipected that most countries falling
within the lower groups will encounter this problenif indeed water stress is a problem
within the particular country. With this in mindhe countries analysed in this paper will
be found in one of these categories outlined byWuweld Bank. These can be found in

the table below:
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Table 2: Countries classified by GNI groupings

Low Low-Middle Upper-Middle High
Income Income Income Income

$935 or less $936 - $3,705 $3,706 - $11,455 $11,456 or more
Bangladesh (BD) India (IN) Malaysia (MY) Australia (AU)
Cambodia (KH) Indonesia (ID) Japan (JP)
Myanmar (MM) Iran (IR) Republic of Korea

(KR)

Nepal (NP) Mongolia (MN) New Zealand (N2)
Pakistan (PK) Philippines (PH) Singapore (SG)

Papua New Guinea (PG) Thailand (TH)

Vietnam (VN) China (CN)

3 Australian Case Study

Australia is the driest inhabited continent on phenet. Unstable water resources are
continuously placed under mounting pressure frotarahand anthropogenic activities
(the latter of which include industry and agricuétuoften requiring large amounts of
water). The following section aims to give an ovew of Australia’s water resources,
and provide sufficient information by which an irdeomprising all relevant
geographical factors may be established. The rea®orchoosing Australia as a case
study are the following: firstly, there is a largeount of information to be utilized and
can be subsequently folded into the index, andre#gpit is a country of diverse
climatic conditions and therefore is perfect foraamalysis of regional water poverty.
This case study will first give an overview of wasailability in Australia, and
secondly present information regarding the useagmdication of water resources. The
third part of this case study will show the devehgmt of trends pertaining to water

usage over the last decade or so. The forth sesflbhe comprised of datasets by
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which the calculation of the index on a state-latesbasis will be made, followed by an
analysis and discussion of the results. Most ofthastical data information provided in
this section will be obtained from Australian fealegovernment institutions, or from

international organizations dealing with water dypgsues, such as the United Nations

Development Programme, and the Food and Agricurganisation.

3.1 Water availability in Australia

According to the Australian Water Resources brasfche National Water
Commission, sources of water availability in Aus&raan be broadly divided into 4
groups; rainfall, runoff, stored water and grountbv2005). The specifics of these

categories with - particular emphasis on Australiall be further discussed below.

Rainfall in Australia is largely dependent on semd@nd climatic conditions, which
means that rainfall is highly variable in most pgustralian Water Resources, 2005).
The degree of variability is considerable: meas@mhof more than 2000mm of
precipitation have been noted in the northern mpasds of the country, which are
classified mainly as tropic (see Figure 7). Ondtieer end of the scale, less than 200mm
per year have been noted in the central (and mds#grt) parts of Australia (Australian
Water Resources, 2005). When comparing rainfalt eygeriod of time, inconsistency
in rainfall patterns can be seen. For exampleAt&ralian Bureau of Statistics counted
a total rainfall amount of 2,789,400 gigalitre2004-2005. This gives an Australia
average figure of 364mm, which is well below thedderm rainfall average of 457mm
per year (Australian Water Resources, 2005). Tigig¢ can only be seen as close to
average in parts of northern New South Wales, ants$ pf south-western Australia
(Australian Water Resources, 2005). The years hegaip to 2004-2005 also
demonstrated below average rainfall, whereas 20@06-8aw a rainfall average slightly
higher than the national average (Australian WRE&sources, 2005). Most climatic
models indicate a decline in rainfall within thenioent over a number of years, which
will greatly affect water availability, and this Wserve to further illustrate the
importance of effective management and policy mgkaols, which will lead to

efficient allocation of water resources. This iparative not only on an individual level,
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but also because water shortages and increaseddemibinfluence all sectors of the
Australian economy, with agricultural activity seffing the most (Connected water,
2006).
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Figure 6: Map of Australia showing large dispastie rainfall quantities throughout the
continent.

Only 10% of rainfall becomes runoff into riverssarves as a source for groundwater
recharge, whereas the remaining 90% is subsequardforated (Australian Water
Resources, 2005). However, the amount of runoffrandarge water varies
considerably across Australia, which also in twas to disparities in water availability
for a number of population groups within the couri&ustralian Water Resources,
2005). 2004-2005 estimates for total water runagyut at around 242800 gigalitres,
and 49,200 gigalitres for groundwater rechargeaAalysis of this figure shows a total
input quantity of 292,000 gigalitres into groundiaurface waters (which accounts for
approximately 10% of the annual rainfall estimgfa)stralian Water Resources, 2005).
Therefore the following conclusion may be drawnfate runoff to rivers can therefore
be attributed to around 83% of all inflows, andh@&ge to groundwater reserves

accounts for around 17% (Australian Water Resou2@35).
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It should also be noted, as previously mentioneat, surface runoff is a highly variable
phenomena, which is dependent on a large numlgagraphical and meteorological
factors. This in itself is the primary reason foe high level of variability in surface
runoff throughout Australia. The Australian Watexdeurces (2005) states that
approximately 60% of the country’s total runoff wieem three main drainage divisions,
all of which are located in the countries northe3@& are (in order of highest to lowest);
the Gulf of Carpentaria drainage division, the TirBea drainage division, and the

North Cost drainage division. This is demonstrateligure 8.
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Figure 7: Map of Australia showing drainage diisshowing the percent of total

Australian run-off. The figures in bold represdre percentage of water diverted for use from
the drainage division. From Australian Water ResesirAssessment, 2000.

The total combined capacity of all of Australia®l5dams was found to be 83 853
gigalitres in 2004-2005. In Addition to this, thene also around 2 million farm dams in
Australia, which are estimated to possess a ttiedge capacity of 8000 gigalitres
(Australian Water Resources, 2005). Australia stareund 4 million litres per person —

more than any other country — which aims at sustgithe population’s water demand
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in dry periods (OzH20, 2001). This information icaties that a larger proportion of
water in contained in flows than in any other coyifite. in dams) (OzH20, 2001).
Groundwater accounts for around 17% of Australiathargeable or renewable water
resources, and most of this is drawn from the Ghegisian Basin in the north of
Australia, which covers approximately 22% of Aub#&ra land surface, and may contain
water which is up to two million years old (Austead Water Resources, 2005).
However, unlike surface waters, it is exceedingffiallt to accurately assess the actual
guantity and quality of groundwater (Australian AfaResources, 2005). It should also
be noted that surface and ground waters are phlysocennected, and can therefore
should not be considered as mutually exclusivedsdor example rainwater falling
into a surface water body may in turn rechargegtbeindwater (Australian Water
Resources, 2005). It is for this reason that grauatdr does not individually represented
in the index itself, but should be intrinsicallynsidered in the indicators pertaining to

surface waters and precipitation.

3.2 Water Use

Issues concerning the use of Australia’s water lsupgve in recent years become more
public due to an escalating demand for water, atielcaease in water availability. The
problems concerning water availability stem largetyn factors which exacerbate
water scarcity in many other parts of the worldj emwhich Australia is of course not
immune despite its expansive landmass. These &ctclude an increase in population
growth, development of the agricultural sectorusttial growth, and increased
urbanization (Connected Water, 2006). It is theeefeecessary to understand the
abilities of Australia as a nation to address #ugmenting demand trend and to assess
specific population groups and areas that are aftetted by lower water availability.
The Australian Water Resources (2008) suggestsmeuof effective ways in which to
deal with increasing water demand. These inclug#amenting water restrictions on
usage, pricing water in an economically efficietywwhile also considering

sustainability), and development of more efficitsthnology to stop water wastage.
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3.3 Water scarcity and demand: Trends since 2000

The Australian Bureau of Statistics states thahéyear 2000-2001, Australian
households and businesses combined consumed aft@@b09 gigalitres, and that
water use between the years of 1983 and 1997 senless much as 65% (or 9,400 GL)
(Connected Water, 2006). This increase in wateswmption can be largely attributed
to increases in agricultural activity, whereas aibad areas showed a relatively small
change in consumption over this period. The Comnsattiv of Australia’'s account on
water availability, which was published by Connectgater (2006) in conjunction with

the Australian Bureau of Statistics, states that;

“The agriculture industry had the highest water eaonption in 2000-01,
accounting for 16,660 GL (or 67%). Households weeenext highest water
consumer, using 2,181 GL (or 9%). The water supggwerage and drainage
services industry was also a significant consunfievaier, with 1,794 GL (or
7.2%), followed by the electricity and gas supplyustry with 1,688 GL (or
6.8%). According to the ABS, most water is consum&EW/ACT (39%) and
Victoria (30%), followed by Queensland (17%), Westsustralia (6.4%), South
Australia (5.7%), Tasmania (1.4%) and Northern Ttery (0.5%)”

In some cases, this water consumption pattern migtexhausted water reserves, but in
some parts of Australia also surpassed what wawsikmo be the sustainable limit of
extraction of water resources (Connected Water6R0this information was
incorporated into the National Land and Water ResesiAudit of 2001, which was
concerned primarily with inherent inefficienciesvedter management techniques, and
future concerns in the event that this consumptiaitern were to continue (Connected
Water, 2006). Despite this, trends in recent ybakge shown an improvement of water
use among the various sectors. The use of wagrcascal resource knows no bounds,

as it is used in practically every area of lifenfrdomestic use, to industrial use for
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commercial and public works, and agricultural useifrigation of crops and eventual
food supply. The Australian Water Resources ref2fd5) states that roughly three-
quarters of all water used within the Australianre@my (which amounts to around
80,000 gigalitres) in 2004-2005 was returned in®anvironment. Concerning water
consumption, an estimated 18 767 gigalitres of matge used in the year 2004-2005
(Australian Water Resources, 2005). The wateroedr from this was used in a number
of different sectors, and of which (unsurprisinghgyiculture was the main consumer,
where most of the water is used for irrigating srapd pastures (Australian Water
Resources, 2005). Agricultural practices were feéd by other areas such as industry
and domestic usage. It should also be noted, hawtna although agriculture still uses
the majority of water, the quantity of water useditigularly for agricultural practices
has declined sharply in recent years (see Figu(AB$, 2006). The Australian Water
Resources report (2005) states that this may béoddiy conditions and limited water
availability, which caused a decrease in water gonion of approximately 3000
gigalitres (14%) between the periods of 2000-208d 2004-2005. The specific

reductions in consumption by sector (and over #mestime period) are as follows:

Agriculture: decreased by 23%,

primarily due to a decrease in cotton and rice £rop

Household consumption: down by 8%,

from 115 to 104 kilolitres per capita, per year.

Household use of recycled or reused water increfieatd11% to 16%
Consumption of water by the mining industry incezaby 29% as a result of
increased levels of mining activity, especiallyifestern Australia.

(From Australian Water Resources, 2005).
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Figure 8: shows differences in water consumptioséwtor in the years 2000-2001 (red)
and 2004-2005 (blue). Quantities are given in digs per year. Source: Australian Bureau of
Statistics, 2006.

According to the Australian Water Resources pubbcaof 2005, water consumption in

2004-05 was 18 767 gigalitres. The specific seaisisg this water were:

Agriculture 65 %| 12 191 gigalitres
Household 11 % 2108 gigalitres
Water supply industry 11 %2083 gigalitres
Other industries including 7.4 %| 1330 gigalitres
electricity and gas

Manufacturing 3 % 589 gigalitres
Mining 2 % | 413 gigalitres

Although the largest figure here is the water usedgricultural purposes, of which a
large proportion goes to food production, it isodlmportant to note domestic water
usage of individuals. The importance of househslbe should be highlighted, in that it

is this quantity of water that the individual isnsgiously aware they are using in
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everyday household chores and activities. It shaldd be noted that there i
considerable difference between the amount of waesumed in rural areas, i the
amount of water consumed in urban areas, evere$ential purposes. Estima
regarding water use per capita can be hencefortblated with data pertaining
population density in order to get a clearer pietaipout water actual water us:
accordingto population density (Figure ). This is particularly important for a count
such as Australia which has a large land massybase population is primarily situat
in coastalreas. An analysis such as this should providenmdton relevant to polic
making in that it shows actual water shortages.dJoprisingly, however, the analy:
does portray that areas of particularly large ugsgecapita are concentrated arol
areas in which a higher population density as beeorded (i.e. in, or in close proximi

to, major cities).
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Figure 9. Map showing water use per capita (2004/2005 dataplated with stat
population density estimates from 2006 surveysr&oRural Water, 2006. Data is from
2006 Census d?opulation and Housing, and the 2004/2005 Watepéathby the Australia
Bureau of Statigts. All measurements are in ML (=°) per year.
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Nevertheless, Australia does face future wateplyusk. There are a number of
threats to Australia’s national water supply, amese range from climate change factors
to changes in land use and agricultural practidestfalian Water Resources, 2005).
The aim of water policy, not only in Australia kalso on a global scale, is to minimize
these risks and establish a clear framework by lwvater supply can be ensured
(Australian Water Resources, 2005). An additiomal af this reviewed index is to
allow a measure by which water poverty in Austraha be estimated on a regional
level, rather than a national level. This requisdsng into account the various
problems, which may exacerbate water supply issuebscause further strain — such as
an increase in population and therefore water demamgoing severe drought problems,
which are predominant particularly in rural partéhe country, an increase in economic
activity, and limited surface waters, which aresafexploited as a valuable water
source. It is imperative that Australian water ppliakes these effects into account, and
accurately assesses the risk that they pose toala& water supply, particularly with
regard to water availability for future generatioBsen without droughts, high water
consumption patterns suggests that these resatoa&svery well be considerably
depleted in further years without the appropriatktisal and technological
infrastructure in place. Many Australian towns aosv facing problems of water
shortages and are presented with the challenge¢b mot only current, but also future
water demands (Australian Water Resources, 2008 tis in mind, it is important to
assess which areas in particular are most affdstedater shortages, and modify water
policy accordingly, so as to ensure that wateruessgs are not unfairly distributed
within the country. This requires the installat@mmechanisms such as demand
management, in which better pricing of water shdaddmplemented, as well as further
restrictions on water usage (Australian Water Recgs) 2005). This would lead to an
increase in efficiency of allocation of water resmms within the country as a whole.
Improvement of technology (including irrigation kemwlogy for crops and pastures)
would also be necessary in order to improve thiss(falian Water Resources, 2005).
Other measures, such as recycling of water, ragvtanks, use of stormwater and
desalination techniques should also be encouragedier to reduce the strain on

current water supplies (Australian Water Resour2@8y).

59



3.4 Results

Upon following the previously outlined methodologlye results of an AVCOR for each

Australian state have been formulated. It shoulddied, however, that due to a lack of

guantitative data concerning external and intewsder flows to each state’s boundaries

and also unspecific agricultural water footpritke first method of analysis — that

which analyses precipitation intake as the prine@eynent constituting water

availability per capita — may be used. The resuita state-by-state basis are as follows:

Table 3: Table showing ranked AVCOR and GDP coetcatio for every Australian
state
State AVCOR (Average) Corrected by GDP

(Average)

Tasmania

South Australia
Western Australia
Northern Territory
Queensland

New South Wales
Victoria
Australian Capital
Territory

0.66
0.69
0.62
0.64
3.47
0.74
2.36
117

2.00
181
2.16
1.97
10.93
2.27
6.75
3.56
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Figure 10: Graphical representation of the abobiketé&eries 1 represents the AVCOR.

Series 2 represents the AVCOR as adjusted by GIPPInper capita within the different states

3.5 Analysis

The above table and graph give an overview of dveeter availability to the
individual, and their individual capacity to regtihe water scarcity, within every
Australian state. AVCOR figures that are less thanggest that there is water scarcity
to the individual, whereas those values greater theuggest that there is no water
scarcity to the individual. An AVCOR figure of 1 ames that availability is equal to
consumption. Additionally, the higher the GDP cotesl figure, the more able the state
is to deal with water unavailability. In light dfis background, an analysis of the

Australian case study may commence.

Western Australia
Western Australia comes across as (unsurprisitgiy)g the driest state, with an
AVCOR of 0.62, which presents a case of considerafater scarcity to the individual.
This is due to low annual average amount of preatiph (approximately equal to

352mm per year), combined with a lack of waterawflfrom external sources i.e. A
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lack of surface water which can be exploited fomdstic water consumption. This
scarcity is further exacerbated by a high amoumtenfcapita domestic water
consumption (493 L/cap/day), and the large pergentd water (44%) used for
agriculture (Australian National Water Account, 2D0This ranking of Western
Australia can also be seen to correlate with thantty of water in drainage division

(see Figure 8), which is of course exceptionally tmmpared to other Australian States.
The only drainage division of note in Western Aalidris the Timor Sea Drainage
Division, in which half is also in the Northern Tigory. Despite this, Western
Australia’s high GDP (in PPP) per capita comperssttethis, and the figure of 2.16
suggests that the individual level of income witthie states means that there are enough
finances to implement an effective water distribntscheme in order to rectify this

problem. Options for this will be discussed later.

Northern Territory
Following on from Western Australia, the next statth a low amount of water
availability per capita is the Northern TerritoBespite the fact that the northern (and
also tropical) part of the state, in which the TirS@a and Gulf of Carpentaria Drainage
Divisions are found, comprises approximately onartgr of the state, there is still a
lack of water availability to the individual. This also not surprising, as the majority of
the state, whose climate is not categorized ascahps classified as grassland or desert,
which no doubt causes a large amount of evaporatidrtherefore water loss to the
individual. The concentration of drainage divisiomshe northern part of the state also
means that the rest of the state is still lackmgater. It would be necessary to know the
exact amount of water flowing into the Northernritery to give a more exact estimate
of water poverty in the state. However, being pdrtpical, the state does have (at least
by Australian standards) a reasonably high aveaagmunt of annual rainfall (548mm),
but a higher domestic per capita usage than Weatgstralia and most other states (548
L/cap/day). The GDP adjusted data (1.97) suggkatgiie Northern Territory can still
combat this problem of water scarcity due to tighhevel of average income in the

state, although it cannot be done as well ason example, Western Australia.
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Tasmania
It is surprising to see Tasmania with such as latewAVCOR (0.66); however, this
can also be explained in a certain way. Firstl58 water in Tasmania is used for
agriculture (Australian National Water Account, 2D0vhich essentially negates the
effect of the high average annual amount of préatipn (1168mm). Additionally, there
are a very high percentage of rural population gso®8%), particularly with reference
to other Australia states, which most likely haeesl water availability than those living
in the capital city. Additionally, there is a relagly high amount of per capita domestic
water consumption in the state (392 L/cap/day)cwhowers the AVCOR. The
AVCOR in Tasmania would no doubt be considerabfjhar when evaluating

availability for urban population groups.

South Australia
South Australia is regarded as one of the drieséstin Australia, and this viewpoint is
consistent with the data returned by the AVCOR.ré&h&a minimum amount of rainfall
within the state, approximately 236mm per yearsTbombined with the large amount
of agricultural area (40%) and the large amoumwatier used for agricultural production
(79%), accounts for the water-stressed state sfat@a (Australian National Water
Account, 2001). The South Australian Gulf is alstatively small, and diversion from
the Murray Darling Drainage Division is integrahithough this seems to also be
minimal. Perhaps the only reason that this AVCORsisigh as it is, is because there is
a large urban population (of which the majorityelim Adelaide), and who are relatively
close to Murray Darling Basin and the Lake Eyreibage Division, and therefore have

more access to the water contained within theseebod

New South Wales
New South Wales, within this index, is presente@lao being under water stress, with
an AVCOR figure of approximately 0.7. The rationa&hind this is simple; New South
Wales needs to share the Murray Darling Basinguméamounts, with Victoria and
South Australia. In addition to this, the statdNefw South Wales has by far the largest
population and population density (2,937 peoplesgeiare kilometre), and the sharing

of water resources among the population has Iégrtioer strain. However, in view of
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this, the inhabitants of New South Wales have nzadencerted effort to reduce their
domestic water consumption, which has alleviatedatfoblem to a large degree.
Additionally, water for agriculture is approximatéi8% of total consumed water in
New South Wales (Australian National Water Acco@01).

Australian Capital Territory
The Australian Capital Territory (ACT) has no wagearcity to the individual, with an
availability/consumption ratio of 1.17. This cousion is justified considering that a
large part of this state is occupied by the MuiBayling Basin, which means there is a
seemingly small amount of external input into ttegesitself. The Southeast Coast
Drainage Division, which presents around 4% of wedieerted for use, also adds to this
water-rich status. Additionally, inhabitants of tRET use a comparatively small
amount of domestic water - only 260 L per capit,gay. The ACT also boast a
relatively large amount of annual average rair(@lproximately 566mm), compared to
the majority of Australian States. On top of tiiie high income of ACT inhabitants
means the state is well equipped to deal with@eatlon of water resources in the future
if need be (GDP correction of 3.52 and 3.56 respelgd). The temperate climate of both
of these regions means that evaporation of waserees is not a particularly important

issue.

Victoria

The state of Victoria also does not possess angrwatavailability. This is, once again,
due to the fact that a large part of the MurrayliDgrBasin is situated well within the
borders of Victoria, and this, coupled with a haghount of precipitation (654mm per
year) and a low amount of domestic usage per c&@ L/cap/day) confirms this
deduction. Additionally, there is a small amountaiter inflow coming from Victoria
and Queensland, which further contributes to fhiese factors balance the large
amount of water used for agricultural within thatet(52%) (Australian National Water
Account, 2001). The GDP corrected factor of 6.7%nsethat, once again, the state is

able to deal with any eventual water shortagesimwith boundaries.
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Queendland
Queensland also has a high annual average preéiapitf approximately 630mm
overall. Furthermore, inhabitants of this stat® &lave access to water from the Great
Cartesian Basin (the largest Basin in Australispite the high amount of runoff), and
also partly from the Murray Darling Basin, and terth East Coast and Lake Eyre
Drainage Divisions. The agricultural sector in Qustend, however, utilizes
approximate 73% of the state’s water consumptianthas is still relatively low given
the population of the state and the populationstioér states such as New South Wales,
which also uses a very high amount of water forcagiural production. Again, the
state average GDP would be available for implentemtaf water saving measures in
the unlikely event of water shortage within Queand| as the GDP corrected ratio for
this state is 10.93.

Overall, the availability/consumption index hasveerits purpose, which was to give a
scientific evaluation of water availability per dap within defined system limits, which,
in this case, are the state borders of all Austnaditates. While some results were
surprising (for example, Tasmanian inhabitants dp&ater poor), these conclusions
become understandable upon further reflection andideration of state water
resources, precipitation, use of water for agnmelt and even population and population
densities. The results are therefore coherentatidics of water poverty within these
system borders. Additionally, the incorporatiorad6DP adjustment factor allows for
the integration of income groupings — in this casea state-by-state basis. However, it
should also be noted that this index could be &répplied to small units, particularly
based on surface runoff in areas where surfacer wgapeesent. One problem with this
index is the lack of data for actual system inpet the amount of water flowing into an
area from an external source). This value, of eayrsesents a high degree of
variability, due mostly to seasonal variations mitwgn anything else. More information

in this regard would serve to eradicate any possibcertainties.
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4 Resultsfor the Asia-Pacific Region

The formulated index will be applied to a selectdfAsian countries on a national
level, in order to accurately assess the water ARGiQure in both urban and rural
population groups. Additionally, as with the Austta case study, an analysis of the
country’s capacity to deal with potential water ishges will be assessed by
incorporating an income aspect to give a GDP (iR)R#ljusted figure. The following
countries will be analysed: Bangladesh, Cambodimrivhar, Nepal, Pakistan, Papua
New Guinea, Vietnam, India, Indonesia, Iran, MomgdPhilippines, Thailand, China,
Malaysia, Australia, Japan, Republic of Korea, Nesmland and Singapore. The results
of this analysis, in comparison to the Water Pgvkrtiex, can be found in Annex 2. A
graphical overview, showing the correlation betwdenAVCOR and the Water
Poverty Index can be seen below, along with graphgparing the AVCOR and the

GDP corrected figures, and also the Water Povedgx and the GDP corrected figures.
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Figure 11: Graph showing correlation between theC®R figure (x axis), and the Water
Poverty Index (y axis). Correlation coefficienteigual to -0.46.
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4.1 Analysis and Problems of the AVCOR

There is a significant correlation between the WRtverty Index and the AVCOR, and
this correlation that exists is negative (approxeha-0.5). There are a number of
reasonable explanations for this phenomenon, asgtban be directly related to the
previous section covering the evident drawbacks®fWater Poverty Index. The
difference in results achieved by both indexes beélldiscussed on a country-by-country
basis. This section is comprised of a discussia@r the relevant problems and
applicability of the AVCOR within the Asia-Pacifiegion. A number of assumptions
will be made in the formulation of a new index, ahdse include; estimated
precipitation from external sources for drinkingterawithin the system boundaries, and
also from internal precipitation. A country-by-cdrynanalysis will be completed below,
in which the final output figure for the AVCOR, theater Poverty Index, and the GDP
corrected data from the AVCOR will be given respey next to the name of the

country.

Bangladesh (0.43, 54.2, 0.057)
The relationship between Water Poverty Index ardd{COR is positively correlated,
and therefore it can be assumed that this reldtipns concrete. Despite this the Water
Poverty Index suggests that water scarcity doeposg a threat to the population,
whereas the AVCOR suggests that there is a cordi#ethreat, given the available
resources and the size of the population. Additlgntne high amount of agricultural
area (approximately 58%) suggests that a large ahafwvater is used for irrigation
purposes, and this would exacerbate the wateragestto the individual. However, it
should be noted that the Water Poverty Index doésaccount for divergences in water
Access for rural and urban population groups, wisch significant factor in the case of
Bangladesh, as approximately 74% of the nationfsufagion live in rural areas. With
this in mind, it is highly likely that these rugabpulation groups have less access to
water than urban ones. The Water Poverty Indexgehew simply attaches a figure of

13.8 for the Access section to Bangladesh, witlbousideration of this factor. In view
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of the AVCOR, this figure should be assumed todveel than 13.8 (which equates to
approximately 70% access). Once again, the detantsgmwithin the “Access” category
are merely functions of GDP, and therefore servether purpose than to raise the
national water poverty figure in the case of Badgkh. The GDP corrected figure here
is a representation of Bangladesh’s low averagenna; and details the country’s

unavailability to deal with water scarcity.

Cambodia (2.64, 46.2, 0.48)
A comparison of availability/consumption figure daihve GDP corrected figure
illustrates a significant difference in these twgufes, which can be primarily attributed
use of external water resources for drinking waiénin the AVCOR. Due to the large
external flow of water into Cambodia from surrourgiiegions (25,044 ¥fcap/year), an
educated estimate was made as to the percentéigs wofater used for drinking water
(10%). Due to the large number of people livingural areas, many of whom would no
doubt access their drinking water from externalvBmf precipitation such as from the
Mekong River, this estimate seems to be adequalditidnally, a relatively low amount
of land area is utilized for agricultural producti(21% by FAO estimates), and this
would also give a higher reading for water resosiinghe country. The amount of
water used per capita per day is also extremely(I8iL/cap/day on average), which, in
once again discounting the “Access” section whislega very low figure of 4.9,
further accounts for this large figure of 2.64. Hawar, in the event of water scarcity, the
average per capita GDP would not be high enougleabwith effective management

and allocation of water resources.

Myanmar (1.7, 54, 0.18)
In this example, the correlation between the WBtrerty Index and the AVCOR is
guite strong. Myanmar has a significant amountxémal water input from
neighbouring countries, and this, combined witargeé amount of annual precipitation
(2091mm/year), accounts for a value that shows aemscarcity in the country (1.7).

This, however, is once again dependant on the gquanftwvater from external sources
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precipitation to be used as drinking water, whials been estimated at around 5%.
Although even if only 2% of precipitation from ertal sources is used as drinking
water, the value given for water unavailability webbe 0.88, which still does not show
a terrible amount of water scarcity within the cosyunThe GDP corrected figure of 0.18
illustrates the low average annual income of thenty ($1,200/cap/year), and suggests
that even if there were a severe water shortagentite country, the government would

struggle to ameliorate the issue.

Nepal (0.5, 54.4, 0.04)
An estimate of 3% of precipitation from externaliszes was made to achieve this
figure of 0.5, and was based balancing the relgtsmall amount of external renewable
water resources with the high percentage of pdojiey in rural areas, which would
extract their drinking water from local sourceg (Rivers). However, Nepal is still
water scarce, as the quantity of both internalertdrnal renewable water resources is
relatively low compared to many other Asian cowesri1500mm/year). Additionally,
the size of the population (about 27 million) exbetes water stress within the
country’s borders. Despite this, this figure is m@ubalanced by the fact that individuals
use a comparatively small amount of water for ddimese (approximately 34
L/cap/day according to FAO estimates), which briigsore in line with the WPI's
estimate of 54.4.

Pakistan (0.43, 57.8, 0.1)
The water-scarce status of Pakistan can be deiigadtwo principle sources:
precipitation and internal renewable water resaurBakistan has a relatively low
annual average amount of precipitation (494mm/yeaxg also lacks internal water
resources such as lakes and rivers on which ibeesme dependent. This can be seen
from the large quantity of system input (1058aap/year), as derived from FAO data.
With regard to the Water Poverty Index, Pakistasuiprisingly water-rich, with a value
of 57.8. However, sections which received highfeguin the Water Poverty Index

include the “Access section” which (as previouskmntioned) involves a number of
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determinants, which are merely a factor of GDP. Tise” section also scored 14.0,
which suggests that per capita usage of water resptor households, agriculture and
industry is seemingly efficient, which is once agegiterated in the AVCOR, in which
average per capita domestic usage is approximédfelyday. Additionally, agricultural
use (548 rficap/year) is also relatively low, but given theg precipitation and low

water inflow, it is not surprising that this watsrscarce.

Papua New Guinea (0.2, 4.5, 0.05)
The AVCOR gives Papua New Guinea a final outpuirigof 0.2, and a GDP corrected
value of 0.05, while the Water Poverty Index cBds5 as the final figure for water
scarcity in Papua New Guinea. The output figureudated from Papua New Guinea’s
water input data is obviously incorrect, given #eey large amount of internal
renewable water resources (129158%cap/year), the low amount of agricultural area
(2%), high rainfall (3142mm/year), and low popudatistrain — all of which ultimately
result in less stress on water resources. Themdasthis inaccuracy is due to the data
used to detail water withdrawal per person, ancmatthdrawal for agricultural use.
Given the high annual average precipitation in Ragew Guinea, the amount of water
used for agriculture would most likely be decidelglys that then 1000%nap/year
implemented by the index. This is a global average, a lack of availability data
concerning this parameter is unavailable, whicbved! for resulting inaccuracies within
the index. This, in combination with a lack of sotiata for external renewable water
resources, means that this output figure for P&y Guinea is incorrect. Indeed, the

WPI's estimation of 17 for the “resources” sectsupports this.

Vietnam (1, 52.3, 0.22)
The AVCOR dictates that there is no water scamititin Vietnam, and this is in line
with the conclusion drawn by the Water Poverty laddowever, this figure is once
again highly dependent on the amount of exterrfldvinof precipitation from
neighbouring countries, which has been estimatd@ &b. This is a reasonable estimate,

due to the high rural population, and the large @mof water resources (6087
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m*/cap/year — the majority) coming from external sesr Additionally, yearly
precipitation in Vietnam (1821 mml/year) is consatge. Taking all these factors into
consideration, this figure could be potentially eV@wer than 1, as the large population
size and daily domestic consumption of 192 L/capkn place substantial strain on
water resources. Again, the GDP per capita is ight @hough to deal with future water

shortages.

India (0.4, 53.2, 0.1)
The AVCOR gives India a final output figure of Oahd a GDP corrected value of 0.1,
while the Water Poverty Index cites 53.2 as thelffigure for water scarcity in India.
India, being one of the most populous countrieAsia, exerts a huge strain on its
national water resources in order to provide iigens with adequate water supplies.
However, India simply does not have enough watactmunt for its massive
population: the country has a mediocre total reridevavater supply per capita of
16473, and only 1083mm of rainfall per year. In addittorthis, the average domestic
water usage per capita is (by FAO estimates) 1day,/which is not insignificant, the
WPI assumes only 50L per day. The percentage dfuaed for agricultural purposes
equals around 52% of the country’s entire landmabkgh means that more water will
be wasted in inefficient irrigation and water-irgese practices. It is for this reason that
an availability/consumption analysis of India retsia figure of only 0.4. The WPI’'s
figure of 53.2 seems extremely high, given this/es information. This can be mostly
attributed to the “use” category — which evaluatekistrial and agricultural efficiency
with regard to water use — but this is once agdactor of GDP and is a very
generalized figure given the large divergencesjutation groups (rural and urban)
within the country. An AVCOR of 0.4 suggests tHatre are severe problems in
counteracting this water shortage, and effectiiiepoeasures need to be introduced to
solve this. Despite this, a corrected GDP figur8.@fmeans that the finances required
to do this (given the GDP in PPP per capita) aniéid. It would be interesting to
perform this analysis for different population goswon a more localized level.
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Indonesia (0.88, 64.9, 0.3)
Indonesia’s final availability/consumption outpigure of 0.88 suggest that the country
is water scarce, although not severely. In the WRdeerty Index, Indonesia obtained a
figure of 64.9, which suggests a reasonable statusater resources in the country.
However, this is not the case. The Water Poverdgxrallocated 15.7 out of 20 for
“use”, which suggests efficient use of water inusly and agriculture. It does not,
however, allow for the fact that the majority ofteraused in industry at least is non-
consumptive, and thus this determinant is voidcipr&tion in the country is quite high
due to the tropical climate of the country (2702iyeat), and total and internal water
resources (12400 Hicap/year) are considerable. Despite this, theyhbaxden the large
population places on the country’s water suppkesonsiderable. An assumed 5% of
exogenous precipitation sources was assumed, o ievent that this figure is higher
(e.g. From bordering Papua New Guinea, which hastantial water resources), then
this would negate the water scarcity issue. Howeaxn without water scarcity,
Indonesia would struggle to deal with the problare tb low GDP, giving a GDP

corrected figure of 0.3.

Iran (0.32, 60.3, 0.37)
The AVCOR gives Iran a final output figure of 0.3d a GDP corrected value of 0.37,
while the Water Poverty Index cites 60.3 as thelffigure for water scarcity in Iran.
Iran also shows conflicting positions between th&aCOR and the Water Poverty Index.
The figure of 0.32 as calculated from the AVCORpthgs water scarcity, which is not
surprising given the low amount of annual preciptaon a national scale (228
mm/year). The total renewable water resourcest&h ob 1957ni/cap/year) are also not
very substantial considering the total populatibthe country, which is just over 70
million. The figure cited by the WPI (60.3) is boed mainly by the “capacity” and
“access” determinants, both of which have previpbsglen shown to be inadequate in
assessing water poverty, as they contain indicatbish are merely factors of GDP
(which was also included in these groupings). TB¥*@djusted output figure of 0.37 is
a solid figure (given the country’s national avex&@DP in PPP of $13100), but still

shows an inability to tackle water scarcity in tweintry given its grave status.
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Mongolia (0.23, 55, 0.07)
The AVCOR gives Mongolia a final output figure a8, and a GDP corrected value of
0.07, while the Water Poverty Index cites 55 adfitined figure for water scarcity in
Mongolia. This suggests water scarcity, althougdtehs no concrete data with regard to
actual water used for agricultural production,artbtal water withdrawal per capita.
Additionally, the FAO suggests that there is nautnpater into the system, despite the
fact that Mongolia is a land-locked country. Wittistin mind, the results returned for
Mongolia should be considered not entirely accufagspite this, the low amount of
rainfall within the country (241 mm/year), combingdh the relatively low estimate
given by the Water Poverty Index, suggest thaatrexage agricultural water footprint
(estimated at 1000 Ytap/year) may not be too far from the mark, algiothis is

merely speculation and requires further development

Philippines (0.22, 60.5, 0.07)
The AVCOR allocates the Philippines a final outpgire of 0.22, and a GDP corrected
value of 0.07, while the Water Poverty Index c8s5 as the final figure for water
scarcity in the Philippines. A concrete output figgannot be allocated to the
Philippines, as there are, once again, inaccuracite calculation of the AVCOR
within countries with no external water input, amkdose water footprint (total per
capita, and for agricultural purposes) has nobgein calculated. With this in mind, it is
therefore better to use the value given by the WRdeerty Index (60.5), which is, until
the application of new data on these parameterbeapplied, the best means by which
to assess water scarcity in the country. This gaten by the AVCOR, therefore, should
not be entirely trusted.

Thailand (0.9, 64.4, 0.72)
The AVCOR gives Thailand a final output figure 0®90and a GDP corrected value of
0.72, while the Water Poverty Index cites 64.4hasfinal figure for water scarcity in

74



Indonesia. Thailand obtained a relatively high edarthe Water Poverty Index (64.4),
but the highest ranking figures came once agaim fiee “use” and “capacity” sections.
The output availability/consumption figure calcel@tfor Thailand is more likely:
approximately half of the country’s water resourcese from external sources (the
Mekong River); rainfall in the country is only medre (1622mm/year), given the size
of the population (around 63 million). What stope tatio returning an even lower
figure, however, is the fact that the majority loé ttountry’s population lives in rural
areas (and thus are assumed to consume less vaaerRstic usage per capita is
relatively low (98L/day), and only a small amouftgricultural area (3%). The use of
precipitation from exogenous sources for drinkiregev has been estimated at 15%, but
this could be higher, which would in turn augméena dutput figure for the AVCOR.
Increasing this 20% would give an output of 1.2yvgimg no water scarcity. However,
this is difficult to estimate. The GDP correctegliie of 0.72 illustrates Thailand’s low-

middle income status, and reduced ability to detd water shortage.

China (0.29, 51.1, 0.16)
China’s status is similar to that of India’s: a bygppulation, and relatively low

precipitation. However, China is even more watarse than India, due to a lower
annual average amount of precipitation (629mm/yeexg lower amount of external
renewable water resources. Compared to India, Gliszahas a higher proportion of
urban dwellers (42%), which would use more watel ttverefore exacerbate the water
scarcity issue, although it has a lower domestily dansumption per capita (90L).
This, however, is still not enough to counteraet luge strain the population places on
water resources within the country. Within the Wé#teverty Index, the seemingly high
figure of 51.1 originates from the “capacity” secti(13.2), which has previously been
discounted, and should therefore be lower. GiverGBP corrected figure of 0.16,
water resources reallocation and management cene $0 be a significant issue in the

future.
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Malaysia (0.2, 67.3, 0.3)
The AVCOR allocates Malaysia a final output figofed.2, and a GDP corrected value
of 0.3, while the Water Poverty Index cites 67.3hesfinal figure for water scarcity in
Malaysia. Despite the fact that the AVCOR portridadaysia as a water stressed
country, an analysis of the water resources ofdbisitry shows that this cannot be the
case. Malaysia has approximately (222%Icap/year) of internal renewable water
resources, and this, in combination with high agerannual rainfall (2875mm/year),
shows that the country’s population is not suffgfirom water scarcity. In view of the
per capita domestic water usage of the country (1d8y), these internal water
resources should be more than enough to supplydapelation with adequate water.
Within countries such as Malaysia that have a higiount of rainfall, it is unlikely that
the standard 1000teap/year can be applied, as it is doubtful thistdmount of water
would have to be withdrawn for agricultural purpgsgherefore, more information
regarding per capita water usage for agriculturatdipction is required to ascertain if the
country is really water scarce or not, howeverhuiit the appropriate data, this cannot

be accomplished.

Australia (0.62, 62.3, 2.11)
The AVCOR gives Australia a final output figure@62, and a GDP corrected value of
2.11, while the Water Poverty Index cites 62.3h&sfinal figure for water scarcity in
Australia. A breakdown of Australian States andrtredative water AVCOR has been
previously shown, however this section will showskalia’s national AVCOR, and
explain why this is so. Calculation of this ratiavg a total output figure of 0.62 for
Australia, which illustrates the water scarce ratfrthe country, due to low rainfall
(534mml/year) and high urban population (88%). Addtlly, the quantity of domestic
water used per capita (501L/day by FAO estimatesgry high, which further
aggravates the water scarcity issue. By the sakemtdowever, Australia’s high per
capita GDP shows that the country is well equipjoedieal with this shortage, and
should therefore assign more financial resourcesmabat this increasingly serious

problem, and ameliorate allocation and managenfemater resources. This can be
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seen from the GDP adjusted figure of 2.11 as coetpfar Australia. Once again,

within the Water Poverty Index, the sectors augimegrthe figure of 62.3 as allocated to
Australia are the “Access” and “Capacity” sectigh3.7 and 17.6 respectively), which
are not relevant in the new index.

Japan (0.23, 64.8, 0.71)
The AVCOR gives Japan a final output figure of 0.@&3d a GDP corrected value of
0.71, while the Water Poverty Index cites 64.8h&sfinal figure for water scarcity in
Japan. Japan possesses a comparatively low anmfaiotéland internal renewable
water resources (approximately 3364aap/year), and also has an annual average
rainfall of 1668mm/year. However, a large proparta the population lives in urban
areas (66%), and therefore consumes more waterdinannhabitants. Despite this,
domestic water use per capita in Japan is quitddoa developed country
(375L/cap/day). The rationale for the water AVCARGating such a low number for
Japan most likely lies in the population size & tountry, comparable to water
resources available, which would give a water-scagading. However, the Water
Poverty Index’s output figure of 64.8 is very higlonsidering the above information.
Japan scored very highly on the Access and Caps&ityons, which (once again) are
irrelevant in the formulation of the new index attbuld therefore be disregarded.
Without these figures, Japan would also be constiesater scarce. The GDP corrected
figure of 0.71 suggests that, in being significatitlan the availability/consumption
figure, Japan’s average per capita GDP is high gméw deal with this water shortage.

Republic of Korea (0.23, 62.4, 0.6)
The Republic of Korea is in a similar situationJagpan, although has a smaller
population which therefore places less stress derwasources, and accounts for a
similar output figure even given lower availableteraresources. The Republic of Korea
possesses total renewable water resources of 1#6aptyear, and 1274mm/year
precipitation. Additionally, an estimated 1% of ggetation from external sources (i.e.

from North Korea) was estimated. With 81% of inhabis occupying urban areas (and
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are of course higher water consumers), and an g&elamestic consumption of
388L/day, the Republic of Korea can be viewed asi@r scarce country. Once again,
within the WPI, the Republic of Korea obtained hgglores for “access” and “capacity”,
which are not counted in the new index. Once agh@Republic of Korea’s average
annual GDP of $27,100 means the country is welitipogd to implement legislation

regarding rectification of water scarcity and readition of water resources.

New Zealand (0.19, 64.9, 0.46)
Once again, the data output figure for New Zeaktnulild be viewed with caution, as
given the amount of internal water resources withencountry, water scarcity should
not be an issue. The WPI’s estimate of 64.9 is ubhtimlly closer to the mark, given all
the pertinent information contained within the ird&his availability/consumption
figure, however, is mostly to do with an unavail@piof data — particularly, in this case,

with regard to water used for agricultural purposes

Singapore (0.23, 56.2, 1.07)
Singapore returned much the same results as Nelarkbdowever, they seem to be
much more in line with the water-scarce situatibthe country. Singapore relies on
water input from neighbouring countries such asaysila in order to sustain its citizens’
water needs due to an insufficient amount of wg&egal, 2004). Due to the low amount
of internal water resources (13%oap/year), the low amount of agricultural landljon
1%), and the moderate rainfall in the country (Za8¥year), this result may not be too
far from the truth. However, with no further infoation regarding exogenous water
input from other neighbouring countries, and exaittrmation about water withdrawal
per capita, this cannot be certain, and thus thielieof the index should be viewed with

caution.
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5 Conclusion

Given the above comparisons between the Water Bowelex and the AVCOR, it is
clear that this new index adds some additionalgertnent information to assess water
poverty to individual population groups within cdues, and also on a more localised
scale. However, the Water Poverty Index is not detefy incorrect in its formulation,
and although it has many drawbacks — such as comgairrelevant information — it still
gives a good overview of situations of water sties=ertain countries. It is very
possible there are also divergences in data ashyst® Water Poverty Index, and that
used by the AVCOR, however this has yet to be cowfil. This, of course, would
account for discrepancies in the results obtairetaiéen both indices. The primary
reason for the differences in results, as can ée above, is that the AVCOR discounts
the importance of such factors such as “Accessapdcity” and “Environment”, which
are in many cases responsible for the high outpluievfor the countries analysed above.
This new index focuses more on actual water sgauitd ability to deal with this, and
avoids over complication by use of indicators, vhéce not in themselves mutually

exclusive.

Additionally, the AVCOR avoids making unnecessaguanptions — such as the
domestic water use in developing countries — as\thter Poverty Index does.
However, one primary assumption made within thexndas the quantity of
precipitation from exogenous sources (i.e. Predgiijoih from system input) which was
used for drinking water within the system bord@itss is very difficult to estimate, and
educated estimations were made given the quaritgystem input water, and the
quantity of water in bordering areas. This estimatavever, significantly altered the
final output figure for water scarcity, and morsearch and data need to be analysed in
order to correct this. Furthermore, standardiseéd das implemented in certain
situations. Examples of this include; total watsstprint per capita (average) and
agricultural water per capita (also an averageis tiormation is also not available for
every country, only a selection. This lack of datsulted in some considerable faults,

the largest one being the functioning of the indéren two simultaneous instances
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occur: when standardised data was applied in tbe cBthe water footprint, and when
there was a lack of system input. In this caseirttiex did not function properly. This
problem, however, could be remedied in the eveattdata pertaining to these
parameters was present (unfortunately, this igheotase, and therefore standardised
data was applied). It is for this reason that fmatiput figures for countries such as
Malaysia, the Philippines, and New Zealand wascootect. The most sensitive
parameter causing inaccuracies in these cases isditator relating to water for
agricultural use; as in countries with high raihfedss water withdrawal for agriculture
is generally needed. However, for these countrniesjata was available, and the
standardised figure of 1008fmap/year was applied (which seems too high fontries
such as Malaysia and New Zealand, both of whicle tgh quantities of rainfall).
However, this inaccuracy is not relevant for thes#alian case study, as data pertaining
to external and internal water resources for etatle svas not implemented into the
index.

Additionally, the AVCOR would function much bett@hen applied on a localised
scale, where concrete data concerning actual diftes in consumption, use and
financial means of the population group could b&aioled. For example, the index
would be more accurate if the exact GDP of the fadfmn group being assessed was
known, rather than just applying generalised dBt@ same conclusion can be drawn for
water consumption; where divergences in water esgden population groups would
be known. This, in itself, is one of the primarynddalls of the new index. However,
this is more to do with a lack of availability @, rather than an intrinsic drawback of
the index itself, and is also the case in the Watarerty Index. Indeed, this is the same
for any index — the more information that is knowre more effective it is. With regard
to the GDP corrected data, it is also importamtdte that this would comparative
analysis would function better on a more localiseale. The aim of this thesis was to
formulate an index, which accurately assesses \aagelability within a defined system
area, and to cross-reference this figure with tygufation’s average GDP in order to
ascertain the population’s capacity to deal witergual water shortages. In view of the
above analysis and comparison with the previoustigldished Water Poverty Index,

this aim was, at least to some extent, successittiyned.
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Despite uncertainties in results occurring fronklatdata, the establishment of a water
AVCOR can be seen as a relative success. In agetier complication and other
inaccuracies that are present in previous indi€ési® nature, this new index gives a
more comprehensive overview of water poverty. Tselts of this index, while
occasionally surprising, become clear upon closdyars. In addition to this, the system
allows for the introduction of temporal determinamhich can be applied to illustrate
water poverty in monthly intervals. The Water Poydndex, and many other indices,
do not have this determinate, and thus are forcg@neralise water poverty on an
annual basis. The AVCOR, therefore, is able towtate water poverty on a more
localised, and specific, basis — which will in tymrovide invaluable information to
policy makers as to how to implement effective wateanagement and allocation

policies.
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