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Appendix 9.1

Appendix 9.1

Defining the Ecosystem Component of a Water
Poverty Index

Mike Acreman' and Jackie King’
1. Introduction

It has become increasingly recognised since the Bruntland Report, Our Common
Future, (WCED, 1987) that the lives of people and the environment are profoundly
inter-linked and that ecological processes keep the planet fit for life providing our
food, air to breathe, medicines and much of what we call “quality of life” (Acreman,
2001). Itis clear that any loss of ecosystem benefits represents an important potential
contribution to poverty. The Dublin Conference in 1991 - a preparatory meeting for
United National Conference on Environment and Development (Rio Earth Summit of
1992), concluded that "since water sustains all life, effective management of water
resources demands a holistic approach, linking social and economic development with
protection of natural ecosystems” (ICWE, 1992). For example, upstream ecosystems
need to be conserved if their vital role in regulating the hydrological cycle is to be
maintained. Well-managed headwater grasslands and forests reduce runoff during
wet periods, increase infiltration to the soil and aquifers and reduce soil erosion.
Downstream ecosystems provide valuable resources, such as fish nursery arcas.
floodplain forests or pasture lands, but these must be provided with freshwater and
seen as legitimate water users. In addition, water is an essential feature in many
religions. For example, many Hindus believe the River Ganges is sacred: a dip in it
will purify the soul and scattering the ashes of a cremated body on the water will aid
rebirth in a higher existence.
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Figure 1 Direct and in-direct water use by people

At the Rio Conference itself, it was agreed that “in developing and using water
resources, priority has to be given to the satisfaction of basic needs and the

1 CEH Wallingford, Crowmarsh Gifford, Wallingford, Oxfordshire OX10 8BB, UK
2 Freshwater Research Unit, Zoology Department, University of Cape Town, Rondebosch 7701, South
Africa.
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Appendix 9.1

safeguarding of ecosystems”™ (Agenda 21 chapter 18, 18.8) Thus. whilst people need
access to water directly to drink, irrigate crops or supply industry, providing water 0
the environment means also using water indirectly for people (Figure 1) Indeed, the
aquatic ccosystern is the resource from which the commodity of water 1s derived.
rather than a competing user of water. This concept is so basic that it has permeated
all aspects of water resource management. such as the new Water Act of South Africa,
whose principle 9 states that: "the quantity, quality and rchabihty ol water required to
maintain the ecological functions on which humans depend shall be reserved so that
the human use of water does not individually or cumulatively compromise the long
term sustainability of aquatic and associated ccosystems”.

The implications of this concept are that people will be poorer if the ecosystem upon
which they depend has been degraded by lack of water of appropriate quality. In this
case, poverty is measurcd n terms of loss of benefits to people of the ecosystem.
These benefits may be in terms of (1) products (1.e. natural resources). such as fish or
aquatic plants, (2) functions (i.c. services), such as flood reduction, or (3) other
attributes. such as spintual or cultural ones. One may go as far as to say that the mere
existence of a functioning ccosystem and its biodiversity provides intangible benefits
to people, such as aesthetic beauty or potentul benefits 1o current and future
generations, such us undiscovered medicines, that should be recognised as valuable
attributes.  In this chapter we group the range of benefits of ecosystems 1o people
under a general heading of “goods and services™.

The natural ecosystem is often seen as making the most efficient use of scarce natural
resources. Any changes will cause the system to be less efficient, leading to
unpredictable and possibly several responses. In terms of sustainability. natural
ecosystems retain the most options for future generattons. The natural variability in
the flow regime, including floods and droughts will imposc considerable stress on the
system, but this stress 1s key 1o sustaining the system in the long term. This analysis
would suggest that any alteration of an ccosystem from its natural state might give
nsc to some level of poverty. However, we also recogmise that, at least locally,
management of ccosystems may produce improved benefits of certain goods and
services. For example, management of the flow regime of a river by eliminating
droughts may lead 10 increased abundance of fish. or engincering of a Aoodplain may
improve flood water retention. Acreman (2001) has depicted this situation as a trade-
off between benefits from the natural system and benefits from a managed system
(Figure 2).

As natural systems are modified more and more, the benefits of the natural system and
thus the options for future generations decline ($olid ling in Figliré 2): "¢ hydrological
functions, products and biodiversity are lost. At the same time, benefits from the
highly managed system increase (dotted line): cg. food production nses. It is suggested
‘that the benefits from the highly managed systems reach a plateau, whilst the benefits of
the natural system will decline to zero at some point. The local gains from the
managed system may not be sustainable and may be acquired at the expense of other
parts of the system. For example. ecosystem management may require the usc of non-
rencwable resources. such as fossil fuels for production of infrastructure or running of
pumps. This implies that the shape of the curve for the managed system is scale
dependent. Whilst it may reach a plateau at the local level. at a global level (taking
into account all resources used) it imay decrease. The total long 1erm benefits (dashed

-2 CEH Wallingford 20612



Appendix 9.1

line} can be calculaied by adding the benefits of the natural and highly managed
systems. The total nses to a maximum before declining. It is at this point that the
balance between naturalness and level of management is optimised. There is no
temporal dimension to this graph, but as non-renewable resources are depleted the
shapes of the curves may chunge. They may also change due to increased resource use
efficiently with technological innovation. The value that society places on goods and
services and ethical considerations will determine the exact form of these curves.
Nevertheless, it shows that society will choose u larget ecosystem that is not natural

and it is this social chowce that will prevail (Matiby ef alf. 1999).
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Figure 2 Mavimising benefits from ccosvstems {(after Acreman. 2001)

In this chapter, we focus on the natural goods and services of ccosystems and not on

any benefits from managed systems, such as irrigation or aquaculture,

2. The ecosystem component of a Water Poverty index

A comprehensive water poventy index should include the contribution to poverty that
people experience as a result of the amount of water reaching an ecosystem and
providing natural goods and services. This is relatively straightforward in terms of
the products or goods produced by ecosystem. For example, pcople may use plants or
catch fish directly from a river. luke or wetland, or their cattle may graze on
floodplain grasses. They will be poorer if the fishery, pasture or aguatic plants are
degraded due 1o changes in the quantity or quality of water that supports them.
Whilst intuitively,

Asscssment of wetland hydrological functions is more difficult.
healthy forests and wetlands. for example, are assumed to regulate the hydrological

£ CRH Wallingtford 2002
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cycle, reduce floods and augment low flows. and anccdotal evidence is widely quoted.
there is inadequate scientific verification of which ecosystems perform which services
under which circumstances (cg. Kaimowitz, 2001). Tropical forests and wetlands arce
also known to be important stores of carbon und their destruction can lcad to
increased atmospheric carbon levels and potennal climate change. but the hink
between ccosystem degradation and poverty is not easy to quantify.

A water poverty index should also cover the level of cultural or spintual importance
and existence value of ecosystem, but again there s little quantitative information on
which to base this component of the index.

In this chapter we therefore make the assumption that the higher the productivity of
the ecosystem, the greater will be the goods and services provided to pecople. Three
factors can be identified that need to be quantified for the index: productivity of the
ecosystem in its natural state: the degree of degradation from natural: and the
population dependent upon the system.

Productivity of natural systems Natural ecosysiems vary enormously around the
world. Tropical rain forests and wetlands provide more goods and services than
deserts and can thus support the needs of more people. The productivity of the system
depends on many factors and their interactions, with water being only one component.
Wilson (1992) concludes that the main dnving variables for diversity of specics,
which 1s related the range of goods and services an ecosystem provides, are energy.
stability and arca. The ESA theory. The more solar energy, the greater the diversity:
the more stable the climate, the greater the diversity: finally the larger the arca the
greater the diversity. Nutnient levels are another important controlling variable, but
tend to vary locally and in a complex way depending on factors. such as gcology.
Given an cqual amount of nutrients, the hottest and most humid places are also the
most productive in terms of quantity of ammal and plant tissue grown each year.
Where there 1s great scason to season vanability, productivity may be high if the
climate is consistent from year to vear. For example the Inner Niger delta in Mal
supports a very prolific fishery, even though the climate is very scasonal with a
summer flood and winter drought.

£ CRI Wallingtord 2002



Appendix 9.1

Emberger (1955) used the principle that wetness and warmth are the main vanables
driving ecosystem productivity in his bio-geographical classification scheme:
Q = 200R/(M’-m*)
Where R = average annual raintall (mm)
M = mean temperature for the hottest month (Kelvin)
m = mean temperature for the coldest month (Kelvin)

Degree of degradation The degradation of any ecosystem will mean loss of goods
and services. Thus the degree of naturalness must also be included as a factor in any
index. This factor would have its maximum value when the ecosystem is natural and
its minimum value when the ecosystem has been completely degraded. For rivers and
wetlands, ecosystem naturalness can be indexed by the hydrological regime.
Maintenance of a natural river, lake or wetland ecosystem requires a natural
hydrological regime and any alternation from a natural regime will result in changes
in the ecosystem. In this case, an index can be based on the departure of the
hydrological regime from natural. However, the form of the-relationship between the
hydrology and ccology is rarely understood. A small change in the hydrological
regime may result in a major change in the ecosystem, or vice versa. In addition,
there may be some threshold regime which marks a sharp boundary between a healthy
and degraded system. Nevertheless. the advantages of this kind of approach are that
hydrological data are more widely available than ecological data, and considerable
rescarch has been undertaken on water needs for maintaining aquatic ecosystems. For
terrestrial ecosystems. such as forests or grasslands, data on loss of key species. such
as JUCN Red Lasts of Threatened or Endangered Species. or maps of deforestation
may be used to quantify degradauon.

Dependent populations Natural ecosystems have finite goods and services and will
in many cases fail to supply sufficient. say fish, 1o suppont a large population, even
when resource use is closely regulated by traditional or modemn laws. In this case. the
dependent community should be considered poor with respect to the natural
ecosystem. The index must therefore include some measure of the carrying capacity
of the ecosystem. This element of the index could be further refined by inclusion of
other factors. First, not all people will use all ecosystem goods and services, or be
dependant on them. Everyone will use the oxygen-maintenance function, but not
every one catches fish. The poor may have little choice than to use natural resources.
whereas altemative for most goods can be purchased at a price. Using the total
population in an arca indexes the oprion for everyone o use resources, which is
related to the sustainability concept.  Restricting the population figures to those
dependent on the ecosystem is an alternative, but data are rarely availuble.  Second.
the ability of people to access the ccosystem’s goods and services shoutd also be
included.  People living further from a niver or wetland may be considered to be
poorer than those living close to it if use of the goods and services means long travel
time. However. construction of a suitable index would mean a complex integral of
where individuals hive and their distance to the ecosystem.

There are three scales at which an index can be developed.  First, the global scale
which includes the ecosystem services, such as oxygen maintenance that are utilised
by the world entire population. Second, the macro scale. where indices are based on
widely available statistics or mapped data including wainfall, emperature  and

© CEH Wallingtord 2002
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poputation. This allows rapid calculation of the index at any place and thus
comparison between different areas or catchments.  Third, the micro scale that
involves assessing directly the benefits 1o people of various goods and services of an
ccosystem. This could be based on a full environmental assessment. However,
assessing objectively the goods and services provided by an ecosystem is a major
task. Alternatively, the micro-scale index can be based on questioning local people
about ccosystem bencfits. It must be accepled thut the respondents may have
imperfect knowledge of the state of their environment, so general qucstions
conceming ccosyslem services may not be appropriate.  In many cases, it may be
more pragmatic to focus on dircct use of natural resources from an ecosystem, which
can be assessed by questions about use of the rver. luke or wetland resources. For
example, fishermen may have data on fish caiches. The problem is that the cause of
any decline will not necessarily be known and in such cases it will be impossible to
separate ecosystem degradation duc to changes in water availability or quality (thus
contributing to water poverty) from that caused by, say, over-cxploitation {eg. over-
fishing). Likewise information about aesthetic, cultural or spiritual attributes can be
determined by questionnaire. But, as with fisheries. the loss of these attributes may
not be a result of water issucs.

In summary, two elements scem to be key to an ecosystem index.

(1) The capacity of the ecosystem to provide goods and services

(2) The number of pcople who would wish 1o use the goods and services.
The capacity of the ecosystem might be indexed by two elements (i) the capacity of
the ecosystem in its natural state and (it) its degradation from natural.

This ccosysiem index will indicate if people are environment rich or poor. To
develop @ water-ccosystem index. the contribution of water to defining the ccosysiem
index needs o be emphasised.

[tis important to note that this index is focusing on the availability of the resource 10
pcople. It docs not index the value of the resource. For many services, such as flood
reduction, one person’s use does not affect anyone else’s use. However, for products
such as fish, they may be in competition. It this case, the more people competing for a
given resource the higher the price. Where the number of people wishing to use
ecosystem goods and services is high compared 10 the availability of the resource,
there will be poverty.

3. Methods of calculating an index

In this paper. we focus on two levels at which a waler ecosysiem component of the
WPI can be calculated: the macro level (regional or catchment) and micro level ~
(local}.

31 Macrolevel
3.1.1  Terrestrial ecosystems
We first consider large scale terrestnial ecosvstems, such as grasslands and forests that

are fed by rainfall and not significantly by river flows or groundwater. The natural
productivity of these ecosystems and thus their capacity o provide goods and services

D CEH Wallingford 2002
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i1s controlled by many variables, but two key drivers that can be obtained from maps

dre:

(1) Rainfall; and

(2) Temperature
‘The actual capacity of the ecosystem will depend on its naturalness and hence a third
varable is:

(3) Degree of degradation
The level of ecosystem poverty will then be determined by a fourth component:

(4) Population density (number of people wishing o use the goods and services

(4)

and their access o them).

Rainfall. Rainfall gives o general indication of the availability of natural foods
and other products. Dryland farming stops at less than about 400 mm per year.
Below that figure, landscapes arc quite dry.

Temperature. Natural systems, cven with significant precipianon, will not be
productive if the temperature is too low or day-length too short for plants 10
grow. Latitude 1s 4 potentially a good index as it covers. broadly, temperature
and daylight hours. However, altitude can significantly influence temperature,
such as in Lesotho. Winter minimum temperature has been selected as this
indicates if plants are resincted by frosts. Temperature and day length arc
highly correlated.

Degree of degradation.  Natural ecosystems will provide more goods and
services than degraded ccosystems. Degradation from natural, such as through
deforestation, urbanisation or development of intensive agriculture. can be
assessed from land use maps or statistics on loss of specics.

Population density. Although nateral systems in high rainfall, warm arcas will
provide goods and services, high population densities may mean that they
imsufficient in terms of per capita provision (e.g. Mekong).

For calculation of the index. cach category is divided each five classes. The range in
cach class and the score 1s very provisional and needs 1o be refined following detailed

case studies.

Class 5 4 3 2 1
Degree of Type | Pristine Neat- light land | intensive Urban
degradation pristing use land use

Score |5 4 3 2 1
Rainfalt - Type >80} 60K)-800 400-600) 200400 <200)
average annual
(mm) Score |5 4 3 2 I
Temperature - Type | >20 12-20 4-12 0-4 <0
winter
minimum (°C) Score |5 4 3 2 1
Population . Type [ <0.1 (.-l 1-10 1O-100 > 100
density (ppkm”)

Score | 6.6 5 4 2 0.5

The Ecosystem Poverty Index for terrestrial ecosystems (EPle,) is calculated as

follows

O CEH Wallingtord 2002
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EPlie = (degree of degradation + rainfall + temperature) x populution density

The index ranges from 1.5 (considerable ecosystem poverty) to 99 (no ecosysiem
poverty). To demonstrate the usc of the EPL, |, five arcas of the world are
considered.

s Lcsotho (above the tree line. v cold in wanter);
e London:

e Sumartra forest;

e Namib desert.

Note that the values used are very approximate. EPly,, for each area would be:

Degree of Rainfall Temperuture Population EPl,.,
degradation density
Lesotho 3 4 ] 4 (5) 32
London 1 4 2 _ 1 (0.5) 35
Sumatran forest 4 5 4 4 (4) 53
Namib desert 4 1 3 5(6.6) 53

London scores worst as 1t has no natural systems to support people, but a dense
population. Lesotho is 100 cold and the Namib desert too dry to produce many natural
resources. However. the Namib in particular has few people depending on natural
resources. so score quite highly.  For a few people who rely on the trees fed by
occasional rainfall natural resources are available. The Sumatran forest which s
broadly natural has many resources but increasing population also scores quite high.

It must be remembered that although London has a low score, this docs not cause
poverty in a broader sense as the vast majority of pcople do not rely on natural
resources and cam sufficient money to buy resources brought in from outside.

To distil from EPl.,. an index reclated purely w0 water-ccosystem poverty, it is
necessary to remove the other non-hydrological drivers. Thus the WEPH,, is derived

simply from rainfall and population density.

WEPI, = rainfall x population density

T Y L L TR T RN . = == -

£ CEH Wallinglimd 2002



Appendix 9.1

Rainfall Population WEPI,.. EPl.. % EPl,, caused

density by lack of water
Lesotho 4 4(5) 20 32 37
London 4 1(0.5) 2 35 43
Sumatran forest 5 44 20 53 62
Namib desen | 5(6.0) 6.6 53 88

By combining these two indices (WEPle, and EPl.,), the degree 1o which
environmental poverty is caused by insufficient water can be calculated (see final
colunmn in above table). Tt can be seen that in the Namib desert the majority of the
poverty is caused by tuck of rainfall. whereas in Lesotho, it is caused primarily by low
lemperatures and ccosystem degradation.

Calculating the index at different times can provide information on whether water-
environment poverty 1s increasing or decreasing. Burning of fossil fuels and other
human activities have increased green house gas concentrations in the atmosphere and
changed the globat climate. Therefore, water-environment poverty may increase or
decreased with time because of changes in the amount of rainfall.

3.1.2  River and wetland catchmnents

This section focuses on rivers and wetlands, The capacity of these aquatic ecosystems
to provide goods and services is controlled by many vaniables, but the main drivers
are similar to those for the tenestrial ccosystems with the addition of arca and nutrient
levels:

(1) Raintall

(2) Arca

(3) Temperature

(4} Degree of degradation

(5) Population density (number ot people wishing 1o use the goods and services

and their access t0 them)
{6) Nutrients

(1 Ramfull In regions with an average annual rainfall less than 400 mm. rivers
tend to run very low in the dry scason, or are ephemeral.

(2) Area. The quantity of water reaching a nivers and wetlands will be dependent
to a large extent on rainfall and catchment area. “Wetter” systems with higher
flow or will be more productive.

(3 Temperature. This is also an imporant driver for aquatic systems. If the
temperature is too low production will be low. panicularly if there is icc or
snow n the winter.  Waler temperature records may not be available, but
average catchment air temperature can be used instead.

(4) Degree of degradation.  Natural ecosystems will provide more goods and
services than degraded ecosystems.  Degradation can be assessed from the
difference between the actual hydrological regime (flow in rivers or water
levels tn wetlands) and the natural regime (Annex A). The number of dams
and abstraction points may be used as a surrogate where hydrological records
are not available). Degree of naturalness should also include water quality,
such as fevels of oxygen, phosphates and heavy metals (Annex B).

W CEH Wallingford 2002
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(5 Population density.  As with terrestrial ccosystems, high popuiation densitics
may mean that they are insufficient in terms of per capita provision of goods
and services.

(6) Nutrients In natural systems. nutnient-nch rivers have generally higher
productivity than nutrient-poor rivers. where nutrient status may be related to
geology. However, these 1s not a clear relatioaship between the two on which
to base an index.

For calculation of the index, cach caiegory is divided mto five classes. The runge in
cach class and the score 15 very provisional and needs to be refined following detailed

case studies.

Class 5 4 3 2 1
Degree of Type | Natural Near- Minor Significant | Severely
degradation regime naturi! Impacts on | impacts on mpacled
regime regime the regime regime

Score | 5 4 3 2 |
Rainfall - Type | >800 600-800 400-600 200400 <200
average annual
(mm) Score [ 5 4 3 2 |
Catchmentarea | Type | >10.000 1004)- 100-1000 [ 10-100 <)
(km’) 10.000

Score [ 5 4 2 I
Temperature Type | >20 12-20 412 0-4 <()
- winler ' ' |
minimum (°C) | Score | 5 4 3 2 1
Population Type | <.l 0.1-1 1-10 10- 10060 > 1000
density (ppkm’®) _

Score [ 5 4 } 2 1

The Lcosystem Poverty Index (EPLy,) 1s calculated as follows
EPlg, = (degree of degradation + rainfall + arca + temperature) x population density

The index ranges from 4 (considerable ccosystem poverty) to 100 (no ecosystem
poverty). To demonstrate the use of the EPI, five arcas of the world are considered.

* rural lower Mckong.

e Okavango dela (Botswana)
o small nver in Rio de Janetro -
e small nver in Baluchistan. Pakistan

e e Tm R e M omrr e TR b

Note that the values used are very approximate. EPL,, for cach area is given in the
following table.

Interpretation:  Rio de Janeiro score worst as its water quality is poor, it is a small
nver and the population density 1s high. The Okavango scores highest as this is semi-
natral Jush aquatic ecosystem with low population density). Mekong scores lower
because although there are many resources. there are tens of millions of pcople using

O CEH Wallingford 2002
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them. Pakistan scores quite high because there are few people and the temperature is
hot, even though rainfall is low and some degradation (through over grazing and
groundwater abstraction) has occurred.

Location Degree  of | Rainfall | Area | Temperature | Population | EPl,,
degradation density

Mekong 2 5 5 4 2 32

Okavango 4 4 5 4 ] 4 68

Rio de Janeiro 1 5 1 4 1 11

Baluchistan 2 1 2 5 4 40

As with EPl, to produce an index related purely to water-ecosystem poverty, it is
necessary to remove the other non-hydrological drivers. Thus the WEPI,, is derived
simply from rainfall, area and population density.

WEPI,, = (rainfall + area ) x population density

Location Rainfall | Area | Population | WEPL,, [EPl,, | % EPIl,, caused
density by lack of water

Mekong 5 5 2 20 32 37

Okavango 4 5 4 36 68 47

Rio de Janeiro 5 | 1 5 11 55

Baluchistan 1 2 4 8 40 80

By combining these two indices (WEPlyq and EPlyg,), the degree to which
environmental poverly is ‘caused by insufficient water can be calculated (see final
column in above table). It can be seen that in Baluchistan the majority of the poverty
is caused by lack of rainfall, whereas in the Mekong, it is caused primarily by
ecosystem degradation.

3.2 Micro (village) level

This section, data collected from the village surveys in Sri Lanka, Tanzania and South
Africa as part of the Water Poverty Index Phase I study are assessed.

In South Africa and Tanzania, the only question asked about natural resource use was
whether or not specific types of resources were used ie:

Do you use the river for anything else than water ?

© CEH Wallingford 2002




Appendix 9.1

60.0
s 50.0
® 400 W Ethembeni
2 300 W Latha
2 20.0 O Wembezi
* 10,0

0.0

sfewiuy
uonesey

ysid yoren
poom (en4

(pooy) siueld
(auopaw) siueld

Figure 3 Percentage of population interviewed using natural resources in South African
village case studies

Data for villages surveyed in South Africa are shown in Figure 3. It can be seen that
large numbers of the population at Ethembeni and Latha use the river for recreation,
some use it for fishing and fuel wood collection, but few collect plants or other
animals. It is clear that natural resource use is much more important in Ethembeni
and Latha than in Wembezi.

The only conclusion that can be drawn in terms of a Water Poverty Index is to adopt
percentage of the population using resources as a direct indicator of poverty, ie. 0 is
water poor, 100 is water rich. The indices for the South African case studies would

be:

Village Index (% using natural
resources)

Ethembeni 68

Latha 11

Wembezi 18

Figure 4 shows the data for Latha divided according to whether the interviewee was
male or female. It is evident that women make far more (on average six times) use of
the river for natural resource use and recreation than men, even for fishing which is in
some regions a male pursuit.
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Figure 4. Natural resource use by gender at Latha
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In four villages in Tanzania, the same question was asked. It can be seen that very
little use is made of natural resources, apart from some cattle grazing. Application of
the environmental component of the WPI is difficult because the reason for the lack of

use is not known.

Village Index
(% using natural resources)
Nkoaranga 0
Samaria 19
Majengo 0
Kijenge 0
Natural resource use
c 60 N
O 50 B Kijenge
g £ @ Majengo
§_‘ 20 O Samaria
2 13 O Nkoaranga
O o o™ 1 » I
S &8 &8 %3 3 8
® > £ @& 3 g
o § & =
= S

Figure 5 Natural resource use in Tanzania

For the village case studies in Sri Lanka, a slightly different question was posed.
Do you use wild animal and plants for everyday living?
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This includes non-river wild resources that could include plants and animals from
forest areas. It is thus more difficult to relate use to lack of water reaching the
ecosystem.

Village Index (% that use
wild plants and
animals)

Agarauda 32

Tissawa 68

Natural resource use “

B Agarauda
m Tissawa

& 8 8

% population

n
o

o

Figure 6 Natural resource use in Sri Lanka

No data were available for natural resource use from the surveys in the other two
villages of Tarawatta and Avarakotuwa in Sri Lanka.

Developing the questionnaire

Three elements are key to developing an environmental index from questionnaires: (1)
use of goods and services; (2) the importance of goods and services and (3) the
adequacy of goods and services.

The questions will provide a different focus than the index developed at the macro
scale. At that larger scale, it was assumed that all the population would want to use (or
have the option to use) environmental goods and services. At the micro level we try to
differentiate those that use goods and services and how important they are. At the
macro level we assessed the provision of goods and services from a natural ecosystem
plus its degree of degradation to determine availability. At the micro-level we can
assess the adequacy of goods and services directly by targeted questions. The poorest,
in terms of the index, would be those who want to use goods and services, consider
them important, but find their availability inadequate.

Specific questions would be:

1. Do you use wild plants or animals (including fish) Yes=2. No =1.
2. How important are they for your livelihood (food or goods that can be sold).
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No importance = [: Little importance = 2: Medium importance = 31 Very
important = 4; Principal means of livelihood = 5.
3. Would you use more if they were available? Yes=1. No=2.

These scores would need to amalgamated 1o form an index (ranging from 1 1o 100)
where high scores arc good (low poverty) and low scores are bad (significant
poverty). The problem with these questions is that inadequate availability may not be
due to lack of water reaching the ccosystem, which is the key tenet of the Water
Poverty Index.  This could only be achieved by an assessment of the causes of the
poverty level scored.  If flow data for rivers. or water level data for wetlands were
avanlable, this assessment could be based on any changes in water availability to the
aquatic ecosystem.,

We recommend that the indices for the macro-scale index (rainfall, temperature ctc)
arc used to define potential level of goods and services from the ccosystem, with the
population factor replaced by response to the above questions conceming actual use.
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Annex A
Degradation of the hydrological regime

One of the kev elements of the ecosystem component of the Water Poverty Index is the
degree of naturalness or degradation of the hydrological regime. However, this requires
quantification of a simple measure of the difference between the natural regime and that its
current state.

In natwral ecosystems, river lows. wetland water fevels and groundwater levels vary
continuously. with periods of stability. rises. falls, floods and droughts. Other components of
the ecosystem. including plants. animals and sediment/nutrients dynamucs are all adjusted to
these variations. Any change in the hydrological pattem will lead to changes to the ecosystem.
It is not possible to prescribe a single index that encapsulates the entire hydrological regime.
In practice. measures of low flow. such as Qus (the flow that is exceeded for 95% of the ume).
are often used 1o index river flow regimes. since it 1s during dry periods when flows are low
that water is normally most needed and withdrawals of water have their maximum impact on
the rivers. However, Qys in semi-arid regions may be zero, so another flow statistic may be
used. such as mean flow. The mean flow has the advantage that it can be more readily
calculated from u water balance approuch to the caichment.  The disadvantage is that the
hydrological regime may be considerably altered. whilst preserving the mean. For example., if
a flow equal to the mean flow, may be released continvally from a reservoir the mean will be
the same as the natural flow. but all varations abow the meun (floods and low flows) will
have been eliminated.

Other practical problems also exist with this approach. Even n situations wherc the actual
river flow, groundwater table or wetland water level is measured. caleulating the natural flow
regime requires records of abstractions and discharges from and to the system. In most cases
these will not be recorded.  Estimation of the natural regime often relies on reference 10 near-
by or similar hydrological systems that are natural.

The simplestindex of degradation. in the case of river ow. is
FR,,= RMF/NMF

where
RMF = recorded mean flow
NMF = natural mean flow

For cases where the recorded mean Aow cquals the naturzl mean NMow, the index will equal 1.
The index could exceed 100 where discharges 10 the nver results in recorded mean flow
exceeding the natural mean flow.

Since many river. wetlands and aquifers have sugmfcam wet and dry scasons. a more
sophisticated index could have two components: =~ o
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Annex B

There are a wide varicty of determinands that influence the quality of water mcluding
nutrients (eg. nitrates, phosphates). metals (cg. copper. zinc. lead) and pesticides.

The OECD has published data at a national level for a range of water quality paraimeters.
These have been used in environmental indices such as the Environmenta) Perfformance Index
{WEF, 2002). They three water quality measures: dissolved oxygen. phosphorus
concentrations. biochemical oxygen demand using data for 22 countries.

Other national indices are available. such as the Surface Water River Ecosystem
Classification (NRA. 1994). which classifics the quality of rivers into 5 groups.

River Dissolve | BOD | Total Un- pH Hardness | Dissolve | Tota
Ecosysic | d Oxygen | mg/l ammonia | inonised mg/1Ca | dcopper ||
mClass | % mg N/| ammonia | Spere | CO;y py/l zinc
saturation mg N/| 5P pg/l
W perc 90 pere M) pere 90 pere
10 percentike 3 percentile 93 poic
1 Very 80 2.5 0.25 0.021 6-9 | <10 5 30
good - >10- 50 22 200
suitable >50 - 40 300
for all 100 112 500
species >100
2 Good - |70 4.0 0.6 0.021 6-9 | <I0 ) 30
suitable >10-50 22 200
for alt >50 - 40 300
species 100 112 500
>100
3 Fair— |60 6.0 1.3 0.021 6-9 | <l 5 30
suitable >10-50 22 200
for high >50 - 40 300
class 100 112 500
coarse >100
fish
4 Fair - 50 8.0 2.5 6-9 | <10 S 300
suitable >10-50 22 700
for coarse >50- 40 LGO0)
fish 1% 12 2000
>100
SPoor- |20 15.0 9.0 6-9 | <l 5 300
hikely 1o >10-50 22 700
limit >50 - 40 1004)
coarse 100 112 2000
fish >100

Table B1 Water quality standards for UK rivers (NRA, 1994)
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Appendix 9.2
Which Water are we Indexing and Which
Poverty?

Tony Allan
SOAS, Unmiversity of London.  tony.allan @sous.ac uk

‘While water shortages do not determine the levels of poverty or prosperity enjoved
by a community, communities that endure poveriv will in almost all circumstances
Jace problems in accessing sufficient safe water for domestic purposes and for secure
livelihoods.”

Summary

The purpose of this analysis will be to contextualise the water poverty index activity
by providing a revicw of some important underlying concepts. The discussion of these
concepts will also assist in defining the scope of the study. First, it will be shown that
communitics can cndure water shortages with poverty. They can also experience
walter shortages and enjoy prospenity. Secondly, it will be shown that while water
shortages do not deterrmine the levels of poverty or prosperity cnjoved by a
community, communities that endure poverty will in almost all circumstances face
problems in accessing sufficient safe water for domesiic purposes as well as for secure
livelihoods. Poverty is a socially and politically determined phenomenon. Poverty 1s
not cnvironmentally determined. Thirdly. it will be shown that the long term
challenge of allocating and managing adequate. sufficient and safe water 1s
fundamentally associated with the creation of secure livelihoods. Secure livelihoods
cnable access directly to the small volumes of water needed for drinking and domestic
purposes and indirectly 1o the water intensive commodities that are also necessary for
life and well-being. Finally, it will be emphasised that in attempting to ameliorate the
problems of those enduring water poverty prionty will always have 1o be given to
how (o address the social and especially the political cicumstances - locul and
external - that have led to the impoverishment of a community.

Water poverty is an etement of poverty. The ehmination of the political and socio-
economic circumstances that consign a community to poverty will also cnable the
elimination of water poverty. As a result one of the features of this project will be its
focus on communities that are poor in socio-cconomic terms-Regions that endure low
rainfall or lack surface and sub-surface fresh water will not be the prime focus.
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soil water. These fresh waters may be local in origin or they may have been moved by
gravity from sources thousands of kilometres away.

Surface &
groundwater
[freshwater]
flows &
storages

Figure 1: Water needs and the diverse combinations of sources which satisfy need. The
diagram shows that the water supply system is not a closed one for a community in a
particular tract. Both technology and trade can provide potential solutions for water supply
deficiencies. It is the impoverished circumstances of poor communities that prevent them
accessing the ‘supplementary’ manufactured water and the traded virtual water.
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Demand and availability: identifying the proportions of the competing
demands for fresh water and for soil water: scarcity can be naturally or
socially determined

Individuals and communities need water for food, for domestic use including for
drinking and cooking, for livelihoods and for the maintenance of envirenmental
services. Very little water is needed for domestic purposes and for most livelihoods
outside agriculture. The main competition for water for human use is between big
volumes of water diverted from the environment for food production and the even
bigger volumes of water in the environment that sustain environmental services. All
water used by human systems is diverted from water flows and storages that, before
human intervention, were in the environment.

In brief, an individual needs about one cubic metre of high quality water per year for
drinking; a quantity of between five and 100 cubic metres per year for domestic
purposes; and a quantity of between 500 and 1000 cubic metres per year for the
production of their annual food needs.

In industnialised economies the levels of domestic water use, including drinking
water, are about 100 cubic metres per person per year. In the poor economies of
Africa the levels of domestic water use are at the low end of the range — about five
cubic metres per person per year - because water for domestic consumption may have
to be carried by the family from remote sources.

Levels of water use for food consumption also vary widely. People in industrialised
economies enjoy diverse diets including high proportions of animal products. This
pattern of consumption accounts for a high level of per person use of about 1000
cubic metres per year of water. The dicts of poor communitics are not diverse and
they generally consume few animal products. As a result the water needs for food
could be as low as half of the levels of those in industrialised economies.

Water for food consumption is a complex issue in that the water used for crop
production may be available naturally in the soil profile. In some locations the
naturally occurring soil water may be supplemented by freshwater diverted and/or
pumped from surface and ground waters. In and, rainless, regions all the water used in
agriculture may come from surface and/or groundwater.

In the light of these numbers it is evident that the concept of available water is
complex in that a community may derive ninety per cent of its water needs from the
soil profiles surrounding their dwellings. [See Figure 1] Soil water is not available for
drinking and domestic use yet it usually provides the bulk of the water needed for
survival. Any attempt to design a water poverty index that indicates the status of the
water available to a community in relation to the levels of water needed for survival
must be capable of distinguishing between different types of water shortage.

First, water shortages may relate to the inadequate availability of the small volumes of
water needed for dnnking and domestic purposes. Secondly, water shortages may
result from inadequate water availability for crop and livestock production in low
rainfall areas. Thirdly, water shortages may result from the local absence or
inadequacy of fresh surface water and groundwater to supplement, or serve instead of,
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Poverty and water poverty

Communities can face water shortages in economies enduring poverty. They can also
face and overcome water shortages in circumstances of prosperity. The inadequacy of
the water availability can be ameliorated by accessing water for drinking and
domestic purposes via technology and trade. The small volumes of water needed for
domestic purposes can be manufactured - by for example by desalination. The big
volumes of water associated with food production can be accessed via trade in water
intensive commodities. This water is often referred to as virtual water. (Allan 2001)
[See Figure 1]

It is the inability of poor communities to access technology and trade that consigns
them to water poverty. Local deficiencies in freshwater and soil water availability
cannot be addressed successfully by the poor. The communities for which the
proposed water poverty index will be relevant are those that do not have the option of
accessing manufactured water or traded virtual water.

In this study the focus is on the communities and economies that are poor and
therefore lack the means to fully ameliorate their water shortages. Either water is not
locally available or the communities lack the technical and economic capacity to
access available local water. They also cannot access water available outside their
locality either by technology or via trade.

Water poverty has two dimensions. Ohlsonn (1999) has usefully shown that there are
two orders of water scarcity. First order scarcity is the shortage of water itself. Second
order scarcity is that of social adaptive capacity. The poor lack social adaptive
capacity. The absence of second order social adaptive capacity is many times more
important than first order water shortage.

10000 m3ppy
Water
resource
status of
the economy 1000 m3pey
[m3ppy as
an indicator]
10m3ppy
$10 ppy $1000 ppy $100000 ppy

Adaptive status of the society & economy
[GDP/person/year as an indicator]

Figure 2 The two dimensions of water poverty and the two ameliorating factors — the water
status and social adaptive capacity

The focus of the study is on the impoverished communities who currently lack the
ability to ameliorate their water supply problems. Communities that lack the ability to
ameliorate their water shortages lack ‘social adaptive capacity’. (Turton and Ohlsson
2000)
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Determining factors and water poverty

There is a tendency to assume that water shortages will determine poor economic
outcomes. Such environmental determinism has long been discredited. Shortages of
water do not determine the levels of poverty or prosperity enjoyed by a community.
Figure 3 conceptualises water resource determinism. Figure 4 and Figure 5, however,
show that water resource endowment does not determine socio-economic
development outcomes

10000 m3ppy
Water Malthusian
relationship
resource
status of ;
the economy D00 mopPy
[m3ppy as
an indicator]
10m3ppy
$10 ppy $1000 ppy $100000 ppy

Adaptive status of the society & economy
[GDP/person/year as an indicator]

Figure 3 Showing the relationship predicted by Malthusian analysts. Natural resources would
determine that would determine economic outcomes and the deterioration in the natural
resource status would impoverish communities and political economies.

Figure 1, Figure 2 and Figure 3 illustrate the two dimensions of water poverty. The
diagrams also show clearly that water poverty is not static. The status of the water
resource for individuals within a nation or region tends to worsen as populations rise
and the availability of freshwater and soil water tend to remain unchanged.

Communities that endure poverty will in almost all circumstances face problems in
accessing sufficient safe water for domestic purposes and for secure livelihoods.
Poverty is a socially and politically determined phenomenon. Poverty is not
environmentally determined. A community or economy can move from a poor
position in terms of poverty and water scarcity o a position of prosperity through
creating diverse livelihoods. A strong and diverse economy enables access to water
and water intensive commodities. See Figure 4.
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resource South Korea
status of

the econo
¥ 2000

[m3ppy as
an indicator]

$10 ppy $1000 ppy $100000 ppy

Adaptive status of the society & economy
[GDP/person/year as an indicator]

Figure 4 Both the water siaius ana e social agapuve capacily are aynamic. LOmmuniues

and political economies have trajectories reflecting worsening local water resource availability
— because of rising populations, and reducing poverty — because of adaptive amelioration.
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10000 m3ppy

Water
resource
the economy Water poor

[m3ppy as and
an indicator] adaptively poor

10m3ppy

510 ppy $1000 ppy $100000 ppy

Adaptive status of the society & economy
[GDP/person/year as an indicator]

Figure 5 Diagram defining the communities for which the Water Poverty Index can be a
relevant analytical tool and where re-allocative policies, investment and technology should be
devoted

Secure livelihoods ameliorate water poverty

The long term challenge of accessing, allocating and managing adequate sufficient
and safe water is fundamentally associated with the creation of secure livelihoods.
Secure livelihoods enable access directly to the small volumes of water needed for
drinking and domestic purposes and indirectly to the water intensive commodities that
are also necessary for life and well-being. Evidence that economies which generate
diverse and secure livelihoods can overcome water shortages was clear in Figure 4.

The creation of livelihoods is achieved by the mobilisation of local human and social
capital. These are just two of the five capitals associated with the creation of
livelihoods. Figure 6 is a diagram showing the five capitals. Impoverished
communities are by definition short of all the capitals. Their local environmental,
human and social capital have not been mobilised to create manufactured and
financial capital.

The focus of this study is on communities that lack the adaptive capacity to mobilise
their environmental, human and social capital to escape poverty. They have created
little manufactured capital and cannot access financial capital.

Ideally a composite water poverty index will be weighted by the availability of the
local capitals — environmental, human and social.

For planning and policy purposes it will be helpful to have information on the status
of local manufactured capital and financial capital and on trends in availability.
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The five capitals
and livelihoods

Social resources
enable communities
to create livelihoods
enabling deficiencies
in environmental
resources to be
overcome

Figure 6 The five capitals and the creation of livelihoods that ameliorate environmental
resource deficiencies.

Politics and governance: the diverse contextual factors which influence
existing water management options and their potential for change and
reform?

‘Any attempt attempting to ameliorate the problems of those enduring water poverty
must attempt to take into account the political and governance dimensions that
explain water poverty and the poverty to which water poverty is subordinate.’

The most difficult factors to measure and evaluate in the area of poverty and water
poverty incidence are those of governance and politics.

Governance is defined as the formal and informal institutions and arrangements that
affect the relationship of a community with its resources, including its water
resources, and with competing users. Such arrangements can advantage or
disadvantage particular communities.

Politics is defined as the power relations between those who have allocative power
over resources, such as water, and those whose access is affected by such power
relations.

Politics is about the ‘who’; governance is about the ‘how’ — in the definition —
‘Politics is about who gets what, when and how’. (Laswell 1956)

Any attempt attempting to ameliorate the problems of those enduring water poverty

must attempt to take into account the political and governance dimensions that explain
water poverty and the poverty to which water poverty is subordinate. Appropriate
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priority should be given to the social and especially to the local and external political
circumstances that have led the impoverishment of acommunity.

Conclusion

All indexes of social and economic activity are attempts to simplify the extremely complex. The above
analysis is intended to demonstrate that the group of interdisciplinary environmental and social
scientists, engineers and water resource professionals were aware of the complexity and the
circumstances which make simplification challenging.
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Resource & Socio-economic Contexts-
Contribution to Training Material

Water Poverty Index

Resource context and the
socio-economic context

Training manual

First, the water needs of individuals

are defined and the diverse types of

water shortage that a community can
face.

Secondly, it will be shown that
communities can endure water
shortages with poverty. They can also
experience water shortages and enjoy
prosperity.

Fifthly, it will be shown that
attempts to ameliorate the
problems of those enduring water
poverty, ppriority will always have
to address the social and especially
the political circumstances - local
and external - that have led to the
impoverishment of the community.

Very little water is needed for
domestic purposes and for most
livelihoods outside agriculture.

Tony Allan, SOAS, University of London

‘While water shortages do not
determine the levels of poverty or
prosperity enjoyed by a community,

communities that endure poverty
will in almost all circumstances face
problems in accessing sufficient
safe water for domestic purposes
and for secure livelihoods.’

Thirdly, water shortages do not determine
the levels of poverty or prosperity enjoyed
by a community
Communities that endure poverty will in
almost all circumstances face problems in
accessing sufficient safe water for
domestic purposes as well as for secure
livelihoods.

Poverty is a socially and politically
determined phenomenon. Poverty is not

environmentally determined.

The elimination of the political and socio-
economic circumstances that consign a
community to poverty will also enable the
elimination of water poverty.

Regions that endure low rainfall or lack
surface and sub-surface fresh water will not
be the prime focus

The for
human use is between big volumes of
water diverted from the environment

for food production and the even bigger
volumes of water in the environment
that sustain environmental services.

The purpose of this analysis
will be to contextualise the
water poverty index activity
by providing a review of
some important underlying
concepfts.

Fourthly, it will be shown that the long
term challenge of allecating and
managing adequate sufficient and safe
water is fundamentally associated with
the creation of g

enable access
directly to the small volumes of water
needed for drinking and domestic
purposes and indirectly to the water
intensive commodities that are also
necessary for life and well-being.

Individuals and communities need water
for !
for including for drinking
and cooking,
and for the

One m3/person/year
use 100 m3/person/year
1000 M3/person/year

Figures are lower for poor communities
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Poor communities in the South tend to
have less diverse diets - especially with
less animal products - and as a result
have lower water demands for the
production of their food.

First, water shortages may relate to
the inadequate availability of the small
volumes of water needed for drinking

and domestic purposes.

Secondly, water shortages may result
from inadequate water availability for
crop and livestock production in low
rainfall areas.

The diagram conceptualising water
adequacy shows the diverse
combinations of sources which satisfy
need.

The diagram also shows that the

for a community in a particular tract.

The inadequacy of the water availability
can be ameliorated by

Relevance of the WPI

The communities for which the
proposed water poverty index will be
relevant are those that do not have

the option of accessing manufactured
water or traded virtual water.

Water for food consumption is a
complex issue in that the water used for
crop production may be available
naturally in the soil profile.

Thirdly, water shortages may result
from the local absence or inadequacy of
fresh surface water and groundwater to

supplement, or serve instead of, soil

water,

These fresh waters may be local in
origin or they may have been moved by
gravity from sources thousands of
kilometres away.

Both and can provide
potential solutions for water supply
deficiencies.

It is the impoverished circumstances
of poor communities that prevent them
accessing the 'supplementary”
manufactured water and the traded
virtual water

It is the inability of poor communities
to access technology and trade that
consigns them to water poverty.

Local deficiencies in freshwater and
soil water availability cannot be
addressed successfully by the poor.

In this study the focus ison the
communities and economies that are
poor and therefore lack the means to
fully ameliorate their water shortages.

Appendix 9.3

the naturally
occurring soil water may be
supplemented by freshwater diverted
and/or pumped from surface and
ground waters.

, rainless, regions all the water
used in agriculture may come from
surface and/or groundwater,

sell
ufficient
wilequacy

Communities can face water shortages
in economies enduring poverty.

They can also face and overcome water
shortages in circumstances of
prosperity.

Relevance of the WPI

The communities for which the
proposed water poverty index will be
relevant are those that do not have
the option of accessing manufactured

water or fraded virtual water.

Either water is not locally available or

the communities lack the technical and

economic capacity to access available
local water.

They also cannot access water available
outside their locality either by
technology or via trade.
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In this study the focus is on the
communities and economies that are poor
and therefore lack the means to fully
ameliorate their water shortages

Either water is not locally available or the
communities lack the technical and economic
capacity to access available local water

They also cannot access water available
outside their locality either by technology

or via trade

Water poverty has two

dimensions.
is the
shortage of water itself.
is that

of social adaptive capacity.
The poor lack social adaptive
capacity.

The focus of the WPI activity is on
the impoverished communities who
currently lack the ability to ameliorate
their water supply problems.

Communities that lack the ability to
ameliorate their water shortages lack
'social adaptive capacity’. (Turton and

Ohlsson 2000)

Witer poor
and

adaptively

Water shortages do not determine
the levels of poverty or prosperity
enjoyed by a community.

Communities that endure poverty will
in almost all circumstances face
problems in accessing sufficient safe
water for domestic purposes as well as
for secure livelihoods.

The absence of second order
social adaptive capacity is
many times more important

than first order water
shortage.

There is a tendency to assume that
water shortages will determine poor
economic outcomes.

Such environmental determinism has
long been discredited,
Shortages of water do not determine
the levels of poverty or prosperity
enjoyed by a community

The long term challenge of accessing
allocating and managing sufficient and
safe water is fundamentally associated

with the creation of
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Poverty is a socially and
politically determined
phenomenon.

Poverty is not environmentally
determined.

The following figures conceptualise
water resource determinism.

the next figure shows that water
endowment does not determine socio-
economic development outcomes

Both the and the
are

Communities and political economies
have reflecting
worsening local water resource

availability -
, and

« directly to the small volumes of water
needed for drinking and domestic
purposes

* indirectly to the water intensive
commodities that are also necessary for
life and well-being

Economies which generate diverse and
secure livelihoods can overcome water
shortages
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+ directly to the small volumes of water
needed for drinking and domestic
purposes

* indirectly to the water intensive
commodities that are also necessary for
life and well-being.

Economies which generate diverse and

secure livelihoods can overcome water
shortages

FXTERNAL

Social resources
enable communities

enabling deficicncies
in environmental

For purposes
it will be helpful to have
information on the status of:

*+ local manufactured capital
financial capital
on trends in their availability.

The most difficult factors to
measure and evaluate in the
area of poverty and water
poverty incidence are those

of

Politics is about the ‘who’;
governance is about the ‘how
- in the definition:

"

(Laswell 1956)

The creation of livelihoods is achieved
by the mobilisation of local human and
social capital.

These are just two of the five capitals
associated with the creation of
livelihoods

The focus of this study is on
communities that lack the adaptive
capacity to mobilise their
environmental, human and social
capital to escape poverty.

They have created little
manufactured capital and cannot
access financial capital.

The diverse contextual
factors which influence:

+ existing water management
options and

= their potential for change
and reform?

is defined as the formal
and informal institutions and
arrangements that af fect the
relationship of a community with:

- its resources, including its water
resources
competing users.

Such arrangements can advantage or
disadvantage particular communities.

Any attempt to ameliorate the
problems of those enduring water
poverty must to take into account

the political and governance
dimensions that explain water
poverty and the poverty to which
water poverty is subordinate.
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Impoverished communities are by
definition short of all the capitals

Their local environmental, human and
social capital have not been mobilised to
create manufactured and financial
capital

Ldeally a composite water
poverty index will be weighted
by the availability of the local
capitals - environmental, human

and social.

‘Any attempt to ameliorate the
problems of those enduring water
poverty must take into account the
political and governance dimensions
that explain water poverty and the
poverty to which water poverty is

subordinate.’

is defined as the
power relations between
those who have
, such
as water, and those whose
access is affected by such
power relations.

Appropriate priority should be
given to the social and especially
to the local and external
political circumstances that
have led to the impoverishment
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A Water Deficiency Index for Primary Water Use
Michael Clark

FAMILY SIZE/STRUCTURE
Demand: driven by lifestyle/S-E status

Y
'-‘-'-’-."'"vl-ml'nd"—f

Aggregat

od

¥

,

DOMESTIC WATER
COLLECTION

CAPABILITY

Time/Distance/Effort to collect water

.

PRIVATE WATER
SUPPLY

in house or yard

Potenti

Appendix 9.4

ANIMAL, CROP AND
ECONOMIC WATER
USE

Only includes water consumed at
- eoe wlhee At B

Barriers to Water Use

PRICE or QUOTA

\

C Actual

NDema

Barriers to Water Use

WATER SUPPLY
Measured or Modelled

Amonnt and Reliahility

An estimated or l Can be varied to
assessed demand ! assess climate or land
reduction factor : nee chanee scenaring
a3 * R e

WATER QUALITY

% meeting minimum
standard
v
WATER NEED WATER USE

Stuhdcnﬁised nominal value

’ Can be set at various |
i levels to assess impact |

R
I WATER DEFICIENCY INDEX
Surplus Adequate
Water Water

SE

Actual consumption

Levels of
Defi

™~

Deficient
Water

J

ciency




Appendix 9.4

A Water Def'clency lndtx for anary Water Use
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assumed needs

= Surrogate Daks N = Nomiinalfstondard Dota

& CEH Wallingelord 2002



Appendix 9.4

Calculation of Deficiency Index for Primary Water Use
Water deficiency s the extent to which actual use of good-quality water matches
assumed needs

WATER DEFICIENCY = (WATER USE x WATER QUALITY} / WATER
NEED
Stnctly the index should be discounted by the opporiumity cost of coliccion trp effort (4.1).
Vanations could be calculated incorporating potential waler use enhacements produced by modelling the addition

of new or improved waler supplics - thereby reducing the effort cust muluplier (4.1) and the supply himit (5).
NB The index could be separately calculated for dry/wet season and aggregaied pro rata.

WATER USE = 1.1
Or (1.2+13+14)yx21x3.1 (standardised 16 pet capata using | 6)
Or (1.5+13+ 14yx2.1x 3.1 (stsndardiscd to per rapiia using 1.0)
Or (1.6 x 6.1) x 4.1 Istanchardised to per caprta using | 0

B The alternative estimating roulines may need standardising by a general or nationally-denved fagior This could
be tested in Phase )
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Appendix 9.5

Poverty & Indicators Literature Review
Tim Fediw, CEH Wallingford

9.5.1: Definitions of Poverty

The study of poverty can be iraced back at least as far as medieval umes in Englund
when poor laws were codified. however. empirical studies did not first come about
until the turn of the century when pioneering studies were made by Booth in London
and by Rowntree in York. Rowntree's study of 1901 was the first to devclop a
composite poverty standard, which included estimates for individual families based on
cstimates of nutritional and other requircments3.  Since this time, approaches to
poverty have changed and the scope of poverty studies expanded such that there are a
number of interpretations of the meaning of poverty, accompanicd by an even greater
number of ways to calculate it

The litcrature on poverty 1s so vast as to be impossible to list. Some of the key issues
on poverty which have been examined include work on gender (Rosenhouse, 1989),
definitions of poverty in the context of development (CDP,UNDP 2000: Sen, 1995;
van der Gaag,1988), poverty thresholds (Orshansky, 1969), poveny mcasurcment
(World Bank 1996a: Lipton. 1988; Desui. 1995) poverty and welfare (World Bank.
1998} poverty and food (Malseed. 1990) poverty and politics (Uvin, 1994) poverty
and heatth (WHO, 1992), poverty and vulnerabihity (CDP, 1999) and many more
1ssues. While a lot of these i1ssues may touch on the importance of water. very few
attempts make the link explicitly between water and poverty, although the
WHO/UNICEF Joint Monitoring Program docs attempt o assess progress in the
provision of clcan water and sanitation,

Methods currently in use to assess poverty nced to be considered in any attempt o
link water resource assessments with poverty 1o form a Water Poveny Index. There
arc a number of approaches to this, including the Poverty Line, the Headcount Index.
and the Poverty Gap. The Poverty Line 1s a consumption-based measure comprised of
an element representing the minimum level of expenditure required for basic
nccessities, plus an extra amount for that required to participate in the everyday life of
society. This varies considerably throughout the world, but for developing countries it
1s thought to range from $275 per capita per annum, to $370 per capita per annum.
This measure indicates that over | billion people fall below the poverty line, roughly
onc third of the total population of developing countries. The Headcount Index
cxpresses the number of poor. as detined by the poverty line, as a percentage ot the
total popudation. In a large country like China. a relatively low Headcount Index can
actually mean very large numbers of people. The Poverty Gap is sometimes called the
Average Income Shortfall, an asscssment of the amount of moncy that would be
necessary to bring every poor person up to the poverty line. This is expressed as the
agercgate income shortfall of the poor. as a percentage of aggregate consumption.

All of these approaches are based on national income figures. and as averages, are not
very representative of regional variations. As a result, they often fail to accurately

3 Maxwell .S (1999)
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represent the levels of poverty experienced in different communities. Importantly,
measures of per capita income are recognized to be inadequate to represent human
wellbeing. While money measures may provide some means of comparison of
economuc activity, they take no account of non-monctary attributes of human
wellbeing, nor of the value of women’s household labor, nor indeed of depreciation of
natural capital.

Hennimger (1998) ponts out that “no universally agreed upon definition of poverty
has been established”. However, he goes on to define poverty as being unable 1o
securc a mimmum standard of well-being or when peoples choices and opportunities
to lead a tolerable life are denied or restricied.  Henninger refers to eight broad
components of poventy as identified by Jazairy ¢t al (1992) These are; material
deprivation which can include nadequate food supplies. poor health, lack of
education, clothing, housing or fuel. Lack of assels. geographic isolation. alienation.
dependence, or lack of decision making powers are also components of poverty.
Additionally. vulnerability to external shocks such as floods or drought and msecurity
in terms of the threat of being exposed to physical violence are also identified.

Poverty is therefore multidimensional and similar factors have also been identified
when local people are asked about poverty. Issues such as being free of obligations to
make children work for others or the ability to decline demeaning jobs are two
examples of elements that were often identified.

Maxwell (1999) identifies what he calls nine “fault lines in the poverty debate”.
Firstly, poverty can be measured at an individual or household level depending on
what the study aims 1o highlight.  Poverty is ofien defined in terms of private
consumption, however, the inclusion of publicly provided goods and services may be
more realistic. Some measures of poverty are restnicted to monetary measures. A
clear fault line 1s said to exist between such measures and those that include factors
such as seif-esteem or participation. Fault lines also exist between snapshot or time-
lines measures, actual and potential measures. siock or flow measures, absoluie or
relative poverty, input or output measurcs and objective or subjective perceptions.
Whilst there is no right or wrong answer, it is commonly agreed that welfare obtained
from public provided and common properties should be included.  Additionally. it
should be noted that poverty affects individuals, it is therefore necessary 1o involve
thesc individuals when it comes to defining poverty

Rowson (2001) points out that “a focus on income is not alwavs helpful when we are
trving 1o think of ways to tackle povertv”. Rather. one should look at what it means to
be in a state of poverty such as access to health services, clean water and sqmgahon _
cducation and mortality rates. A measure of poverty that includes these factors is
therefore broader than a basic income measure. This measure is known as Human
Poverty as appose to Income Poverty and might include factors such as lack of

income and assets. isolation, physical weakness, powerlessness and vulnerability.

The definition of poverty that is frequently adopted in the UK is based on the
European Union working definition of poverty which defines it as: “Persons. families
and groups of persons whose resources (material. cultural and social) are so limited
as 10 exclude them. This definition is one of relaive poverty. rather than absolute
poverty as it defines poverty in terms of denvation. from a certain standard. In this
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sense, the standard of living that constitutes poverty will be far higher in a developed
country than in one which 1s less developed.

Absolute poverty describes poverty “without reference to social context or norms and
is uswally defined in terms of simple physical subsistence needs bui not social needs”.
Furthermore “absolute definitions of povertv iénd to he prescriptive definitions based
on the “assertions’ of experts about people’s minimum needs”4. The World Bank
employs an absolute definition of poverty in the form of a poverty line. The poverty
line, or minimum income required, is deemed as (US)$1 per day and any person
living on less than this per day is seen to be in poverty. Such a definition does not
therefore encompass social factors.

Gordon and Spicker (1999) summansc a number of contributions that have been made
to the argument between the merits of absolute and relative descriptions of poverty.
Sen (1983) argues that “rhere is an irreducible absolutist core in the idea of poverty.
If there is starvation and hunger then. no matter what the refative picture looks like-
there clearly is poverty”. Townsend (1985) though. claims that this core is itself
relative 1o society.

Fonkem (1999) points out that an absolute definition of poverty may be insufficient as
it docs not lake into account what is a “reasonable and acceptable as a sivle of
ltving” in a particular place or at a particular time. Circumstances normally change
from place to place and from time to time. For this reason two standards of poverty as
put forward by Townsend should be employed. A “‘national-relational” measure
should be uscd based on relative poverty according to a particular society along with a
“world-relational” measure based on more absolute standards.  This method allows
poventy between different societics to be better compared. The argument between
these too broad definitions is arguably less important than the need to identify those in
need and to identify the issues that lead them to be in a deprived state.

The Canadian Council on Social Development [CCSD} (2001) recognises that
“virtually all measures of poverty are relative” as whether or not someone is seen as
poor depends, to some extent, on scciety norms.  For this reason, from 2002 onwards,
CCSD is introducing what it terms the Market Based Measure (MBM) for defining
poverty in Canada.  As well as encompassing basic, absolute, human needs, this
measure also includes factors that represent what is needed to achieve “creditable”
communily norms.

This method has come in for criticism. as its calculation will involve large subjective
Judgements being made on the part of government officials. in particularly when it
concerns what factors should be included in the basket measure.  For this reason, it is
reccommended that the formation of the MBM should have a participatory and
transparent approach.

Boyle (1999} attcmpts to show that there is a satisfactory resolution to the long
standing argument between absolute and relative definitions. O’Boyle begins by
renaming these definitions as “minimum living standard” and “‘income distribution
standard™ respectively as these terms more accurately reflect what euch definition is

4 Gordon .D, Spicker .P (1999)
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explaimng. He believes that a great improvement in the way poveny is defined and
measurcd can be achieved if more consideration 15 given to the reason why poverty is
two-dimensional,

To this end, O'Boyle suggests that a single definiion of Poverty can be achieved
which encompasses both the minimum living standard and the income distribution
standard defininons.  Furthermore, this improved definiion should be convenient.
consistent, direct, comprehensive and widely acceptable.

From this a three-part classification of “poor” can be created. Those who arc found to
be poor under both the income distribution and mimmum living standard definitions
are defined as “poor”. Those who are identified as poor under one or other of the
defimtions arc identificd as “marginally poor”. whilst thosc who qualily under neither
are “non-poor’”. This system helps to address the depth of income poverty and has
beecn shown to be widely accepted by the public as it confirms to their values
regarding the naturc of poverty. which is essential for it 1o work.

In addition to this, O'Boyle cites the cause of controversy over defimtions as being
down to the mutual failure of the advocates of absolute and relative definitions to
recognise the premises they have used in shaping their definitions. This failure leads
the advocates of both camps failing also 1o recognise thosc of the other party.

There are numerous variations of the definition of poverty and arguments relating to
which one is most relevant. It seems clear though from this literature review that any
meaningful quantification of poverty should mclude both aspecis of absolute and
relative defimitions. In absolute terms, there 1s always a minimum level of certain
resources that people need in order to survive. Access to water resources i1s hikely to
be a major determinant of absolute poverty. Addinonally though, it i1s necessary to
place things in a cultural and more locahsed conteat if the definition of poverty is to
be meaningful 10 both the rescarcher and the very people thatit is defining.
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9.5.2: Indicators & Techniques of Creating Them

Indicators provide a convenient method of summarising lurge amounts of data into a
single value, which can then be compared over time or between countries and regions
to reveal changes and differences. They also provide a means of communicating
information about progress towards a eoul (such as sustainable resource
managements) 1n a significant and simplificd manner. In the UK, the Consumer
Price Index (Retail Price Index) provides a good example of an indicator. Data is
collected on the price of goods und services by mecasuning “buskets of goods™ that are
representative of consumer spending patterns. The items in cach busket are known as
price indicators and are combined together to produce the index, which gives an
average measure of the change in prices of goods and services. Thus, the indicator
provides a picture for the change in overall prices based on a selection of goods only.

How an indicator is constructed can be illustrated with a simple example. Take a
basket with three goods: bread, meat and salt for two years:

Prices in (£) pounds per kg:

1990 2000 % Change
Bread 0.75 1.05 40
Meat 5.00 6.00 20
Salt 0.25 0.40 60

Suppose that in 1990 the typical consumer bought 100kg of bread, 200kg of meat and
4 kiltos of salt:

Cost of 1990 basket is: 100*0.75+200*5+4*0.25=  £1076
Cost of 1990 basket in 2000 is: 100*1.05+200*6+4*0 4= £1306.6

The total increase in the cost of the 1990 basket is 21.4%, which is much lower than
the average price increase. This 1s because although meat went up in price by the
lowest percentage, it is the most important item in the basket and camies the greatest
weight of total spending. Hence, an indicator can reflect the weights given to the
different aspects that make 1t up.

Single indicators such as the Consumer Price Index can be used alone, however, some
indicators are more useful when used together. The OECD, for example, uses a
working set of core indicators in mcasuring development progress.  Indicators
covering a large range of factors that contribute to development such as education,
health access to safe water and environmental sustainability are used to mcasure
overall development progress. The Human Development Index is an average of three
separate indicators and is calculated annually based on the relative performance of
cach country in human development. The Water Poverty Index can be constructed in a
similar way. bringing together information on resources, access, capacity, use and
environment for cach country o allow comparison internationally.

5 For more information on indicators and natural resource management. see Walmsley, 1 (2002)
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There is u considerable literature on the use of indicators (Anderson, 1991,DoE. 1996,
Hammond et al, 1995, Rennings and Wiggering, 1997 Rogers et al., 1997, Salameh.
2000, Strecten, 1996, World Bank, 1998) While many of these allow policy makers
and funding agencics to monitor progress for environmental change or  poverty
climination, those of the Committee for Devetopment Policy of the United Nations are
particularly of use. None, however, recognizes the unique importance of water to all
forms of life. Without adequate and efficient water supplies, i.c. where there is water
poverty’, any measures to reduce inceme poverty are unlikelv 1o be successiul.,

The challenge of a good indicator is to he able to create an index or an altermative
form of representation, which is characteristic of a whole country or region using a
rclatively small sample.  “Indicators must simplifc without distorting the underlving
truth (and) reduce the complexities of the world 10 a simple and wnambiguous
message "6Thorough design of the indicator is therefore essential in order o ensure
that the indicator achieves this accurately. A number of examples of different
approaches to the creation of indicators, in partcular regarding poverty, will be
discussed below.

As part of the project “Improving Methods for Poverty and Food Insecurity Mapping
and its Use at Country Level” the FAO, CGIAR, UNEP and GRID, in Henninger
(1998), have sought to construct poverty maps. based on survey data. to provide an
indicator of the levels of poverty (htip:/Avww. povertvinap.ner/). The data used can
come from a vancty of sources each of which have advaniages and disadvantages.

Whilst census data allows a fine resolution map to be created. information is often out
of date. Bottom-up approaches have the advantage of allowing participants to
introduce their own critena but lack of structured questions can make it hard 1o
extrapolate results and compare information.  Household surveys to some exienl
provide a compromise although they produce maps of only adequate resolution.

These Maps are constructed using GIS and can deliver clear information on the spatial
distribution of poverty. The use of maps to represent poverty was found to have a
number of benefits. Use of GIS made it easier to integrate data from various sources
and disciplines, which, if a conventional index approach had been used. may have
been harder.  This mapping techmque also altowed geographic areas suffering from
poverty to be clearly identified. Using this information, the allocation of resources
can be improved and used to target anti-poverty programmes.

Using a map rather than figures has distinct advantages when it comes 1o developing
countries. as they arc more easily understandable 10 o wider audience. Mapping
therefore provides a powerful tool-for- decision~makers-=- Additionally. - poverty-
mapping allows the limits of analysis to be expanded to include ecological factors and
allow new vanables to be included which were not part of the survey.

Mapping can help provide new insights into the causes of poverty that could not be
found by conducting a houschold survey alone. Identifving physical isolation is one
example. Muapping also has the advantage that it can be applied at the national and

6 World Health Orgamssation: Environmental Health Indicaters.
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sub-national tevel. High-resolution maps cun be used to support efforts 1o localise
decision-making.

Henninger (1998) also recognises that poverty indicators can be grouped into three
major dimensions of cconomic, social and enabling environment.  Under the
economic dimension cither current consumption expenditures. income or wealth can
be used.  Social aspects of well-being can include measures of nutrition, energy,
sanitation and water availability, family planning or education. Such indicators have
the advantage that they can be used as a proxy for the constraints of human welfare
but have the problem that they cun be hard to aggregatc. Although less used at
present. enabling cavironment indicators can provide important information.  Thesc
can include level of empowerment, governance, participation and transparency of the
legal system,

The United Nations7 (1995) use Multiple Indicator Cluster Surveys (MICS) as a
method of producing indicators about the population when other data such as census
data or sample survey data 1s not available. MICS involve surveying groups or
clusters of houscholds within the population 1o produce a nationally or sub-nationally
representalive picture.

Good survey design is essential 10 ensure that the correct data is collected and that
questions are unambiguous.  As part of this design it is necessary to ensure that the
interviewers are trained to a high standard so that all interviewers conduct the survey
in the same way. Pre-test questionnaires should always be carried prior (o the main
survey. This can highlight a number of problems such as if respondents are willing to
answer qucstions in the form they are presented, whether questions are misinterpreted
and whether or not the questionnaire has been effectively translated. This can also
give an indication about the time it will take 10 carry out the survey and any additions
that may need to be made to the questionnaire.

A number of problems can occur with MICS. Large and smalt communities may have
an equal chance of being selected when in fact the larger community should have
more chance. A technique called “Probatility Proportional to Size” can be used to
overcome this. Similarly, key groups with special needs may happen o be excluded
from the survey as a result of randomness. This can be overcome by stratified
sumpling. Due to clustenng, not all households are selected independently of each
other and may therefore have similanities. This is known as design effect and can be
overcome by increasing the sample size.

The cffectivencess of MICS was later evaluated by UNICEF (1997) who concluded
that. additional trmning and technical assistance was required, lack of language skills
were a problem and that further capacity building within countries is required.

The World Health Organisation (WHO)8 recognise that environmental health
indicators must satisfy a number of different criteria 10 be effective. They must
provide a meaningful summary of the conditions for non-experts as well as being
testable and scientifically sound. Indicators need to be sensitive to real changes but
also must not be affected by “noise™ 1o any great extent.  When these criteria are

7 UNICEF (199%)
8 World Health Grganisation: Environmental Flealth Indicators:
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added to the need for cost effectiveness, the types of indicator that can be developed
arc limited to a certain extent. Onc of the greatest contlicts is balancing the need for
current, high resolution data with the cost of collecting.  Furthermore. different
indicators  demand different qualities from data, data s therefore often not
mterchangeable. 1t 1s also vital to ensure that indicators do not stand suill, they must
be adapted over time to reflect the changes that are happening in the world.

Whilst different indicators need 1o be developed for different situations, it is not wisc
that everyone develops their own indicators as this may result in a duplication of
effort and ambiguity over which indicator 1o use. The paper therefore sets out some
clear guidelines on indicator design and provides a summary list of environmental
health indicators. Of particular relevance o the construction of the Water Poveny
Index arc “access to basic sanitation”, “access to safe and reliable supplics of drinking
water”, ““connections to piped water supply” and “outbreaks of water borne discases”™.

The World Resources Institute (2001) identified similar problems when developing
indicators to assess the extent of risk to health that people face from environmental
threats. Nationa! level data is often lacking or incomplete which necessitates the use
of less accurate proxy measures. Similarly, Gustavson ct al. (1999} find that “the poor
quality, tnaccessibility and irrelevance of existing data are pervasive constrainis to
reliable indicator modelling”.  Greater focus 1s therefore required on modelling
frameworks that can use incomplete data sets or qualitative information, and linking
this to existing quanttative models.

Elbers, Lanjouw and Lanjouw (2000) attempt 1o reconcile these problems with data
by exploiting the beneficial attributes of two different types of data. They combine
the detailed information about living standards available from small household
surveys with the comprehensive coverage of census data.  Elbers, Lanjouw and
Lanjouw show that by combining the strengths of each of the above, the estimator of
welfare that they are constructing, can be used at a disaggregated level.  This
approach leads to a result that can be clearly interpreted  and can be expanded in a
consistent way to any welfare measure.

The technique employed 1s to use the detailed houschold survey data to estimate a
model of per-capita expenditure. The parameters that result are then used to weight
the census based characteristics of a target population in determining its’ expected
welfare level. Simulation, numerical integration und distnbutional approximations are
used to convert census data into usable figures.

are found to be very rehable for populations varying in size from 5,000-500.
Although it has been suggested that chance mav have it that therc is an especially
good overlap between data in Ecuador, research elsewhere suggests that Ecuador is
not a special case. Employing such a method may therefore provide uscful welfare
indicators for other countnes.

Hentschel and Lanjouw (1998) investigate the use of total consumption as a
household-level welfare indicator. This method has often been criticised. as it does
not take into account the differing access to. and cost of publicly provided services.
Hentschel and Lanjouw discuss how adjustments can be made to this indicator to take
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these factors into account. Careful analysis and corrcction of markets for basic
services must be undertaken when deriving weltare measures due 10 some markets
being highly subsidised. Meantngful welfare values can be obtained if this is carried
out.

Degreene (1994) points out that many economic indicators have lost thcir predictive
capability and that most social indicators arc collected outside of a theoretical
framework. Instead, Degreene argues that ccological and large scale natural
cnvironment indicators can “provide more immediately powerful and convincing
evidence of instabidity and structural change™
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Appendix 9.6.1
Taking the WPI Further

Ms Anna Maria Giacomello & Dr Caroline Sullivan, CEH Wallingford

The structure of the composite approach is very similar to the multi-criteria approach.
As the MCA various clements (criteria) of different unit are aggregated together by
first scoring them and then adding them using a weighting system.

Unlike the MCA, no costs are included in the aggregation. WPI values the impacts
that a certain policy could have on the entena such as Access, Use. Capacity and
Environment, but it does not consider the cost of this policy.

However, Governments do not need only an instrument that helps them to identify
which villuges are more water poor. they would also like 10 know the most cost
cffective way of reducing water poverty in these villages.

A way of aggregating the costs of schemes and the WPI results it is to do a cost
effectiveness analysis.

The WPLis calculated for cach of the villages as foltows:

‘VPILI = ‘1’" JRP_I + ‘vﬂ,l Al,' i- “‘l J(:LJ :‘- “‘HJ[}'IJ -+- “'l L‘ (l)

B (3
where

WPI, 15 the WPI for the village i at the year 1,
Wy 1s the weight associated to the criterion j for the village i
X, is any of the five component for the village i in the yeur 1.

In the way the weights have been used in the formula, they do not change over time:
however this is arguable as preference actually changes over time. Aninteresting way
to structure the weights i1s to cxpress them in function of time and the level of the
cnterion they are associated 10. The weights could be calculated as follows:

wo= LX) | (2)

The equation above captures the fuct that the weight given to a criterion is very
dependent on the state of the criterion. If we ask people to give weights to the five
composite components and the current state of the environment is very bad, they
would give much more weight to it than they would have done if the state of the
cnvironment was better.

The cost effectiveness can be constructed in the following way:
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Ll .
¢ !

i) (l + I')‘

CEA = 3
CT & WP <
1=0 (l + r)r
where
Cr 15 the cost of the scheme in year 7; these are discounted using the discounting
rate r.

[t could be argued the fact that the WPI has been discounted in the cost effectiveness
formula (3). In reality not all components would be discounted, the number of people
suffering from diarrhoca would not be discounted. whereas the component wealth
would be discounted.

[n order to calculate the cost effectiveness of a scheme we need to predict the impacts
that a scheme has on all the WPI components. In fact, when a scheme is implemented
to improve onc of the components (for example, access), it has also an indirect effect
on the other components.

It would be very interesting to identify a list of possible schemes that could be applied
to reduce water poverty and then cstimate the impact that these schemes could have
on the WPI components over a certain period of tme. This would allow us o identify
the scheme that s more cost effective in reducing water poverty in u village.

From WPI towards water pricing

How we have scen, the WPI (Water Poventy Index) 1s a very effective tool to
priontise villages and countries on the base of their water poverty/scarcity. This index
is able to flag out the areas that are more in nced of water to reduce significantly the
level of poverty. So the WPI can be used to identify the villages/country that are
unable to achieve the minimum standard of living which better water provision would
be able to improve.

Once a reasonable water consumption level is achieved by a houschold, it is essential
to allocate water among various uses in the most efficient way 1f sustainable
development 1s to be achieved. Agnculture, ndustry, domestic use, environment
compete all together over the water use. At this stage the WPI cannot be used to
allocate water across users, 1o do that we need to give 10 water a pnce that reflects its
effective value.

Value of water

Water 1s an essential and irreplaceable resource on which our life support system
depends. Its value has long been the subject of philosophicat debaie which, within the
cconomic discipline. has been descnbed in the ‘diamonds and water paradox”. which
anses due to changes in the levels of marginal wility associated with different levels
of consumption. Values in society are based on utility and preferences, and while we
may have a low level of marginal utihty for exira units of water, we all have high
utihty for the imual levels of consumption ussociated with the basic human water
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requirements. Nevertheless we all agree that the price of water 1s tower than the price
of diamonds. This demonstrates the fact that price, value and cost are not the same
thing. This is particularly important when it comes to thinking about water
management, and water pricing.

The value of water vanies considerably from place to place and also from use to use.
For example. for a given quantity of water, the use value from use for navigation may
be much less than that from use in a textile plant. For irrigation, the value of the water
may be much higher if the crop grown is carrots than if it were wheat. Crop selection
has a big impact both on the use value of water. and also on the level of water use
isclf. Since agricultural water use takes the largest share of water allocation in most
economies. the value generated from it needs 10 be investigated. and methods
introduced 1o regulate its use

One accepted way of valuing water is through an examination of what values other
alternative uses could generate. This is known as the opportunity cost value of water,
and can be used as way of improving water allocation decisions. Unfortunately this is
not straightforward, as it is often the case that such calculations would suggest that the
cuhltivation of higher value (non-food) crops would lead to a reallocation of water for
that purposc. If this is taken to the extreme, then water would be allocated in such a
way as 1o act as a disincentive for food production, causing a problem of food
sccurity. Nevertheless, the opportunity cost methodology does give some insight into
the value of water,

Walter pricing

For long time water has been considered a free good and sometimes still is. This has
led 1o overexploitation of water resources and aquifers in some areas. causing serious
environmental damage, and possibly leaving future gencrations with problems of
water availability. To remedy this situation, payment for water services is now seen as
an essential instrument in achieving sustainable usc of water resources. In fact, water
pricing has the potential to reduce water scarcity as it creales incenlive on water
demand to conserve and allocate water efficiently.

The issuc of water pricing is a very controversial one. with much debate arising over
both the cthics and practicalities of pricing water. Water pricing should be set
accomplish two roles: financially, it should be the main mechanism for cost recovery:
and economically, it should be able to signal the scarcity value and opportunity cost of
water and allocate water efficiently within and across water subsectors.

In many countries water users pay for water, but water rates are often set at a level
which is both 100 low to cover the cost of the water supply, or to encourage efticient
use of water, This 1s often due 1o 4 combination of subsidised water rates 1o some
sectors, and the use of ‘flat rate’ instcad of ‘volumetric’ price systems. States that
subsidise water rates cffectively create negative distortions in the water market. Often
irmgation and domestic water supply systems are provided at subsidised rates, becausc
in so doing, they deliver public goods in the form of secure food supplics, public
heatth, or legitimacy for the government. A problem arises however when low water
charges and poor cost recovery lead to declining funds available for investment in
water infrastructure, and poor maintenance of existing svstems. This leads to
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inetlicient water allocation, and growing conflicts between those with and without
access 1o water, and to the problem of unaccounted-for water. Unaccounted for water
1s one of the major problems for organisations trving to develop financially
sustainable water delivery systems. Better understanding of patterns of water use will
help to address this.

The costs of establishing a volumetric water dehvery structure in rural areus is often
prohibitive. especially in large and spaually distributed surfuce systems serving many
smaliholders. As a results. in most imgaton systems, arca-based fixed rates are
dominants. In urban environments, the problem of setting a water price or tanff on a
volumetric system is relatively simple. In such a situation, it is usual that a system of
graduated water rates is introduced (a block tanff), and this usually means that the
first volume of water used is priced at a very low level, ensuring that the needs of the
poor arc met. At higher consumption levels, a higher tanff can be applied. In this way,
it will be possible for large scale users to subsidise the cost of small scale ones, and so
In some way compensate them for any “social costs’ associated with water provision
schemes.

How to estimate water rales

The main four charactenstics we should look for in calculating a water pricing are the
following:

. If it creates economic efficiency

1~

If it allows cost recovery
3. If it mimimises transaction Costs

4. If 1t fulfils social objectives (such as recreational and environmental services
provided by water).

‘The problem is that these objectives are not always easy 1o reconcile with one another.
For example, the use of marginal costs will led 1o an efficient allocation of water, but
will not alwuys Icad to cost recovery. On the other hand, a uniform national tariff
might rule out the possibility of allocating water efficiently among various users.
Inevitably, a trade-off is required and no single method of water pncing is necessarily
the optimum. The appropnate pricing methodology will depend. among other things,
on the structure of society dnd |ndu<;lry and on ihe d\dlldblllly of approprmle dam and

Since, the tinancial role of water pricing is 10 permit a water provider 1o recover the
cost of supplying water to the users, all the supply costs should be used to calcuiate
the water rates. including the operation and maintenance costs. and capital costs of
constructing the system.

The economic and allocative role of water pricing requires water rates to capture the

scarcity value and to equalise the opportunity cost of the resource {the value of water
in its next best use) for the various uses. In order to achieve such goals it is essential
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to include all the environmental and social cost/benefits associated with supplying
water to the users.

Alternative ways to sct a price level for water
To estimate the water rales. certain types of costs can be uscd:

Average costs. When using these as a guide to price setting, it is assumed that the cost
of the next unit of water will be the same as the average cost of water currently
supplied. The probtem with this technique is that it fails 10 capture the scarcity value
of water nisking market failure and consequently inefficient water allocation. This
method will ensure cost recovery.

Margmal costs In order to achieve allocative efficiency, price should be based on
marginal costs (the cost of the last umit provided). However, marginal costs are an
abstract concepl, in practice. marginal costs are measured as incremental costs. which
can be defined as the forward looking additional costs caused by the provision of a
defined increment of output (this is not the same as a unit). A distinction is also made
between short and long run incremental costs (SRIC and LRIC). The SRIC is used in
praclice 1o calculate the short run marginal cost (SRMC) and LRIC is used to
calculate the Long run marginal costs {LRMC). The problem in using the SRMC

pricing 1s that the cost of providing the next unit of water from a given supply system

uscs only operational costs. It does not include the long term investment in the
industry, and thercfore underestimates the true costs of anv additional cubic metre of
water provided.

The LRMC is measured over a long period to allow the firm to adjust the volume of
all of ns factors of production, so us to supply the additional increment of output at
minimum cost. In theory, by using LRMC water will be efficiently allocated over
time, and among its various users. So waler pricing should ideally be based on the
LRMC. In practice. the major problem with LRMC pricing is that much, well
organised mformation and data is required to accurately estimate the LRMC for a
water distribution network. If the method is to be used, particular care should be given
to calculating the LRMC, in order 1o ensure that all supply costs are recovered.

Price reform can be effective and practical only with the necessary institutional and
technical conditions that enuble cost recovery and allocative roles for water pricing
policy. Institutions conditions include independent water pricing agency and
regulatory body, and clearly defined water rights. Technical conditions include
volumetric delivery and intrastructure to move walter over space and type of use.

Conciusions

WPI and water pricing could be used in combination. With the WPI we will be able (o
target the areas more in need of water and identify the most cost effective way of
reducing water poverty. Once the minimum walter requirement for living is achieved.
waler pricing should be used to allocate water in a more efficient way among its users.

O CEH Walhinetord 2002

5



Appendix 9.6

Appendix 9.6.2
Calculation of the Composite Index Approach at
the Micro Level

Ms Anna Maria Giacomello and Dr Caroline Sullivan, CEH Wallingford

The full text for this background paper is contained within Appendix 1.2
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Appendix 9.7
Water and Conflict:
Background Notes for the Water Poverty Index
Assessment

Peter H, Gleick 9

The issue of environmental security has been debated now for more than a
decade, beginning as the Cold War began 1o wane, and the importance of the
cnvironment and resources 10 intemational politics began to be recognized. The
argument and focus of this debate has now shifted from “whether” there is a
connection to “when,” “where,” and “how".environmental and resource problems will
affect regional and international secunity. There is also a long way to go before
nations or regions produce a common policy agenda or set of initiauves that truly
incorporate environmental and resources issues into approaches to reduce the risk of
regional and national conflicts. Nevertheless, there is a new framework under
construction that permits scholars and policymakers to apply new tools, 10 set new
prioritics, and to organize responses to a range of environmental threats to peace and
security.

This framework is particularly well developed in the area of water resources.
In the past several years there has been considerable progress in both understanding
the nature of the connections between water resources and conflict and in evaluating
regional cases where such connections may be particularly strong (Gleick 1993, 1994,
1996. Klotzh 1993, 1994; Boge 1993; Homer-Dixon 1994; Libiszewski [995: Kelly
and Homer-Dixon 1995; Wolf 1997). There has also becn progress in trying to
identify policies and principles for reducing the risks that freshwater disputes will lead
to conflict and to better understand mechanisms for promoting cooperation and
collaboration over shared freshwater resources,

Progress has becen more than academic. In October 1994, for example, Isracl
and Jordan signed a peacc treaty that explicitly addressed water allocations, sharing
water information, and joint management policies for the Jordan River Basin. In
1996. India and Bangladesh signed a formal treaty that moves toward resolving their
long-standing dispute over the Farraka Barrage and flows in the Ganges/Brahmaputra
system. In 1997 the International Law Commission, after nearly three decades of
negotiations, drafting, and discussion, finalized the Convention on the Non-
Nawvigational Uses of Shared International Watercourses, which was approved by the
General Assembly 1n Apnl (UN 1997a). And countries like Brazil, South Africa, and
Zimbubwe arc incorporating mechanisms and principles for resolving conflicts over
shared waters in their new water laws.

9 Parts of this paper are modified from Ehrlich. A H.. P H. Gleick, and K. Conca. 2001 “Resources
and environmental degradation as sources of conflict.”™ In R. Hinde and ). Rotblat (editors). Pugwash
Qccasional Papers: 30™ Pug wash Conference: Eliminating the Causes of War. Val. 2. No. 3. pp. 108-
138.

O CEH Wallingfond 20002



Appendix 8.7

Conflicts over Resources

There are many different ways to calegorize the connections between
resources and conflicts. Resources have been military and political goals. Resources
have been used as weapons of war. Resource and systems for manuging or using
resources have been targets of war.  And inequities in the distnbution, use, and
conscquences of resources management and use have been a sowce of tension and
dispute. Gleick (1993, 1998) descnbes these categorics for water resources.

It 1s important to note the distincuons between the scales at which resource
conflicts may occur. Such conflicts can occur at local, subnational, and intemational
levels — indeed. one of the most important changes in the nature of conflicts over the
past several decades has been the growing severity and intensity of local and
subnational conflicts and the relative de-emphasis of conflicts at the “superpower”
level.

Resources as Military and Political Goals

Where resources are scarce. competition for limited supplies can lead groups,
communities, and even nations to sec access 1o resources as a matter of highest
concen. This aspect falls into the most traditional Cold War/realpolitik framework
where resources can be a defining factor in the wealth and power — and in the
economic and political strength — of a nation. In the past, much of the security
literature has focused on energy resources and, to a less extent, mineral resources, as
potential sources of tensions and disputes.  Access to resources may serve as a focus
of dispute or provide a justification for actual conflict. While it may never be the solc
reason for conflict, history suggests that it has already proven to be an important
factor.

Resources are unevenly distnbuted throughout the world. Water resources arce
especially unevenly distnibuted, with some regions receiving enormous amounts of
rainfall or nver flow, while others are extremely dry. Human factors, such as high
population densitics or intensive industnal development may cause conditions of
“refative” scarcity.

The probiem of shared resources complicates the problem of scarcity. When a
resource base cxtends across a political border, misunderstandings or lack of
agreement about allocations are more likely.  Fresh water is very widely shared
because political borders rarely coincide with watershed boundaries. At the
intemational level, over 260 river basins are shared by two or more nations (Wolf et
al. 1999). But cven countnes with few or no intemationally shared nvers or aquifers
often have internal water disputes among states, cthmc groups, or economic classes
trying o gain access to additional water supplies.

If there are great dispanties.in,the.cconomic.or-military strength of the parties
involved, unilateral and inequitable decisions are more likely. A weaker party will
rarely provoke or imitiate military action — and even more rarely prevaill ~ against a
stronger adversary. but il a weaker nation either controls a resource or is dependent on
resources from an outside source, disputes and conflicts may occur. The heavy
dependence of the industnalized nations on impons of petroleum has always been a
source of poliical and military concem. When adversaries are equally maiched
cconomically or militarily, negotiation and cooperation iarc more common outcomes
(Wolf 1997).

Finally, if there arc few technologically or economically attractive aliemative
sources of supply. the potenuial for conflict 1s higher. 1f waier is scarce and shared.
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but there exist altermative sources such as altemative suppliers, other rivers,
groundwater aquifers, or even expensive desalination, conflicts are less likely to
occur. There i1s a high economic. social, and political cost to conflicts; they are likely
to be avoided if acceptable substitutes can be found.

History provides a wide range of examples of this kind of conflict in the arca
of shared water resources.  Forty-five hundred years ago, the control of irrigation
canals vital to survival was the source of conflict between the states of Umma and
Lagash in the ancient Middle East. Twenty-seven hundred years ago, Assurbanipal,
King of Assyria from 669 to 626 B.C., seized control of wells as par of his strategic
warfare against Arabia (sce Gleick 1994 for a chronology of water-related disputes in
ancient times).  [n the modemn era. the Jordan River Basin has been the scene of a
wide varicty of water disputes. In the 1960s. Syru tned to divert the headwaters of
the Jordan away from Isracl, Icading to air strikes against the diversion facilitics
(Falkenmark 1986, Lowi 1992). The 1967 war in the Middle East resulted in Israc)
winning control of all of the hcadwaters of the Jordan as well as the groundwater of
the West Bank. In these cases, water was certainly not the sole issue precipitating
conflict, but it was an important factor in both pre- and post-1967 border disputcs.

Water remains an important factor in the politics of the region. The
multilateral and bilateral peace talks conducted in the 1990s, which led to the interim
agreement between the Israelis and the Palestinians and to the peace treaty between
Israel and Jordan, explicitly included negotiations and agreements on the shared water
resources of the Jordan River. Israeli and Syrnan concerns over the Banias, which
onginates in the Golan Heights, remain an important unresolved issuc. Jordanian
concerns about Syrian dams on the Yarmouk, the major tributary to the Jordan, are .
still unanswered.

Disputes over the allocation of water occur at the subnational level us well.
and have the potenval to tum violent. In California in the mid-1920s, farmers
repeatedly destroyed an aqueduct taking water from their region to the urban centers
of southem Culiforma. The govemor of Arizona called out the local militia in the |
1930s to protest the construction of water diversion facilitics on the Colorado River -
between Arizona and California (Reisner 1986). This dispule was eventually resolved
In court.

Court decisions do not always successfully end disputes.  An interim count
decision in India to allocate additional waters from the Cauvery River - which
originates in the state of Kamataka - to Tamil Nadu actually precipitated violent
conflicts resuliing in the deaths of over 50 people (Gleick 1993). In 1997, the World
Court 1ssued a decision in the dispute between Hungary and Slovakia over the
Gabcikovo-Nagymaros project on the Danube. effectively refusing to decide and
returning the dispute to the two parties for more negotiation (Klotzli 1993. Lipschutz
1997).  As populations continue o grow, regional water scarcity may lead 10 more
frequent examples of this kind of dispute and conflict.

Resources as an Instrument or Tool of Conflict

The usual tools and instruments of war are military weapons. But the use of
resources, such as water, as both offensive and defensive weapons has a long history.
Onc of the carliest accounts is an ancient Sumerian myth from 5.000 vears ago, which
parallels the biblical account of the great flood. In this myth, the Sumerian deity Ea
punishes humanity’s sins by causing a great flood. In 695 BC, Scnnacherib
completed the destruction of Babylon by diverting irrigation canals to wash over the
rwins of the city. Herodotus wrote in 400 BC about Cyrus the Great's successful
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invasion of Babylon in 339 BC by diverting the Euphrates River into the desert and
entering the city along the dry niverbed (Gleick 1994). In 1503 Leonardo da Vinci, in
one of history’s oddest collaborations. worked with Machiavelli on an unsuccesstul
project to divert the Amo River away from Pisa during the war between Florence and
Pisa (Honan 1996).

In recent years, newer examples suggest that the use of waler as a weapon
continues to be considered.  Nonth Korca announced plans in 1986 1o build a major
hydroelectric dam on the Han River upstrean of South Korea's capital, Seoul. The
project would provide electricity to the North, but is viewed by South Korea as a
potential weapon. South Korcan hydrologists calculated that the destruction of the
dam by the North and the sudden relcase of the reservoir’s conteats would destroy
most of Seoul. While the project currently remains on hold due to senous political
and cconomic difficultics in North Korea, South Korea has built a series of levees and
check dams above Scoul o defend against any such threat (Chira 1986, Koch 1987).

Another use of a large dam and rescrvoir as a weapon of war was proposed
during the Persian Gulf War. The allied coaliton arrayed against [rag discussed the
possibility of using the Ataturk dam in Turkcy on the Euphrates River 10 shut off the
flow of water 1o Iraq, which is highly dependent on flows in the Euphrates for water
supply. No formal request 1o Turkey was ever mude, and Turkey subsequently stated
that it would never use water as a mcans of pohitical pressure. but the possibility
remains a concern in the region (Gleick 1993). Both Syna and Iraq continue to have
an ongoing dispute with Turkey over the operation of Alaturk and the level and
quality of tlows in the Euphrates reaching both downstream countrics.

In 1997, a fresh dispute arose between Singapore and Malaysia.  Singapore
has never been self sufficient in water because of 1ts high population density and
small size and 1t depends on piped water from Malaysia tor nearly half of all its needs
(Zachary 1997). In addition. Singapore impons water from Malaysia that it then
treats and sells back under an agreement signed in 1965 (Dupont 1998). Relations
between the two countries have long been clouded by cconomic competition, and
religious, political. and ethnic differences that have flared periodically since their
scparation in 1965. In carly 1997, these relations soured again after comments were
exchanged by senior politicians about mutual concerns. leading to Ahmed Zanud
Hamidi, the head of the vouth wing of Malaysia’s ruling party urging the government
1o review the basis of water agreements with Singapore (Lee 1997). Chief Minister of
Johor state in Malaysia went further, suggesting that they appropnate two of the three
water-purification plants operated by Singapore in Johor (Jayasankaran and Hieben
1997). Singapore is clearly worried that Malaysia might use water as a political and
strategic weapon against Singapore — a point made to Malaysian Prime Minister
Mahathir Mohamad by Singapore’s Pnme Minister Goh Chok Tong: “an agreement
by Malaysia to meet Singapore’s long-term water needs beyond the life of the present
water agreements would remove the perception in Singapore that water may be used
as a leverage against Singapore” (Straits Times 1997, Dupont 1998). Singapore has
also launched a campaign to increase water supplies and to reduce consumption
through an aggressive conservation program. Among their supply plans are new
desalination plants that would produce water al about eight times the cost of current
supplies (Zachary 1997).

Resource Systems as Targets of Confiict
Where resources and resource-supply systems have economic. pohtical. or
military importance, they become targets dunng wars or conflicts.  The city of
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Babylon in ancient umes was often a subject for conquest, as described above, and
around 720 BC Sargon of Assyriu destroyed the irmgation systems of the Haldians of
Armmenia.  In modem times, energy plants. dams, and hydroclectric facilities have
regularly been bombed as strategic targets. The United States targeted irrigation
levees in North Vietnam. Syria tried to destroy Isracl’s National Water Carrier while
1t was under construction in the 1950s. The Persian Gulf war saw several examples of
this problem: the Iraqgis intentionally destroyed the oil-production sysiem and water
desalination plants in Kuwait and in tum suffered from the destruction of their energy-
and water-supply systems by the allied forces assembled to liberate Kuwait. In
February 2000. for tactical or strategic reasons that are not entirely clear, Isracl
destroyed three power plants in southern Lebanon in response to attacks on northern
Israel from members of Hezbollah (Fahmy 2000).

Water and Poverty: Inequities in Resource Distribution, Use, and
Development ,

Tensions and conflicts may also result from such indirect factors as the
inequitable distribution, use, und development of resources.  Energy, water. food,
minerals, and other resources are shared by two or more nations, unevenly distributed.
or inequitably used. Water provides a good example. Approximately half the land
area of the world, and perhaps 70 percent of inhabitable land area. is in an
intcrnattonal watershed, where river flows or lakes are shared (Wolf et al. 1999).
These include the Nile, Jordan, Tigris, Euphrates, and Orontes rivers in the Middle
East, the Indus, Mekong, Ganges. and Brahmaputra rivers in Asia, the Great Lakes.,
and the Colorado, Rio Grande, Amazon. and Parand rivers in the Amernicas, and Lake
Chad und the Congo, Zambezi, Luke Chad, the Niger. Senegal, Okavango. and
Orange rivers in Africa, to name only a few. This geographical fact has led to the
geopoliuical reality of disputes over the uncven distribution of shared waters.

Equally uncven is the level of water use. Many industrialized nations and
nations with extensive irrigated agriculture withdraw more than 1,500 cubic meters of
water per person annually for all uses. At the other extreme, nations with limited
supphes or low levels of economic development may use fewer than 100 cubic meters
per person per year. Table 1 lists the 15 countries that use the most water per capita
and the 15 countries that use the least. A low level of water use has direct and
undesirable human consegquences, including adverse impacts on health, the inability to
grow sufficient food for local populauons. and constraints on industrial and
commercial activities. }

One of the most important water constraints facing many regions is
insufficient water to grow food. Sandra Postel (1997) suggests that as annual water
availability drops below 1,700 cubic meters per person, domestic food sclf-sufficiency
becomes almost impossible und countries must begin to import water in the form of
gram. Table 2 lists countries where annual renewable water supplies are below 1.700
cubic meters per person per year. The number of countries in this category will
continue to rise with population growth and overall dependence on grain imports will
deepen and spread. Food insecurity is a political concern and can lead to economic
weakness and other regional problems.

Finally. there arc ofien adverse consequences of water development and use.
and people who do not receive the benefits from water projects may feel these
consequences. Examples include contamination of downstream water supplies or
groundwater aquifers, dislocation of people because of dam construction, and the
destruction of fishery resources that support local populations.
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Summary

What is the connection between these issues and conflict? For the most part,
inequities will lead to poverty. shortened lives, and misery, but perhaps not to direct
conflict.  But in some cases. they will increase local, regional, or international
dispulcs, create refugees that cross, or trv to cross, borders. and decrease the ability of
a nation or society to resist cconomic and military aggression (Gleick 1993, Homer-
Dixon 1994). Even local govermments may expenence unrest and controversy over
equity-related 1ssues.  In February 2000, one person was killed and over 30
hospitalized in Bolivia when public protests over water privatization and increased
costs of service were met by 1000 police and army units (Schultz 2000).

Table 1
Countries with the Largest and Smallest Reported
Per-capita Water Withdrawals (a)

Country Withdrawals |Country Withdrawals
(m}lp/yr) (m'/p/yr)
Congo. DR (formerly 9 Suniname 1181
Zaire)
Bhutan 15 Pakistan 1.277
Guinea-Bissau 17 Australia 1.306
Solomon Islands 18 Bulgaria 1.600
Comoros 18 Chile 1.625
Burund : 20 Madagascar 1.638
Congo 20 Korea DPR 1,649
Uganda 20 Afghunistan 1.702
Papua New Guinea 25 Canada 1.752
Central African Rep. 20 Tajikistan 2.005
Benin 28 United States of America 2,162
Togo 28 Irag 2,367
Gambia 29 Kyrgyzstan 2,527
Cameroon , 3l Turkmemstan 6340 b
Equatorial Guinea 3l Guyana 7.0616b
Lesotho 3l

a These data include only reported water use. Data on rainfall used in agriculture
and unreported water use are not available.
b These numbers are reported by FAQ but may bein error.
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Table 2
Countries with Per-Capita Water
Availability Below 1,700 m3/p/year (as of

the mid-1990s)
Per-capita

Water availability
Country m3/p/year
Kuwait L
Malia 40
United Arab Emirates 94
Libya 132
Qutar 143
Saudi Arabia 170
Jordan 219
Singapore 221
Bahrain 223
Yemen Dem Rep 350
Israel 467
Tunisia 504
Algeria 573
Oman 057
Burundi 058
Djibouti 132
Cape Verde 811
Rwanda 870
Morocco 1,197
Kenya 1.257
Belgium 1.269
Cyprus 1,286
South Africa 1417
Poland 1,463
Korea Rep 1.542
Egypt 1.656
Haiti 1.690

Countries with less than 1,700 cubic meters per
person per year will be unable 1o maintain full
domestic food self-sufficiency reliably.
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Appendix 9.8
Water, Poverty and Health

Caroline Hunt & Sandy Cairncross

November 2001

Introduction

Access 1o waler supply can have wide-ranging long-term positive impacts beyond
better health.  These include improved livelihoods, better access to education,
strengthened community management capacity and enhanced personal self-esteem. 110

In 1crms of health impact, water can affect health in a number of different ways. A
lack of water for hygiene, and consumption of contaminated water can result in
discase, pnimanly diarrhoeal disease. Water, or the lack of i1, can also have
catastrophic health impacts through drought and flooding. Health is both directly and
indirectly affected by environmental disasters. In the case of flooding, drowning is an
immediate hazard and subsequent devastation to livelihoods and resources is often
coupled with large-scale epidemics of diarthoeal disease.

Water i1s also vital for agricultural production and for sustaining natural ecosystems
that support human life. In some rural arcas. abstraction of water for agriculture can
mean less of the resource 1s available Tor domestic water supply. There are therefore
many competing demands on water which in themselves can brng about health
impacts.

There are clear examples where the green. health of the environment, agenda clashes
with the brown environmental health agenda. For example in Peru. according to one
source, before the catastrophic cholera epidemics of the 1990s, the national
environmental movement had been able to affect the lowering of chlorine levels in
piped water supplies because of the perceived damage to the natural environment
caused by chlorination by-products. It seems likely that the subsequent water borne
epidemics would not have been as explosive 1f chlorine levels in drinking water had
been higher."

This paper focuses on the brown environmental health agenda and in particular the
nature of the infectious disease health burden associated with domestic walter supply
for poor houscholds.

How does water supply affect health?

The ways in which domestic water supply impacts on infectious disease health have
been divided into four separate categories." ™ The categories are defined by the types
of intervention which can control them, rather than by the types of organisms which
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cause them. This model has proved helpful for engineers and public health
professionals in working together.”

The categories relate to the four water-related routes for discase transmission:

e faccal-oral (water-borne andl waler-wushed).
e strictly water—washed,

e water-basced intermediate host

e and, water-retuted insect vector.

The first category, the faecal-oral diseases, includes infections which are transmitted
by swallowing faccally c ontaminated matter containing pathogens (organisms causing
discase). They can be caused by dnnking contaminated water as well as through lack
of sufficient water for washing. Diseases in this group include diarrhocal diseases.
typhoid, cholera and hepatis A and E. This group of diseases 1s also closely linked
to sanitation. A lack of’ access 10 adequate sanitaiion means that faecal matenals are
not safcly disposed of away from human contact. Faccal pathogens can transmit
faccal-oral diseases through contamination of fingers, food. water supplies and other
means.

The second category is stnctly water-washed. These are conditions that arc
exacerbated by lack of water for washing and hygiene. Diseascs are largely related to
skin and cyes. such as scabies, trachoma and comunctivitis. or to body lice, such as
touse-bome typhus.

The third category is water-based. with aquatc intermediate hosts. Aquatic organisms
such as snails act as hosts to parasites, which then infect humans cither by being
swallowed or through contact in water (for cxample through cniering the skin).
Diseases include guinea worm and schistosomiasis.

The tast category is diseases that are transmitted by water-related insect vectors.
Some inscct vectors, such as mosquitoes brecd in or near water. They transmil
disease to humans. for instance through bites. Diseases include malaria, filanasis,
yellow fever, dengue and onchocerciasis (nver blindness).

Scale of the problem

Approximately 90% of diarrhocal disease cascs are estimated to be attributable to
environmental factors.”™  Apart from water supply. sanitation and hygiene, diarrhocal
disease is also associated with a_number of other.risk faclors including age, nutrition,
lack of breast-feeding and seasonality.

Faecal-oral diseases, in the form of diarthocal discases. are responsible for the
greatest number of episodes of water-related illness and deaths worldwide as shown in
Table | below (data are presented for WHO member state countries). It has been
estimated that diarthocal disease represents 90% of the health impact associated with
water supply and sanitation.”™ Diarrhoeal diseascs are estimated to kill more than two
million people every year worldwide. The majonity are children. There is some
reason to beheve that the number of deaths has fallen over the 1990s possibly in par
due 10 increased use and success of oral rehvdration therapy in preveniing deaths.*"
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However, 1t appears that the number of episodes of diarrhocal disease has remained
constant.  This suggests that the causes of diarrhoeal disease have remained constant
over time.

Table | also includes data for Disability Adjusicd Life Years (DALYs) for the year
[999. These are ‘the sum of life years lost due to premature mortality and years lived
with disability, adjusted for severity’.” The DALYs data are very high for diarrhocal
disease because the caiculation takes into account the number of premature deaths
which is high for diarrhoeal disease. The number of deaths from malaria is less than
half that for diarrhocal discase, at just over one million. Overall, pneumonia (and
other acute respiratory infections) and diarrhoeal discase are the two leading causes of
child deaths in The South. Despite this. the two discases only represent 0.2% of total
Healih Research and Development spending worldwide.”
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Mortality estimates for 1999

DALYSs estimates for 1999

Faecal-oral
Diarrhoeal diseasc
Poliomyelitis
Water-washerl
Trachoma
Water-based
Schistosomiasis
Water-related vector

Malana

Lymphatic filanasis

Dengue

Intestinal nematode
infections

2,213.000
2,000

14,000
1,086,000
13,000

1 6.000

72,063,000
1.725,004)

1.239.000
1,932,000
44,998,000
4,918.000
465.000

2,653.000

Source: data from the WHO World Health Report. WHO: Geneva. 2000

Why are the poor most at risk?

Determinants of health impact of water supply
The classification of water related discases provides a broad overview of the ways in
which water supply affects health. The likelihood of these discases occurnng will
depend on a number of ditferent factors, such us access to services, nature of use of
services, maintenance of services and scasonality, amongst many others.

This section describes some of these determinants of health impact of water supply.
Many of these determinants, especially those relating 1o access to services are most
important for the poor who typically have lower levels of access to services, and quite
often have to pay the highest prices for them. The poor also face a broad sct of

additional health risks.

diarrhoeal disease, acute respiratory infections and malnutnition can be fatal.

For millions of children under five, the combined effects of

The

poor arc also often least able to cope with ill-health and the vital loss of livelihood
that it cun bring along with the potentially high costs of resutting health care.

Access and use

Distance to water source has been studied to look at the relationship between distance
to source and consumption of water. Consumption of water is used as an indicator of
hygiene (and therefore health impact).”  The relationship between distance travelled
to collect water and the amount of water used 1s illustrated in Figure [ below. In the
absence of queuing, a 4 km/hour walking “speed - means-that -a -water source one
kilometre away roughly approximates a thirty-minute round tnp. At distances less
than that. the amount of water colliccted plateaus at around 15 litres per person per
day. This consumption level depends on cultural and climatic factors, but can only be
improved by introducing water supply within the houschold. This tends 10 double or
treble the amount of water consumed per person per day. |

This explains why rescarchers have often falled to find a health impact when
consumers have merely beecn moved along the plateau.
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Figure 1. The water use plateau
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Source: Caimeross S, Feachem R 1993. Environmental Health Engineering in the
Tropics; an Introductory Text. 2™ edition. Chichester: John Wiley & Sons, p. 63

Cost of services is another key factor which influences access 10 water supply and
therefore health impact. High water costs are often paid out of the low-income
houschold’s food budget.™ with resulting health impacts.  Studies have found that
cost can be a critical factor in the take up and success of service programmes.™"
Engineering solutions need to be matched with local demand and preferably based on
participatory planning.

Access to services can also be affected by local power dynamics. In some settings, a
system of patronage exists around water supply. Villagers have to provide favours to
secure aceess to water. ™"

Another important determinant of health impact is who uses services and fiow.

Treatment and maintenance

Treatment and maintenance are also key factors for the safety of water supply.
Common challenges that face many piped water supply systems include
contamination of source by industry, agriculture and municipal activities. old and
detenorating treatment works and distribution systems. demand for water outstripping
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supply, the increasingly recognised problem of treatment-resistant pathogens such as
cryptosporidium and fear over toxicity of disintection by-products.™

Intermittent water supplies cun result in water being effectively unavailable for
hygicne purposes.  Often houscholds need to store water. Domestic waler storage
vessels arc the main breeding sites for Aedes eegvpti mosquitoes. the veclors of
dengue and dengue hacmorrhagic fever.

There is some evidence in the UK that disconnectuons of water supply may influence
both the size of infectious discase outbreaks, as well as secondary infection rates.™
Intermitience is also associated with changes n pressure within distnbution networks
which can lead to matenals being drawn in through fractures in the pipes. This can
then lead to secondary contamination of the waler supply. depending on levels of
residual chlonne.

Similarly, where water is collected from non-piped sources. the nature of water
storage and treatment are both important. Many studies have mvesugated the links
between public water supplies and houschold contamination of stored water,™ ™" ™
YOO Eindings have been rather mixed.  There is a growing conscnsus that
diarrhocal disecase pathogens originating within the home, as found in houschold
water storage vessels, are less of a threat to houschold health than pathogens found n
source waler supplics (for example from public wells).™™ This is largely because
those pathogens already found inside the house would be transmitted by other routes
within the houschold, regardless of water supply.

Therefore it appears more important for water quality interventions to safeguard the
quality of the water source rather than to attempt to improve domestic water
storage.™"  Other commentators have suggested treatment of water within the
household to improve quality of often-contaminated source water.*™”  Routine
houschold treatment of water in many cases ofteninvolves boiling. Boiling water will
kill off most pathogens. Boiling, however. can bc a rather expensive and lime-
consuming activity. It has been estimated that one kilogram of wood is needed to boil
one litre of water for one minute.®™" This may not be a choice for lower-income
houscholds where resources are limited.

Seasonality

Seasonality is a fairly well established determinant of the health impact of water
supply. In many tropical and sub-tropical arcas. the summer months are associated
with peaks in bacterial diarrhocal discase. ‘These are belicved to relate to enhanced
bacterial pathogen multiplication in the summer because of moist. warm conditions,
and possibly also because of increases in levels of “waler supply contamination
associated with storms and heightened surface mun-off. ™ In contrast. cooler
months, especially in temperate climates. are associated with peaks in viral discasc
infections.

Houscholds may also change their source of water depending on scasonal availability
of supply.
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Pathogen specific factors

Further determinants of health impact are pathogen specific.  Faecal-oral disease
pathogens include bacteria. viruses, protozoa and helminths. The likelihood of
infection by these pathogens relics on several factors. Firstly, the persistence of the
pathogen is important, 1.e. whether it can survive and / or multiply in the environment.
Bactena for instance are able to multiply both in the environment and inside their
hosts. In contrast. viruses can only multiply inside their hosts.

Secondly, infective dose is a key factor about:which relatively littke 1s known. The
infectious dose refers to the number of organisms necessary to cause infcciion,
Viruses and protozoa for instance have very low infective doses, and in some cases
just one protozoun cyst can cause infection. This makes trunsmission by water-
washed routes relatively easy, as only a small number of organisms are needed 10 pass
on infection from person to person. In contrast. many bactenal pathogens are thought
to have much higher infective doses.  In their case. direct consumption from ecither
water supply or food may be the most likely route of transmission. Within these
broad categories there are exceptions.  Shigella for instance is thought 1o be relatively

unusual as a bacterium, in its successful ability to transmit infection from unwashed
hands. v

There are further hypotheses about pathogen virulence and route of transmission. For
instance, it has been suggested that pathogens which rely on water-washed
transmission routes are less virulent because they need each human to be able to
remain mobilc and survive 1o pass on the infection.™  In contrast. pathogens which
wansmit infection via host ingestion of water may be more virulent as they do not rely
0N PErson-10-person {ransmission routes.

A further factor is human host response, i.e. how well a host fights infection and
whether they develop immunity.  This is often related to factors such as age and
gencral health status.  As noted above, the majority of cases of illness and death due
to diarrhoeal disease are in children under five (who are more likely to be
encountenng a given pathogen for the first ume). Another group at heightened risk
are the immunosuppressed.

Source of water

The source of water, i.e. either from the ground. surface or ruin, may influence health
nsk. Several studies have collected microbiological water quality data to compare
different types of source and technology.™ It is often difficult to compare such
studics. as water samples are not all collected and analysed in a standardised manner.

Surfuce winer on the whole tends to be at greater nsk of large-scule microbiological
contamination than does groundwater. Untreated groundwater can nonetheless be the
cause of diseuse outbreaks. Geology and land use patterns affect chemical and
microbiological quality of groundwater as do water abstraction techniques.  The
nature of contaminants is also imponant. Most pesticides for instance are in the form
of insoluble emulsions. This means that 1t is easier for them to stick to physical
matter in surface water than it 1s for them 1o travel and remain in ground water.
Chemical contaminants in groundwater will often be detectable by taste and as such
this will often influence whether or not they are consumed. Arsenic and fluoride are
naturally occurning exceptions to this rule and are the cause of serious contamination
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in a number of countries including Argentina, Bangladesh. Chile, China, India,
Mexico, Taiwan, Thailand and the United States of America.

Attention is often tocused on pit latrines and their impact on ground water quality. In
general, a decision to protect ground water qualty at the expense of sanitation is
likely to have a negative impact on health, ™

Urban rural differences

Urban-rural differences in diarthoeal discase prevalence. incidence and severity are
not often investigated. Some evidence suggests that few differences exist between
rural and urban diarthoeal discase prevalence rates.  For instance, a review of data
from Demographic and Health Surveys from eight countries, reported that diarrhoceal
discase prevalence in children under three years was similar in rural and urban arcas,
with one child in six experiencing diarrhoea dunng or just betore the survey.™™ The
same study found that c¢hildren’s nutritional status was worse in rural areas. As a
result. diarrhoea may be more severe in rural arcas. Differentials in access 1o health
care between urban and rural arcas are also hkely to plav a role,

In urban areas there may be higher levels of environmental faccal contamination
because of high-density populations hving without adequate sanitation fuciliues. In
addition, the much higher reliance on piped water supplics in urban arcas may
represent a higher risk of common source water-bome disease outbreaks. Events in
Bangladesh and elsewhere have however, shown the devastating effects of chemically
contaminated groundwater for large rural populations.

The cvidence presented in this short review is subject to many methodological
difficulucs. Some of these are descnbed in the following section.

Assessment methodologies and difficulties

Most of the difficulties in assessing health impact have bcen summansed
elsewhere.*™"  The majority of the epidemiological studies investigating the
relationship between water supply, sanitation, hygiene and health are obscrvational.
This means that many of the factors that affect both exposure and health outcomes are
not controlled for in the design of the study. For instance socio-cconomic status is
strongly related to health status. 1t also often determines access to water supply.

Another difficulty is recall bias. Many of the studies rely on mothers or guardians of
young children recalling episodes of diarrhoea over penods of up to two weeks. Tt
appears that recall over periods longer than 48 hours 1s unlikely to be accurate. The
choice of health outcomes or indicators used can also pose difficulties. For instance
in the case of diarrhocal disease, there is no acceptéd standardiscd defimition of’
diarrhoea. A

The choice of exposure under study is also extremely important. Many studies look
walter quality as this is relatively easy (o measure and because many rescarchers have
started from the assumption that water quality, rather than quantity and hygiene, is the
key determinant of health impact. However, they do not always fully acknowledge
and design for the multiple causes of diarrhoeal discase.  Studies often only look at
one part of a relationship between waier supply or sanitation and health and as such
can not allude to the full impact upon health. For instance. looking only at water
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quahity discounts the existence and impact of secondary transmission from water-
washed routes. Similarly. not enough studies investigate cach of the steps within the
casual pathway such as; use of certain facilities leads to exposure 1o pathogens and
that in tum exposure to these pathogens leads to an identified health outcome.
Commentators have highlighted such shortfalls of epidemiology in determining truc
transmission routes.***"

The body of scientific evidence illustrates that a large number of factors influence the
health impact of services. The vanety of specific local conditions in which studies are
carried out makes 1t difficult 1o generalise the results of individuul studies.

Monitoring water, poverty and health

The WHO / Unicef Global Water Supply and Sanitation Assessment 2000 has
provided a vastly improved methodology for monitoring national service coverage
levels.™™ The data contained in the report provide a consumer-based picture of
service coverage. This is an improvement on the previous supplier based data
provided by national Ministrics of Health as reported by WHO. Data for national
percentage access to water supply is used as part of the Human Development Index.
As such access 1o waler supply is accepted as a proxy for poverty. Information
collected at national level from population-based sources such as the nationally
representative Demographic and Health Surveys is able to inform us of progress
within and between nations.

There is also a wider need for sub-national data to inform local actors of factors
relating to access to water supply.  Local information is needed to inform local actors
and service providers of service gaps and needs. The information needs of
municipalities may be very different 10 those of advocacy groups wishing to increase
awareness of water supply issues.

Community based monitoring of water supply and other environmental services using
indicators have been tested in different settings.™ ™ 1t has been found that scientific
and / or health related evidence 1s not often an important fuctor in decision-making
around provision of services.

If access to water supply is the best indicator of poverty. then health impact is closely
related. When monitoring the health impact of water supply, factors such as distance
to source are a good indicator as it provides an idea of how much wateris used by the
household. This wiil include both drinking water and water for washing and other
domestic purposes. The amount of water available for washing and hygiene is very
important in breaking the cycle of faccal oral disease transmission. For diarrhoeal
discase. when looking beyond solely water supply. attention needs to be focused on
access to and use of sanitation, handwashing pracuices and disposal of children’s
faeces.
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Appendix 9.9
The potential for using Object Orientated approaches
for data modelling and storage in the water sector,
with particular relevance to the development and

testing of the Water Poverty Index
Dr C. R Jackson, British Geological Survey
& Dr C A Sullivan, CEH Wallingford

1. WATER RESOURCES MANAGEMENT

1.1 Objectives

Given the pressures on water resources there is an obvious need 10 manage them so
that they arc not degraded. Environmental management becomes more important as
the demand for water rises. It encompasses two separate but related wms. The firstis
to minimise the adverse impacts on and maximise the benefils to the environment.
This requires that, whether developing a water resource or disposing of waste, the
system should be managed 1o maintain or preferably 1o enhance the environment. The
sccond aim is 10 minimise impacts on and maximise benefits to the resource itsclf.
These aims must be balanced against the need to provide water for human
consumption. Though conflicts arise, it is often through consideration of the needs of
the environment that improvements in the water resources are identified.  The rigour
involved in the consideration of environmental impacts prompts the discovery of new
and improved solutions.

The recent legislative act of the European Parhament. the Water Framework |
Dircctive, establishes a framework for the management of the water environment and
is set to overhaul the management of the water environment in the UK. The Directive
encompasses the aims described above and identifies an approach for the sustainable
management of groundwater and surface water bodies. It specifies that strategic
management plans must be defined for cach niver basin. This involves the detailed
analysis of the pressures on water bodies and an assessment of their impact. A
principal component of this assessment is the characterisation of surface-groundwater
interaction. With regard to this specific task, numerical modeis will have an
important role in developing the understanding of river-aquifer interaction. The
framework also provides an opportunity to integrate all the components of the
hydrological cycle. This will require conceptual models of groundwater systems 1o be
cxtended 10 include the overground components of the hydrological cycle.

The approach of analysing individual components of the hydrological cycle in detail
whilst broadening the system under consideration is important when considering the
aim of sustainable water resource management. However, the representation of large
systems by numerical models in which individual components are described in detail
is currently a difficult task. However, a relatively new approach for the development
of environmental modelling software offers the potential 10 construct numencal
models that represent real world systems more closely.
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1.2 Understanding of needs

Current simulation models of environmental systems are generally difficult to
maintain, modify and integrate. However. advances in computing technology have
resulted in the capability to develop numerical simulation models that can closely
resemble the conceptual models of cavironmental systems. With regard to the need 10
construct models of extensive systems. such as coupled surface water-groundwater
systems, the object-oriented approach offers muny potential benefits,. The approach
enables models to be built on a framework of discrete components that represent
individual featurcs of real world systems. For example, by decomposing the features
of the hydrological cycle into separate entities, complex models can be developed
which are clear. easily moditiable. flexible and efficient. By hiding the complex
behaviour of individual hydrological features in discrete objects the upproach enables
the development of models that more accurately represent hydrogeological systems.
Much of the commonly applied groundwater modelling software is now based on
outdated technology. The object-oriented approach can now be used to develop better
modelling and management tools.
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2. REQUIREMENTS FOR GROUNDWATER MODELS

Sustainability of a groundwater resource s linked to both the quantitative
development of that resource and the protection of its quality. The consideration of
the long-term is central to the principle of sustainability. however, the management of
a resource 1s a dynamic and continually chunging process. This is because the quality
of a groundwater resource 1s affected by human activity though the hydrogeological
sctting and the chimate determine the extent to which un action affects the quality of
groundwater.

Management schemes have to change as a resource 1s developed due to the fact that
groundwater systems arc complex and their behaviour 1s nonlinear.  However, the
development of a scheme assumes that the factors influencing such impacts are
understood. In order to manage the exploitation of a groundwater resource knowledge
of thesc processes and their controls i1s essental.  Without this, water resource
engincers cannot make informed judgements about what action should be taken to
manage the system for the henefit of both water consumers and the environment. Onc
method by which a better understunding of the behaviour of a groundwalter system can
be gained 1s through the use of models. Models are powerful and widely used tools to
investigate the behaviour of water resources systems in general and groundwater in
particular. A systems analysis approach and the use of models are invaluable n the
assessment of a sustainable management policy for a groundwater resource.

In groundwater resource management a model mav be described as any device that
provides an approximation to a ficld situation. Models have a number of purposes but
these can gencrally be broken down into three categories. First, they are used as a
ool to interpret a system. for example to improve the understanding of the lMow
within an aquifer. This often leads to a rapid wdentification of the need for data in
arcas where litile exists. They are used for prediction, which 1s essential for water
resource planning, and may form the basis of a decision making framework. Finally,
they are used to investigate hypotheses, for example, the mechanism of river-aquifer
interacuon.

The development of digital models has allowed the numencal simulation of complex
real world aquifers. Once such a model has been calibrated, through compansons
with historical hydrological data, it becomes a valuable tool for the prediction of the
future behaviour of an aquifer under different stimuli.

2.1 Modelling objectives

Groundwater models fulfil several importantTroles'in“hydrogeology. “They provide a
framework within which improved understanding of physical processes takes place,
they allow practical probiems, such as resource allocation, to be addressed and they
are an cxpression of what is currently known or assumed about an aquifer. Models
are of fundamental importance in testing our understanding of aquifer systems. They
provide the only means by which novel mechanisms can be examined quantitatively
and confirmed or rejected on the basis of ficld evidence. Consequently, it is important
that the model’s design allows new processes to be formulated and added 1o existing
models.
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In the field of hydrogeology. scientific advances are made along a varicty of paths.
On might be termed the analytical route where a theory is explored by experiment
lcading to 1is adoption or rejection.  There is also a contribution 10 be made by
synthesis where information and technologies from different fields are harnessed to
produce a unified view of some phenomenon. The development of models and their
application to scientific and engineering problems falls into this second category.

As models move from development and use in rescarch, they become the day to day
tools of hydrogeologists engaged in the operation and management of aquifer
systems. This process has highlighted the deficiencies in some modelling approaches
and heightened awareness of the need for further development. In order to evaluate.
which. if any. arcas of 4 modelling methodology should be improved the following
hst of objectives might be considered. These are predominantly related to the
development of a better regional groundwater model, with which this business and
scientific case is concerned.

I. Does the model represent the hydrogeological mechanisms accurately and at the

correct scale?

Does the model provide a framework that is adequate to improve the understanding of

physical processes?

3. Does the mode! facilitate the evaluation of practical problems satisfactorily. for
example resource assessimient. the definition of borehole protection zone and particle
tracking?

4. Does the model incorporate the required mechanisms/processes?

5. Can new mechanisms be incorporated easily as advances in the understanding of the
physics of groundwater flow and solute transport are made? s it extensible?

0. Doces the model provide a satisfactory framework for research?

7. Is the model a sustainable platform for the future development of groundwater
modelling over the medium o long term?

8. Can a model be modified rapidly and easily without changing the busic code”?

9. Can areas of interest be udded and removed dynamically? s it flexible?

10. Is the model user and developer friendly?

Il Is data stored and managed satisfactorily by the model?

12. Is it easy to interrogate, manipulate and visualise the results?

13. Is the model cfficient? Could advances in software development enable more
detailed simulations to be run within a given time or cost budget?

14. Can new software development methods improve the representation of the
hydrogeotogy within a model and improve its efficiency. flexibility and
maintainability?

2

When considering the current state of groundwater modelling, the answers to many of
these questions illustrate that significant improvements could be made to cxisting
regional groundwater models. This is highlighted in the next section where a number
of the deficiencies of current models are described.

2.2 Current deficiencies

Whilst the power of desktop computing has increased enormously in the last decade,
with the exception of user interfaces, groundwater modelling technology has shown
no significant advances. As descnbed in more detail in the next section, currently
most  groundwater models are written in structured procedural  programming
languages, such as Fortran. In this approach the design of the model is based on the
identification of the wlgorithm. The algonithm specifies the sequential steps that must
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be taken to achieve some result. In procedural programpung the algornthm, or the
models functionality is assigned significantly more importance than the dara on which
it acts. Consequently, many data are made common, which means that they are
accessible 1o all parts of the models code. This means that great care must be taken
when modifying the code. for example o implement a new mechanism,

The fact that data can permeate through much of a procedural program has serious
consequences for the extensibility, moditiability and life expectancy of the code. For
cxample, when a better descripuion of a physical process is obtained. 1t i1s important to
correct its representation in the model.  Changes can also be required to test
hypotheses about the operation of a particular  physical mechanism itself.
Unfortunately, it is often difficult to do this in existing groundwater models because
data commonality means that alterations can transmit errors along a number of paths
through the code. Consequently significant periods of testing are required to
revalidate the model. Furthermore, because of the sequential nature of the majority of
groundwater models @ number of operations are performed at different locations
within the code. which relate to a single mechanism. for example niver-aquifer
interaction. This repetution of similar tasks at ditfferent places within the program
again complicates its modification when a new mechanism has to be incorporated in
the model.

The new approach for the development of a regional groundwater model proposed in
the next section of this document will climinate many of these problems. By
minimising the dependencies between parts of the code. it is envisaged that a model
framework can be developed which focuses on mechamsms and not data. By
localising cffects within discrete arcas of the code it will be significanily easier to
modify or incorporate new hvdrogeological mechanisms without causing crrors in
other parts of the program. Modelling practitioners will then be able to invesuigate
mechanisms more easily instead of just modifying parameter values.

In addition to the lack of emphasis on mechanisms in current groundwater models, the
representation of the geometry of hydrogeological units 1s difficult within the
framework of a layered finite difference model. represented as a continuous three-
dimensional array. Becuause layers have 1o be conlinuous across the model domain 1t
is difficult to represent spatially discontinuous features.  For example, the vertical
shift in hydrogeological units across a fault, sinuous alluvial deposits in niver valleys.
spatially variable glacial drift cover and the thinning out of sedimentary layers are all
example of spatally discontinuous hydrogeological features that are difficult to
simulate.

An essential feature of a groundwater flow model is an ability 1o represent the aquifer
features at different spatial scales. This is necessary both to focus on regions where
there is particular interest and to maintain accuracy where the solution is highly
vanable. Because the behaviour of a numerical solution depends on the physical
properties of the aquifer the hydrogeology must determine the discretsation of space
and not the numerical technique. Unfortunately conventional finite difference
methods have difficulty in fiting the mesh to the hydrogeology. Conscquently.
models generally contain addinonal nodes in regions where there is little interest and
where they are not required for accuracy.
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Telescopic mesh refinement is used to simulate aquifers more efficientiv. However,
this methed has a number of drawbacks and is not always applicable. Whilst the
method reduces the number of nodes involved in simulating an aquifer. the gains in
computational efficiency are moderated by the need 1o determine boundary conditions
for embedded models. 1t is often stated that the rapid gains in computing power and
its reducing cost negale the requirement to improve the efficiency of numerical
techniques.  However, the demand 10 model more complex problems increases in
parallel with improvements in computing. Consequently, novel methods to more
accurately and efficiently simulate aquifers remain of benefit.  An example of this is
the nced to be able 1o simulate the effect of groundwater abstraction on river flows.
Currently. it is difficult to simulate in detml groundwater flow to wells and their
influence on rivers or wetlands. It 1s envisaged that the approach proposed in the
following two sections can address a number of these issues.

An important development in the ficld of geosciences is the appticaton of databasc
technology and graphical information systems for the storage, management and
processing of data. These techniques offer significant benefits to groundwater
modelling but it is only recently that they have been applied. The major benefit they
offer is the capability to separate real data from models. Curmrently, this is not the case
and significant amounts of information are bound up in individual models. For
example, consider the spatial variation of hydraulic conductivity within an aquifer
system. Information on this parameter can be obtained from a number of sources, for
example from pumping test analyscs. taboratory experiments or previous modelting -
investigations.  This data is generally gathered by the hydrogeologist and transferred
directly into a groundwater model. Parameter values are assigned on the model grid. -
which then acts as the store of this information.  Consider then, that another modeller
either wishes to construct a model which covers part of the area of the first or wants to
modify the structure of the previous model.  Because the model containg no
information relating to the source of the data on which it is based, the user cannot be
sure of its quality. Consequently, it 1s usually the case that the primary data must be
collected again and re-examined. If the first model is to be modified. for example by
refining the grid in the region of an abstraction borchole or river, new paramelters
values will have to be assigned manually. The drawback is thai data is grid dependent
but the grid is a feature of the model only and not reality. A better approach would be
store data separately from the model and then allow the mode! to interrogate the data
during its construction or modification.

In addivion to data input, there are problems associated with the processing of model
output. This has in part lead to the development of graphical user interfaces (GUls).
which faciltate post processing. In part the problem is due 10 the complexity with
which model results are output during a simulation.  For example, considering
MODFLOW, the most commonly applied regional groundwater model, much of the
output datat is written in a binary format. The development of a suite of graphical user
interfaces by commercial companies has simplified the post processing of this data.
However. many of these still do not allow the rapid and simple interogation of the
raw data, which is often an important requirement. Consequently, individual
modellers commonly spend time writing bespoke picces of code to extract
information from binary output files.  The need for such interfaces could be
questioned given the abundance of more generally applicable very high quality data
processing software that is routinely used by hydrological modellers. These general
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software packages, such a spreadsheets, GIS packuges and visualisation software are
generally superior to those contained within an individual GUL. Their use could be
facilitated by presenting model output in a clear, tunsparent and format independent
way.

The object-orented paradigm is a relatively new and powerful approach fer
developing software.  In particular it offers significant benefits 10 the accurate
representation of physical mechanisms in models. It can also greatly simphfy the
maintenance and devclopment of a model as the understanding of the physics of
groundwater flow improves. This 18 because real world objects are modelled by
computational equivalents. Because objects are discrete and encapsulare their data
and functionality 1t is easy to alter their behaviour without affecting other parts of the
model. For example, both a nver and an aquifer may be wreated as objects. The
objects may incorporate complex processes and it is only necessary 1o represent their
interactions. This separation of concemns not only simplifies the program structure but
also more importantly allows a better descniption of physical processes within the
modcl.
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Appendix A Further discussion of the benefits of the object-oriented
approach

Most groundwater models are written using procedural programming languages.
Procedural programming is the forerunner to object-oriented programiming. In this
carlicr method the system is decomposed into a senies of operations that act on data.
the most fundamental of which 1s the program statement. Consequently, the
development of a procedural program mvolves the identification of the steps that are
required to achieve some result: that is. the identificaion of the algonthm. In this
approach, the data 1s separate from the procedures that act upon them and the
importunt programming task is to ensure that the operation of the procedures 1s weli
understood. This means that the data should not be altered unexpectedly.

As procedural programming was applicd to more complex problems it became
difficult to understand the code and monitor the effect that procedures had on the duta
(Ponnambalam and Alguindigue. 1997). This drawback spawned the development of
structured programming buscd on the concept of functions. In this case the program is
simplified by breaking it down into smaller subprograms, each of which pertorms a
subtask of the overall algorithm. The principle 1s one of divide and conquer. Any
task that is oo complex 1s decomposed into a set of functions. each of which is
sufficiently small that it is easily understood. Structured procedural programming has
been and still is a commonly used and successful approach for dealing with complex
problems. This is particularly true for numerical computation applications. Howcver.
as Liberty and Hord (1996} state:

. some of its deficiencies became all too clear. First, the separation of data
from the tasks that manipulate the data became harder and harder. It is natiral
to think of vour data and what you can do with your data as related ideas.

Second, programmers often had difficuliy structuring a program to solve a
problem while solving the problem at the same time. It was a classic inability 1o
see the forest for the trees. Instead of solving problems. they often spent their
time reinventing new wavs to fit the problem o the structiere.”

The problem of the creation of 4 maze of algonthms when modelling complex
systems spawned the development of the object-model. This 1s based on the principle
that it is natural to think of data and the tasks that can be performed on that data as
related ideas. Object-orientation is described by Khoshafian and Abnous (1995) as:

. the software modelling and development dnuphum that make it easy 1o
consiruct complex systems from individual components:=™ - o

The intuirive appeal of object-orientation is that it provides beiter concepts
and tools with which 10 model and represent the real world as closely as possible.
The advantages in programming in data modelling are many.”

Conceptually object-orientation is based on the pnnciple of abstraction to deal with
complexity. Through the usc of objects, which contain both data and the funcuons
that operate on it. complex sysiems are decomposed into separate. discrete units. The
maze of algorithms all aching on the same data that arises in procedural programs is
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transformed into a system of objects each with its own well-defined hehaviour.
Through the usc of abstraction computational objects are designed to represent objects
in the real world. a mgjor advantage of the programming paradigm. Not only can
classes, the templates for objects, be defined 10 have a similar structure to features in
reality but they can also be designed to be manipulated in the same way.

The correspondence between user defined classes and real world objects also
simplifies the translation of a problem froin the design stage into a program. This is
because a more consistent language can be used over the development life cycle of a
program. Collaboration between the eventual uscrs and the model developers 15 made
casicr hecause both can consider the same objects. Even though each eroup visualises
the mechanics of an object differently, the use of a common language allows the
parties to consider its behaviour jointly. This results in the development of programs
that better fulfil the requirements of users, be they groundwater models or not. As
Khoshafian and Abnous (1995) state;

“Object-orientation provides better paradigms and tools for interacting easily
with a computational environment, using familiar metaphors.”
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Appendix B Literature review of object-oriented groundwater research

A number of investigators have uscd object-onentation 10 improve  the
implementation of numerical methods for solving groundwater flow problems.
Desitter et al. (2000) examine the use of object-oriented techniques to overcome the
problems associated with procedural programming methods. They state:

“Object-onented programming and modem code deveiopment now enable the
construction of a new generation of environmental modelling systems that offer the
possibility of an open, easily maintained and casily extenstble framework for code
development. The speed at which new models can be developed or upgraded can be
significantly increased by object-oriented programming and the confidence that can
be placed in such codes is also higher as the basic building blocks are subjected to a
arcater degree of scrutiny.”

They illustrate this by developing a generalised framework of finite element objects,
which can be adapted casily to solve different systems of partial differential equations.
They apply the model to solve Richard’s Equations for unsaturated flow 1n one und
two dimensions and use it to show the complexity of the code which can be developed
in a short period of ume.

Krabbe and Matheja (1997) develop an  object-onented framework for the
development of a distnbuted transport model using the random walk method. To
overcome some of the problems associated with the random walk technique the
investigators propose the use ol a significantly increased number of partictes. For
cxample. they state that meaningless concentrations may appear in parts of the models
area with low particle numbers. To facihtate the management of & large number of
particles they develop an object-oriented framework to manage the random walk
process using multi-threading: a method by which computational effort can be spht
between multiple processors.

Tucker ct al. (2001) also present an object-onented framework for the simulation of
hydrologic and geomorphic systems. They describe the representation of elements of
a tnangulated irregular network and their associated potygonal cells as objects. These
are used to solve partial differential mass balance equations to simulate, for example
groundwater flow. They state that the object-onented approach provides an efficient
means of both stonng and interrogating the tnangulation network. It 1s also
concluded that the strategy enhances modutanty and portability and has the potential
to reduce software development time.

An orgamsation that has started to develop object-oriented models for the simulation
of large regional surface-groundwater sySt€ms 7187 "the” "South™” Flonda "Water
Management Distnct, US. Larrondo-Peirie and France (1995) descnbe the
apphcation of object-onented analysis in the development of a framework for ihe
incorporation nto the South Flonda Water Management Model. This analysis is
performed to descnbe the mechanisms, terminology and nteractions contained 1n the
current suite of models that are used to simulate surface water and groundwater water
Now and quality and ecological processes in the arca.

The motivation for the work is described by the investigators and is relevant 1o the
development of a genenic regional groundwaier model proposed here. They state:
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The current simulation models [for the South Florida Water Management
District] are difficult to manage and maintain. New developments in technology and
methodology, such as object-orientation, distnbuted processing.  Graphical
Information Systems (GIS), visualisation techniques, graphical user interfaces (GUT),
electronic information sharing through the Internet and increases in storage and
processing power. warrant the efforts to develop a comprehensive hydrologic regional
simulation model. In doing so. the integration of other District and external models
will be investigated to eliminate duplication of effort, increase usability and usage and
make results morc consistent and accurate.

Haijema (1999) discusses the inception of a group of groundwater model developers
who are investigaling object-oricnied methods. The group are examining the adoption
of a sct of standards for the construction of analvtical elements objects, for example
line sinks, used in the analytical element method (AEM) for groundwater flow
simulation. One of the advantages of the approach 1s the ability 10 allow individual
developers 1o more quickly implement a new model design through the use of the
resulting well tested low level components: the analytical element objects.

In addition to the development of object-oriented models 1o improve the
implementation of numerical methods, a number of investigators have used object-
oriented techniques to develop frameworks for the coupling of software components,
for example, the coupling of a nver basin model with decision support system
(Reitsma and Carron. 1997) and the construction of tools for data munagement.
visualisation and modelling of cnvironmental systems (Bethers et al, 1998: Jacob.
1999: Svdelko et al., 2000).
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Appendix 9.10
The Water Poverty Index; A National Approach

Peter Lawrence, Jeremy Meigh and Caroline Sullivan

The full text for this background paper is contained within Appendix 1.5
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Appendix 9.11 |
Derivation and Testing of a Water Poverty Index
Contribution of the Commonwealth Science Council

Siyan Malome and Silencer Mapuranga

Executive Summary

There 1s now a global concem about the availability of water for man, food and
sustainable management of ecosysiems in the next millennium. Global availability of
fresh water per capita is stecadily decreasing as population grows and water resources
development has reached a ceiling in muany countries. Some counincs are already
facing water scarcity and have had 10 resort to extreme measures to augment fresh
waler resources. Until fairly recently, water was considered to be an inexhaustible and
cheap resource. This false notion has led to wasteful and nefficient practices in the
use of water. Reduced availability of water has been the trend of much of this century.

The globail population is projecied 1o increase from the present 6 billion 1o nearly 8
bithon in 2025. More than 80 percent of these people will live in developing
countries. FAO estimates that more than 230 million people live in 26 countrics which
are classified as water deficient, of which Il are in Africa. This number is likely to
increase if the current pattern of water usage is continued unabated.

Currently about 1.3 billion people. nearly a quarter of the wortd’s population. live in
extreme poverty. Seventy percent of these peopie are women. They usually do not
have access to adequate water and sanitation (see Eliminating poverty: A challenge
for the 21" Century DFID 1997). The linkage between poverty and accessibility to
water is generally known especially as it relates to health. The link between water
scarcity and poverty nexus, i.c. water poverty, requires further examination.

Water stress lcads to many socio-cconomic difficultics. These include less water
available for food and fibre production, drinking water, sanitation and industrial
development. The overall impact s reduced standard of living, lower quality of life,
and less disposable income. especiatly in rural communities.

These factors lead to social and economic upheavals of rural commumties. migration
Lo urban areas. and increasing poverty in both the rural and urban areas. Low levels
of national development, uncmployment and poverty are some of the factors
contnibuting to political instubility.  Another implication of water stress is that
countries with riparian waters tend 10 be in dispute over the sharing of this riparian
resource. There ure conflicts over the sharing of riparian waters in many parts of the
world.

Need for Action

The report on water scarcity (Water for Food and Rural Development) presented at
the recent second World Water Forum, Hague 2000 highlighted the countrics that are
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facing imminent water shortages. those that will face shortages by 2025, and also
those, which are relatively. water rich. The report showed that most of the water nich
countnies are in the developed world, especially North America, parts of Westem
Europe and Scandinavia. Countries that are in grave danger of freshwater availabiiity,
especially between now and 2025 are mainly 1n the developing world. The countries
which wili be most affected by water stress within the next 25 years are focated in the
Middle East, North Africa, pants of East and Southern Africa. Central Asia. regions of
China, parts of South Amenca and South Asia. Many of these are Commonwealth
countries.

Gencrally few strategies exist to help policy makers and planners tackle the water and
poverty link in a fundamental way. There 1s a pressing need for indicators that are
developed on water scarcity and poverty nexus 1.¢. waler poverty

There are several water-stressed countries within the Commonwealth. Water poverty
is currently affecting the development of these countries, and will continue to do so in
the foresecable future. Commonwealth countries facing water poverty need to think
about the impact on their economy and social fabne, and start on a path to dealing
with the impacts.

Commonwealth Action

As a follow-up 10 the sccond World Water Forum, Hague, 200} a number of
imuatives arc being implemented towards identifving the causes of world water
scarcity and the extent such water scarcity 1s directly linked 0 existing and potential
poverty. Commonwealth Science Council (CSC). London and the Brace Centre for
Water Resources Management, Ste. Anne de Bellevue, Canada organised a workshop
to discuss the issues of water poverty and scarcity. The objectives of the meeting inter
alia were:

* To promote understanding of the water avalability - poverty nexus and the

long-term implication for the elimination of poverty.

e To develop a framework with which countnes and 1nstitutions can respond 10
waler poverty 1ssucs.

e To sensitise governments on the need for cffective water conservation and
demand management practices in order 1o avert future water ¢cnsis.

e To provide hands-on-training, to professionals and policy makers. in ways of
considening water poverty issues as_part of overall approuches to climination
of poverty

e To provide a forum for the exchange of ideas and to set up a Commonwealth
Knowledge Network (CKN) on water poverty.

At that workshop. a paper was delivered on the topic of the development of a
Water Poverty Index. (Sullivan, 200011). Following the workshop. the CSC joined

L1 Sullivan, C.A. (2000) The Water Poverty Index. Keynote priesenitation at the CSC/Brace Centre
conference on Water and Poverty. Monireal. June 2000
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scveral national and international agencies and experts to work on a project to develop
an index of water poverty and scarcity.

The Commonweaith Science Council, in collaboration with the Gender Affairs
Department, is working on deriving and testing of a Water Poverty Index that can be
used for measuring the cxtemt such water scarcity directly relates to poverty. The
derivation of this index is involving the establishing and testing of various models of
water deprivation and the resultant influence on other economic and healthy
problems. Three sites. Tanzania. Sri Lanka and South Africa are being used as pilot
centres and thesc are providing a wide spectrum of factors that are causing water
refated poverty: gender muanstream  issues. infrastructure  capacily  constrains.
economic variables, usage conflicts, and water supply factors.

The main focus of this CSC exercise is 10 provide a generic index that will enable
policy makers, water users and other stakecholders with an easy to use tool for
assessing the degree of poverty caused by water access constrains. This index is
cntical in the evaluation and comparing regional differences and variables that are
significant in cach geographical area; and it would be a key index to complement the
development problems denved through the Human Development Index.

The commitments on the proposal requires that the Commonwealth Science Council
(CSC), through its extensive network of direct contacts with governments,
institutions,  personal experts and NGOs participatc 1n the WPI project in the
following ways:

L. contnibute to the development and conceptualization of the WPI

2. provide inputs on components of a suitable index of social deprivation
(similar to the Jarman index used in the National Health Service)

3. use the Commonwealth Knowledge Network for dialogue, discussions and as
a strategy for dissemination of the results.

4. Possible assistance with small amounts of translation if needed (through
networks) provide support for local workshops and some support for
developing countrics participants in pilot studies.

5. The Gender Affairs Department of the Commonwealth Secretariat will carry
out gender sensitisation and analysis. It will use the Commonwealth National
Women Machineries to support the pilot studies and help to ensure adequate
gender sensttivity.

Items 1. 2 and 5 are described as current activitics in this report. Items 3 and 4 will be
implemented in the dissemination Phase 1 and as well as in other phases.

This report is a summary of the CSC contribution to developing the index. It describes
the remit from the group of partners 1o the CSC and then describes some approaches
to developing an index and later demonsirates how to developing a simple index using
a commonly used index of deprivation ~ the Jarman Underprivileged Area Score,

Section 1 of the report describes models that can be applied 1n the derivation of the
WPI, and section 2 proceeds to apply one particular technique. the Jarman
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Deprivation Index (), on data from Tanzania. The third section (3) brings into the
WPI debate the gender dimension of water poverty. As part of the ongoing exercise
the gender issue should be integrated in the overall analysis of the water poverty
challenges in developing countries.
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Section 1 Water Poverty Index Models
Introduction

This report follows from the summary of the reports of the Arusha and Wallingford
meetings. The rcport provides information on the sources of basic data and general
information usable as input variables in the development of the water poverty index.

It caries out a critique of the proposed models and considers a methodology for
denving a composiic measure of water deprivation. which is at once generic and
flexible.

The identification of social factors has been described in the context of the WPI
poverty models as discussed in the various meetings, including Arusha. The four
models analysed and examined on the basis of sensitivity and robustness are the:

Composite (Multivariate regression) Index approach,
Matnx -

Time series 0.measurement, and

Jarman Deprivation Index approach.

B -

1.1.1 Composite (Multivariate regression) Index

This approach is similar to the Human Development Index (HDIT) published annually
by the United Nations Development Programme in the annual Human Development
Report. It is based on aggregation of data from several social variables and it is casy
to apply. Its simple in approuach, and can be expanded to include more variables or
their combination. It is however difficult to apply in lower level comparison of
poverty, especially where houschold water poverty indicators should be input into the
formulation of strategic water poverty alleviation policies.

In simple terms the water poverty index is depicted as a function of a number of social
factors, as indicated below.

WPI*=F(wA+wsS+wt(1-T)/N

A=Adjusted water Availability as a %age of GW+SW+ USAGE

S=Population with access to safe water

T= Index to indicate time and effort o collect water. Could be modified to take into
account gender issucs

wal wi; wa are weights given to cich component of the index and they all sum to
unity.

* Higher WPI= lower degree of water stress: i.e. less water poverty

Most of the factors used on this model can be computed from national censuses and
dummy variables could be applied in dealing with particular attributes ¢.g. gender.

The weights applied in the variables are subjective except where they are based on
empirical calculations.  Therefore weights based on correlation of factors to variables
should be applied 1n order that area specific differences of impact of factors can be
captured in the computation of the WPL
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1.1.2 The Matrix

The Matnx is based on an overall resources gap between two major dimension of
water related poverty: the gap between CAPACITY to gencrate adequate water and
the basic water requirements (USE). and the sociut mitations impeding ACCESS to
AVAILABLLE water.

This i1s simply stated as
WPI=(C-U) + (Av-Ac).

This could be an important water poverty index it its focus is to measure the
differences in the degree of deprivation, extent of water scarcity and intensity of water
poverty across and within regions. The data demands or computation of capacity
could be solved by defimng components in cconomic terms, whilst use, access and
availability are captured from surveys.

It1s a complex index whose appropriateness will be determined by the scate used and
the major concern is whether such a scale can be replicaied, data permitung, in
different geographical areas (regional, national etc). The collection of or availability
of regional aggregated data or household survey data at low-level scales is a critical
factor and may demand a lot of resources.

The computation of the (C-U) component of this model can posc a problem when
used as a key input index to the compositc WPL This is because the varied capacity
measurcment and water usage levels that can be denved across arcas arc not restricted
parameters. Therefore a simple capacity excess over utilisation is both indeterministic
and also not a reliable comparative indicator. A useful vanation of the equation can be
presented in the form of;

WPI = (C/U) + (Av-Ac)
(Er) (Pr)

This equation combines the cconomic resource component (Er) with a physical
resource gap (Pr). In simple terms the higher the use for a given physical resource gap
the lower the index for specified capacity.

1.1.3 Time Analysis Approach

This is an index with very himited coverage of the fundiamcntal social issues that have
impact on water ‘access’ poverty. It i1s not multi-dimensional and given the varied
walter-point distance and volume parameters across regions and nations the weakness
of this approach is clear. On the framework of a superior GIS based data collection
and factor diagnosis this time -based computation of WPJ could be difficult.

1.1.4 Water Deprivation (Jarman ) Index

This approach is a combination of the GAP and the reverse of the HDI approaches. It
integrates practical experiences and expert opinion into the weighis of indicators. It
has the advantage of simplicity and also draws atiention to the distance a country still
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has to travel 1n order to reach the water access ‘standard’ per regional arca. A major
weakness of the method found elsewhere is that personal values, vested interests and
bias that are applied through expert opinion.

This approach to deriving the WPI is flexible enough to allow for factor numbers and
remaining consist in results, although disparities (outliers) in data could weaken its
consistence. This can be overcome by standardising the data for each indicator.

WPIL=1/n > 1ij.

=1
where index indicator Lij for each vanabie is defined as follows:

j = Max(XWk<(X,)
Max(X,x)/k-Min(X,)/k

Deprivation levels will range between 0 and I A more simplistic alternative to the
computation of the WPl is the Jarman Deprivation Score method. This has similar
indicator approach cxcept that it does not involve standardisation by number of
variables. Its formula is as follows:

WPIli=Jarman Index= Z W, iXi

1=1

The Jarman Deprivation Index is an area-score whose value can range between 0 and
100%. This model is constdered appropriate for discussing waler poverty
measurement because 1t produces multidimensional results. Its apphcation in real life
situations is described in the second part of this report (pages 8-13).

1.2 Data and variables operationalisation

The critena used in selection of varables covered four data measurement
requircments:

9 Availability of national robust data for regions:

0 Interpretability; _

0 Coverage of the domains of water scarcity (deprivation) as defined in Arusha:
and

0 Avording double weighting by indicators.

This approach 1s open to inctusion of numerous indicators and their contribution (o an
overall analysis of social factors that seek strength and depth of a generic WPL This
can been augmented by an examination of the structures of the underlying
components of the indicators, through correlation and multivanate analysis (factor
analysis and PCA) that focuses on a single-factor solution.

Given the limited small area data in developing countries the more robust approach 1s
to seek a commonality of evidence across numerous indicators in the assumption that
water poverty will be captured by the social factors
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1.3 Variables and Factor selection

Based on the water scarcity dimensions that were agreed in Tanzania eight factors
were identified from statistically sigmficant variables that are deemed associated with
water poverty. Table | below gives u summary of the tuctors and components applicd
on cach WPI model.

Table | WPI Factors and components

Weight* | HD! | GAP | Matrix | Time- M/Mvariate
Analysix
Factor Variable
Time Distance Y N N, N]
Transport N | v N vV
Volume v
Houschold | Gender N [V v
Age N N N
Usage Domestic J J N -
Ecosystem N N N N
Apr. lmg, N v N v
Industry N N N, N
Season Dry/Wet V N N
Duration N y v N
Cupucily Physical G- reliabibty \] v N \[
S-reliability ) N
Adj-availab \! \]
Social Pohucal v v | J
Technology N| N N N
Behaviour | Harmony N N Ni N,
S- R ERE N
ownership
Source B-hole NBE v v ]
Hsc-connect N V‘ \] N
S-pipe A vV N )
Pub-pipe NEEEEERE N
P-spring AR N
P- well Ni N, N N|
Gender FIM Divide | Waer- N N N Ni
Tinx
$1G= surface and ground water: B-hore= Borehole supply: S-ownership= water source ownership
Hse:conne= House connection: S-mpe= Standpipe: Pub-pipe="Publicslandpipe™ ™ "~ 7 7~
* Weighting of the variables is based on their correlations with respective tactors

The table above presents a somewhat comprehensive list of factors, some of which
have becen used in devcloping a WPI using the Jarman approach as described in
seclions 2.1 to 24 below.
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Section 2 The Jarman Index Approach: Application of Deprivation
Scores in Water Poverty Index Derivation

Introduction

There is agreement that deprivation is gencrally a multi-dimensional concept.
However there are conceptual disagreements over the use of particular indicators of
poverty. The main point of difference in approach derives from the different
objectives and models that are chosen to explain the causes of poverty. The choice of
an indicator of poverty becomes a result of a trade-off between measurability of
defined poverty und the complexity of factors that can be used in the analysis of that
poverty. Therefore any model or derivation of poverty indices has to accommodate
measurability and factor inter-linkage issues. This means we have 0 observe four
model clements: measurable poverty: agreed/ identifiable components: time flexible
indicators, and simplistic of application. However, added to thesc is the chullenge of
being able to identify the deprived persons using local indicators, and also being able
to aggregate the results into meaningful national, or intemational figures. It is in this
broad framework that the Jarman Index (JI) seems an appropriate tool for measuring
water deprivation.

The Jarman index is social-factors based technique for measuring the (scote) degree
of deprivation that exists in a specific area. This Jarman Underprivileged Area Score
was first applied in 1983, and constructed to measure factors affecting workloads of
GPs. Subsequently it has been used in conjunction with other methods in the
cvatuation of levels of deprivation that beset a number of wards, districts and regions
n England and Wales. It is now generally refereed to as the Jarman Underprivileged
Area Score. Construction of this composite index requires a clear distinction to be
made between the problem of the population served (social factors) and those of the
services provided.  We therefore observe these two conditions in using the JI
technmique for the construction of the Water Poverty Index (WPI). The Jarman Index
(JI) and WPI terms are used interchangeably in the whole of this report.

2.1 Conception and Measurement of Water Deprivation

To date there is no agreement on what indicators are hest measures of water
deprivation and ncither does literature provide reference 1o which measure is better
than the other. In seleciing indicators of water poverty it is important to distinguish
direct and indirect measures. This is important in scparating measures of incidence of
deprivation and measures of vulnerable groups. In this WPl we opted to use the
‘incidence indicator” becuuse it covers those vulnerable who aclally experience
deprivation. Furthermore, we proceeded 10 define water deprivation in a way that
divides the water poverty factors into ‘first-order natural water scarcity’ and second-
order ‘social resource scarcity' (adaptive capacity). The simuitancous existence of
both dimensions dcfines water poverty. Using the adopted WPl concepts the
following four core elements have been applied in making both the water scarcity and
social adaptive capability dimensions integral to measurement and construction of
area specific WPI,

Water Avatlability Factor: Measured availabitity of water in a location. This could be
computed from survey data or through proxies such as per capita water availability,
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Data for this factor 1s obtamable from national census and national hydrological
staustics.

Access to Available water: This is the per capita aceess 10 available water. This
defintion of water access 1gnores the purpose to which such water is used.

Capacity. This 15 the overall abihity of inhabitants to cfficiently manage their water
resources. Capacity embraces all “water uccess’ enhancing elements. This includes
household financial ability, scienuific and water knowledge exchange, knowledge to
enhance management of sustainable water supplies. and infrastructure facilities for
etficient water supply and 1ts management etc.

Ecosvstem balance: This 1s the integration of environmental factors into the water
usage conflict analysis. In the background of concerted efforts to retain a balanced
ecosystem the measurement of poverty has to include the level at which water
availability, usage demands and management of is distributton affects the ccological
balance. This is very important for areas that have high vagancs of rainfall changes.
high density of livestock in small arcas leading to intensified water competition,
crosion and deforestation.

Within these four arcas numerous factors can be identified for purposes of denving
the WPI:

¢ Houschold access to sanitation and water within 200-metre radius

e Time taken to access adequate water.

¢ Household charactenstics,

e Usage competition (Domestic, Ecosystem, Agncultural frrigation, and
Industry,

o Adjusted availabihity and vanations duning dry/wet seasons and its
duration,

e Capacity of the population to adaptmanage water scarcity challenges
{Physical, Social, Behaviour),

e Source of water supply (Borehole. House connection. Stand-pipe,
Public-pipe, Protected spring, Protecied well).

e Gendered access to water.

Each of the above factors has vanables whosce components relate to more than one
factor and some of them are correlated. For example. ime to access water s inversely
related 1o distance to sources of waler ceteris paribus, capacity to regenerate or
improve water access has elements-thai also relateio the water usuge and i1s-socal
conflict. At this point social capability issues must take into consideration factors that
arc a function of the ‘water users’ commitment to water supply sustainability. For
example, factors that indicate any forms of resources capture, leading to
instuitionalised water scarcity, can be built into the soctal capacity variables.

2.2 Construction of the Jarman Deprivation index

This construction starts from the premises that the indices are designed to be
nationally comparable. In the case of Tanzunta district of Dodoma the construction of
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JI (WPI), done using sccondary data. was designed 10 make the current and future
analysis achicve the following objectives:

. Rural and Urban companson within administrative districts:
Identification of sectoral deprivation within regions:

Region-by-region comparisons: and

Country-by- couniry analysis,

The IT flexibility in factor substitution 1o accommodate national/regional/arca WPI
variables is similar to other methods. Table 3 below (Dodomu) illustrates the
computations done for one region in the Republic of Tunzania. Results of each JI can
be displayed tn any shape, t.e. diamond, hexagon. etc. depending on significance of
factors used in the construction of the WPL. The chosen level of arca analysis will
determine the shape number of factors taken into consideration or reporting matnx. In
table 4 we illustrate the various levels at which the JI approach can be used for water
poverty analysis.

As indicated in table 4 the causes of water poverty, as indicated by the derived J1
(WPI), can be analysed from different positions depending on objectives and level of
review. The advantage of using this JI technique is that its multi-dimension structure
can enable diagnosis of the water poverty problem using village, district and national
data. For example. in the Dodoma casc J1 reveals the impact of each water deprivation
component and comparisons can be made on the significance of such factors within
districts and across the urban and rural divide.

2.3 Jarman Index Calculations

The procedure for determining the Jarman Index 1s simple but requires inputs of
various types of variables. The JI (score) 1s simply a summation of various la(.lor
values for cach ‘under privileged’ area. The formula is

WPli=Jarman Index= Z waLiXi,

=l
Where w and x are the weights and factor respectively. as applied in region i,
Using the JI steps 1-5 indicated in Tuble 3 (Dodoma) the steps are as follows:

Stecp  1-2.  Obtaining %age values from national census and decimalisc them.
3 Obtain square root of the decimalised values,
4

Calculaie ARCSINE for data angular transformation.

" .

Standardise the valuc in 4 by the following formula;
(M M,)/std dev(n). where M,; and M,, is meuan tor domestic
and national data respectively
6 Weight the standard values in 5 above.
7 Sum the values in 6 above.

2.4 Description of Variables

2 CEH Walhinglord 2002
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The factors used in the testing of the Il were based on two points: [1] conformity to
the WPI focus. (2] level of correlations among the vanous factors and components
indicated in Table 4 section |2 above. Factors used n the Dodoma were the
following:

Water Access: Flousehold units with water outside the 200m radiaus

Sanitation: Houschold units without sanitation facilities
Gender: Female headed houschold as u percent of total area population
Usage: Percentage water usage (Domestic 9%, Industry 2% and Agnculture

89%) based on annual per capita withdrawals (35 cubic metres per year
tor Tanzania).
Management: Population with above "o’ level education per district and area
House-hold Asscts: Proxy used was the under five-mortaliy rate as an indicator of
family capability.

© CEH Wallineford 2002
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Appendix 9.11

2.5  Methodological Challenges in Using the Jarman Index (J1)

There are methodological challenges that must be considered in applying the Jarman
index. Deprivation indices are exphcitly designed as indices of deprived arcas and
index scores thus relate to area povernty. Theretore any social deprivation analysis
based on census data is not a person-by-person analysis and does not directly yield
evidence of household water poverty. According to the J1 approach geographical areas
arc given their nationally comparable scores of water poverly, using pre-determined
variables. In some cases variables used include not only prevalent {cconomic)
measures of deprivation but also vanables that identify vulnerable groups (social class
indicators and gender elements). However there is a weakness in including ar risk
group using pre-selected indicators. Some weaknesses include problems of double
counting and over-counting. For example. people could be included under one
component of deprivation (lack of transport) and yet also on another specific indicator
of vulnerability (women). This is partly because the tater (women) s counted as if
they actually expenence deprivation,

Therefore closely related to this area-based approach are two problems:

e duanger of drawing inferences about individuals purely on the basis of
aggregate spatial data; and
e the complexity of spatial geography of deprivation.

These two challenges are important in the designing of frameworks for water poveny
analysis. For example, incidence of water poverty beiween men and women headed
houscholds cannot be revealed from spatial data. and the complexity of geography of
deprivation 1s highly dependent on the scale at which this water poverty analvsis is
viewed. This may make JI score analysis of poventy difficult. Given the absence of
small arca data in devcloping countries the aliernative approach is to seck a
commonality of evidence across numerous indicators. This is on the belief that the
very pervasiveness of key syndromes of water poverty will be adentified in the
recurting patterns of inequahity to water access (e.g. urban versus rural waler
availability).

The third challenge is the synthesis of the JI factor indicators into a composite index.
using a standard factor weighting approach. A number of indicator weighting can be
applied. For example the Jarman Index for underprivileged areas made use of expernt
opinion. However the general cniticism of personal values, vested interest and bias
remains an issue with this expert opinion approach. The alternative, participatory
survey, produces output faster and provides micro-level information on nuances of
poverty (hat becomes very important when analysing causes of poventy. This survey
data has to be augmented by further statistical analysis using techmiques such as
‘single factor’ Principal Component Analysis. This introduces complex computation
of data n order to derive values of the variables. The maths and statistical
involvement is unsuitable to an untrained mind.
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Section3  Gender and Water Poverty
Background

The current and fashionable debate on gender work 1s gender mainstreaming. Gender
mainstreaming seck to include gender issue not as a discrete component of
development but more as a cross cutting issues in gender and development.

Gender mainstreaming is based on the recognttion that gender inequality operates at
all levels sectors in all of society. and needs 10 be addressed in the mainstream. It aims
to ensure that woinen and men benefit equitably from all that society has to offer, and
are equally empowered to affect its governance and decisions.

Gender mainstrcam rather like the environmental debate seeks to use and undertake
the gender approach in all aspects of development. Mainstreaming is not only about
ensuring that the situations of women are improved within existing frameworks as
they are largely dominated by men. It is ensuring that the development process and
frameworks are transformed in ways that ensure the participation and empowerment
of women as well as men in all aspects of life and especially in decision-making
structures

The gender mainstream management initiative of the Commonwealth Secretariat aims
o enhance and promote the participation of women on vanous levels of decision-
making, planning and implementation of poverty alleviation projects.

The framework for a promotion of gender mainstrcaming for Commonwealth
countries was sct and adopted at several high level meetings e.g. The Commonwealth
Heuds of Governments meeting Durban (199), the Sixth Women’s'™ Affairs Ministerial
Mectings, Delhi (2000).

Gender 15 being applied through the Commonwealth using a Gender Management
System (GMS), a holistic and system-wide approach to gender mainstreaming
devcloped by Commonwealth Secretariat for Government s, in partnership with other
stakeholders including civil society and the private sector. It has been applied in such
diversc arcas as development planning. finance, education. science and technology etc

3.1 Commonwealth work in Gender mainstreaming

An example of work in the arca 1s the use of National Women's Machinery (NWM} in
govermment, identified by the Commonwealth governments as focal points to assisl
the targeting of general and women’s poverty. A possible b, however not oo useful
approach is to extend the work to reduction in water poverty.

An another approach will be to identify constrains that directly or indirectly cause or
trigger multiple incidence of water poverty and find means of addressing them For the
latter & water poverty index that measures at once the extent of access. and at the same
time capacity will be a useful tool in gender related interventions.

€ CEH Wallinglord 2002
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3.2 Gender and Water Poverty

A rational approach to gender and development requires that every section of the
society including the disadvantaged be considered. A possible critique of the gender
mainstreaming approach is that it may not pay specific atiention to the issues of
women deprivation.

The proposed Water Poventy Index (WPI) is a measure that indicates the wealth or
poverty of an arca’s available water resources for domesuc needs and for the demand
of food production commensurate with the size of its population™™", Whilst the
national gender empowerment policies and gender budgeting approaches provide a
framework for a macro level tool for addressing women deprivation it is inadequate.
This model of statc sponsored gender initiatives requires input from analysis of key
water problem areas.

A useful starting point for a discussing of the true nature and impact of water
deprivation on women 1s a definition and discussion of the two major tenets of water
poverty. At this point water poverty is defined as the simultaneous existence of (1)
natural water scarcity and (2) efficient management of scarce water resources
(adaptive capacity)™*". These two dimensions arc important in the identification and
strategic analysis of plans being applied in reducing water poverty. In this respect we
able to separates gender water access constrains by virtue of their ongination:

(a) environment changes (Availability and Access problems),
(b} local inability to efficiently manage (Capacity and Use) the limited water
resources availability.

The existence of structurally induced shortages in o national or regional water
management scheme, lcading to demal of water access 10 a specific user group, is an
cxample of social capacity/use problem.

Whilst varnious economic and social indicators can measure cfficiency in water
management, women water scarcity still remains assessed by water timeftrip
constructs. These are gendered focused and are presented as a proxy for measuring
time constrains to other women’ economic activitics. However these time/irip capture
is an imprecise indicator of women water poverty problem because the time/tnp 1s an
endogenous household charactenstics and not necessanly deterministic to level of
poverty !

o mm e N m o e M AL AR m m s = = = =

3.3 Gender as a Parameter for Water Poverty Index

Gender factors that identify managerial incapacity and those that influence access 1o
water form two related groups of indices for water poverly. albeit they link
differently. At present factors that indicate increasing participation (adaptive capacity)
of women in political and regional decision units are showing incremental
improvements. Forty countries of the Commonwealth have achieved more than 20%
increase in placing women in areas of deccision making. However the Poveny
Reduction Strategic Papers (PRSPs)' of majonty of these countnes indicate that there
is & knowledge gap between the decision making bodics and women user groups.
However the CSC has not encountered disturbing inconsistence or major varialions in
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both factors and their relationship with local water poverty. The main factors are the
following:

. Availability of water to wormnen for domestic and economic activities:

Access infrastructure for water supply services, within economic means of

women,

3. Capacity of local women to manage the himited water resources efficiently:

4. Usage conflict among the four major areas: domestic. irvigation, industnial,
ecosystem,

5. Headship of household: and

6. Exposure to education and water usage knowledge

(A

The core elements that are measured in asscssing the degree of gender focus of the
above factors arc the level of Diagnosis. Monitoring, Public actions and Consultative
Process.

3.3.1 Diagnosis

A gender-disaggregated analysis of water poverty and its causes is important for
obtaining an understanding of how such poverty can be reduced. This analysis must
include poverty incidence by gender of household, in addition to the other deprivation
indices.

3.3.2 Monitoring

To ensure success of country driven water and gender process a monitoring measure
can be apphed. Using discrete dummy variables to indicate presence/absence of
gender elements in waler management processes cnables organisations to monitor
inclusion of gender clements in CKN programmes. The same indicators can be built:
into the WPI components that form the gender factor. This monitonng indicator does
not show poverty but rather the consistency in the application of gender issues in the
capacity development and knowledge exchange processes.

3.3.3  Public actions and Consultative Process

The promation of the gender exercise, both within and outside the CSC gender projects. demands inter-
agency networking. This has been achieved through support from national science councils and their
home based government organisations. What has been important in this pubtic relations argument is the
level the various stakeholders (poor women included) are jointly and severally held accountable to the
gender mainstream programme. Significant in this area of accountability is the level empirical data 1s
used by cach orgamsation in establishing prionty actions. These prionty action plans are not vague
mtenhions but clear sectoral plans of achion that relate 10 the water poverty reduction activities uf other
organisations™. CSC provides an electronic network (CKN) and Decision Support. System within
which gender plans and information exchange s facititated.

The national Poverty Reduction Strategy Policies have indicators of how gender is being used i the
water poverty schemes. In the CSC such gender and water poverty factors include elements of the
following: ‘

Water management Education
Waler safety nets
Infrastructure tacilities
Governance, and

cCcreoe
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0 Agriculure activites for women.

Therefore in assessing or developing a measure for local poverty these factors are
serving as scctoral input that shed light inlo the success level of the women
empowermeni programmes. However the challenge 1s how sectoral indices on gender
are integrated into the computation of WPIL

3.4 Disaggregation of WPI factors by Gender

In dealing with the gender issues attention is given to bringing men and women to the
same level of access 1o water. Here there is an assumption that women need to ‘catch-
up’ with their male counterparts. Consequently the gap between men and women can
be used to construct disaggregated deprivation indices, using scveral factors, ¢.g.
transport facilitics, access to public versus private water wells/springs etc. In the
background of the vuried seventy of scarcity and biased management of water poverty
issucs it is therefore i1mperative 1o distinctly ascertiin the incidence of cach
component of deprivation and the degree to which they adversely affect women's
access 1o adeguate water. At regional (macro) level it casy 1o establish the incidence
and impact of cach of these components of water povcrly At individual household
level the incidence level and impact is difficult to assess’

Analysis conducted in scveral projects shows that in any geographical area there is
clear presence of difference in ‘asset access’ o water. This is ansing from lack of
houschold assets such as lack of transport to feich water. Consequently analvsis of
poverty incidence docs not treal women as a homogenous group or the gender
attributes as immutable™". However both intra-and extra houschold differences are
reflected in the level of involvement of women in management of waler 1ssucs.
water/trip ime, and water consumption above survival water requirements. Therefore
using possession of assets or lack thereof as proxies for fixing both minimum and
maximum gendered access to waler per houschold we able to establish the range of
local deprivation. It must be emphasised that house data collection and collation for
this process is difficult. Generally the evaluation of domestic asset poverty is often
subsumed under that of the houschold and yet women's water poverty is differentiated
from that of men: by biased water (resource) access and distribution. This 1s an
clement that has to be addressed.

Incvitably the estimating of the incidence of povenly using household data has been
found 10 have schous flaws as 1t undcrslatcs the actual incidence of water poverty on
well amculalcd in the surveys or when lhere IS |lm!lcd pamcnpau'ohvt;)} the subjects of
study. Vanous studies have shown that there s a strong association between female
headship of household and poverty and this is common in Southem Africa and parts
of Asia where culture norms deny female resources empowerment. It is thus CSC's
approach that a gender diagnosis that deals with household analysis poverty analysis
musi have a built-in mechanism for gender data collection. This data collection must
be organised to highlight key gender problems, the underlying causes of women
marginalisation in water based economic empowement. and the relationship between
such problems and their causes.
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At regional level evidence indicates that gender intervention  programmes
implemented under national gender budgets are not always cffective in reaching to
reduce water poverty in women headed households Neither are some technical
assistance such as construction of dams managing to create a tnigger for poverty
reduction processes. It 1s also argued in various seminars that national strategics
charting national policy response to gender-water equity requirements are not based
on empirical data that relates to levels and nature of the current and potential gender-
water poverty problem This is partly because the underlying causes of existing water
poverty (natural and social elements) and the gender budgets pohicy prescrniptions do
not include grassroots knowledge of indigenous water management capabilities of
women.

In the CSC muiatives SIWN and SIDS we seek to work with government
orgamsations to reduce this knowledge gap between causes of and incidence of
depnivation. For example, through the Commonwealth Knowledge Network (CKN)
funding of a Sn Lanka project financial support specifically targeted science projects
that dealt with involvement of women in an identified specific gender equity projects.

3.5 Integrating Gender into Enhanced Water Management capacity
development

There is a prevalence of (asset) structural impediments to capacity development for
water management and this 1s common in developing countries. This “asset-related’
constrains to water facilities include absence of irngation infrastructure for women,
lack of credit facihities for women that wish to embark on income generating
activities, cconomic endowments denied to women by lack of knowledge, ctc. Water -
distnbution especially in the rural areas 1s mainly being decided on the basis of
economic interests of the presiding male authority. These are generally endowed with
the asset resources. This can euasily be identified inside ‘water use conflict’
deprivanion. in which the powerful have greater access to water at the cxpense of the
poorer sccuions. Furthermore gender biased constraints to access credit for other water
rctated projects, coupled with knowledge denial to women combime to restrict
women'’s ability to respond to price signals und economic opportunities. These factors
have increased women’s water poverty exposure.

The envisaged use of a Water Poverty Index (WPI) stands to augments the national
budget approach. The CSC colluborative work in gender and water 1ssues has
produced important insight on challenges confronted by number of gender and
poverty reduction initiatives that have been undertaken to date. According to CSC two
points must be advanced in the capability development through the gender/ water
imuiative. These are:

e women’s participation 1n water industry based economic uctivities; and
¢ pender-culture conflict in water management issucs.

At the broad regional level these two factors influence the incidence of water poverty
at houschold level. As far as resolution of gender differentials is concerned these
fuctors arc additional to other soctal orgamisation of families and culural norms that
govern their interactions.
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RN Gender and Culture conflict in Water Resources Management

The prevalence of men dominated organisations and their gender-water programmes
are giving way to women managed water programmes. However the World Water
Report 2001t indicates that in some countries man dominated cultural norms still exist
as a challenge in the modern gender equity struggle. The reality is that even if these
customs may not be a legal or de jure bar to water or land ownership there is a de
facto situation whereby a lack of clarity over ownership and rights of access prevents
women from realising the potential of farmland and water facilities. Evidence from
parts of India and some parts of South Asian, as well as those of Sub-Sahara Africa
give credence to this view and the Commonwealth Gender Mainstream initative has
sought to solve this probiem through the gender budget approach. The process
adopted in the NWM entails engaging locul participation and educational networks
that do not conflict with these cuttural norms but empower women to partake projects
that affect their water requirements.

Furthermore there is mounting evidence that shows that culture is an impediment to
women’s free right of access to water. In some cases this is a disadvantage that is
created through the fact that some of these women rights still remain to be mediated
through men. This is inherent in the culture refations and the CSC secks to work along
with the government  programmes o reduce the culture limitations to gender
inclusiveness in water-science projects. In CSC projects we have found that gender
focusing can easily be achieved if the gender interests are addressed separately for
men and women. This is partly because in some rural settings men are usually
concerned with water access for irrigation or catlle (economic assets). The therefore
play a greater role than women do in public decision making about water and
sanitation 1ssues. On the other hand women retin the role of collecting, use and
management of water in the household.

33 The Way Forward

The nawre and complexity of water/gender issues under implementation 1n
developing countries is quite wide but very limited focus is placed on the
measurement of water deprivation as related to women poverty. In short the whole
gender debate revolves round a participatory framework of including women in water
policy issues. This could include identification of the extent of the direct relationship
between water deprivation and women's poverty. This should indeed not merely
address policy and health issues alone. It must.also embrace.water as a.key houschold
factor for income-generating activities that will reduce household vulnerability to
poverty.

The establishing of a relationship between water depnivation and women poverty is a
fundamental step towards making strategic policy interventions that yield better
understanding of the underlying factors and their effect. The current policy inspired
attempts to deal with these issues has consistently escaped follow up evaluations. This
1s partly because there arc limited pre-determined benchmarks that can assist
implementers and project managers in the reviewing of the success/failure of gender
and waler-poveny initiatives.
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CSC interventions on water and gender assessment indicate that diagnosis and follow-
ups on the gender poverty and water issue is dealt with either at grassroots tevel but
absent at the higher implementation level. In other cases it exists as a cursory budget
1ssue with no input denving from the water/poverty strategic plans from grassroots
people. Therefore the CSC argues that mere inclusiveness of women in gender-water
initiatives based on budget policies has timited effect on elimination of their relative
poverty. It is necessary thal such initiatives are bascd on analysis of gender factors
such as management capacily development. usage conflicts effects potential,
household characienstics, and water transport/infrastructure limitations. All these
factors can form part of the gender budget input-output analysis. The CSC *s approach
of a analysis of scctoral water poverty helps in three ways:

I. identification of gender-based differences in access to water resources, Icading to

prediction of the extent different household or members thercof are affected by the

planned water-poverty interventions:

permits planners to set and measure high level effectiveness of interventions and

the stratcgic application of future policies and programmes: and

3. devclopment of a network facility that allows water access information exchange
across and within members of the Commonwealth countries.

ha

These three clements are fundamental in the understanding of and in dealing with the
strategic gender needs, especially in addressing issues of equity and empowerment of
women. This includes measuring the access of women. as a group compared with’
men, to resources such as water.
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Appendix 9.12
Why include Livestock in a Water Poverty Index?

A presentation given by John Morton

Ref: King, John M., - Livestock water needs in pastoral Africa in relation 1o climate
and forage /. - Addis Ababa @ hitermarional Livestock Centre for Africa, 1983, - (11.CA
research report [ no.7

Despite myths and half-truths such as claims that they belong 10 the rich, destroy the
environment and increase the risk of heart disease. tivestock form a component of the
livelihood of 70% of the world's rural poor:

> 194 million extensive graziers
> 686 million mixed farmers
> 107 mitlion landless livestock-keepers
(11D 1999)

Livestock provide:

> direct consumption (of protein and valuable micronutrients)
cash

security/investment

fertility cycling

draught power

social capital

a means to benefit from common grazing

AUEA U A U

A U T

Livestock water requirements are complex, and depend on; size, breed, physiological
state, diet, activity, expected output, temperature, frequency of watering; etc. The
science of water requirements appears still underdeveloped compared to animal
nutrition.

Some indicative values: - litres/day for non-lactaung adults under Atrican ranching
conditions

Species Meun Theoretical | "Practical Guideline for | Sali-tolerance
Maximum Development” (% total salt)

Goat 2.0 54 5.0 1.5

Sheep 1.9 5277 7" 0 e - - 103-2:0

Cattle (Zebu) | 164 56.1 25.0 1.0-1.5

Came! 18.4 34.0 30.0 5.5

(King 1983)

But more imporntantly, what (if any) houschold livestock holdings could be factored in
o a water poverty index? '
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Appendix 9.12

- farming-system specitfic (water to support number of animals locally associated
with a poverty line) - cumbersome and dangers of circulanty

- Water allowance for draught ammals where DAP is prevalent form of farm power

- Notional water aliowance for “small farmly milch herd/flock™
- e.g 2 lactating goats @ 5 litres/day + 2 non-lactating @ litre/day

- places value on milk as vital part of nutrition

- but values will be arbitriry

Water allowance for pastoralists mainly dependent on livestock

"Subsistence™ herd sizes (hhold protein and caloric nceds)

Species Model Literature
Cattle 50-64 20-36
Camels 28 t0-25
Shoats 131-223 50-60

but few pastoralists live entirely on their livestock

how to factor in labour and convenience?

Hjort and Dahl 1983

pastoralists almost by definition must move themsclves and their stock 1o water

how to factor in sustainability?
poorly planned year-round water can contribute to overgrazing and conflict

Defining an Index is not only a technical issue: it 1s ethical and political.
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Appendix 9.13
Assessing the Water Poverty Index in a Context
of Climatic Changes

Christel Prudhomme, CEH Wallingford
ABSTRACT
The Water Poverty Index (WP} is a tool aimed at water managers to determine water-
stressed arcas, that can be estimated at a local, distnict or national level. 1t 1s briefly
presented in this paper, with some suggested methods for its calculation. Iis
adaptability to incorporate climate change projections is discussed. A brief
background on climate change modelling is provided, including a review of current
climate modelling capacities from Global (and Regional) Climate Models (GCMs and
RCMS). A summary of observed and projected changes in climatic variables and
water-resources 15 provided for some regions of the world currently vulnerable to
water-related poverty. Emphasis 1s given to two key clements of climate change
modelling that must be considered with care 1in impact studies: scale and uncertatnty.
Currently, there arc a number of limitations in climate change impact siudies
associated with chimate change projections from GCMs, in particular of scale. To
reduce uncertainuies added with scale reduction techmiques, it 1s recommended to
undertake climate change impact studies at a scale consistent with that of climate
change scenarios. For the WPI, future projections at a distnct or at & national scale are
expected 10 be associated with lower uncertainties than those at local scale, and
therefore recommended. An approach combining sensitivity analysis. climate change
scenarios and hydrological modelling is proposed as a pertinent technique to dentity
threshold limits and tmpact of a range of projected changes on the WPL
Kev words: Water Poverty Index . Water resources planning: Developing countnes:
Clhimate change assessiment: Sensitivity anal ysis: Future projeciion; Water-poverty:

Introduction

Background on a Water Poverty Index

The Water Poverty Index is a new indicator developed al the Centre For Ecology and
Hydrology in Wallingford, with the help of the funding from the British Department
for Intemational Development (DFID). Iis concept emerged as a response 1o DFID
after they identified that “rhere is no generally acceprable quuntitative measure for
water assessment and the uswal indicator is regarded us flawed for the purposes of
rational, equitable and sustainable allocaiion” (DFID, 2000). Integrated assessment
of water stress and scarcity, linking physical esumates of water availability with
socio-economic variables that réflect'poveny. may offer some elements needed to find-
a more equitable solution for water allocation (Sullivan, 2001).

The Water Poventy Index is designed to capture those charactenstics linking water
and poverty, thus providing a water management tool 10 help determine where a water
provision scheme is most nceded. It 1s aimed to donor agencics and government
departments, so that they can monitor progress and assess the impact of their work.

In a changing world. it is important to re-actualise this index regularly. 1t is also
crucial to make future projections of the index. and to identify areas of potential
increase of the water stress so that better medium to long-term planning can be made
in time to implement adaptation procedures if necessary. This paper aims to provide
some key elements on how to undertake assessment of whit the WPI could become in
the future.
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The WPI definition
The Water Poverty Index evolves around five main themes (Sullivan. 2002):

- Availability of water resources (phvsical limitations and natural conditions):

- Access to that water, through human ingenuity and natural conditions:

- The Use made of that water by different economic scctors and soctal groups:

- The Capacity of socicty 1o manage the resource:

- The maintenance of Ecological integrity through allocation of adequate water

supplies for ccosystem needs.

The cnsemble of these indicators define the level of poverty attached 1o water
resources. It is possible 1o monitor progress on cach of these components. so that the
state of water management can be assessed. For long-lerm  water management
planning, future projection of the WPl would nced to be made. through future
scenanos of the five indicators and re-calculation of the WPl under those scenanios.

Locations where the WPl would be most useful

There 1s a strong regional pattern in the geographical location of the world’s poorest
countrics, as defined by their Gross National Income per capita. Of all the countries
defined as ‘low income’ by the World Bank, 55% are from Sub-Saharan Africa, 8%
are from South Asia, against only 14% from Eastern Europc and Central Asia
(www.odci.gov/cia/publications/fuctbook).  Regionally, this corresponds to
proportion of 73% of countries in Sub-Saharan Africa and 62% of the South Asian
countrics have a low income white 28% of Latin American countries are classified as
having a low-middle income economy. A total of 76% of countrics of low income are
located between the tropics of Cuncer and Capricom (the inter-tropical zone), and
most regularly endure some water-related disasters, such as dramatic flooding or
severe droughts. In terms of chimie. equatorial regions are marked by abundant
precipitation. cyclones and typhoons in coastal areas. Sub-tropical regions show large
regional variability with many of the world’s largest deseris as well as regions with
abundant ramnfall (Lutgens & Tarbuck, 1992). Decadal cycles of extreme events arc
observed in the chimate, such as long-tasting droughts or very severe flooding. Poor
countrics huve gencrally a poor capacity to respond to problems. and a large
population, thus are extremely vulnerable to clhimatic disasters.

If the WPl were 10 become an efficient, universal management tool. it should be
designed to be flexible enough for an applicability in any part of the world where its
need ts perceived. The first phase of the feasibility of the WPI was conducted in three
countries (South Africa, Tanzania and Sr Lanka) located in the inter-tropical zone
(Fediw, 2001). where the combination of difficult climatic conditions and low state
capacily maukes then extremely unstable, and even more vulnerable to changes than
most other areas. Examples of application of the WPI in these countries are shown in
this paper.

Calculating the WPI

A number of approaches have been identified by a consortium of hydrologists,
biologists, engincers, water managers, economists and sociologists that could be used
to produce a Water Poverty Index. Two levels of definitions have been suggested. and
their feasibility assessed: the local level, a ‘bottom-up’ type approach’: and the
national level or “lop-down’ approach. At the local level, values or parameters can be
locally determined through surveys. local data collections ete... At the national level.
information available 1 the public domain can be used. The approaches presented
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below could be apphed at both levels, and have been developed during the first phase
of the WP1 project.

A composite index approach

The index 1s the weighted sum of set of variables that represent the five indicators.
They could include:

e A: Adjusied Water Availability assessment (in %). It is the percentage of the
waler resource (surfuce and groundwater) that is avinlable for ecological and
human requirements (domestic and agricultural);

e S: population with safe access to water and Sanitation (in %).

e T: index (e.g. T between 0 and 100, but used in the form 100-T) that
represents the Time and effort 1o collect the water. or the ume of labour
necessary 1o pay for the water.

The water access and time to collect the water ure proxy data for socio-cconomic well
being, while the water availability mainly represents the physical component. The
different weights (or preferences) attached to each component should reflect which
clements is thought 1o be the most critical in the region. For two regions with different
characteristics but same preferences. such as for example. a region B with fewer
pcople having access 10 safe water and spending more time to collect water than in
region A, the WPI value is smaller for region B than for region A, thus highlights
directly which region faces more water-related problems.

At a national level, the different components could represent the five key indicators of
Resource, Access, Capacity, Use and Environment, and be assesscd individually in a
scale of 1 to 20 for example (20 being the most desirable state). The direct sum (with
no weights} of those components would cnable international comparisons of the
Water Poverty Index value, with a lower score indicating problems (Table 1).

WP1 Component Access| Use | Capacity | Resource | Environment | WPI
TZ|T%| £C |28E| 2% | 2
BER|(Bm| B |88 % £ < =
ApI23l EZ 282 2 =
2. S F| = g F~cC E
2w | & ‘7 = & .2 - Q
Livelihood oWl & Z 5 0 s Z
capital type T8 |2t = g = e
b, E & E Q s -~ g e
2 °, E = -
ri -
Tanzania (WPI=43.0) 10.4 74 8.1 74 98 43.1
Sri Lanka (WP1=55.9) 10.1 14.5 125 75 11.3] 559
South Africa (WP1=57.9) 12.1 14.7 13 5.0 12.4 57.8

_Table 1 National WPI component values for three countries (Source: Sullivan, 2002)

The GAP method

The components of the WPI are compared to a standard (or target) value, defined 10
reflect the level that would exist if the resource was managed in a sustainable way.
For each individual component of the WPI {(c.g. ecosystem hcalth, human health.
community well being, and economic welfare). the empincal value, calculated from
measurements, is compared to the pre-set standards, and the difference (or gap)
beiween the two values indicates the level of water stress. The WPI is represented by
the ensembte of gap values for each of the components — and not by a single value.

A matrix approach

The main charactenstics associaied with water stress and human  welfare are
combined in a two-dimensional matnx representing on one axis capacity and use: and
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on the other axis availability and access. This approach could be a graphical
representation of a composite index calculation. A simple star diagram could also be
used to display the results, for example the national WPI values of Table | are
represented in Figure 1. This representation is closed to the ‘Star Diagram’ suggested
by Lane et al. (1999) to represent a water resource index.

e
i

Identifiying livelihood capitals using the WP1 tool
Comparing Tanzania, Sri Lanka, and South Africa

{
i
| (WPL,,.=100)
!
|
20 ACCESS: 7 7
| ™ Secial capital , Financial —dr— Tanzanki |
Y N capital (WPI=43 01 |

ENVIRONMENT
natural capital

USE: !
Physical Capital , Financial | = Sn Lanka
capital } (WPI=55.9)

|
\
| —*—South Africa
‘ (WPI=57.9)
{ |

RESOURCE  /_ e o N

|
E Natural Capital

~" CAPACITY: Human capital

Figure 1 Comparing different countries l-.l_s-ing the WPI tool (Source: éuiii_van, 2002) |

Background on climate change modelling

In the recent past, human activity has lead to an increase in the concentration of
greenhouse gases in the atmosphere by about 31% compared to levels of 1750, and
the current rate of increase is believed to have been unprecedented for at least the past
20,000 years (IPCC, 2001a). Concomitantly, the global temperature has also been
increasing, and is currently about 0.6°C warmer that it was 140 years ago.

The importance of taking into account the impact of change in climate in long-term
planning is now widely recognised. However, it is crucial for managers to understand
that any impact result is undoubtedly attached with large uncertainties, some of them
due to aspects inherent to climate change modelling. In particular, it must be stressed
that climate change scenarios are not predictions, but suggestions of what scientist
think a plausible future may be. They are surrounded by number of assumptions and
uncertainties and, thus, can only provide indications to be treated with caution. A
rapid review of the main issues underlying any climate change impact study is
provided here, with an overlook at their abilities but also their limitations.

Existing tools: Global Climate Models

The process governing the climate system is extremely complex, and not yet fully
understood. Numerical Global Climate Models (GCMs) attempt to represent the
physical processes in the atmosphere, ocean, cryosphere and land surface. They are
currently the only credible tool available for simulating the response of the global
climate system to increasing greenhouse gas concentrations, and provide estimates of
climate variables (such as air temperature, precipitation, incoming radiation, vapour
pressure, wind speed etc...) for the whole world (IPCC, 2001a).

Most GCMs are 3-dimensional models with generally one atmospheric and one
oceanographic components coupled together. The Intergovernmental Panel of Climate
Change (IPCC) Data Distribution Centre provides detailed information on several
GCMs developed in Australia, Canada, Germany, Japan, the UK, USA, and scenarios
of climatic variables derived from those models (http://ipcc-ddc.cru.uea.ac.uk).
Because the different processes representing the climate system are described by sets
of complex equations, the geographical resolution of GCMs is typically around
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~300 km. This means that some regional effects of the climate are masked by an over-
smoothing of the elevation. Recently, Regional Climate Models (RCMs) have been
developed to provide finer spatial and temporal details of atmospheric circulation, but
they cover only limited areas of the globe (Hudson, 2002). The Hadley Centre’s RCM
has a nominal resolution of 0.44°x0.44°. An example is shown for Southern Africa
(Figure 2), where the RCM is shown to provide a much more realistic representation
of the elevation than the GCM (e.g. the Maloti mountains, in Lesotho). The RCM
spatial resolution at those latitudes is roughly of 50 km by 150 km.

HodAM 3H

Figure 2: Distribution of orographic height (m) in the Hadley Centre’s GCM (HadAM3H) and
RCM. (Source: Hudson, 2002)

A number of different GCMs exist to simulate the global climate, and they don’t
always provide consistent results amongst themselves. No single particular GCM is at
present recommended to use, but Smith and Hulme (1998) (after Hulme and Carter,
1999) suggest to impact modellers to chose a model as recent as possible, which
performs well compared to local observations and whose spatial resolution is
consistent with modelling requirements. Data availability and easy access are also
important criteria. How well past and current climates are simulated provides
guidance on how well the climatic processes are understood, and how much
confidence can be given to future predictions. However, until progress is made in
better replicating local features, and especially rainfall, scientists place more
confidence in the differences in the signal than in the direct simulations.

Assumptions behind future projections

It 1s important to emphasise that GCM simulations are not predictions but are
plausible futures. The assumptions behind climate scenanos include future trends in
energy demand, emissions of greenhouse gases and land use change, as well as
assumptions about the behaviour of the climate system over long time scales, and in
particular the behaviour of the global air surface temperature. Two main forcing
agents are used in future climate projections from GCMs:

(1) the emission scenarios, that are plausible projections of atmospheric
concentrations of greenhouse gases and aerosols for the future. They are
based on scenarios on demographic evolution, socio-economical
development, energy demand and technical changes (IPCC, 2000); and

(11) the climate sensitivity, that represents the increase in global temperature
that the planet would endure (assuming the equilibrium is reached) when
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the CO; concentration in the atmosphere will be twice that of 1975. It
depends on the GCM used to model the climate, but is usually assumed to
range from 1.5 10 4.5°C (IPCC., 2001a).

Scale

Spatial scale

In hydrology, climate change impuct studies ure confronted with scaling issues as the
scale of the processes is usually much finer than the scale of the Global Climate
Models producing global climate series {cells of ~300km side). Different techniques
have been developed to reconcile both scales. providing scenarios at finer spatial
resolution than the GCM they are issued from. This mechanism is known as
‘downscaling’. Downscaling techniques range from very simple statistical methods
(such as interpolation, multiple regression analysis etc...) 10 complex dynamical
modelling such as the Regional Chimate Models RCMs (Prudhomme et al., 2002).

Temporal scale

Despite being run at sub-daily time steps, GCMs (and even RCMs) cannot yet capture
sub-monthly climatic patterns, in particular variation in precipitation intensity.
Prudhomme et al. (2002) compared daily series simulated from the Hadley Centre’s
GCM HadCM2 with arcal daily rainfall serics over the same area, in Wales in the UK.
In particular, they observed that the annual maxima daily rainfall totals extracted from
the GCM scries were consistently lower than those extracted from the observed serics.
Scries aggregated over time scales, such as annual or seasonal, however, gencrally
mimic observations better than shorter time-step series, and are best used to assess
climate change signals. Sull, large differences sometimes exist when several model
ouwtputs arc compared (c.g. Gates er «f., 1999), especially in the tropics (Adler er al.,
2001). Simulation of large-scale phenomenon. such as El Nifio Southern Oscillation.
has now improved (e.g. Mechl er al., 2000a) - but it is still generally underestimated —
0 are the Monsoon cycles or the North Atlantic Oscillation. More extreme ecvents arc
not yet completely satisfactonly simulated (e.g. Zwiers & Kharin. 1998: Jones &
Reid, 2001).

Uncertainties

Uncertainty is a major concern in impact studies assessing future regimces
(hydrological or others). A wide range of sources of uncertainties have been identified
by Carter et al. (1999), including uncertainties in how 1o gquantify and model a climate
complex system not entircly understood, uncertainties in  fulure emissions,
uncertainties in how to interpret climate prediction and how to build them into
downstream modelling (such as hydrological modelling). The use of multi-ensemble
integrations run. that regroup several experiments done with a single moedel and under
the same torcing. and the consideration of different GCM experiments are at present
the recommended ways to reduce uncertainty (e.g. Bamett er af., 1999: Dai et al.,
2001). In the UK, for example, the largest uncertainty in results of impacts of climate
change on floods was from the type of GCM used, and not from the forcing scenanos
used in the GCMs simulations (Prudhomme et al., 2001). \
Alternatives to GCM modelling

There are some alternatives 1o GCMs that could be used in climate change impact
studies. Hypothetical scenarios, for example showing incremented changes in key
vanables, could provide a framework for a sensitivity analysis 10 be undertaken. They
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could be derived either from extrapolation of observed trends. or be created to show a
wide range of possible changes within which the plwsible future changes are likely to
reside (c.g. Panagouldia, 1991; Seidel e al.. 1998).

The analogue methods replicate part of historical series that show analogics with
indications of changes (for example from GCMs. or from interpolation of observed
trends) by the chmate change factors compared to averaged conditions. The technique
15 10 sclect some historical sequences (cither month, or scasons) that show the same
departure from the long term average as indicated by seasonal climate change factors.
and to repeat this 12-month sequence - not necessarily from the sume year in the
original serigs — x times to construct an x-year long series.

Climate change assessment

Observed changes

Climatic trends

Trends in climatic vanables, such as temperature or rainfall. are studied with inicrest
all over the world as they could give evidence that our climate 1s changing, and a
number of regional patterns have been observed. Sudan, for example, has experienced
a significant upward trend in the annual and seasonal temperatures (Elagib & Mansell.
2000). In West and Central Africa, regional rainfall has decreased, but the deficit is
larger in Western parts (Mahé er al., 2001); step changes are charactenistics of those
regions, also observed in Nigeria (Tarhule & Woo. 1998). Heavy precipitation has
been decreasing in Eastern Africa and Thailand. but increasing (both in terms of total
precipitation and number of extreme events) in South Africa and China (Easterhng e¢r
al., 2000). Dai et al. (2001) showed increases 1n the overall arcas of the world affected
cither by droughts or cxcessive wetness. However, climatic variability is large, and
some trends could be erroneousiy highlighted if derived from short records, outside
the context of natural multi-decadal variabihty (Robson er al., 1998). In Africa.
seasonal and interannual changes i rainfall are significantly greater than long-term
trends and decadal cycles and this makes trends difficult to detect (Schulze, 2000).

In terms of modelling, most GCM are not yet able to satisfactorily capture and detect
such changes, and thus to attnbute them to enhanced greenhouse gases concentration
(Bamett er «¢f., 1999), but Regional Climate models are starting to reproduce climate
vaniability, for example in Afnca where it is naturally large (Jenkins, 1997 Hudson,
2001).

Water resources trends

The water cycle is complex. and mainly dnven by climatic conditions: as a first
approximation, ‘runoff’ can bec assessed as the difference between the input
(precipitation) and the output: (evaporative:-losses).- However, - this-relationship is
modified by numerous factors, either natural (vegetation with different water needs:
varied infiltration due to vanation in the geology and soil characteristics, soil moisture
content, 1intensity and distrbution of precipiation etc...) or unnatural (soil
degradation. water abstraction, artificial streamflow channels, dams and reservoirs
ctc...). A highly non-lincar, complex relationship results between rainfall and runoff
or water resource, especially in regions of extreme climate such as Southern Afnica. A
dramatic example 1s found in South West Niger. where despite a significant decrcase
in the rainfall totals, the water table has risen. duc 1o man-made land use changes and
consequent soil degradation (Leduc er «f.. 2001). Morcover. the combination of
natural and human induced changes makes the observation and interpretation of
changes in flow regimes difficult (Van Langenhove er .. 1998).
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Climate change projections

The IPCC recently published a report on the potential impact of climate change on the
water cycle providing a general picture of possible changes briefly summanised herc
(IPCC, 2001b). Decreascs in annual streamflow are projected 1o occur in central Asia.
southern Africa, and the water stress is likely in be exacerbated. The water quality
would be degraded by higher water temperatures, but changes in flow volume may
modify the effect of iemperature. Flood magnitude and frequency are likely to
increase in most regions, and low flows are likely to decrease in many regions. For
example, Indian Monsoon vanability tends to increase, thus increasing changes of
extreme dry and wet monsoon seasons (Meehl ef af., 2000a). Increased flood risk and
wetland losses has been projected to happen in Southern Mediterranean. Africa. and
vulnerability extremely increased in low-lying populated areas such as South and
South-East Asia (Nicholls er al.. 1999). There is suggestion of an increase in the
probability of extreme warm days, the greatest changes in the 20-year return period
values of dutly maximum temperature expected in central America, central and
southcast Asia, tropical Africa (added to a decrease of the soil moisture content) and
North Africa (Mcehl er af.. 2000b).

Vulnerability to changes

Vulnerabibity in developing countnies (in Africa, central America and Asia) is large,
as the adapuve capacity is generally low duc to lack of economic resources and
technology. With a chimate becoming more extreme, regions with high demographic
(c.g. South Asia) increase freshwater resource expected to become highly vulnerable
to changes. Other examples include the regression of glaciers in Latin America that,
would reduce water availability for irrigation. hydropower generation and navigation.
Human health may also be at risk. the rise in temperature would extend discase vector
habitats, and increase the frequency of water-bome discases where sanitary structure
1$ inadequate.

With one third of the world’s population (1.7 billion) already living in water-stressed
countries, this figure is projected to increase 1o 5 billion by the 2025. Demand for’
water is generally increasing. as a result of populaton growth and cconomic
development. Larger withdrawals for imgation and agrculture are likely also to be
exacerbated by higher temperatures. The impact of climate change on water resources
depends, in addition to changes in natural factors, to changing pressurcs on the
system, and to the implementation of adaptive measures. It is possible that those non-
chmatic changes may have a greater impact on water resources than climate change.

Limitations and uncertainties

There is still large uncertainty in the projected changes in precipitation pattern from
GCMs (Hulme er al.. 2001). and especially in low-latitudes (Gates ¢f al., 1999).
Limitations in the ability of climate models to simulate precipitation. for example,
anse from (i) small rauo between signal of change and noise due to natural varability:
(11) poor ability 1o account for influence of land cover changes on future climates; and
(tir) poor representation in many models of the existing climatic varability extremely
important, in particular for Africa. Despite those drawbacks. Hulme er af. (2001)
suggest that “climate change scenarios should nevertheless be used to explore the
seasitivay of a range of African environmenial and social systems, and economically
valuable assets, to a range of future climate change”. It is therefore legitimate o
envisage their use for future projections of the WPI.
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Assessing the impact of climate changes in the Water Poverty Index

As scen in the first section, the Water Poverty Index 1s defined by a combinaton of
five indicators, with each of them likely to be impacied differently to set changes.
While this paper focuses mainly on changes due to the chmate. the imporiance of
other changes must be analysed in a complete impact study. Three main issues ar rise
here: (1) which indicators are likely fo be affected by such changes: () what are the
scales appropriate to assess the changes, and (111) how to incorporale climatic changes
ctheiently.

The WPI indicators and the climate

From the five indicators identified as key to a water poverty index, not all have a
direct link with the climate: the availability of the water resource will be modified by
changes in precipitation and evaporation losses. the use of the water and the
environment wcalth will be conditioned by the iemperature (e.g. hotter climate is
likely 10 increase the domestic and agricultural demands; imgation needs depends on
rainfall pattems). Access to water depends mainly on the infrastructure. but the time
10 access the water may also be affected by temperature conditions.

Relevance of climate change impact studies for WPI future assessment
The scale issue

Climate change impact studies that use futurc climatic projections are constrained by
the scale (spanal and temporal) at which climate change scenanos are available.
GCMs models, with a ~300km grid ccll mesh. do not provide estimates that can be
used without further transformation — with the associated added modelling error and
uncertainty. The recent development of Regional Chimate Models, that prowvide
simulated sencs for a gnd of size under 100km. offers great scope to the impact
community. Scenanos derived from RCM outpuls describe more realistically spatial
dectails of weather patterns of the order of 2,000 to 10,000 km’. These scenanos would
not nccessitate the use of downscaling techniques if they were to be used at the same
spatial scale, consistent with in macro-scale hydrological modelling.

The scale at which climate change scenanios are most relevant to the Water Poverty
Index is the distncet level that is used in water management, and the coarser national
level. The implementation of future assessment of the WPI at the local levels would
require further assumptions on how regional estimates can be spatially distributed to
give reliable local estimates of changes.

The modelling aspect

The definition of the Waicr Poverty Index requests estimates of the water resource
available, combining natural availability (i.c. incorporating minimal human influence)
and actual availability (accounung for infrastrucure. pollution ¢ic...). At present.
GCMs or RCMs can only provide estimates ‘of ‘climate projections = and not”of the
water resource - and thus. modelling must be integrated in the WPI assessment
exercise for future estimates of the water resources 10 be made. An unbiased
cvaluation of future changes of the water stress, as represenied by the WPIL would
require that a similar methodology should be used to calculate the WPI under present
and changed conditions. Ideally, the modelling technique employed should be flexible
enough 1o incorporate range of elements impacting on the water resource, natural or
not, and to provide reliable estimates at a scale consisient with that of the input data.
Different approaches exist 10 model the water resource from climatic data, ranging
from simple stauistical methods to complex physically-based models through
conceptually designed models. Simple statistical relationships request himited data.
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but are not always very accurate. Moreover. in a context of climate change. there is no
guarantee that those statistical relationships will remain true, and thus increasing the
uncertainty in the future assessment. On the other hand, they provide immediate
assessments, and request only very {imited resources and data to be implemented. At
the other end of the scale, physically distributed models demand large number of data
{(both chimatic and physical) that are not always available. especially in developing
countries where the scientific investment can be mimmal, The scales at which they
operate 15 often fine, and inconsistent with data provided by GCM or RCM scenarios.
They cannot be used by non-specialists, and request sometimes large computing
capacitics.

Conceptual macro-models can otten model the processes at a monthly time-step. and
have the advantage to request a limited number of data. They have been a common
approach 1o assess water resource at a continental or regional scale (Amell, 1993), and
thus are consistent with Global (or Regional) Climate Models scales. Whilst aimed at
speciahsts, they usually demand less knowledge of the processes than morc
physically-based models. Two approaches exist: (i) the ‘top-down’ approach,
consisting of simple conceptual modeis applied at a coarse scale gndded data (e.g.
Vorosmarty & Moore, 1991 Servat & Dezetter, 1993 Kite ¢f al.. 1994, Arnell. 1999;
Meigh ef al., 1999); and (i1) the *bottom-up’ approach. with highly detailed models
with fine spatial and temporal sales, but applied to large gecographical arcas (c.g.
Kilsby et al., 1999; Schulze, 2000). This last approach, like the physically distributed
models, can sometimes be very data-intensive.

Assessing climate change impact

The Water Poverty Index is o complex index formed of sepurate clements.
incorporating some ‘un-quantifiable’ data such as the perceived quality of the water,
the sectonal allocation, method of transport of the water, nght-of-use etc... Changes
in euch of them will have to be estimated for a future assessment of the WP to be
made. Sophisticated approaches may not be the most relevant when large
uncertainties  already exist in a stationary context. This section presents some
methods that could be envisaged for an impact study on the WPI 1o be implemented.
Impact study: classical approach

The classical approach in climate change impact study is to run the model under
“reference™ and “future”™ conditions, and assess the difference. The level of
sophistication of the method mainly concemns how the climate change scenarios are
downscaled to the scale (temporal and spatial) relevant for the processes to be
modelled. The type and number of scenarios used will condition quality of the results,
and assessment of the uncertainty.

Climatic data. The majority of scenanos are provided at the GCM gnd-scale (around
300 km side) and as monthly mean changes compared to a monthly mean baseline.
The most extensive database 1s hold by the Intergovernmental Panel on Climate
Change Data Distnbution Centre, at bupZipee-dde cruveaac uk, where at the tme of
writing. scenartos from seven GCMs are provided for the whole world. Data from
RCMs are not yet publicly available, but could be obtained directly from the climate
centres if avanlable. 1tis highly recommended to undertake the modelling with a range
of different scenanios obtained from different GCMs and forcing scenarios. For best
planning decisions, it can also be envisaged to analyse the impacts for several time-
horizons.

Other data. The IPCC-DDC provides socio-economic scenario information. that are
compatible with the forcing scenarios used in the chmate modelling (see also
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btp:/isres ciesin.org/tingl_data.htmi). The socio-ecconomic scenario data supplied follow the

same assumptions than 1592 and SRES emussions scenanos. The variables should

include population. Gross National Product (GNP), energy use. land use, and other
socio-cconomic indicators. Tt 1s anticipated that pointers will be provided to the
emerging work of the SRES.

The sensitivity approach: hypothetical scenarios

The sensitivity approach consists of analysing the impact of a series of changes tor a

set of relevant indicators regularly incremented concomitently, thus analysing a

matrix of hypothetical scenarios whose dimension equals the number of scenarios by

the number of indicators. Indicators can be simple variables (¢.g. rainfull. temperature
and population) or complex vanables (e.g. natural water resource, water demand. land

usc type or polluton level). Each of the four WPL elements should undergo a

sensitivity analysis, with respective relevant factors and changes. This method 1s not

very popular, but has been used 1n impact studies (e.g. Seidel er al.. 1998, Van

Minnen et al.. 2000).

To avoid un-necessary computation, a 2-step approach is suggested. First, a pre-

analysis with a limited number of changes (c.g. three changes) permits identification

of which tactors the WPI is most sensitive 1o. Second. a more in-depth study is carried

out with only the pre-identified tactors, but for an extensive range of changes. A

maximum of three factors scems to be a managcable compromise.

An example of the approach is illustrated in Figure 3. It 1s taken from an analysis by

Van Minnen er af. (2000) who evaluated the impact of changes in temperature and

precipitation (the two pre-selected factors) on crop production. using Response

Surtace Diagrams. Those allow a graphical representation of the impact in a 3-

dimension diagram, assuming a 2-component sensilivity analysis.

According to Strzepek & Yates (2000} “understanding the role of water resources in

cach sector of the economy will help to dererntine the response of the economy 1o

changes tn water supply”. In thuat perspective. sensitivity studies are invaluable,

because they are capable of incorporating adaptive capacities such as changes in the
crop production or population movements, that would be difficult in a classical impact
study if no scenarios exist on such factors.

The combined approach

A major drawback of the sensitivity approach is not 10 make reference 10 projected

changes. While it 1s informative to assess how the system would respond to some

changes. if those changes are unrealistic. there is no practical use in management, and
the cxercise becomes meaningless.

The combined approach is a way to encompass the simplicity of the sensitivily

method while capturing the predictive information that resides within IPCC climate

change scenurios. It is suggested as a three step methed:

. A pre-analysis definés "the" Kéy fictors " whose changes ~ will be
considered in detail. If possible. no more than two or three fuctors
should be selected;

A complete sensitivity analysis 1s undertaken with all the selected

factors varying within a hixed range of changes, each varying regularly.

All the combination of changes are to be analysed;

3. The changes indicated by the IPCC scenanos arc highlighted in the
sensiivily matrix. A range of scveral scenanos, combining different
GCMs. climate sensitivity and emission  scenarios  should be
considered to give an envelop of future projections.

2
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A schematic representation of such a method s suggested in Figure 4. The matrix of
impacts denved from the sensitivity analysis (Fig. 2) is accompanied by an envelop
showing the impacts of (here hypothetic) chmate change scenanos for a time horizon
X.

The importance of thresholds

In additon to its simplicity and versatility, the combined approach enables
identifation of a  critical threshold beyond which the system response may
becomeunacceptable. This notion of “threshold™ is extremely important when
analysing the consequences of chunges in the water resources on the economy and
poverty (Strzepek & Yates, 2000). Thresholds also exacerbate the non-linear response
of the system to changes. such as the rate of change in runoff increases as the amount
of rainfall change increases in semi-arid regions (Amell, 2000). Amell also stresses
that it’s not the exceedance of the threshold which is generally important, but the
frequency with which the threshold is exceeded”. The combined approach responds 1o
this need, with climate change scenarios  providing crucial complementary
information to the sensitivity study. From this analysis, 1t is possible to assess (1} if the
threshold 1s to be exceeded, (1) when in the future it is likely 10 be exceeded for the
tirst time, and (ii1) what is the nsk and frequency of being exceeded according to a
number of climate change scenarios.

Conclusion

The Water Poverty Index 1s a 100l designed for water managers so that they can assess
the level of water-related poverty of specific sites. Its efficiency depends on (i) the |
range of indicators that it encapsulates, (i1) how comprehensive it appears, (11i) how
understandable and direct it is perceived, (iv) its ease of calculation, and (v) its
capacity in being used in long-term planning.

Recent scientific evidence suggests that the world’s climate is changing at a rate
accelerated by anthropogenic emissions. It results that efficient resource management
necessitates long-term planning of the water resources, and cannot be dissociated
from climate change projections any longer. The Water Poverty Index, if unable to
account for changes, would have a somehow limited use. and it is crucial for its
disscmination that it incorporates an element of changes. However, it must remain
clear that limitations exists when undertaking climate change impacts studies. and in
particular, uncertainty and scale issues are difficult to overcome.

Limitations exist in climate change impact studies due to the current abilitics to
stmulate chimatic series accurately. The best tools available at present are the Global
Climate Models (and the most recent Regional Climate Models) but they only offer
estimates at a spatial scale varying between 50 and 300km gnd mesh. For those
scenanos to be relevant for the future assessment of the Water Poverty Index. similar
spatial scales should be considered. This means that the uncertainty associated with
future projections of the WPI is expected to be lower when considening district and
national levels than at a local scale. A sensitivity study undertaken for all elements
defiming the Water Poverty Index, combined with relevant scenarios obtained from
GCMs and RCMs projections, would offer managers a framework uscful for long-
term planning.
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Figure 2. Sketch of sensiivity analysis presented with a Response-Surfuce-Diagram
(adapted from Van Minnen e al.. 2000)

Figure 3. Same figure as Figure |. but with a chmate change envelop defined from
hypothetical climate change scenanos (dark shade)
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Statistics on monthly and annual simulated total streamflows generated
under basehne land cover conditions from the accumulated arca
upstream of Kcates Drift
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Table 5.7 Statistics on monthly and annual simulated stormflows gencrated under
baseline land cover conditions from the individual subcatchment SCY9
at Keates Drift

Table 5.8 Statistics on monthly and annual simulated baseflows generated under
baseline land cover conditions from the individual subcatchment SC99
at Keates Drift
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1 PREAMBLE

The value of the results of water resources assessments is minimal if they are not linked to. or
viewed in the light of. human welfare. Since the 1992 World Summit in Rio de Janeiro.
several global initiatives (e.g. The 5th Global Forum of Water Supply and Sanitation
Collaboration Council. 20(0); 0th Session of the Comnussion for Sustainable Development)
have highlighted the strategic importance of the water sector in poverty alleviation and the
promotion of regional stability. This has resulted in the classification of countries and regions
on the basis of water stress in order to implement interventions in ¢cnisis areas. At regional and
national scales. Falkenmark™s (1989) water stress index (while mindful of its limitations) has
been used with considerable success for these categonsations. However, this method 1s oo
coarse  for sub-nationat  (provincial, small catchment or community} classification
programmes. Furthermore. suitable methods or indices of water stress and poverty. in addition
to having to be multi-disciplinary and having to link physical water availability {(supply) with
requirements of human population (demand). need to accommodate the population’s capacity
to access water and adapt to its shortage.

With funding from the Department for International Deselopment (DIFID). the Centre for
Ecology and Hydrology (CEH) at Wallingford n the CK is coordinating a mulni-phased and
multi-institutional research  project aimed at deriving a tool for addressing the needs
highlighted above. The tool will be known as a Water Poverty [ndex (WP1). and its vtility will
include:

. enabling the classification of regions on the basis of a quantifiable methodology
which reflects both the physical availability of water and the human adaptive capacity to
aceess i,

. facihtating an assessment of progress towards water related development targets.
. contributing towards priontisation of water reluted needs. and
. monitoring the effectiveness of water related development projects.

The WPL, the denvation of which was also identified during the 3th Global Forum of Water
Supply and Sanitation Collaboration Council (200X}) as a research need, is to be evaluated and
tested by partner institutions in three countries, viz. South Africa. Sn Lanku and Tanzania. For
the South African evaluation. the Thukela catchment of 29 0359 km’® in the province of
KwaZulu-Natal was selected for a regional WPT study. Within the Thukela catchment two
communities, at Keates Drift and Wembezi. were identified for more site-specitic rescarch on
houschold water use.

The University of Natal's School of Bioresources Engineering and Environmental Hydrology
(SBEEH) is one of the partner institutions in the rescarch project. For the SBELH. ihe
objectives of Phase | of this study are:

. to provide an overview of the background hydrology of the Thukela ‘calchment
assuming baseline land cover conditions. i.e. land cover not influenced by human activities:

. in regard to water availability at the meso-scale. i.e. at the operational subcatchment
level of 10s 1o 100s km® in area;

. in order to identify where. how much and how vanable mdividuali subcatchment
flows as well as accumulated flows are: and furthermore

. to provide more specific detail on the background water availability at the two
selected field sites within the Thukela. vz at Keates Drift and Wembezi;

. by configuring the entire Thukela into relatively homogeneous operational

subcatchments in order to undertake hydrological simulations under bascline land cover
conditions using the ACR{/ agrohydrological simulation model: and
. to undertake preparatory work for an eovisaged Phase 2 of this WPI study.
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Chapter 2 presents background information on the Thukela catchment. focussing on aspects
of its hydroclimatology. but also introducing elements of human influences on the landscape
by bricfly assessing present land use patterns as well as discussing the general poverty status
withtn the catchment. The configuration of the ACRU model for hydrological simulations is
discussed in Chapter 3. while overall and site-specific results are presented in Chapters 4 and
5 respectively. The report concludes with recommendations of work proposed for Phase 2 of
the project. '

2 THE TllUKE-LA CATCHMENT: BACKGROUND
2.1 Location and Physical Features

The Thukela catchment extends latitudinally from 27E25" 10 29E24'S and
lons;itudinul]y from 28E58’ to 31E26'E (Figure 2.1). It covers an area of 29 0359
km®. The Thukela River has its source in the Drakensberg mountain range in the west.
The Drakensberg is a declared World Heritage Site which, in places, has altitudes
exceeding 3000 m (Figure 2.2). It then flows eastward from a steep escarpment
across low mountains of high relief, open hills of high relief and lowlands of low
relief and thereafter through a deeply incised valley until it reaches the Indian Ocean
approximaicly 85 km north of the city of Durban. The mainstem Thukela's major
inbutanes are the Little Thukela, Mooi and Bushman's Rivers which join from the
southweslt. and the Khp, Sundays and Buffalo Rivers flowing from the north.

2.2 Hydroclimatic Features

Mean annual precipitation (MAP) in the Thukela ranges from around 2000 mm in the
Drakensberg 1o as low as 550 mm in the drier central regions (Figure 2.3). Most of
the rainfall 1s received during the mid-summer months from December to February.
Significant from the water poverty perspective is the relatvely high inter-annual
vanability of rinfall, generally in the range of 20 - 30% (Figure 2.4).
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The driest year in 10 records is only about 60% of MAP. Equally as important for
WPI studies as its variability is the strong concentration of rainfall in the summer
months. January’s rainfall means range from 100 - 300 mm (mostly 120 — 150 mm)
against July’s means which over most of the catchment are < 5 mm (Schulze, 1997).

Southern Africa

- KwaZulu-Natal

TS LR
St AR Y

0 ngisn

THUKELA CATCHMENT
OVERVIEW ™

| Kilometres

Figure 2.1 Location of the Thukela catchment
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Figure 3.2 The ACRU agrohydrological modelling system: Structure
(Schulze, 1995)

INTERMEDIATE STORE

GROUNDWATER STORE

For large areas, or where complex land uses and hydrologically variable soils occur,
or where streamflows in the channel have been modified by reservoirs/abstractions,
the catchment is discretised into relatively homogeneous response zones, and ACRU
then operates as a hydrologically cascading distributed cell-type model.

The ACRU model requires input of known and measurable spatial and temporal
variables which characterise the catchment’s hydrological behaviour. Catchment
information may be classified by:

. climate, e.g. daily rainfall, temperature, potential evaporation;

. physical attributes, e.g. area, slope, hydrological soil properties;

. bio-physical characteristics, i.e. baseline land cover and present rainfed land
uses and their hydrological properties; and other

. land use/management practices, including irrigation demand and supply, as

well as domestic, industrial and livestock water abstractions from river runoff,
as well as from reservoirs, and return flows.

Within the model, the input information is transformed to produce the eventual

responses through the routines which represent the processes of each sub-system of
the hydrological cycle (e.g. the rainfall, interception, infiltration, stormflow
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3 THE HYDROLOGICAL MODELLING SYSTEM

Owing to unavailability of observed records of pre-development streamflows over most of the
Thukela catchment, simulation modelling was applied to estimate the catchment’s baseline
hydrological responses. The ACRU agrohydrological modelling system (Schulze, 1995;
Smithers and Schulze, 1995; Schulze, 2001) was selected for this task.

3.1  The ACRU Agrohydrological Modelling System

ACRU is a daily time step, physical-conceptual and multi-purpose agrohydrological
modelling system (Schulze, 1995) with options to output, inter alia, daily values of
stormflow, baseflow, peak discharge, reservoir status, recharge to groundwater,
sediment yield, as well as irrigation water supply/demand and additionally having the
facility to output seasonal yields of selected crops at any location within the
catchment, either with or without irrigation (Figure 3.1).

The model revolves around multi-layer soil water budgeting concepts (Figure 3.2). It
is structured to be hydrologically sensitive to impacts of different catchment land uses
and changes thereof, including the impacts of reservoirs operations, run-of-river
abstractions, irrigation practices, urbanisation, afforestation and of enhanced
greenhouse gas induced climate change on catchment streamflow and sediment
generation.

: [ cocanona ] fcarcavent] [ cumanc | [wroroosica || Lao cnance | { acronomic | -
INPUTS = . ' =
[ sous || reservor | [ Lanouse | { irricanon suppuy | irricaTion Demano [

SOIL WATER BUDGETING/ POINT o LUMPED DYNAMIC TIME
TOTAL EVAPORATION or DISTRIBUTED MODES of
MODELUNG or .15 LINKED ANNUAL CYCLIC CHANGE
runoFF i RESERVOIR Ml sEDIMENTI IRRIGATIONH irricaTion [l Lavpuse ll CUMATE CrROP
COMPONENTSH  STATUS YIELD pemanD fll suprLy [ wmeacTs ll cHance IELD

!

{6,415 XY giggonyaroiogical modeinng system: Lonceprs
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However, Phase 1 of the SBEEH bnicf concems itself with the availability of water
under baseline (i.e. non-anthropogenically influenced) land cover conditions; without
taking cognisance of thc ‘human imprints’, as an indicator of an area’s natural
endowment of water when quantifying a WP, This brief is achieved by modelling
streamflow characteristics at the meso-scale within the Thukela catchment. The meso-
scale identifies subcatchments of 10s to 100s km? in area which are used as individual
or as interlinked operational hydrological units in the planning and implementation of
rural and small urban water supplies.
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Thukela Catchment : Poverty Index
by Magisterial Districs

An overall index of poverty in the Thukela catchment (after Wilson, 2001)
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Mean annual potential evaporation (mm), using A-panequivalent values as the
reference, in the Thukela catchment (after Schulze, 1997)

2.3  Human Imprints on the Thukela Catchment

The Thukela catchment’s natural land cover of mainly grasslands and savanna type
bushveld (c.f. Chapter 3) has been highly modified and impacted upon by humans.
This is illustrated clearly by the map of current land uses (Figure 2.8), which shows
activities such as mining and urbanisation, as well as commercial agriculture,
subsistence agriculture, irrigation and impoundments to be important. However, with
regard to water poverty, the substantial areas of degraded grasslands, thickets, an
bushveld (mainly through overgrazing) are first indicators of lack of sufficient water
in certain areas.

That large tracts of the Thukela catchment are socio-economically not well endowed
becomes evident from the perusal of an overall (not specifically water) poverty index,
which is made up of indicators such as income, levels of education and access to
adequate sanitation (Figure 2.9).

The above two examples of *human imprints’ on the Thukela catchment already point
to a complex juxtapositioning of developed vs underdeveloped elements in the
catchment, partially determined by the strong biophysical diversity described in
Sections 2.1 and 2.2, but largely influenced also by the socio-political history of the
area.
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Thukela Catchment : Means of Daily Maximum Temperatures
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Thukela Catchment : Means of Daily Minimum Temperatures
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July means of daily minimum temperatures (°C) in the Thukela catchment (after
Schulze, 1997)
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Thukela Catchment : Coefficient of Variation
(CV %) of Annual Subcatchment Precipitation
2 ZE =z . i X =z

|

Inter-annual coefficient of variation (CV %) of rainfall in the Thukela
catchment (Schulze, 1997)

Monthly means of daily maximum temperatures of the hottest month, January, are
generally between 26EC and 28EC with the highest means, (around 32EC), occurring
in the incised eastern valleys and the lowest (below 20EC) in the high Drakensberg
mountains (Figure 2.5). Winter (July) means of daily minimum temperatures range
from OEC in the Drakensberg mountains to 10EC at the coast (Figure 2.6). Illustrated
in Figure 2.7 is the distribution of average annual potential evaporation (Ep) using the
A-pan as a reference. E, is relatively high at between 1600 and 2000 mm per annum
(Schulze, 1997). Highest monthly means of E, (200 — 220 mm) coincide with high
means of maximum temperatures in January and similarly the lowest values, still
around 100 — 110 mm per month, occur in July (Schulze, 1997). In regard to a WPI, it
is significant to note that the ratio of annual E, to annual rainfall in the Thukela is 2-
4, which classifies most of the area as semi-arid, despite the rainfall per se not
necessarily being low everywhere.

Physiographically and climatologically the Thukela catchment is, thus, a highly
diverse catchment, with first indications of water poverty already evident in the strong
seasonality and inter-annual variability of its rainfall, exacerbated by a very high
atmospheric demand which is expressed through the high values of potential
evaporation.
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Thukela Catchment : Altitude (from 200m x 200m DEM)
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Figure 2.2 Topography of the Thukela catchment

Thukela Catchment : Mean Annual Precipitation (mm)
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Figure 2.3 Mean annual precipitation (mm) in the Thukela catchment (after
Dent, Lynch and Schulze, 1989)
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generation or groundwater recharge sub-systems) and the manner in which they
interact and are linked. The model also calculates thresholds at which catchment
responses occur and response rates change.

3.2 Preparation of ACRU Model Input and Sources of Information

3.2.1 Layout and configuration of the Thukela catchment system for simulation
purposes

At 29 035.9 km®. the Thukela catchment is a large system with marked spatial and
hydrological heterogeneity. For simulation modelling purposes, the catchment was
therefore discretised into 113 hydrologically relatively homogeneous subcatchments
(Figure 3.3) on the basis of the Department of Water Affairs and Forestry’s (DWAF)
operational Quaternary Catchment (QC) delimitation which uses uniformity of soils,
land uses and topography, as well as present reservoirs as criteria.

Thukela Catchment : Subcatchment Numbers
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The 113 subcatchments delimited within the Thukela and their numbering system
(after DWAF and Jewitt ef al., 1999)

Dwarf’s initial official subcatchment delimitation of 86 QCs within the Thukela was
extended by Jewitt et al. (1999), who considered Instream Flow Requirement (IFR)
monitoring sites, critical reach sites as well as other locations in the channel such as
water abstractions points and locations of proposed major dams where streamflows
may be significantly modified; hence 113 subcatchment outlets. The manner in which
the subcatchments were arranged and configured such that the simulated runoff would
be routed through the system in a downstream direction is illustrated in Figure 3.4.
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THUKELA CATCHMENT : SUBCATCHMENT CONFIGURATION

Subcatchment configuration and the routing of flows within the Thukela
catchment

3.2.2 Climatic variables

Minimum climatic information required per subcatchment by the model is a time
series of daily rainfall together with monthly means of daily maximum and minimum
temperature and monthly totals of reference potential evaporation. Rainfall stations, in
and adjacent to the Thukela catchment, with long records of daily rainfall were
selected from the database maintained in the former Computing Centre for Water
Research (CCWR) for an initial assessment of their data to “drive” the catchment’s
hydrological responses. Using a recently developed sophisticated technique (Smithers,
1998), missing daily records were in-filled for each of the rainfall stations before they
were further screened using a utility known as CALCPPTCOR (Pike, 1999) to choose
the most appropriate so-called “driver” station for each subcatchment. The
CALCPPTCOR utility also calculates a precipitation adjustment factor which, when
applied as a multiplier with the driver station’s daily rainfall, is used to estimate a
representative daily areal rainfall for each subcatchment. Using this selection
procedure, 57 driver stations were eventually assigned to the 113 subcatchments
(Figure 3.5), implying that many of the rainfall stations determined will “drive” the
hydrological responses of more than one subcatchment, albeit with a different daily
adjustment.
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Thukela Catchment : "Driver" Rainfall Stations

e

Figure 3.5 Locations of the *“‘driver” rainfall stations selected for this study

For each subcatchment, representative values of monthly A-pan equivalent reference
potential evaporation and means of daily minimum and maximum temperatures (c.f.
Figures 2.5, 2.6 and 2.7) were determined, based on input derived from one minute
latitude by one minute longitude gridded surfaces that were developed by Schulze
(1997). These are converted to daily values within the model by using a Fourier
Analysis.

3.2.3 Soils information

Soils play an important role as regulators of the rate and manner in which a catchment
responds, hydrologically, to a rainfall event by

. influencing the rate of infiltration, thus dictating the timing and rate of
stormflow generation;

. providing storage for soil water, which may become available for
evapotranspiration;

redistributing soil water, both within and out of the soil profile;

controlling rates of soil water evaporation and transpiration processes; and
influencing rates and amounts of drainage beyond the root zone and eventually
into the intermediate/groundwater zone, which feeds baseflow.

A GIS coverage of soil mapping units called Land Types was obtained for the

Thukela catchment from the Institute of Soil, Climate and Water (ISCW). The
coverage provides detailed information on percentages of soil series making up
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individual terrain units, together with certain physical characteristics, for each Land
Type. Using a soils decision support system known as AUTOSOILS (Pike and
Schulze, 1995), these properties were translated into hydrological variables for a two-
horizon soil profile, as required by ACRU (e.g. horizon thickness, critical water
retention constants, drainage rates and saturated overflow areas).

3.2.4 Land cover information

Like soils, land cover and land use/management systems have profound influences on
hydrological responses through seasonally variable canopy and litter interception
amounts, surface water detention, evapotranspiration rates, provision of protective
cover against soil particle detachment and loss from direct raindrop impact, as well as
extraction of soil water by plant roots. For this Phase 1 of the WPI study, hydrological
modelling is undertaken to evaluate streamflows under baseline land cover conditions
to enable the estimation of primary water endowment, or natural water availability per
subcatchment. Acocks’ (1988) so-called Veld Types (Figure 3.6), which are assumed
to represent natural vegetation classes, have become the standard land cover used for
baseline hydrological studies in South Africa. The ACRU-related attributes of the
Veld Types have been determined by Schulze (2001). The hydrological variables and
associated values for the Veld Types found in the Thukela catchment are given in
Table 3.1.

Thukela Catchment : Baseline Land Cover
Represented by Acocks' (1988) Veld Types

Baseline land cover in the Thukela catchment as represented by Acocks’ (1988)
Veld Types
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Hydrological attributes of the Acocks’ (1988) Veld Types, which represent
baseline land cover in the Thukela catchment (Schulze, 2001)

Veld Type Variable | Jan [ Feb|Mar| Apr [May! Jun | Jul [Aug| Sep|{ Oct |Nov|Dec
Coastal Forest [CAY  [0.85]0.85[0.85]0.85[0.750.65[0.65[0.75]0.85(0.85[0.85]0.85
and Thornveld IVEGINT(3.10[3.10]3.10{3.10]2.50{2.00(2.00[2.50[3.10[3.10[3.10[3. 10
ROOTA [0.75]0.75[0.75[0.75|0.75[0.75[0.75]0.750.75]0.750.75[0.75
COIAM [0.30/0.30[0.30{0.30]0.30/0.30[0.30]0.30{0.30[0.30[0.30]0.30
Ngongoni CAY  0.70{0.70[{0.70]0.65{0.55[0.50[0.50[0.55}0.60[0.65]0.65]0.70
Veld - VEGINT/1.40{1.40[1.40[1.40]1.30[1.20{1.20{1 30! 1 401 40|1.40[1 40
Zululand ROOTA [1.40{1.40[1.40[1.40}1.30[1.20{1.20|1.30]1.40[1 40} 1 .40[1 40
COIAM [0.20{0.20{0.25(0.30}0.30[0.30]0.30}0.30[0.30[0.30}0.25]0.20
Highland CAY  [0.70/0.70[0.70]0.50{0.30[0.20]0.20[0.20}0.50[0.6510.70]0.70
Sourveld VEGINT/1.60{1.60[1.60[1.40}1.20{1.00{1.00|1.00}1.30{t 60[1.60[1.60
and Doéhne ROOTA |0.90/0.90({0.90]0.95{1.00]1.00]1.00{1.00[0.95[0.90]0.90]0.90
Sourveld COIAM {0.15]0.15(0.25[0.30]0.30(0.30[0.30[0.30}0.30(0.30]0.200.15
Natal Mist Belt|lCAY  [0.70[0.70[0.70[0.50]0.35[0.25[0.200.20{0.55[0.70[0.700.70
Ngongoni Veld|VEGINT[1.50[1.50[1.50]1.30[1.10[1.10[1.10]1 10]1.40[1 50][1.50]1.50
ROOTA [0.90]0.90(/0.90[{0.94(0.96]1.00] 1.00[1.00[0.95[0.90]0.90]0.90
COIAM [0.15]0.15[0.20(0.30[0.30]0.30{0.30|0.30[0.30[0.30[0.20[0.15
Themeda Veld [CAY  0.65[0.65]0.65]0.50]/0.40[0.20{0.20[0.20[0.35[0.55[0.650.65
or VEGINT]1.20]1.20{1.20[1.10[1.00]0.90[0.90}0.90[1 . 10[1.20{1.20]1.20
Turf Highveld [ROOTA [0.90]0.90{0.90[0.95[0.95[1.00] 1.00]1.00/0.95]0.90]0.90]0.90
_ COIAM (0.15[0.15]0.250.30]0.30(0.30[0.300.30]0.30[0.300.250.15
Turf Highveld [CAY  [0.60[0.60]0.60]0.52{0.40(0.20[0.20{0.20[0.35[0 50[0.60[0.60
to Highland  |[VEGINT]1.30]1.30]1.30]1.20{ 1.00[0.90]0.90]0.90[1.10[1.20]1.30}1.30
Sourveld Veld [ROOTA [0.90[0.90[0.90[0.95]0.95]1.00]1.00{1.00]0.950.90}0.90]0.90
Transition COIAM [0.15[0.15]0.25[0.30]0.30[0.30]0.30{0.30]0.30{0.30[0.250.15
North-Eastem |[CAY  ]0.62]0.62[0.60]0.50[0.35[0.20[0.20[0.20{0.35[0.50]0.62[0.62
Sandy VEGINT/1.30]1.30}1.30[1.20[1.00[1.00}1.00[1.10]1.20[1.30[1.30{1.30
Highveld ROOTA [0.90]/0.90}0.90(0.95[{0.95]1.00{1.00]1.00{0.95(0.90(0.90{0.90
COIAM [0.15]0.15]0.20]0.30]0.30[0.30[0.30[0.30]0.30[0.30[0.25[0.15
Pict Retief CAY  ]0.70/0.70]0.70]0.55}0.45(0.20]0.20{0.20]0.50(0.60[0.70[0.70
Sourveld VEGINT]|1.30]1.30{1.30/1.30[1.10]1.00[1.00]1.00[1.20[1.30[1.30[1.30
ROOTA ]0.90/0.90/0.90]0.90[0.95[1.00]1.00]1.00/0.95(0.90[0.90(0.90
COIAM 10.15[0.15[0.25(0.30]0.30]0.30]0.30[0.30[0.30[0.30]0.20[0.15
Southern Tall  |[CAY  0.75]0.75]0.75]0.50(0.40[0.20]0.20}0.20]0.55[0.70[0.75[0.75
Grassveld VEGINT]1.60]1.60{1.60!1.60[1.50[1.40]{1.40}1.40]1.50{1.60(1 .60[1.60
ROOTA 10.90]0.90{0.90]0.95[0.95[1.00]1.00{1.00]0.95(0.90[0.90[0.90
COIAM [0.15(0.15]0.20]0.30]0.30[0.30(0.30{0.30{0.30(0.30{0.20{0.15
Natal Sourveld [CAY  0.75]/0.75]0.70]0.5010.35(0.20]0.20{0.20[0.50{0.65]0.70{0.75
VEGINT]1.80]1.80[1.80]1.80[1.60}1.40[1.40{1.40{1.50(1.70]1.80(1 .80
ROOTA [0.90/0.90[0.90[0.95]0.95(1.00[1.00]1.00]0.95(0.90[0.90[0.90
COIAM {0.15]0.150.20[0.30]0.30[0.30[0.30[0.30[0.30/0.30[0.25]0.15
CAY = water use (1.e. crop) coefficient
VEGINT = canopy interception (mm/rainday)
ROOTA = fraction of roots in the topsoil horizon
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COIAM = cocfficient of imtial abstraction (1.¢. infiltrability
mdex) :

Monthly values corresponding to cach Veld. Type were weighted according o the
percentage arcas of the Veld Types found in cach subcatchment. For this Phase of the
WPI study, therefore, no land and water resources development was assumed to have
tuken place, and hence the impacts of tand uses and abstractions/retum flows ot water
from streams and reservoirs on streamflows were not considered.

3.3 Verification and Validation Studies of Streamflow Responses

To engender confidence in the ACR{ model’s output of hydrologicul responses from
baselinc land cover conditions, verification swdies have been undertaken on
catchments under pre-development land cover conditions. An example from the
Cathedral Pcak hydrological rescarch station’s Catchment [ (1.94 km®). which is
under natural grassiand, is given in Figure 3.7.

However, owing to the unavailubility of observed streamflow data from other
catchments in the Thukela under baseline tund cover conditions, a validation task was
undertaken to visually check the overall plausibility of the model output. The results
are illustrated in Figure 3.8, where simulated mean annual runoff, MAR, is plotied
against MAP for each of the 113 subcatchments

In accordance with hydrological theory. MAR increases curvilinearly with increasing
mean annual rainfall. The trend is clearly evident in Figure 3.8. A map of
subcatchments” rainfall-runoff ratios i Figure 3.9 further highlights the above
curvilinear trend. The trends in this vahidation are in accord with results from other
studies conducted in the Thukela catchment (e.g. Schulze. 1979 Jewitt er af., 1999).
The above results arc interpreted as an indication that representative results are
produced by the ACRU model, thus lending credibility to the conclusions drawn from
the simulation results, which are assessed in the next two chapters.
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Thukela Catchment: Rainfall vs Runoff
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Relationship between ACRU model simulated MAR (mm) and MAP (mm) for the
individual subcatchments within the Thukela

Thukela Catchment : Mean Annual
Runoff : Rainfall (%)
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4 SPATIAL VARIATIONS OF STREAMFLOW CHARACTERISTICS WITHIN
THE THUKELA CATCHMENT

The success of the verification and validation studies presented in Chapter 3 provides
the all important confirmation of the ACRU model’s output being considered realistic
under baseline land cover conditions. The results of this study are presented in two
chapters. In this chapter an analysis of baseline streamflow characteristics in the
Thukela catchment in its entirety is presented, followed in Chapter 5 by an assessment
of baseline streamflow characteristics at the selected WPI case study locations, viz. at
Keates Drift and Wembezi.

Thukela Catchment : Mean Annual
Streamflows (mm) per Subcatchment

Simulated subcatchment MAR (mm) in the Thukela under baseline land cover
conditions

4.1  Spatial Variations of Subcatchment MAR within the Thukela Catchment

Figure 4.1 shows the spatial variations of individual subcatchment MAR within the
Thukela catchment. The average MAR for the catchment is 136 mm. MAR values per
subcatchment vary widely, from less than 25 to over 250 mm. High runoff values are
simulated in the southwest and northern sections of the catchment which make up
parts of the high Drakensberg range of mountains. Other high values occur in the
southeastern tail of the catchment along the Indian Ocean, which has a maritime
climate. Save for a few patches of MAR > 150mm, values ranging from 25 to 150 are
simulated in the relatively dry central parts of the caichment.
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These patterns have important implications on water resources development and water
poverty. With most of the streamflows generated in the high altitude, rugged and
sparsely inhabited western fringes, and less being produced in the lower lying plains
and valleys which contain most of the farmlands, towns and especially the poor rural
communities, it has become imperative that the mountain-fed main streams be
impounded, also as a result of the strong seasonal nature of the flows, to ensure year-
round sustained water supplies. Implications on rural communities will be discussed
in the section outlining results at the two specific WPI survey sites.

4.2 Inter-Annual Coefficients of Variation (CVs) of Streamflows from
Individual Subcatchments

Low CV values depict small year-to-year variations of annual runoff from the mean
while the converse holds for high CVs. The spatial patterns of the CVs in the Thukela
catchment (Figure 4.2) inversely mimic those of MAR. Subcatchments for which
high MAR values are simulated portray correspondingly low values of CV, and vice-
versa. The coastal stretch is an exception, as values of both MAR and CV are high.
These high CVs of annual streamflows present a major challenge to planners in poor
communities, many of whom are, as yet, without any reticulated water. The above
picture of high inter-annual variability is exacerbated by the fact that

. most of the rural poor communities within the Thukela catchment live in those
areas with high CVs,
. both intensification and extensification of land uses have been shown, to

amplify streamflow variabilities in the Thukela catchment (Schulze er al.,
1997; Schulze, 2000), and

. the CVs depicted in Figure 4.2 are of the “mildest” form because CVs of
streamflows for individual months are several times higher than those of
annual flows (Schulze, 2000; also Chapter 5)

Thukela Catchment : Coefficient of Variation (cv)
of Annual Subcatchment Streamflows (mm,

- . L . ra = ———"
' ' ov (%) |

Inter-annual coefficient of variation (CVs) of individual subcatchment streamflows
within the Thukela
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Thukela Catchment : Mean Annual Accumulated I
Streamflows (mm)

s = - —— 552 -

Figure 4.3 Accumulated MAR (mm) in the Thukela catchment

4.3  Spatial Variations of Mean Annual Accumulated Streamflows

Figure 4.3 shows means of annual accumulated streamflows in the Thukela
catchment, where accumulated flows incorporate the (usual dampening) effects of all
upstream flows, as well as flows from the subcatchment under consideration.

High streamflows are once again simulated in the Drakensberg region and also along
internal subcatchments, i.e. those subcatchments that receive streamflow contributions
from upstream subcatchments. These high runoff internal subcatchments are clearly
those along the mainstem of the Thukela River and its major tributaries such as the
Mooi, Sundays, Bushmans and Buffalo rivers. Other than in the Drakensberg, external
subcatchments generally have the lower streamflow values than internal ones.

The implication of this pattern is that, although the Thukela catchment appears to
have abundant available water, most of that water is concentrated along the major
tributaries and the mainstem Thukela itself. It should, furthermore, already be noted at
this juncture that most of the rural poor communities do not, however, live along
mainstem rivers with high accumulated flows. There is a further constraint to
indigenous rural communities not having ready access to available water, other than
not being located along internal/mainstem rivers, and that is that within a
subcatchment the communities/households tend to be located close to watershed
boundaries where their supply of surface water would come from first order
headwater streams which are frequently ephemeral in flow, rather than from second or
third order streams with more consistent flows.
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4.4 Inter- Annual Coefficient of Variation of Accumulated Streamflows

Thukela Catchment : Coefficient of Variation
(cv) of Annual Accumulated Streamflows (mm)
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Inter-annual coefficients of variation (CV %) of accumulated streamflows within
the Thukela

The CVs of accumulated flows (Figure 4.4) display inverse patterns to those of the
accumulated flows themselves. Low CVs occur along the main channel and major
tributaries, while high values occur in external subcatchments. This observation once
again highlights the fact that water users who are located near the major tributaries are
generally assured of more consistent supply than those who live in external
subcatchments. This is of particular relevance in water poverty studies when
considering those rural communities with no formal water supply schemes laid on as
yet.

5 STREAMFLOW CHARACTERISTICS AT SPECIFIC W.P.I. CASE STUDY
LOCATIONS IN THE THUKELA CATCHMENT

5.1 Background

As a central focus of the WPI project, in-depth case study surveys of household water
use and accessibility were conducted at two locations within the Thukela catchment,
viz. at Keates Drift and Wembezi (Figure 5.1). In South Africa, these surveys were
carried out by Zulu speaking students from the SBEEH on behalf of the GeoData
Institute from the University of Southampton in the UK. The sections which follow
outline the objectives of the analyses, describe field survey locations and present
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results of the analyses of streamflows simulated for the subcatchments in which these
sites are located.

5.1.1 Objectives of the hydrological analyses

The objectives of the hydrological analyses which follow for Keates Drift and Wembezi are

. to present and interpret output statistics of simulated baseline flows, including flow
variability, on a month-by-month basis rather than only as annual totals,

. 1o interpret time series of streamflows to establish pattems of flows, particularly
during low flow months, and

. to evaluate flow duration curves for total, high flow month and low flow month
conditions in order to establish patterns of flow at critical threshold occurrences,

. to distinguish between respective contributions of stormflows and baseflows to total
streamflows.

5.1.2 Keates Drift

Keates Drift (KD) was selected to represent a poor rural indigenous community consisting of
scattered non-nucleated households, where one section of the community, viz. Ethembeni,
already has access to potable water from a pre-paid token (akin to debit card) system at
scattered water points, while the other section of the community at Kwal.atha has no water
service provision as yet and water has to be collected from rivers and springs.

The Keates Drift communities are located close to the Mooi River along the Greytown-
Dundee road at latitude 28ESIS, longitude 30E30E and altitude about 700 m. The
subcatchment in which these communities are located is SC99 (Figure 3.3) which has an area
of 1;09.77 km?, while the accumulated upstream area of the Mooi at Keates Drift is 2880.22
km”.

S M mt m w ks m rem E TR TR o m T e m e v s e e o w . w
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Thukela Catchment : Surveyed Communities
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Location of the case study sites within the Thukela catchment

5.1.3 Wembezi

Wembezi (WB) was selected to represent peri-urban township conditions. One section of the
population, viz. at Depot, lives in formal housing with running water while the other, poorer
community, Section C, lives more under shack conditions with no individual household water
supply, but with communal standpipes approximately 150 m apart. Wembezi is a satellite
township near Estcourt. Located at 29E03'S, 29E47E and at an altitude of 1400 m, Wembezi
flanks the Bushman's River. The subcatchment in which it is located is SC23 (Fi%ure 33)
with an area of 77.86 km” and the total catchment area upstream of WB is 195.55 km".

5.2 An Overview of Streamflow Statistics

The tables with streamflow statistics which follow all have mm equivalent flows as the unit
rather than m’, in order to represent flow equivalents per unit of area. The 10th percentile of
flow exceedence represents flows in the driest month/year in 10, the 20th percentile the driest
in 5, the 90th percentile the wettest in 10, and so forth. Also note that monthly percentile
flows are computed for that particular month only and that the 12 monthly totals of percentile
flows therefore do not add up to the annual total, which computed separately. Furthermore,
note that because the ACRU model simulates a subcatchment’s stormflows and baseflows
explicitly (i.e. without recourse to baseflow separation curves), the statistics on stormflow and
baseflow are available only for flows of an individual subcatchment and not for accumulated
flows from upstream, in which case mixing of these two streamflow components has already
taken place.
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Table 5.2

Table 5.3

Table 5.4
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Statistics on monthly and annual simulated total streamflows generated under
baseline land cover conditions from the individual subcatchment SC23 at

Wembezi

Jan

Feb

Mar

Apr |May

Jun

Jul

Aug

Sep [Oct

Nov

Dec

Annual

Mean

17.5

19.2

12.0

38 1.8

0.7

0.7

2.7

9.3

7.5 9.5

16.0

100.7

Std. Deviation

18.8

224

14.1

4.6 27

09

1.3

5.7

28.0

122 9.6

15.7

75.5

CV (%)

107.8

116.8

117.5

121.4[149.9

1312

176.4

210.6

302.2

161.0|101.4

98.1

75.0

Skewness Coef.

1.6

1.9

2.5

20 23

18

4.5

2.7

5.0

27 19

1.7

1.9

Kurtosis Coef.

2.3

38

7.0

39 5.1

29

24.8

6.7

27.2

16| 44

29

54

10th Percentile

1.7

1.5

1.5

03] 00

00

0.0

0.0

0.1

0.5 1.0

3.1

2.3

20th Percentile

3.1

2.5

2.1

06] 0.1

00

0.0

0.1

0.2

09] 27

3.3

46.3

50th Percentile

10.1

10.3

8.7

2.3] 09

0.3

0.3

0.4

0.6

2.5 64

12.7

83.3

80th Percentile

29.8

37.1

18.1

62| 23

1.1

1.2

2.6

1.9

10.3] 15.2

24.7

147.0

90th Percentile

41.6

47.1

22.8

12.1] 50

2.1

1.7

10.2

22.7

22.8

22.0] 33.9

178.0

Statistics on monthly and annual simulated total streamflows generated under
baseline land cover conditions from the accumulated area upstream of Wembezi

lan

Feh

Mar

Anr

Mav

Tun

Tyl

Ang

Sen

Qct

Dec

Anntal

Mean

18,1

186

11.0

| 45

19 1.1

1.2

1 R

1.1

6.5

149

94.6

d

19.9

19.5

11.7

4.5

26 19

2.5

32

210

1.3

133

729

CV (%)

100

104.9

106.3

99 911

37.01172.6

2163

173.3

2967

1725

89.5

771

[Skewness

2.1

1.7

LR

1.2

L9l 3.5

4.5

27

49

32

1.4

1.7

ItNsis

5.5

3.1

2.9

03

33 160

233

74

25.6

1o

1.8

33

10th

2.1

1.7

1.8

0.7

00 00

0.0

0.1

0.2

0.7

2.5

23.1

h

4.0

33

23

1,0

01} 00

0.0

01

0.2

0.9

Al 4.0

39.8

S0th

9.4

15.1

63

2.3

09 04

04

0.5

0.6

2.0

10.9

80.6

}0th

284

28.0] 189

92

38 2.1

L6

2.0]

6.6

R3

24.3

132.1

90th

432

42.6] 244

116

56l 30

21

6.6]

15.0

13.3

9|35 8

194 5

Statistics on monthly and annual simulated stormflows generated under baseline
land cover conditions from the individual subcatchment SC23 at Wembezi

Jan

Feb

Mar

Apr

May |Jun

Jul

Aug

Sep

Oct

Nov|Dec

Annual

Mean

16.0

17.4

9.8

2.1

0.8 0.1

04

24

8.2

49

7.6f 14.5

84.3

Std.

18.4

20.8

12.2

3.8

1.8] 0.2

1.2

54

26.3

7.0

7.4] 15.1

38.0

CV (%)

115.2

119.6

124.6

178.5

221.7]158.1

316.5

229.6

319.0

[143.2

97.4[103.7

68.8

Skewness

1.7

1.8

2.2

3.1

29| 22

5.6

2.8

5.2

2.2

19 1.8

1.9

Kurtosis

2.8

3.6

5.3

10.4

8.7 50

34.1

7.5

29.3

4.1

40 3.2

3.9

10th

1.5

14

0.7

0.1

0.0--0.0

0.0

~0.1

~-04

-1.0- 1.9

21.8

20th

2.5

2.0

1.2

0.3

0.0, 0.0

0.0

0.0

0.1

0.7

26] 32

40.6

50th

9.4

8.3

5.2

0.6

0.1y 00

0.0

0.2

04

1.8

4.7 8.1

75.1

80th

28.2

30.8

15.9

3.0

0.5] 0.2

0.3

1.9

4.5

7.6

11.3] 246

129.2

90th

379

424

22.8

4.5

30 03

0.8

9.9

227

14.8

193] 294

140.2

Statistics on monthly and annual simulated baseflows generated under baseline
land cover conditions from the individual subcatchment SC23 at Wembezi

Feb

Mar

Apr

Mav [Jun

Jul

Aug

Sep

Qct

Nov_|Dec

Annual

(Mean

2.2

1.0l _06

04

04

1.8] 1.5

164

Std,

4.1

0.6

0.2

47 27

CV (%)

1.7
3
173.8

184.8

0
6 09
3l154.6

1
58

M

154.6

191.6

252.71185.4
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Skewness| 24 26[ 2.7 27 2| 20] ]9 40 35 d41] 36| 2.9 2.4
Kurtosis 59| B3 69 74! 46] 34 33 198 11.7] 173] 13.2[ 9.1 58

Oth 00, 00/ 00 00 00] 00 00/ 00 00} 00/ 00 00 0.0
20th 00/ 00l 00; 00 00 00 00l 00/ _00] 00 00 0.0 0.3
50th 01] 02] 05 03] 2] 01] 04} 01} 00 01f 01] 0.1 7.8
80th L7 32] 330 25] 16] 10] 06/ 06| 05 04 22| 24 225
90th 520 600 48 42 35 2.1] 131 1.0 36[ 71| 43[ 40{ 435
Table 5.5 Statistics on monthly and annual simulated total streamflows generated under -
baseline land cover conditions from the individual subcatchment SC99 at Keates
Drift

Jan [Feb [Mar jApr [May [Jun [Jul {Aug |Sep |Oct |Nov [Dec [Annual
Meiun 2871 24.4| 159] 421 331 09 1.8 42| 94| 91| 10.1] 19.6] 131.5
Std. 34.0] 33.6] 21.6] 70{ 11.3] L.B[ S5.0{ 94| 36.2] 148 12.0] 284 824
CV (%) |118.7[137.8|136.1]166.5{343.0/197.7|281.2]224.1|386.6]162.3]118.6{145.3] 62.7
Skewness| 22| 28] 22| 28 57 271 4.1 26| 58 371 15 5.0 1.2
Kurtosis 43 951 49 88| 348 69 17.7] 5.5 36.0f 166] 1.4] 28.8 2.0

10th 30[ 10 671 02/ 00 00 00[ 0.0 00f 03 06 24 47.1

20th 6.5 43[ 12] 03] 0.1] 00 00[ 0. 0.1] 06] 12 58 666

50th 180/ 109 54| 1.1] 05] 0.1 02 03] 0.6] 57 48[ 13.3] 1089

80th 385 414 2521 59 2.1 1.1] 12| 28] 7.8] 132] 18.0] 25.4[ 201.0

90th 85.0] 584] 49.3] 124] 4.5 32| 43] 22.9] 12.2] 236 29.4]| 29.8[ 228.0
Table 5.6 Statistics on monthly and annual simulated total streamflows generated under

baseline land cover conditions from the accumufated area upstream of Keates

Drift

Jan |Feb [Mar|Apr [Mav Jun [Jul  [Aug [Sep [Oct [Nov|Dec |JAnnual
Mean 20818 1[{14.5] 551 34; 1.7 1.2 271 7.2] 7.6[102)185 1114
Std. 14.3113.2]112.6] 4.7] 4.5] 251 1.5 43| 24.2] 12.1] 76] 9.7 620
CV (%) |68.7]72.9|87.1/85.3]134.7]145.3]128.4]158.5]|335.2[158.7|74.8[52.5] 55.6
Skewness| 1.2) 11| 2.3] 2.1 321 39 29 29 59 3.3/ 13] 1.2 2.1
Kurtosis | 1.0] 1.2] 7.3] s5.1] 12.8] 18.7] t0.6{ 10.0] 36.8] L1.6] 1.5] 1.3 5.1

10th 7.5 44} 38/ 16] 04] 02[ 0.1} 03] 03] 1.3[25 74| 59.1
20th 8.8 57| 500 22 070 05[ 02 03] 04] 1.7[33[11.5] 673
50th 16.5[153]11.0 42 19 1.1 06] 1.2] 10| 3.3[ 87[156] 953

80th 320|29.7)1223] 82 48] 19 19] 35| 48 8.6[138[246] 128.7
90th 44 4137.9|127.5(104f 8.8 4.9 3.1] 82| 12.6] 13.5[20.0]31.3] 1754

Tablec 5.7 Statistics on monthly and annual simulated stormflows generated under baseline
land cover conditions from the individual subcatchment SC99 at Keates Drift

© CEH Walhnglord 2002




Table 5.8

Appendix 9.14

Jlan__|FFeb Mar {Aor Mav PJun  [Jul  [Aue [Sen {Oct  INov |Dec [Annual
Mean 2741 23.11 148 321 24] 03] 121 36| 811 651 80 180! 1166
Std. 33.5] 33.5] 20.8] 63! 105 14 38 8713511 83! 10.6] 26.8 687
CV (%) 122.11145.0[141.3]198.3[1430.4|394.8]326.0{245.1[435.5[127.2{133.0{148. 8] 59.0
Skewnpesst 201 28] 23] 30| S71 48 36l 27 601 261 200 48 1.0
Kurtosis 4.0 10.1] 56| 100 34.7] 229 121] 68| 38.04 9.0l 40} 269 [.6
10th 28] 09 06] 01} 00! 0.0 00 00 00{ 031 05 221 41.1
20th S3 260 10 02{ 00l 00f 00 00 00 06 07 56] 651
50th 1621 99 52| 06/ 0.1 00l 00l 02 0 4.0 21{ 108] Y7
8Oih 385! 404] 248 38 04] 02 02 14| 33| 10.3] 140 24.1] 1649
th 84.8] 545 449] 107 40 04 12 17.8] 8.1 147/ 22.1] 288 2049
Statistics on monthly and annual simulated baseflows generated under baseline
land cover conditions from the individual subcatchment SC99 at Keates Drift
Jan_|[Feb {Mar |Apr [May |Jun [Jul [Aue [Sep [Oct [Nov [Dec [Annu
Mean 1.2) 1.3 1.1 1.0] 09 06 0.6] 06] 1.3 26{ 21| 1.6/ 149
Std. Deviation | 291 2.6/ 2.1 20 1.6] 1.3] 1.6} 1.6} 3.0 731 54 36/ 23.0
CV (%) 2291 206, 182 194.] 190.| 220 266.} 252} 233, 283.| 253.| 230.| 154.0
Skewness 360 29 3.1 34] 24| 36 47} 34 2.5 4. 35 29 2.1
Kurtosis Cocf. | 14.8] 9.7] 12.7] 144] 5.1] 15.0/25.8]) t0.6] 5.1 19.0/ 13.6| 80 4.7
10th 0.0] 0.0 00[ 00] 0.0 00 0.0} 00 0.0/ 0.0|] 00/ 00/ 00
20th 0.0 0.0 00[ 0.0] 0.0 0.0 0.0] 00l 0.0 0.0f 0.0 00 0.1
SOth 0.0l 0.0 0.1] 0.0[ 00 0.0 0.0] 0.00 0.0 0.0] 00 00| 35
80th 1.7 200 1.9 19 1.4 08 07 061 08 2.5 3.1 20 245
90th 44| 4.2 39 34y 27 1.6/ Lop 1.3] 5.0 7.1] 57 4.8/ 4838

The following may be gleaned from Tables 5.1 10 3.8:

A strong scasonallly of fMows is evident at both sites. with very low winter month
flows (Junc' - August) compared with high summer month flows (November -
February).

Total streamflow is dominated by stornflows (83.7% of the total Mows at Wembezi.
88.7% at Keates Drift). indicative of the episodic and pulsar nature of rainfall events
in the Thukela, which often occur as thunderstorms.

Streamflow variability from year to year for any given month is very high. For the
mndividual subcatchments. at Wembezi 11 of the 12 months have CVs > 100%. at
Keates Driftat1s 12 out of 12,

It is notable that mediun monthly flows (i.c. 50th percentile) are markedly lower than
mean monthly flows. particularly in the low flow months (¢ g. at Wembezi in August:
0.4 mm vs 2.7 mm). This non-normality of the flow distribution manifests in very
high coefficients of skewness. I

While baseflows only make up 16.3% of the annual flows in the Wembezi
subcatchment, and 11.3 % at Keates Dnift. they do play an important role in the low
flow season. For the period June to August. for example. bascflows make up 34 %
and 26 % respectively of total flows at Wembezi and Keates Drift.

According 1o the ACRU model simulations. baseflows are not generated at all in any
month of the year. in the driest year in 3 or condition drier than that at Wembezi and
in the driest year in 2 or drier at Keates Drift.

Where a total upstream catchment is large. as is the case at Keates Drifi. CVs of
monthly (and annual) flows are considerably lower than those from an individual
subcatchment. For example. CVs are < 100 % in 6 of 12 months for accumulated
flows vs (} out of 12 months for individual subcatchment flows at Keates Drift. This is
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not the case with the small total area upstream of Wembezi, however, where
accumulated flows are more variable than those of the local subcatchment.

Interpretation of the Time Series of Streamflows

Visual interpretation of the time series of annual streamflows in the subcatchments in which
Keates Drift and Wembezi are located (Figure 5.2} highlights the following:

There is a high inter-annual variability of flows.

More importantly from a WPI perspective is that, in addition to isolated years with
very high flows (e.g. 1957, 1976, 1987 at Keates Drift), sequences or clusters of
persistent annual high flows occur, as do sequences of years of persistent low flows.
The persistent low annual flows of the early 1960s, 1980s and especially 1990s have
well documented associations with strong El Nind events.

Neither the isolated high annua! flows nor the consecutive years of lows necessarily
occur at the same time or at the same strength at the two locations, which are only 75
km apart. For example, the sequence of low annual flows at Wembezi in the early
1990s is much stronger at Keates Drift.

The implications of persistent low annual flow sequences for a WPI are quite
profound, in that any storage of water will have to be large enough to withstand
hydrological droughts of several years’ duration.

More significant for communities dependent on local surface water supplies are the patierns
of the flow sequences in the low flow months, viz. June to August (Figure 5.3). The following
may be oserved:

Inter-annual comparisons for the specified low flow months display a much more
jagged pattern than for annual flows, particularly in the late low flow season (July -
August).

Prolonged hydrological droughts, i.e. when all three months have below average
flows for several successive years, can be pronounced. as in the early 1960s, late
1960s and the decade 1975 - 85 at Wembezi.

Again, differences occur in the low flow season persistencies at the two  locations.
The time series analyses highlight the necessity for monthly to scasonal streamflow
forcasting to be tested and applied as a planning and operational tool for water poor
areas.
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Annual Totals of Streamflow at the Subcatchment in Which
Keates Drift is Located, 1950 - 1995
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Totals of Accumulated Daily Streamflows for Low Flow
Months in the Subcatchment in Which Keates Drift is
Located, 1950 - 1995
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5.4  Evaluation of Flow Duration Curves for Year Round Flows and for High
and Low Flow Months
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Flow duration curves (FDCs) show the percentage of time that a specified flow is exceeded or
not. When evaluated together with a population or development-driven water demand, a FDC
can be used as an indicator of the proportion of time that water stress occurs, either in regard
to too much water (low percentage exceedence) or too little water (high percentage
exceedence).

Figures 5.4 and 5.5 illustrate the following:

. In absolute terms (i.e. m’.s™' of water available), the proximity of a mainstem river
commanding a large upstream catchment area (as at Keates Drift) provides a much
more sustained water availability than a smaller catchment would (Figure 5.4 top vs
Figure 5.5 top). Unfortunately, the rural poor do not always have access to water
from rivers with large upstream catchments.

. Secondly, sustained water yield above a critical threshold of flow in months with
high streamflows (e.g. January) is just so much more readily available than in months
with low flows, e.g. July (Figure 5.4 bottom vs Figure 5.5 bottom).

. While being informative on percentage exceedences of flows of a given magnitude,
the FDC does not, however, address the issue of persistent sequences of high or low
flows.

For the purposes of comparing streamflow generation from large vs small catchments, FDCs
may be expressed in terms of a unit area, i.e. m3.s".km'2. Such a comparison is made in
Figure 5.6.

While results look deceptively similar, close scrutiny shows that from a WPI perspective, i.e.
at the low end of streamflow generation for which flows are exceeded frequently,

. a unit of area upstream of Keates Drift generates considerably more streamflow than
upstream of Wembezi and that
. an individual subcatchment may reverse a trend when its flows are compared with

those of the accumulated flows of the total upstream catchment, as is the case at
Wembezi for high flows occurring less frequently than 7 % of the times.

B T T T T sy
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I-A;embezi: Flow Duration Curves of Daily Streamflows
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Keates Drift vs Wembezi: Unit Flow Duration Curves for
Low Flow Month (July) Streamflows
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5.5 Contributions of Stormflows and Baseflows to Total Streamflows

The respective contributions to total flows of stormflows (Q,) and baseflows (Qp) are a
reflection not only of the type of rainfall generating mechanism in a region, but have an
influence also on water quality. For example, high stormflows are associated with high
sediment and phosphorus yields; high baseflows have bearing on nitrate concentrations of
streamflows.

The dominance of stormflows at both Keates Drift and Wembezi has already been
emphasised. This is borne out graphically for the two case study locations in Figures 5.7 (top)
and 5.8 (top). In relative (percentage) terms, the middle diagrams of Figures 5.7 and 5.8 show
that only in June at Keates Drift and only from May — July at Wembezi, do baseflows
contribute more to total flows than stormflows. The bottom diagrams of Figures 5.7 and 5.8
illustrate that for median flows, the dominance of Q, over Q, is even greater than for means,
because the means are influenced by extreme events which tend to produce more baseflows.
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Long-ter}ri E:o;wi‘r}b}:tions of Means of Stormflow
and Baseflow to Total Flows in the Subcatchment in
which Keates Drift is Located
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Long-term Contrfbdtions of Méans of Stormflow
and Baseflow to Total Flows in the Subcatchment in
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6 LESSONS LEARNED AND THE ROAD AHEAD
6.1 Why Water Poverty Indicators at the Meso-Scale?

Water stress and water poventy indices tend to be developed for, and applied at, either
macro-scales on a country or major citizhment level, or on the other hand, at the
micto-scale the individual rural communitics. At the macro-scale litile 10 no
indication is given to where, when, how often, or for what duration waler stress oceurs
At a given point of interest within the country, while at community scales in-depth
studies tend to be undertaken in isolation of broader operational water resources
tssues.

This cvaluation of indicators of water poverty under baseline conditions in the
Thukela catchment has focussed on the meso-scale, i.e. at catchments in the range of
10s to 100s km~ in arca. Two reasons are forwarded for developing @ WPI at this
scale:

. [L1s at the meso-scale that the intra-catchment streamflow response differences
can be identified, i.e. the where, when, how frequently or how persistently
walter is available at a location of interest.

. It ts, furthermore. at the meso-scale that water resources planners operate and
many decisions on integrated water resources management are made.

6.2  What lLessons Have Been Learned from the Thukela Catchment in
" Regard to the Development of Water Poverty Indices?

(1) Primary indicators of potential water stress occurrence within the Thukela may
already be gleaned from simple hydroclimatic analyses such as those on mean
annual precipitation and its spatial variation (Figure 2.3). the scasonality of
rainfall, its inter-annual variability (Figure 2.4) and potential evaporation rales
(Figure 2.7).

(1) The amplification of any changes in rainfall patierns in hydrological responses
cannot be over-cmphasised. For example, a 3- 10 4-fold range of MAP within
the Thukela manifests itself as a 10-fold range in subcatchment streamflows,
with MARs ranging from < 25 mm to > 250 mm (Figure 4.1).

(1) The hydrological amplification is even more pronounced in the inter-annual
variabilities, with CVs of annual rainfalls around 20% (Figure 2.4) converting
to CVs of annual streamflows of 40 10 100% (Figure 4.2).

(iv)  Vunabilities of annual totals arc the “mildest™ form of assessing dispersion
about the mean. with CVs of monthly streamflows being consistently and
considerably higher than those of annual streamflows (Tables 5.1 to 5.8). To
us 1t 1s imperative that this observation nceds o be factored into a realistic
WPl if itis to be applicable in rural areas with poor infrastructure.

(V) In the Thukela catchment, and probably in many other catchments in South
Afnca, the rural poor for historical reasons and more recentty for more
poliucal reasons scitled in those parts of the catchments characterised by
higher chimatic/hydrological variability. This renders rural poor communities
even more vulncrable to water stress than had they scttled more randomly
throughout the catchment.
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Mainstem rivers and large tributaries generatly produce higher and more
sustained flows and have dampening effect on flow variabibty when compared
with flows from individual subcatchments (Figures 4.3 and 4.4: Tables 5.1 to
5.8).

However, the rural poor in the Thukela caichment tend not to live close 10

Jlarger rivers. In fact, they often live close to watershed boundaries where
-streams are maore prone 10 be ephemeral rather than permanently Nowing. This

observation needs quantification «.d v rification, nowever.,

Median (i.c. siatistically expected) monthly and annual flows within the
Thukela catchment are considerably” lower than their corresponding meins
(Tables 5.1 to 5.8). This indication of skewness in the distribution of
streamflows further cxacerbates water stress and ideally needs to be accounted
forina WPL

Time series of streamflows of the 46 year period of simulation display long
sequences of years with persistent low flows, both for annual flows and the
low flow months (Figure 5.2). These long sequences of low flows place a
heavy burden on the water-poor communities.

Long low flow sequences are closely associated with the well documented El
Nind phenomenon in South Africa and if scasonal climate forecasting skills
were 1o increase, rural communitics concemed with water security would be
important beneficianies of such forecasts.

The low flow persistencies furthermore imply that any impoundments
designed to storc water have to be large in order 10 cope with frequent
occurrences of low inflows and high demands.

Any walcr alleviation planning or WPIs should include flow duration curves
as an input. In particular where local community plunning is undertaken, the
value of Unit FDCs (i.c. flows generated per km®) should not be
underestimated as a design 100l (Figure 5.6).

The Road Ahead

The main objective of this study in the Thukela catchment has been to assess the
primary natural endowment of streamflows under baseline land cover conditions af
the meso-scale level, as an indicator of the potential availability of water and its
constraints 1o development, with specific reference to contributing towards the
quantification of a Water Poventy Index. A number of the streamflow attribuics which
were evaluated were found (o have potential for inclusion in a WPL

This first phase of the study has not, however, yet taken cognisance

of present land use impacts on flow characteristics, through agricultural
intensification or extensification, degradation, urbanisation, mining activities,
or the major inter-basin transfers out of the Thukela system of over 600 x
10°m* per annum out of a total water resource of 4000 x 10°m’ per annum.

of the above impacts on water quality and recharge 10 groundwater, or

of population distributions and their water demands.

In particular the distnibution of where the “water poor” populations reside has to be
identified. not only in which subcatchments they reside. but also with respect 1o
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where, within a subcatchment, they are located with respect to more local strecamflow
vanability.

The above are the challenges to be considered in further phases of WPI studics.
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Appendix 9.15
Towards the sustainable management of water. The
contribution of research in Green Accounting to
the construction of a Water poverty Index.

Dr Sandrins Simon, Open University, Milton Keynes, UK

5.1 Introduction

There 1s no life without water. Water 1s absolutely central to our survival and to
soctetal and environmental vitality. We are now realising the critical importance of
the way in which we manage this resource. Its over-exploitation and its pollution
beyond levels of abatement by natural ecosystems threaten the whole hydrological
system. and hence the availability of safe water we can consume. The dimensions of
the water ¢nisis we are now cxperiencing arce crucially important. and the need to
address them only recently realised.

Following the statements and conclusions derived from the 1972 Stockholm
conference on the Environment and Development, the 1977 Mar Del Plata Water
Conference, the 1992 Dubiin Statement, Chapter 18 of Agenda 2i from the Rio
conference. the Global Water Partnership and many other intemational meetings, we
are geting progressively ready to broaden water policy to include issues of warer
sustainability. equity and security. New definitions and concepts are needed to make
us understand the dynamic behind water management in a more integrated and
holistic way. but ulso to modify our water policies in such a way that the integrity of
water resources and ccosysiems and their environmental sustinability 1s maintained
as a prerequisite for the achicvement of the sustainabihity of human societies.

The construction of a Water Poverty Index acknowledges this need for a new
approach, and will attempt 1o respond to it by providing inter-disciplinary and
integrated information on water and poverty as welt as water poveriy. However, ils
policy impacts must also be addressed prior to its construction. in order to make sure
that it does have a practical impact. This means that the index must contribute to our
understanding of the practical implications of sustainability. and help policy makers to
produce morc sustamable policies for water management. This suggests that the
insights derived from research into ‘green accounting’ might be a useful contribution
to the construction of a Water Poverty Index.

5.2 Representing sustainability. Why and how?

The representation of the concept of sustainability 12, launched in the 1980s with the
World Conservation Strategy and the final report of the Commission for Environment
and Development (1987), is currently perceived as being a crucially important and
useful first step in the direction of the operationalisation and implementation of a
more secure future for human development on Earth. While numerous definitions of

12 Costanza et al. (1991:8) have defined sustainability as the ‘relatonship between
human cconomic systems and larger dynamic, but normally slower changing
ecological systems in which 1) human life can continue indefinitely, 2) humun
individuals can flourish, 3) human cultures can develop, but in which cffects of
human activities remain within bounds, so as not 1o destroy the diversity und function
of the ecological hife-support,
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the concept exist, we need to overcome any thetoric 1o identify some practical
objectives which can be achieved through changes in human behaviour hrought about
by policy making for sustainable development.

1t 1s important to highlight why it is necessary 10 represent interrelations between
ecosysicm functioning and cconomic activities as necessary prerequisites  of
sustainability. The main reasons why this interaction is important are as {ollows:

e policy-makers need to understand hetter how ecoéyslcms function and how
economic activities impact on them.

¢ we need to adopt another approach towards economic policies and
acknowledge the Fact that our economic systems constitute a sub-system of larger
natural environments upon which we depend. This implies a progressive shift in
paradigm in economic and management thinking

e we need a clear and practical illustration of the meaning of ‘sustainability’ in
terms of the links between economic activities and the environmental stocks and
fMows of goods and services.

The representation of these interactions, 1f it 18 to respect the principles of
sustainability and of the multi-dimensional importance of wuter, needs to be:

* holistic and integrated, in order to include ecological. economic and social
dimensions of sustainability;

* understandable - despite the complexity of the processes involved- hence not
solely focused on scientific jargon;

¢ possible to integrate in the policy process and tools.

Policy-makers are currently finding indicators of susiainability and frameworks of
indicators particularly useful as a first step towards the operationalisation of
sustainability. The literature on such indicators 15 abundant. A number of useful
references conceming indicators of sustainability and frameworks of indicators arc
included in the references to this text.

5.3. Green accounting

Research into what has been called “green accounting” has become crucially important
in the debate on ‘indicators of sustainability”. This is because our "System of National
Accounts’ (SNA) provides us with aggregate economic indicators that policy makers
very much rely on. GNP, for instance, 1s both used to determine the choice between
altemauve policies (if GNP is likely 1o increase as a result of the implementation of an
option, this option will generally be preferred 1o others) and used to intemationally
rank countries depending on their economic performance.

The appropriateness of such indicator conceming the asscssment of the sustainability
of our policy choices MUST therefore be examined and questioned. Since the national
accounting instrument and indicators derived from it are sufficiently powerful to
remain the main policy tools, they will need 10 be adjusted to become appropriate
indicators of sustainabiliry. The objective of such adjustments, dealt with in ‘research
in green accounting', is that the reformed accounting instrument will help greening
our economic policies and hence progressively help manage our societies in a more
sustainable way.
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Rescarch in Green Accounting started a little more than 25 years ago. The rationale
for such research was then focused on the shoricomings of the SNA (System of
National Accounts), the problems thesc shortcoming generated. and the ways to
correct them. This research was initiated in the context of an ‘indicator crisis™ which
questioned the validity of the signals on which policy makers rely (in particular,
signals such as the aggregate economic indicators generated from the SNA). These
cnticisms were based on the fact that important considerations. such as environmental
degradation, were not correctly taken into account. since they were seen as increasing
the value of our ‘economic performance’ but not denunciated for threatening our
future lifc support base. The shortcomings (Anderson, 1991) of the SNA are listed
below:

e The traditional SNA focuses on flows only and ignores stocks, be they
environmental or cultural. People interested in environmental issues have realised that
stocks have a great importance, and so is the way in which certain ecosystems stocks
respond 1o external shocks.

* Negative externahitics. such as environmental pollution or crime. are not Laken into
account in the assessment of economic performance and progress.

*  Distnbution and inequality issues are not taken into account in the current SNA
cither. For instance, the SNA uses average income per head in numerous analysis
exercises focused on the performance of the economy.

* The SNA focuses on production processes that generate monetary exchanges
solely. Hence. the use of services that do not involve monetary exchange (c.g. use of
‘free” air or ‘free’ house work) are not considered as contributing 1o economic
welfare.

For all of these reasons, it became clear that the current SNA gives the wrong signals
and needs reforming. The rationale for Green Accounting thercfore focused on the
correction of these shortcomings, because the current SNA generates and encourages
unsustainable economic development.

Research in green accounting has gone a long way. Different methods have been
developed, and research is still evolving everywhere in the world. Some focus on
shortcomings related 10 ecological considerations, while others on  sociul
considerations. Generally, green accounting methodologies have been essentially
centring on the 1ssuc of valuation, and the main difference in approach has been
between the construction of 'satellite accounts' and that of 'adjusted indicators'
such as adjusted ‘green’ GNP. Advocates of the construction of a single aggregate fecl
that correcting the shortcomings of the SNA requires adding of what is missing from
the GNP accounts and subtracting what is not supposed to appear. Advocates of the
construction of satellite accounts feel that we need betier understanding of the
lunctioning of the environment upon which we depend, and they work on the
construction of exclusively ‘environmental accounts’ that can be linked to the SNA in
order o examine how economic activities impact on the environment. Satellite
accounts arc cxpressed in physical/ biological terms. while green GNP is cxpressed in
monctary terms. There is a huge controversy around monetary valuation methods that
allow 10 carry out the subtractions and additions that the construction of green GNP
requires.

UNEP has identified the application of green accounting, adaptable to specific
country needs and linked to their System of National Accounts (SNA), as a high
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prionity in the future direction of development aid (UNEP. 1992). As Friend stressed:
monitoring the state of resonrces, just after measuring poverty, is the most critical
indicator of “econonic health” and (...) developing  svstems of Environmental
Resource Accounting conld also show how the overwvhelming benefits of conserving
natural capital to mamtain regenerative capacity of the biosphere would provide the
right political climate for the much needed (financial) resource transfer from the rich
to the poor nations’ (Friend, in UNEP, 1992:11). Althongh there are some difficultics
in developing environmental typés of accounts in developing countries, some arcen
accounting research has been carricd out in an increasing number of developing
countries. Some examples of this work includes a study on natural resource
accounting for Indonesia (WRI, 1989) where physical accounts were compiled for
petroleum, timber and soils. In Costa Rica, the Tropical Science Centre, with
technical support from the World Resources Institte, compiled physical accounts for
soils, fisheries and forests. In Mexico, a pilot case study was sponsored by the World
Bank and UNSTAT to hnk environmental and economic information and investigate
whether environmentally adjusted national income aggregates could be derived for
that country. Other developing countries have also made a start at developing resource
accounts, and these include Uruguay, Thailand. Tunzania, Slovema, The Philippincs.
Papua New Guinea, Malaysia, India. El Salvador. Columbia. China. and Angola. and
in the case of Brazil, water accounts have been constructed for the purpose of national
accounting.

Friend (1993) identified three major obstacles to the

development of green accounts in developing countries:

¢ lack of political and institutional commitment and funding

® reluctance in shifting economic paradigm

® technical challenges: need for co-operation between
ministries of the environment, development and panning
and finance, as well and external financial and technical
support.

5.4. Strategic resources and the development of water accounts.

When reviewing most of the existing satellite accounting systems, one striking
characteristic can be noticed immediately: many of these accounts have been
constructed because they provide useful information on resources that have been
qualified of “strategic’ because of their economic importance. Thus, the UK Office for
National Staustics has built accounts for oi! and gas (Vaze, 1996), Canada constructed
some physical accounts of sub-oil assets and forests (Born, 1998), Namibia's physical
asset accounts provide information on fish stocks (LLange. 1998) and the combined
asset accounts for manufactured and natural capital in Botswana have been
constructed as a uscful method to monitor progress towards diversification in a
country highly dependent on mineral resources (Lange and Gaobotse, 1999).

Interestingly. water is also being progressively perceived as a ‘strategic resource’ and
water accounts have now started being constructed in different countries in the world.
Thus, for instance, Varze and Schweisguth (1998) have recently constructed the UK
Water Accounts. These stress the economic importance of water by showing the
contribution of water supply and sewage treatment 10 the GDP and they display data
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for two in situ users of water, fishing and water transport, which also contribute to
GNP. Generally, the UK water accounts describe issues such as waler abstraction and
emissions of substances into water and they also illustrate which cconomic actors and
activities affect the water environment.

in the Nctherlands. de Haan (1997) has recently constructed the NAMWA (National
Accounting Mainx including Water Accounts) for the year 1991. It covers water
availenility, extraction by industries and emissions of nutrients, BOD and heavy
metals, as well as information on cxpenditures related to the management of water.
Other countries. such as Canada (Johnson, 1995), France (Babillot, 19935) and
Namibia (Glenn-Marie Lange, 1998). have constructed water satellite accounts.

Although these water accounts can help in 1dentifying problems related to the
cmission of pollutants and related to the general management of water, they do
considerably imit our understanding of the real global importance of water. Social or
political considerations are not taken into consideration, for instance - although they
arc very important 1n the context of water management in developing countries.
Beside, the 1ssue of water should not be isolated to issues such as waste management,
land use, etc. All these economic and environmental considerations are very closely
linked and should be considered as such if the munagement of our resources is 10
improve.

5.5 New insights in green accounting

Newer inttiatives in green accounting have allowed us 1o progress in the sense of
integration. Meanwhile. the United Nations has been publishing guidelines to
construct green accounts and this subject of rescarch 1s being more and more taken
scrniously und worked on. There are new important and uscful insights in research on
green accounting:

® environmental valuation approaches: monctary valuation approaches are being
reformed and new (less technically or ethicully controversial) suggestions are
flourishing. Non-monetary valuation mcthods that now often include the
participation of all stakcholders are also now evolving.

® Numerous green accounting approaches (in particular the successful Dutch
cxample of the NAMEA (Keuning and de Haan, 1998) are based on the
construction of a framework of indicators and have proved that policy-makers can
still derive uscful information when the green accounts expressed in physical
terms rather than monetary terms.

¢ Environmental features (goods and services) were onginally introduced in the
national accounts frumework on the basis that they contribute to production
systems and can therefore be considered as ‘natural capital’ (Harmson, 1990). This
notion of natural capital has presented some problems in that a) it assimilated the
environment to an ‘economic’ good. hence ignoring ccological integrity and
inininsic values and b) it has provided us with a very 'static' perception of the
environment, instcad of encouraging a thorough understanding of the dynamic
functioning of ecosystems. The notion of 'Critical natural capital’ (Berkes and
Folke, 1994: Noel and O'Connor, 1998} pays atiention to the functioning of
ecosystems and stresses the fact that. for instance, some key buffer species.
determine the way in which an ecosystem keeps functioning, or that the pollution
of i certain habitat can have vepercussions on other habitats and species. ele. The
notion of CNC is therefore more focused on processes (be they ecological or
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economic) and can also greatly contribute to improving the construction of green
accounts.

In an attempt to integrate these new insights, some new green accounting approaches
have been developed as policy frameworks.

® The Dutch NAMEA provides a good :xample of a policy relevant framework of
interrelated environmental indicators and themes. This framework illustrates the
impact of economic activiues on the environment and helps identify prioritics
which will direct policies towards sustainable development.

® ‘The CRITINC accounting framework (Ekins and Simon, 1999; Ekins et al., 2000).
partly bascd on the principles of the NAMEA. introduces further considerations
such as social participation in policy making and valuation processes. and since it
also attempts to extend the notion of ‘natural capital' to that of critical natural
capital, which helps underemndmo natural ecosystems in a much more dynamic
and integrated way,

5.6 Conclusion

Different messages derived from this brief presentation on research into green
accounting are directly relevant for the construction of a Water Poverty index. Some
important points to bear in mind are:

® Any system developed to provide environmental information to policyv-makers
should be related 10 the policy-making tools and instruments that are currently in
use, and are likely to continue to be in use in the future.

* To unswer policy related questtons. the wol must be holistie, integrared,
interdisciplinary and comparable on an internationaf basis

¢ Appropnate data must be collated from both the natural and social sciences, and
collected on a regular basis 1o ensure the continued usefulness of the tool.

Overail, 1t is clear that the development of approprate data to create a Water Poverty
[ndex muy well be the same data that would be needed 10 develop water accounts. I
water management at a macroeconomic level 1s to be truly sustainable, it is essenuial
that an appropriate accounting mechanism be put in place, and a monitoring tool such
as the WPI could well provide the means to show that the natural and social capital
values associated with water is indeed ‘non-depleung’. If however, this was found to
not be the case, appropriate mitigation strategics could then be introduced, bringing
the economy and society back towards a more sustainable path. Such aspirations may
seem a distant reality, but when considering the scope of human and technological
development over the next 25 years. it is not unrealistic to conceive of a more optimal
path for human progress. Alrcady a paradigm shift is being seen in a number of
disciplines. and within economics, it is certainly clear that important notions such as
the ‘nature of economic performance’. ‘economic progress’. and the relation between
our policy indicators and the notion of welfure, have been highlighted and debated as
a result of the greening-of-the-accounts exercise. The development of a Water Poverty
Index is an example of how these philosophical and ethical issues can be realistically
addressed within the framework of economic development and environmental policy.
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Appendix 9.16

Poverty and Development:
Laying the foundations for the capture of

natural capital
Caroline Sullivan, CEH Wallingford

1. Introduction

According to the Brundiland Report, one of the prerequisites of real sustainable
development 1s equity. In particular, this relates not only 1o equity amongst current
resource users now, but also equity in the way resources are used over ime. The issue
of equity however is fundamental to the process of poverty and its alleviation, as 1t is
certainly true that much poverty cxists because of the currenily inequitable
distnbution of resources and access to them.

There can be many approaches to the way we address poverty and inequity. In terms
of macroeconomic planning, these may include a number of issues such as improving
health and education, putting in infrastructure, and developing the financial services
sector 1o provide access to credit. The development of better access to markets and
improved post-harvest processing are other ways by which poor people can have
improved returns to their labour, especially in the agricultural sector. 1t is now
recognised that poorer houscholds rely more heavily on natural resources thun do
those whose livelihoods may be more secure through receipt of wages or remittances
(Sullivan. 1999; Redclift, 2000). Enabling these important values to be recognised and
captured 1s therefore an important contribution to the achievement of sustainability.

Poventy is the result of a variety of factors, which can be summansed by the term
‘capacity deprivation’. Without the basic domestic water requirement. described by
some as 25 litres per capita per day, people are likely to have a reduced capacity to
live a strong and healthy life. Without good health, economic efficiency is degraded.
further reducing capacity to generate the economic growth and redistnbution necded
if the welfare of the poor is to rise.

The impact of u lack of water on the condition of povery is something few would
deny, but proving a causal relationship of statistical significance between the two 1s
not an easy task. Lack of adequate and reliable data and a poor understanding of the
complexities associated with both water and poverty, have led to an incomplete
understanding of how best to manage the resource. To incorporate a rich reflection of
the fundamentals of sustainabihty, it would mean that water would have to be
managed (0 achieve the situation where all people in the wortd have adequate water to
hve in a digmitied and self-sustaining way.

The achicvement of such a goal is well within the current level of global economic
devclopment. Even taking a business as usual scenario. the capital investment
requircment of meeting basic needs is likely 1o have a net positive impact on fiscal
and monetary indicators, mainly due to increased labour efficiency. Improving the
quality of the human and social capitals within communtties creates a sirong basis for
macrocconomic growth, and the cost effectiveness of such a policy implementation is
likely 1o surpass that of most other development strategies. As highlighted in the
Hague World Water Forum. the actual amounts of water needed to provide for basic
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needs is so small that its cost impact in the wider global economy is of only marginal
significance. This supports the contention that major developmental goals will be
achicved more through awareness raising. capacity building and  institutional
strengthening.

Taking a longer term view. ensuring ccosystem integrity is the means of ensurimg the
maintenance of our own lifc support systems, and it should therefore be given
appropriate signif:zance in our strategic and economic plivning and monitoring
systems. The necd o understand more about the complexities of effective resource
management requires betler, more integrated use 10 be made of available data. and
data 10 be managed more cffectively to take advantage of the full benefits offered by
curtent and future levels of information technology. Uliimately, when ecosvstem
goods and services can be appropriately identified and accounted for. the costs of their
use can be properly integrated into national accounts systems. and treated in the same
manner as other income and capital flows. When this cun be achieved, appropriate
mechanisms can be developed to capture these values and bring about redistributional
measures 10 ensure their efficient and equitable use (Roodman. 1999). In this way.
sustainable development comes closer to being a reality.

2. Water and the natural capital services it provides

There 1s little doubt that the burden of water collection falls disproportionately on
women and children. Women provide an important source of lubour in subsistence
households, and excessive time and effort spent in water collection reduces their
potential - productive contribution. The negative impacts of inadequate  water
availability include both the loss of human capitl (through morbidity) and natural
capital (through pollution from human contaminams). Both provide a constraint to
welfare growth, and as a result. good water management has an important role to play
in paverty alleviation in developing countries. In addition. improved availabitity can
influence the potential for a houschold 10 generate different sources of income.
Subsistence incomes which can be increased through betier water provision include
those from brick making, beer brewing and textile work such as batik and dyeing. In
this case, water 1s used as a factor of production just like any other natural resource,
and thus better understanding of how it can be accounted for will promote better long
term management.

By widening our understanding of the links between water and ccosystem services.
and conveying this information to the public. behuviour more conducive o ihe
achievement of efficient water management may result. Through capacity building at
the middle management level, we can empower decision makers to have more
confidence in the validity of their decisions, as well as make the process of decision
making morc transparent. If the national education system can become more involved
in water management issucs. cross cutting benefits can occur. In every country. the
already established education system provides a direct link to households, and by
more exphcitly including water into the educational agenda, we can not only raise
awareness of the issues. but also perhaps develop a means of collecting key
components of houschold information which can be of use for water managers.
Furthermore. if this can improve cooperation between the water authorities and the
education department, better provision of water in schools may result. If this occurs.
increased female enrolment rates may be achieved. as it 1s often the case that girls
prefer to miss school when there is no provision of adequate water and sanitation,
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Duc to 1ts very site specific nature, water availability in terms of quantity. quality and
reliabihlity need to be undersiood at the local scale. However, such scales are relatively
inappropriate for current hydrological techniques, so for the purposes of monitoring
changes in water availability. mesoscale assessments are also needed This fits in well
with the continued cxpunsion of the application of integrated water resource
management (IWRM) techniques in many national water strategics. Finer resolution
hydrological data would enable more accurate assessment of local conditions, and
perhaps future approaches to this problem may be assisted through the usc of remotely
sensed data that is currently available at resolutions at appropriate scales.

3. Linking WPI values to the Sustainable Livelihoods Framework

The concept of sustainable livelihoods (Camey, 1998; Scoones, 1998) is fundamental
to our understanding of the development process. The WPI components can be related
to hivelihood entitlements, as a way of understanding more about what is needed to
relicve poverty dnvers. In any development process, there is clear overlap between
some of the capital types, but using this approach provides at least some
quantification of these can be achieved. Table 2 shows how the hivelihood capital
lypes may hypothetically be related to the WPI components.

Table 2. Linking national WPI components to livelihood capital entittements

WPI component Data source Livelihood component

Resource Freshwater withdrawals, Natural capital. water
groundwater, quality and component
rehability data

Access Access to domestic waler Physical and Social
supply and sanitation, capital
access [0 Imgation

Use Water withdrawals, total Financial and Human
and by sector capital

Capacity GDP, child mortahity and Human capital
education

Environment water gquahity Natural capital

water stress

environmental regulation and
management

informational capacity
biodiversity based on
threatened species

Ciearly there is much overlap between these different capital types, and naturally
walter provision will influence a number of different issues. Increasing social capital
through institution building (e.g .in water authorities, statistical services etc.) will help
to improve techniques of demand management, and identify areas for potential water
redistribution. Furthermore. integration of relevant key issues into existing statistical
processes will facilitate natural resource accounting procedures, and promote more
cffecttve long term planning,

There is little doubt that in addition to the basic water resources which are available in
any location. effective and equitable water provision will depend on how easy it is to
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gain access o that water, and how 1t s distributed for use. The incorporation of our
knowledge of these und other imponant issues into a standardised yet flexible
framework enables us to highlight the possibility of achieving a more equitable
outcome for millions of poor people. As a result, this 0 turn may increase the
likelthood of influencing pohucal will for change. By increasing social capital
through insutution building, and increasing financial capital through increased
ctticiency in the water sector, not only will better water management become -more
likely. but also better returns on capital investnents in the water sector may be
achieved.

4. Idenufying natural capital

The 1dea of accounting for natural resource use is becoming more widely accepted,
altbough there is still much resistance to it, especially from some sectors and in some
countries. Serious attempts to develop and disseminate the techniques of natural
resource accounting have been made since the carly 1990s, and the World Bank and
other organisations have produced it number of publicaiions on the subject (Lutz.
1993, CEC. 1993, UNSQO,1993). In order to cffecuvely consider how such resonrce
accounts can be developed. we need to first consider what exactly we are trving 10
account for.

5. Natural Capital - assimilation into national accounting sirategics.

Capital can be defined broadly as a stock that yields a flow of goods and services into
the future. Natral Capital can be defined as stocks of energy and resources, and the
ccosystem characteristics from which these can denved. In order to incorporate issues
such as intergenerational equity, ccological integrity and economic resilience the idea
of maintaining a constant natural capiral stock has become important.

To achieve genuinely sustainable water management, the natural capital values
associated with water need to be identified. Attempts to integrate measures of natural
capital into national accounting strategics are in the process of being developed in a
number of countries, including the UK, the Netherlands and Norway. This is a
complex process which involves not only the identification of values of the natural
capital and the services gencrated from it, but the means by which these can be
assimilated within the conventional national accounts on which macroeconomic
planming is based.

Many of the concepts which have been used to develop natural resource accounts.,
(and water accounts), have been denved from eatlier work on calculations of oil and
gas depletion. In order 1o effectively account for water 1n national accounts. it is clear
that we must consider water quunlit)'/ and water quality, and as a result. considerable
interdisciplinary work will need to be done to bring together the appropriate data for
the development of such accounts. Within any long term planning strategy, it is
important that these issues be addressed, in order 1o ensure that the concepts required
for the development of natural capital accounts for water can defined on an holistic
basis. and standardised to allow cffective and reliable intermational measurements and
COMpansons.

6. Assessing the natural capital values of water

Water is an essential and irteplaceable resource on which our life support system
depends. Its value has long been the subject of philosophical debate which, within the
economic discipline, has been described in the *diamonds and water paradox’. which
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arises due to changes in the levels of marginal utility associated with different levels
of consumption. Values in society are based on utility and preferences, and while we
may have a tow level of marginal utility for extra units of water. we all have high
utility tor the imtial levels of consumption associated with the basic human water
requirements. Nevertheless we all agree that the price of water is lower than the price
of diamonds. This demonstrates the fact that price, value and cost are not the same
thing. This is particularly important when it comes 10 thinking about water
management, and waler pricing,

The value of water varies considerably from place to place and also from use to use.
For example. for a given quantity of water. the use value from usc tor navigation may
be much less than that from usc in a textile plant. For irrigation, the value of the water
may be much higher if the crop grown is carrots than if it were wheat. Crop selection
has a big impact both on the use value of water, and also on the level of water use
itself. Since agricultural water use takes the largest share of water allocation in most
economies. the valuc gencrated from it needs to be investigated, and methods
introduced to regulate 1ts usc

One accepted way of valuing water is through an cxamination of what values other
alternanive uses could generate. This is known as the opportunity cost value of water,
and can be used as way of improving water allocation decisions. Unforiunately this is
not straightforward, as 1t is often the case that such calculations would suggest that the
culuvation of higher value (non-food) crops would lead to a reallocation of water for
that purpose. If this 1s taken to the extreme, then water would be allocated in such a
way as to act as a disincentive for food production. causing a problem of food
sccurity. In some places problems such as this have occurred where cash crops such as
cotton have been produced in preference to food crops, and when too many farmers
made this choice. food shortages have arisen. Nevertheless. the opportunity cost
methodology does give some insight into the value of water. There is sull much work
10 do 10 refine and perfect technigues of quantitying any kind of natural capital. and to
date, no widely accepted mecthod of valuing water and the ecosystem services
associated with it currently exists.

7. Integrating natural capital values into the macroeconomic framework

Water, and other natural resources, provide the raw matenals on which production
depends. It s clear therefore that the value of these matenals needs 1o be counted in
our national accounting systems, but this is in fact not always the case. We can
illustrate the fact that water 1s important to economic development if we simply look
at the rate of water use and the level of GDP per capita. While this is a superficial
examnation, it does demonstrate thut water has an important value to an economy,
and that value needs to be more explicitly appreciated.

Table 1. A comparison of per capita national income and national water use.

GDP, US%, Annual Water Annual Wutcr‘ Annual Water_
percapita | withdrawals M | withdrawals M* | withdrawals M’
1990 1970-87 1970-87 1970-87
Domestic Industral and Total
agricultural
Tanzania 110 8 28 36
Sn Lanka 470 10 493 503
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South Africa 2,530 65 339 404
United 16,100 101 406 507
Kingdom
Sweden 23,660 172 307 479
United States 21,790 259 1,903 2,162

Source: World Bank. World Development Report 1992, Development and the
Cnvironment, Table | and 33,

One of the ways in which this problem can be addressed is through the introduction of
a system of assimilating the value of natural resources in to the national accounts
system. This is referred to as green accounting

8. Green accounting

Research into what has been called 'green accounting’ has become crucially important
in the debate on ‘indicators of sustainability’. This is because our 'System of National
Accounts’ (SNA) provides us with aggregate economic indicators that form the basis
of economic policy. For example, Gross National Product (GNP), has long been used
to determine the choice between alternative policics (if a development option will
incrcase GNP it is likely to preferred to others which do not), and used to rank
countrics intemnationally depending on their economic performance.

Many years ago, the World Bank and other intcmational organisations were effective
in implemenung the System of National Accounts (SNA), which cffectively
standardised national accounting practices. There are however a number of problems
with this approach, and onc of the main ‘issues of concern today is how the
environment and 1ts goods and services can be assimilated into this structure. This
became more pressing in the context of an ‘indicator cnisis’ which questioned the
validity of the signals on which policy makers relied. These criticisms were based on
the fact that important issues such as environmental degradation were not correctly
accounted for, since they often resulted from activities which increased the value of
our economic performance, yet at the same time. when taken to extremes. cifectively
threaten our future life support base. The shortcomings of the SNA are listed below
(Anderson, 1991):

® The traditional SNA focuses on flows only and ignores stocks, be they economic.,
environmental or cultural. In the case of environmental capital in particular, stocks
have a great importance, and the way in which certain ccosystems stocks respond 10
cxtermnal shocks can be crucial and must not be ignored (due to the problem of
‘ecological irrcversibility’).

* Negative externalities, such as environmental pollution or cnme, are not taken into
account in the assessment of economic performance and progress.

¢ Distnbution and cquity issues are not taken into account in the SNA. For instance.
the use of average income per head 1s unsauisfaclory as a true representation of how
people live in an economy.

® The SNA focuscs only on production processes that gencrale monelary exchanges
solely. Hence. the use of services that do not involve monetary exchange (e.¢. use of
“free’ air or ‘free’ house work) are not considered as conlnibuting 10 economic
welfare. ' '
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For all of these reasons, it became clear that the current SNA gives the wrong signals
and necds reforming. The rationale for Green Accounting therefore is focused on
correcing these shortcomings. because the current SNA effectively acts as an
indicator of unsustainable economic development.

Generally, green accounting methodologies require more effective methods of
environmental valuation, and two different approaches have evolved: the construction
of 'satellite accounts' or of 'acjusted indicators' such as adjusied ‘greer.’” GNP.
Satetliie accounts are expressed in physical/ biological terms, while green GNP is
expressed in monetary terms. The production of adjusted indicators involves adding
what is missing from the GNP accounts and subtracting what is not supposed 10
appear. There is a huge controversy around monetary valuation methods that facilitaie
the subtractions and additions that the construction of green GNP requircs.

UNEP has identified the application of green accounting, adaptable to specific
country needs and linked to their System of National Accounts (SNA). as a high
prionity in the future direction of development aid (UNEP, 1992). The relationship
between poverty and natural resource availability. and the need to monitor this, is
highlighted by Friend. who points out: ‘monitoring the state of resonrces, just after
measuring poveriy, is the most critical indicator of ‘economic health' and (...) svstems
of Environmental Resource Accounting could also show how the overwhelming
henefits of conserving natural capital 1o maintain regenerative capacity of the
biosphere would provide the right political climate for the much needed (financial)
resource transfer from the rich to the poor nations’ (Friend, in UNEP, 1992:11).

Although most countries have still to develop any kind of environmental accounts,
some rescarch into green uccounting 1n developing countries has been carried oul in
the last decade. These include:

¢ Indonesia (WRI, 1989) where physical accounts were compiled for petroteum,
timber and soils.

* Costa Rica, the Tropical Science Centre, with technical support from the
World Resources Institute, compiled physical accounts for sails. fisheries and
forests.

* Mexico, where a pilot case study was sponsored by the World Bunk and
UNSTAT to link environmental and economic information and investigate
whether environmentally adjusted national income aggregates could be
denved for that country.

* Other developing countries have also made a start ai developing resource
accounts, and these include Uruguay, Thailand, Tanzania. Slovenia. The
Philtppines, Papua New Guinca, Malaysia. India, El Sulvador. Columbia,
China. and Angola. and in the case of Bruzil, water accounts have been
constructed for the purpose of national accounting.

9. Strategic resources and critical natural capital

Water is increasingly perceived as a 'strategic resource’ and water accounts have now
started being construcied which stress the economic importance of water. Although
these water accounts can help in identifying problems related to the emission of
pollutants and related to the general management of water, they do considerably limit
our understanding of the real global importance of water. Social or political
considerations arc not taken into consideration, for instance - although they are very
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important in the context of water management in developing countrics. Beside. the
1ssue of water should not be isolated to issues such as waste management, land usc.
etc. All these economic and environmental considerations are very closely linked and
should be considered as such if the management of our resources is to improve. The
notion of ‘Critical natural capital’ (Berkes and Folke, 1994: Noel und O'Connor,
1998) pays attention to the functioning of ccosystems and stresses the fact that, for
nstance, some key buffer species, determine the way in which an ecosystem keeps
functioning, or that the poalution of a certain habitat can have repercussions on other
habitats and species, ctc.

Considering issues related to the development of a WPI, it 1s important to bear in
mind that any policy tool being developed must be holistic, iregrated,
interdisciplinary and comparable on an international basis. Policy-making tools and
instruments that are currently in use, and are likely 10 continue to be in use in the
future must provide the means by which any new tools, such as the WPI, can become
implemented in a country. To achicve this, appropnate data must be collated from
both the natural and social sciences. und collected on a regular basis 10 ensure the
continucd usefulness of the tool.

Overall, it is clear that the development of data to create a Water Poverly Index may
well be the same data that would be nceded 10 develop water accounts. If water
management at a macroeconomic level i1s 1o be truly sustainable, it is essential that an
appropriate accounting mechanism be put in place. and a monitoring 100l such as the
WPI could well provide the means to show that the natural and sociab capital values
associated with water is indeed ‘non-depteting’. If however. this was found to not be
the case, appropriate mitigation strategics could then be introduced, bringing the
economy and socicty back towards a more sustainable path. Such aspirations may
scem a distant reality. but when considering the scope of human and technological
development over the next 25 yeurs, it 1s not unrealistic 1o conceive of a4 more optimal
path for human progress.

Already a paradigm shift is being seen in a number of disciplines. and within
cconomics, it is certainly clear that important notions such as the ‘nature of economic
performance’, ‘economic progress’, and the relation between our policy indicators and
the notion of welfare. have been highlighted and debated as a result of the greening-
of-the-accounts exercise. The development of a Witer Poverty Index is an example of
how these philosophical and cthical issues can be realistically addressed within the
framework of economic development and environmental policy.

10. The nced for capacity building

‘Capacity building' encompasses the variety of methods that assist local
communities to participate in, or even take responsibility for decisions which
affect their neighbourhoods (Selman, 1996: 29).

The participation of various stakeholders in policy making and valuation
methodologies. in particular, have been very much promoted. such as ‘deliberative
democracy’ (Jacobs, in Foster, 1997) in the area of environmental valuation, and
‘mutti criteria appraisal® (Stirling. 1997) in the area of policy making. Deliberative
democracy. like citizens jurics. presents the advantage of animating a debate and
hence environmental awareness amongst a community, and constitutes a combination
of environmental education and the construction of environmental values that are then
communicable to the policy-makers. The Water Poventy Index is an example of how
this may be achieved, since. if it were 1o be implemented. it would not only have use
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as an immediate pohcy tool, but also have the more tong term use of bringing about
the development of more integrated accounts of water and the impacts of its use. In
order 10 make this a real possibility. there is a significant degree of capacity building
needed, although in most instances, this is very much a case of building on what
alrcady exists. In order to implement the WPL, a small core of trained personnel would
be needed to put the framework in place and collate the data from vanious sources.

11. Conclusion

More effective water management is a major challenge faced by policy makers in the
21" century. There are uncertainties associated with water resource availability due to
climate change. as well as demographic and lifestyle changes, which wili have a
significant impact on water demand. At the same time, many govemments ure trying
lo devolve responsibility for water management to more local levels, while skilled and
experienced water managers arc being attracted to more lucrative posts in the private
scctor both at home and abroad. This has given rise to the situation where more
difficult decisions need to be made. and a more transparent process on which those
decisions are 1o be based needs 10 be developed.

The maintenance of the long-term viability of our life support system is an cssentiul
prerequisite for ensuring the possibility of a sustainable future. Since water plays such
a vital role in ecosystem integrity, its management needs to be effective and robust.
One way in which this can be achicved is through better monitoring of water
resources and their use, and through the integration of natural resource accounting
into macrocconomic systems. If this can be brought about, accounts of any changes in
natural caputal will be incorporated into national accounting systems, enabling the full
social costs and benefits of resource use to be identified and evaluated. By developing
a more comprehensive dataset on water and its use, the WP will contribuie to the
achtevement of that more long-term goal.

A typical charactenstic of poaverty is lack of access to adequate water supplies, yet
onty small amounts of water are needed to meet basic human needs and 1o relieve the
currently inequitable situation. This highlights the fact therefore that bringing about
more cffecive redistnbution of water to reduce poverty is not by any means an
impossibility. Taking the water management problem as a whole however, allocations
between scctors need to be examined, with the potential goal of highlighting current
inefficiencies and incquities in sectoral water use. By highlighting such inefficiencies,
attention can be drawn to weaknesses in the existing system, with a view to fine-
tuning water management through its more equitable reallocation. By demonstrating
the small degree of change necded to achieve real impacts on poverty alleviation,
policy makers may be persuaded to adopt the appropriate political will needed to
bring about real change.

It water as o be allocated more cfficiently o reduce the capacity deprivation which
characterises poverty (Sen. 1981:1995:1999), a more comprehensive, interdisciplinary
approach 10 its evaluation is needed. If such an approach can be developed, then not
onty will water resources be better understood, but it will be possible for policy
makers 10 1dentify those aspects of the water management problem which neced the
most atiention, and 1o invest in them more effectively to improve the human
condition.
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Appendix 9.17
Towards a Gender and Water Index

Barbara van Koppen
International Water Management Institute

1. Gender in the Water Poverty Index

The Water Poventy Index (Sullivan. 2002a and 2002b) secks to link two major global
challenges that, for too long, were addressed scparately. One is the effective and
ccologically sustainable management of freshwater resources, which  become
increasingly scarce as the demands by growing and increasingly wealthier populations
augment. The other challenge regards the social uplift of the world's poor, who arc
still left out, living below minimum standards of wellbeing, especially in rural areas in
the South. Water is an important asset in this process.

Gender 1ssues are integrated in the Water Poverty Index m various explicit and
implicit ways. Explicitly, gender-disaggregated daa were collected in a study into
domestic water provision to houscholds without a house connection in South Africa
(453 houscholds). Tanzania (377 households), and S Lanka (411 houscholds). The
results are presented in this paper. Gender issues are also implicitly addressed by
examining health and sanitation issues related to domestic water supplies among the
poor {¢f Hunt and Caimcross 2001: Sullivan 2002). Inadequate facilities are widely
known 1o atfect poor women even stronger than men. Women are not only primanly
responsible for water supply but, as caretakers for children and the sick, women often
bear a disproportionate burden of water-related diseuse. Moreover, betier sanitation
especially benefits women, who are more disadvantaged in this regard than men
(Hannah and Andecrson 2001). A better understanding of these and other relationships
is of utmost relevance for poor women, who outnumber poor men (UNDP 1995).

The present paper further expands on the gender dimensions of the Water Poverty
Index. One area to further add value regards genderissues in produclive uses of water,
especially imigation, and in water resources management, such as catchment
management. Below, some latest rescarch findings are reponied. Another addition s
conceptual and methodological. This paper eaplores a methodology for the
devclopment of a specific Gender and Water Index for integrated waler resources
management. ‘Gender’ is tuken as the very starting point, recognizing that gender and
poverty are inter-related but yet different social phenomena. Developing a Gender and
Water index 1s analogous to what the Water and Poverty Index developed for poverty.

Gender refers to the social and psychological dimensions of the relationships between
men and women, articulating how these relationships are shaped by society and its
history, norms. culture, institutions, education and socialisalion, economy, laws, and
pohtics. Biological differences between men and women as the two ‘sexes’ are
obvious reality. However, the notion of ‘gender’ conveys the wide vanation
throughout history and across the world in which different societies attribute
cconomic. cultural, and socio-political meanings 10 what is often people’s strong
identity of ‘femininity’ or “masculinity”. Gender clarifies that “sexe’ is no natural
destiny but human creation, subjcet to agency and change (Jackson 1998). Although
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gender, poverty. and water are intertwined —just like gender and other scts of sociul
relationships are- this paper explores the route of analytical distinction, at least
initially, before blending again into hopefully richer insights.

2. Rationale and Method for Gender and Water Index Development

The Gender and Water Index developed below is a decision-support tool that guides
policy makers in ensuring greater gender cquity in the basins governed. as relevant for
integrated water resources management — the focus of our attention here. A Gender
and Waler Index ailows charactenzing and comparing basins from a gender
perspective and momitoring the same basin over-ume, for example to assess impacts
of new policies. The policy relevance is the greater. if the indices relate more directly
to integrated water resources management and give better direction for feasible and
effective intervention to the policy makers, legislators, and implementers from
govemmental and non-governmental national and intermational organizations, for
which the indices are meant 1o be a decision-support tool. Indices that aim to capture
complex phenomena, as gender relations and other social phenomena typically are,
compnisc many components or ‘attnbutes’. Attributes can be expressed as indicators
and, then, indicators can be aggregated again into indices. Perhaps the clearest way to
accommodate a lay audience about the meaning of indicators and indices 1s to express
the indicator, and, after aggregating and weighting. the indices, as scores between |
and 5. The value of the score would express the degree to which the socio-politicai
goal of the users of the ool 1s achieved. or not, at a certain moment in time.

For gender relavons, contorm the Convention of Ehmination of All Forms of
Discnmination against Women (United Nations 1987) and the Platform for Action,
formulated during the Fourth World Conference on Women in Beijing (United
Nations 1995), onc could come, for example. to the following agreement about the
“gender performance of a basin™. A basin would perform well from a gender
perspective, if:

- both genders have cqual access to water and benefit equally,

- both genders bear equal costs for using water,

- both genders participate equally in (paid and unpaid) water management and

decision-making.

Such basins would receive a score of 5. The score of basins in which women are
virtually completely excluded from benefits from water and decision-making, but still
bear high costs, would be 1.

Although a score 5 for any niver basin may scem utopian at this time in history, this
does not challenge the rationale and method for the development of a Gender and
Water Index as such. However, there is an important issue here: water management is
only one aspect of the many factors that shape, change, or perpetuate the socio-
cconomic, historical, cultural, and political relations between men and women.
Gender equity requires more changes in society than only those depending upon ways
of govemning water. Nevertheless, the rationale and method for index development as
such remain valid if one wants to compare river basins from a gender perspective,
However. it warrants a betier understanding of the muluple relationships between
gender and water. Morcover, action only within a narrow water sector is insufficient
to reach a higher gender score. We come back to this.
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The modest aim of the present paper is to explore just the very first step of a Gender
and Waler Index. which is the idenufication of key attributes to be included in such
Index. The attributes are a synthesis of key issues highlighted in global literature and
debates on gender and water during the past decades. Each key attributes is
researchable cither in the conventional way or with a more participatory method.
While some data may already be available, the collection of other data may 1equire
more or less ctfort. As for ather basin characteristics. data tend to be available at other
levels than basins. Regrouping of results-according to river basin boundaries 1s still
nceded. While the methodological teasibility of measuring the attributes and hence
their appropriateness for verifiable indices development need to be kept in mind, the
single most important first step 1s consensus on the attributes. This is the basis for
sccond steps, such as the conceptual development and empirical measurement of
indicators of each attribute and their aggregation into one index.

We now come back to the nature of the relationships between gender relations and the
natural resource of water. These relationships are more or less evident and strong. In
this paper we highlight the morc or less proven relationships. Attributes for which the
relation with water use and management is clear and direct are called ‘Direct Gender
and Water Attributes’. Attnbutes that highlight underlying processes that indirectly.
but often forcefully, impinge upon gender dynamics in water use and management are
so-called ‘Integrated Gender and Water Attributes’. The ‘Integrated Gender and
Witer Attributes™ huve been identified in research, although hardly any quantification
on the relationships has been undertaken as yet. Integrated attnbutes constitute
important conditions or ‘prior issues’ that influence the more visible. direct
relationships. Without addiessing those prior issues. water policy makers nsk just
scratching a surface, without ever reaching even a score 2, or 3, let alone score 3, if
we take the above-mentioned example in which score 5 expresses equal access to
water, cqual benefits and costs, and equal participation in paid and unpaid water
management decision-making,

The less visible but yet important attributes are called ‘Integrated  Attributes’,
conforming the global recogmtion that a more comprehensive approach to water
management, or Integrated Water Resources Management. is needed (Global Water
Partnership 2000). However. up till now, Integrated Water Resources Management
(IWRM} was interpreted in a limited way uand confined to the physical and
hydrological aspects of water management (quantity-quality: surface-groundwater:
upstream-downstream: basin-boundarics). As we will show. it 1s both needed and
fruitful to elaborate the concept of IWRM to also address complex relationships
between the natural resource water and social relations, such as socictics’” gender
relations and other socio-economic, class, caste. and ethnic relations. Underlving
social processes can be better understood if the call for Integrated Water Resources
Maunagement 1s better applied to the social dimensions as well.

Basically, a more integrated approach 1s a matier of common sense. Even daily
discussions on gender and water. especially water for productive purposes, quickly
reach the point in which gender characteristics not obviously related to water scem
more important, such as women’s limited education or women's limited access to
land. Education, land. and other factors emerge spontancousty as prior social
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conditions, or ulumate desired impacts, of effective Integrated Water Resources
Managemeni.

A review of literature, including ongoing debates in the elobal Gender and Water
Alliance (Maharaj 2002), resulted in the following list of gender issucs that have been
identified as relevant. cither as Direct or Integrated Gender and Water Attributes.
They should. in any case, be included in a Gender and Water Index that assesses the
performance of river basins from a gender perspective. All attributes are policy-
relevant and can be measured empirically. The development of the method for the
latter and its implementation can be taken forward once there is consensus about the
list of relevant attributes.

Table 1. Overview of Direct and Integrated Attributes of a Gender and Water Index

DIRECT AND INTEGRATED ATTRIBUTES
OF A GENDER AND WATER INDEX

.

! Minimam and Shared Intra-Household Casts for Domestic Water

Attribute |- Direct Minimum Costs for Safe Domestic Water
Attmbute 2- Direct Shared Costs for Safe Domestic Water
Atiribute 3 - Direct Waomen's Equal Participation 1n Community Decision-making

2. Equal (Self-) l;'mph;\'meur aned Other Benefits from Water for Productive Uses

Aunbute 4 - Direct Women Formers™ Equal Access to Water for Producime Use

Aunbute 3 - Direct Wamen Fanners” Equal Participaiion in Warer User Associations
| Equal Access 10 and Control over Water-dependent Enterprises
Autribute 6 - Integrated

Sharing in Water-related Employment and other Benefits
Attribute 7- Integrated

2 Equal Participation i | Unptlml and Pard ) Water-related Decision-making

| Atribute 8 - Direct Women's Equal Participation in Water-related Decision-making
Attribute 9 — Direct/ntes. Gender-disaggregated Data
Atnbute 10 - Integrated Women's Equal Education and Inclusion in Public Governance

3. Minimizing and Sharing the Intra-Household Costs for Domestic Water

[n poor households in which household water connections are still lacking, the task to
provide water for household use is often gendered in the sense that men and women
have different obligations to contnbute 1o this aspect of family welfare (Van Wijk
2001). Water provision 1s one of the tasks integrated in the broader socictal gender
patterns m which unpaid domestic and income-generating tasks are divided. For
example. men may be responsible for the digging and upkeep of public village tanks
or wells. thus controlling the access to the resource, while women take up most of the
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laborious task of daily water fetching for their houscholds. Elsewhere. for example in
cultures where women’s seclusion s strong, male kin may also take up these latter
responsibilities, especially when it involves more sophisticated means ol transport,
like bicycles.

In the context of the Water Poventy Index, detailed comparative empirical rescarch
was camed out into prevailing divisions of houschold water provision tasks in
villages in Soutir Africa, Tanzania. and Sn Lanka, the results of which e
summarized in Table 1, Table 2, and Table 3. Salient findings are the folowing,

In all villages in all three countries, women are the water carriers in the large majority
of households, varying from 83% 1o 91%. Men and children are clearly less regular
contributors, but the pattems vary considerably. In Tanzania, in 6% of the
households only are men also providing water. In South Africa, this 1s 20%. In Sri
Lanka, however, this varies substanuvely in the four villages studied. In
Awarakotuwa, as many as 64% of the households have men who carry water, while
thisis only 17% in Tharawatta — similar to the African villages.

For children, the pattem is the reverse: African chiidren contribute more ofien than
their fathers to water provision, 37 and 42 % in Tanzania and South Africa
respectively. However, in Sn Lunka, children contribute in less than 15% of the

- houscholds. (In interpreting these data, one should note that the proportion of children
of the defined age also differs). These patierns are also reflected in the averages for all
houscholds in the respective villages in terms of, fist. number of houschold members
by gender and age that regularly carry water and, second, in terms of the number of
trips that the respective household members make. on average. and, third, in terms of
volume of water contributed.

What 1s interesung in the African surveys in which this question was particularly
asked, is that, if men carry water, they bring larger volumes of water than their female
kin per tnp. Children, on the other hand, bring less than both adult men and women.

Overall, the labor costs to provide water are huge. especially for women and in the dry
scason. In South Afnica, women spend up 10 119 minutes per day for this chore: in
Tanzania, 1t 1s even as high as 416 minutes in the dry scason. In Sri Lanka, the time
inputs even for a normal day are high, varying fiom 97 10 221 minutes. Yet, the
volumes of water available per person per day in all sample villages are still below or
even way below the quantities recommended by the WHO of S0 liters per person per
day. For South Afnca the volume is even as low as 18 liters.
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Table 1. Water provision by gender in South Africa (Ethembeni, Latha, and Wembeazi) for
households without connection*

Sample demographics

number of households 453
number of persons in sample 4346
percentage adulls 61
percentage children 39

Water provision

wet season; lime per trip {min) 35
dry season: time per trip (min) 35
households with women water carriers (no., %) 413 (91%)
households with men water carriers (no., %) 80 (20%)
households with children water carriers (no., %) 167 (37%)
women men children
average volume per trip {Itrs) 22 32 14
average number ol persons per irip per day
first trip 1.6 0.3 0.6
second trip 1.2 0.2 0.3
third trip 0.7 0.1 0.2
average number of trips per person per day 34 0.5 11
wet season average time per person per day (min) 118 19 a7
dry season average time per person per day (min) 119 19 37
average volume provided per person per day (ltrs) 84 14 16

average household
total volume available per household per day {litrs) 115
total volume available per person per day (ltrs) 18

' 159 households have a household water connection, mainly in Wembezi
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Table 2. Water provision by gender in Tanzania (Nkoaranga, Samaria, Majengo, Kijenge) for

households without connection*

Sample demographics
number of households

number of persens in sample
percentage adults
percentage children

Water provision
wet season, time per trip (min)

dry season: time per trip (min)

households with women waler carriers (no., %)

households with men water carriers (no., %)
households with children water carriers (no., %)

average volume per trip (ltrs)

average number of persons per trip per day
first trip
second trip
third trip

average number of trips per person per day

wel season average lime per person per day {min)

dry season average time per person per day (min)
average volume per person per day (Itrs)

average volume available per household per day (itrs)

377
2592

52

a8

142

164

312 (83%

59 (16%

158 (42%

women men
as 66
1.1 0.2
0.8 0.1
0.6 0.1
2.5 0.3
360 45
416 52
85 14

average household

127

average volume available per person per day (ltrs)+A18 28

*104 households have a household waler connection

children
39

0.4
0.2
0.4
0.3

135
156
28
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Table 3. Water provision by gender in Sri Lanka (Agarauda, Awarakotuwa, Tharawatta,

Tissawa) in 411 households without connection

Sample demographics

Village
Agarauda Awara-  Thara- Tissawa
kotuwa watta

number of households 65 120 83 143
number of persons 282 500 346 579
percentage of male adulis 36 34 37 40
percentage of female aduits 35 36 34 40
percentage of male children <14 13 14 13 11
percentage of female children <14 16 16 16 9
Water provision
wet season; time per trip {min) 15 23 47 13
dry season: time per trip (min) 18 71 92 24
households with women water carriers (no., %) 57 (88%) 107{8%%) 74 (89%) 120(84%)
households with men water carriers (no., %) 29 (45%) 77 (64%) 14 (17%) 79 (55%)
households with children water carriers (no., %) 10 (15%) 8 (7% 6 (7% 20 (14%)
average number of household members regularly
providing water

women 1 0.9 1.1 1

men 0.5 06 0.2 06

children 0.1 01 0.1 0.1
average volume per trip {ltrs) 25 24 26 25
average number of trips per normal day 7.3 6.4 47 7.5
average volume available per household per day (lirs) 185 153 121 186
average volume available per person per day (ltrs) 43 37 29 46
total time per household per normal day {min) 105 147 221 97

The empirical findings of this research underline the need 1o include the following
attributes in a Gender and Walter Index.

Attribute 1- Direct: Minimum Costs for Safe Domestic Water

Consensus is broad that the extent to which especially poor women but also poor men
arc liberated trom the former labor or excessive cash burdens. is a major
manifestation of ‘good gender performance” in a river basin. Obviously, better water
supply 1s especially important for the poor whose access to factlites is weakest.
Moreover, for them, cash costs, both absolutely and relatively as a proportion of the
imcome, are often exorbitantly high. New facilities should be affordable for them. The
latter goal incited, for example. the government of South Africa to provide the first
6000 hters per houschold per month for free, through cross-subsidization by higher-
volume users who pay higher tanffs, and through statc support. Domestic water
supply projects by national and international governments and NGOs can significantly
change and improve women’s and men’s wellbeing and gender relations.

Attnbute 2- Direct: Shared Costs for Sate Domestic Water

Gender equity in the division of the remaining cash and labor obligations within
houscholds 1s another direct gender attribute. embedded in the social paterns in which
men and women divide their contributions to household welfare. Empirical insight in
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this issuc is sull imited. An anccdotic example in Niger tells that women continued
taking the lion share of the new obligations after installation of a borehole. even when
this required cash investments. In other situations where taps were newly installed. as
in Mashabela. South Africu, the relative casiness of the new water points stimulated
men to also fetch water. unlike before. However. most men did not change their
overall contributions to the houschold expenditures in order 10 pay these new costs
(Van Koppen and Makola forthcoming). Where house connections are full-fledecd.
gendered labor input for water provision has become irrelevant. The issue of the way
in which men and women contribute 1o the cash costs is again a matter of intra-
household pattems of obligations for expenditures for household welfare.

Attribute 3 - Direcct: Women's Equal Participation in Community-level Decision-
making

A third gender attribute in domestic water supply is community-le vel decision-making
and the access 10 possibly new paid emplovment opportunities, Community decision-
making in projects includes the site selection. technology choice. training and capacity
building. membership rights and obligations. composition of the commitiee including
the leadership positions, paid positions of operators and mechanics, ete. This attnibute.
in which agencies themselves play the major role, has been well studied. There is
strong cvidence in the water sector that women's inclusion in community-level
decision-making on domestic water supply on the same footing as men’s considerably
cnhances the efficiency and chances for sustainable adoption of the new facilitics (¢f
Van Wijk-Sijbesma 2001 UNDP/SEED 2000).

4. Ensuring Equal (Self-) Employment and Other Benefits from Water for
Productive Uses

Water 1s a also crucial input into income-generating activites, especially m rural
arcas. Sclf-employment for incomes in kind and cash in rural houscholds in the form
of gardening, cropping, livestock, fisheries, forestry, small industries. etc. critically
depend upon water and, hence. the technologies o better manage water, mitigate
periods of drought and protect against adversities like soil crosion. flooding, and
increasingly pollution. As direct water users in such sell-employment. both men and
women require, in the first place, access to appropriate land and water management
technologies to improve their access to water for the divers water-related enterprises,
Second, once the physically available water resources are being committed and
competition for the scarce resources increases, waler allocations to female water users
nced 1o be as well protected, if not expanded, as water allocations to male water users.

Attribute 4 - Direct: Women Farmers’ Equal Access to Water for Productive Purposes
Aunbute 5 - Direct: Women Farmers™ Equal Participation in Water User Associations
Direct Gender Attributes have been extensively documented for the case of irrigation.
They follow from the need of women farm decision-makers to obtain access to waier,
on the same footing as men farm decision-makers, to improve the producitivy of their
water-dependent cnterprises. Worldwide, numerous cases have been documented in
which women farm decision-makers were bluntly excluded in the construction of new
irmgation schemes (Hangar and Mormis 1973: Dey 1980:; Zwarteveen 1994: Van
Koppen 1998; Memrey and Baviskar 1998). Women farmers who, before the project,
had strong local rights to land in the new command area or women who were well
included in local armrangements 1o obtain water rights through participation in
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construction works (Prins 1996), were simply expropriated, often from one day 10 the
other, because of projects that were heavily hiased in favor of men. This had negative
impacts on the production in the new schemes, as women withdrew labor or even
completely abandoned these sites by lack of own benefits (Jones 1986: Cameyv 1988).

Thesc project failures raised awarencess and sensitivity among irrigation professionals.
Various more recent imgation projects pioneered into including both men and women
farm decision-makers from the design phase of the project onwards.  They
consequently achieved better productivity and equity. These projects proved to be
more successful. in terms of canal maintenance, cost-recovery. and dynamism of
Water Users Associations and their committees (Hulsebosch and Ombarra 1993:
Arroyo and Boelens 1997: Van Koppen et al. 2001). So both for the purpose of gender
equity and sustaiable productivity, women farm decision-makers should be equipped
with the same technical means 1o access water and be equally included in Water Users
Associations as men, both as members and leaders.

In the above, we focused on the access 1o imigation technologies and institutions for
women fann decision-makers. Depending upon the local situation. which highly
varies over the globe. a considerable proportion of farm decision-makers can be
women. This is the case, for example, in areas with high male out-migration like in
parts of Eustern and Southem Afnca (Safiliov 1994; Van Koppen et al. 2000). but
also in Latin Amernica and Asia: or for specific agro-ccological environments like
wctlands in West Afnica (Richards 1986); or for homestead cultivation worldwide.
Such farming systems with about equal or even more than, say, a two-third majority
of women are called respectively “dual” and “female farming systems’ (Safiliou 1988:
Van Koppen 2002). The gender aunbutes discussed concemn especially female or dual
farming systems.

Male farming systems are defined us farming systems in which the majority of farm
decision-makers, say more than two-third, are male. Mate farming syslems are found
in areas in countrics like India and Nepal, although, often unexpectedly, there may
also be exceptions (Zwarteveen 1996). In arcas with such male-dominated agrarian
structure, women 1n most turm houscholds arc merely unpaid farm laborers. whosc
contributions are confined to the laborious, unskilled tasks. Irmigation is rarely a task
for which women are primarily responsible. Core tasks like irrigation, which highly
influence the success of the enterprise and often require specific skills. monetary
investments, and contacts with outsiders, are monopolized by men as a gender. When
the income status allows, female kin is replaced by male or female wage taborers.

The minority of women farm decision-makers in such male farming systems not only
faces prejudices from the intervening agencies, as the case mentioned above. but also
from gender-biased local arrangements. As a corollary, agencies seeking more
gender-inclusiveness for this minority of women farm decision-makers have to
challenge local norms and practices. Agencies are bound to counter male resistance in
male farming systems, while in the dual and female farming systems mentioned
above, agencics’ just have to go with the rather equitable local gender relations, rather
than introducing new gender exclusion (Van Koppen 2002).
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Attribute 6 - Integrated: Women's Equal Access 10 and Control over Water-dependent
Enterprises _

In male farming systems, the majority of women face primarily the “prior” gender
1ssue that they lack control over own economic enterprises and their outputs. The fact
that water 1s one input in comprehensive production sysiems makes water a special
resource. Once women (or any other social category) are excluded from opportunitics
lo manage own cnlerprises, it implics that it is rather meaningless to improve their
access 10 just one input, waler. Instead, the first issue 1s to get access to the range of
factors needed for their own enterprise, such as access to land. other technologies,
skills, and markets, togerher with access to water. Access to land. the key resource in
agrarian  societies, is probably the most important factor (Agarwal 1994),

The need for a broader, holistic perspective on economic opportunities rather than just
one input tn an enterprise, water, is nol limited to the collective irrigation schemes and
Water Users Associations. The same principle holds true for other water-related
technologies for cropping. such as individual small-scale land and waier management
technologics, like treadle pumps, bucket drip wngation. water harvesting, soil

“conscrvauon, cte. Morcover, the same principles hold true for other water-dependent
enterpnscs than cropping. Women’s own access to and control over water-dependent
enterpnses 1s an Integrated Gender and Water Attnbute 13,

Altnibute 7- Integrated: Sharing in Water-related Employmeni and other Benefits

In the above, we discussed role of water in raising the productivity and profitability in
sclf-cmployment for women and men as direct water uscrs. There are other ways in
which women and men can benefit from water. First and foremost. they can find wage
employment in water-related cnterprises, in a sense, as indirect water users. Wage
employment 1s gencrated in farming. cattle rearing. fishing. forestry, mines. tourism
business, ctc. Second, women and men can benefit from hydro-power, navigation. and
other functions of water in society. )

The number and the types of jobs created for women compared 10 men in water-
dependent enterpnses is an important Integrated Gender and Water Attribute. For
example. a basin in which a large proportion of water is used 1o create massive
employment for poor women would have a Gender and Water Index with a higher
scorc than a basin in which much water 15 used for tourism that generates benefits
only for a small international tounist company and & handful of foreign tourists. ‘Jobs
per drop for (poor) women and men’ is an Integrated Gender and Water Autribute that
may influence allocation decisions rcgarding sectors that give most equitable
employment. However, it also refers to realms beyond water management: gender-
segregated job markets.

13 For the specific case of collective irrigation schemes. the Internatonal Water Managemem Institue
developed a Gender Performance Indicator for Trrigation that captures the above-mentioned dynamics
in turther detail. It is based on nine comparative case studies in Asia and Africa. The Gender
Performance Indicator for Irrigation is a generic decision-support 1ool for policy makers.
interventionists, and researchers that accommodates huge vanation in the gendered organization of
farming worldwide. It gives the methodology to assess whether a farming system is a male. dual. or
female farming system. and whether gender-based inclusion or exclusion from irrigation institutions
takes place at farm. forum, and leadership level This allows identifying reatistic and effective action
for gender-inclusive irrigation intervention or. as local reality requires. intervention for women's
broader economic empowerment {Van Koppen 2002).
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More rescarch needs to be done on measuring ‘jobs per drop’ as an alterative for
economic benefit calculation, expressed as just one overall figure of monetary profits
made, 1gnorning the distnbution of water-related wealth between men and women (or
poor and non-poor, or any other categones of all citizens).

5. Equal Participation in (Unpaid and Paid) Decision-making

A Tast sct of Gender and Water Attributes with both direct and integrated dimensions
has received relatively ample attention: women’s and men’s equal participation n
decision-making bodies on water issues. Above, we alrcadv mentioned the usually
voluntary commumity-level drinking water commitices and Water Users Associations
for irngation. Decision-making also encompasses other government and non-
governmental organizations, both volunteers and professionals, non-profit and
commercial. With a growing call for public participation in integrated water resources
management from local to basin level, new networks and inslitutions are being
creatcd. Education, training. and research institutes are other bodies involved in
decision-making. perhaps more indirectly. With increasing activities of commercial
companics in the water sector, gender staffing becomes an important issue there as
well. In all these organizations the issuc of gender equitable participation arises.

Attribute 8 - Direct: Women's Equal Participation in {(Paid and Unpaid) Water-

related Decision-making

World-wide, considerable gender gaps have been observed in the compositon of

decision-making bodies i sector-based water management and integrated water

resources management, although gaps are somewhat closing (Athukorala and

Tortajuda 1998, Schreiner 2001). Direct Gender and Water Aurbutes for equity in

decision-making could encompass characteristics such as:

- the proportion of women in formal or informal institutions at the various levels of
decision-making (members, management/lcadership, technical staff)

- salary scales for equat work

- access to conventional and modem information channels and quality of
information provision to men and women

- 1nlensity of participation in decision-making which can range from just being
listened to. to the ultimate decision-making powers.

These attributes would also encompass policies, laws, and other actions for change,

and their enforcement, including:

- gender machinenes for planning and enforcement at highest decision-making
levels

- gender-specific and affirmative recruitment policies. such as quota s ystems

- capacity buillding and gender-awareness raising tor women and men; networking
and orgamization, cxchange visits

- monitortng, evaluation. and other means for enforcement of gender-sensitive
measures

- performance evaluation/rewarding of both men and women functionarics for the
degree 1in which they perform their jobs or functions in a gender-sensitive way.

- NGOs for advocacy: movements and campaigns
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Attribute 9 — Direct and Integrated: Gender-disag gregated Daia

The avanlabiluy of gender-disaggregated data 1s a crucial condition for any gender-equitable decision-
making. Itis atso a performance indicater for research insti tutions and universities. whose primary lask
18 to generate high-quality data. This is vahd tor general and water-specific data,

Attribute 10 - Integrated: Women's Equal Education and Inclusion in Public

Governance

‘The following phenomena are essential conditions for equal participation in water-

relatcd decision-making (and often society’s distribution of paid and unpaid tasks as

well). They include attnbutes such as:

- Literacy, Languages, and School Enrolment, which are important for cconomic
opportunity-creation, but also for leadership positions in governing bodies

- Mobihty, Transport, and Communication
Financial and cultural constraints negatively affect women's relative mobihty and
access to means of communication (telephone, email), which is often required to
participate in decision-making

- Participation n Politics, Admi nmistration, Networks, ele.
Decision-making in the water sector is embedded 1n intemational. national and
local political bodies and government administration, s0 women's exclusion from
these bodies is inevitably reproduced in the water sector. As a corollary, more
gender-balance in general public governance spheres can support and cross-
fertilize imtiatives in the water sector. Especially NGQOs are interesting in this
regard. Women are well organized in. for example. NGOs in India (e.g. Self
Employed Women) or Bangladesh (Grameen Bank. BRAC. Proshika). Such
NGOs can bc highly instrumental in the implementation of the attributes
discussed: mimmizing and equal sharing of domestic labor for water supply:
cnsuring egual employment and other benefits from productive water use: and in
equitable decision-making in water-related decision-making forums

6. Conclusion

The totahty of above-identified attnbutes for @ Geender and Water Index would help
assessing how well a river basin ‘performs’™ from a gender perspective. and where
tfurther feasible policy and intervention is needed. in order to ensure that both genders
have cqual access to water and benefit equally: beuwr equal costs for using water; and
participate equally in (paid and unpaid) water man agement and decision-making.

[t 1s clear that direct attributes alone are insufficient to reach such broader goals. The
integrated attnbutes identified, for which the relation between gender and water use
and management is less visible but plausible, are also important. Yet. for a range of
attributes that are manifestations of gender relations per se and that figure high on the
world’s gender agendas, 1t i1s yet to be clarified how they relate to the ccologically
sustainable management of freshwater resources. Examples of such gender attributes
are reproductive nights issues and fertility and women's and men’s health and hfe
expectancy {(besides those health aspects related to donking water, hygiene, and
sanitation). dependency ratios for women and men providers, male-female ratios,
gendered infanticide. violence against women. women's higher vulnerability for
HIV/AIDS, etc. Intuitively. one would expect that such gender characteristics are also
important underlying conditions for river basins to obain a score 5. However. such
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relauonships have not been explored as yet (except for health impacts of drinking
water and hygiene. as at least partially addressed in the Water Poverty Index).

In sum, therefore. if "gender’ is taken as starting point of index development, it not
only corroborates the importance of attributes addressed in the empincal research of
the Water Poverty Index in South Africa, Tanzania, and Sni Lanka. There is added
value in at least three respects. First, this approach underlines the need 1o address a
wider range of direct attributes, including those regarding productive water use and
participation in decision-making in general. That implies fostering:

- Minimum costs for safe domestic water

- Shared costs for sufe domestc water

- Women’s participation in community decision-making

- Women farmers’ access to water for productive purposes at furm level

- Women farmers’ participation in Water User Associations

- Women's participation in water-rclated decision-making

- Gender-disaggregated data

Sccond, 1t highlights where a narrow focus on water alone would be misleading and
where an integrated approach 1s needed if water policy makers want 10 be effeclive
and realistic. This implies fostering:

- Women's Access to and Control over Water-dependent Enterprises

- Shanng in Water-related Employment and other Benefits

- Women's education and inclusion in public governance

Last but not least, starting with gender stimulates further analysis of the complex
relationships between water and gender. cven if a gender-equitable river basin, or
society in general, remains utopia for the near future.
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Appendix 9.18
Water and Poverty -an Econometric Approach

14. . ‘e R . . 1
lan Walker ™ Anna Maria Giacomello'™ Caroline Sullivan and lan Walker'®

1.1Introduction

In our work on the development and testing of the Water Poverty Index, we felt that it
was worthwhile to try to investigate the relationship between water and poverty using
the more formal approaches of cconomic analysis. based on econometnics technigues.
Econometrics can possibly help us to identify variables, which are most significant
when determining the links between water and poverty. This could make the
refinement of any survey questions for example, more carcfully targeted towards the
very specific bits of details, which may be having the greatest effect. More
importantly, an econometnc methodology allows us o guantify the size of the
rclationship between the consequences of water poverty and the factors that canse it.

To date we have only been able to make a preliminary investigation of this work, and
we have made a start by looking at the WPI data from the point of view of how
specific variables may influence specific outcomes.

The findings we have achieved so far are tentatively presented here. with the clear
statement that this is very much work in progress and which needs 1o be taken much
further before results can be taken to be definitive. For this reason, we present this
material here in note format, in order to ensure that the reader bears in mind the
exploratory naturc of this part of the work.

Due to the nature of the problem, there are a number of alternative approaches that
could be used to produce an index of how “watcr-poor” houscholds are.

Motivation

We care about “water poverty” because low volume/quality and/or high price of water
are associated with diseases and other bad owtcomes for households. Some of thesc
outcomes have externalities associated with them — such as the spread of discase.
Morcover water supplics may be subject to high fixed costs and low marginal costs.
Finally. water supplies may be difficult to establish propersy rights over.

For all of these reasons water may have, at least in part. the characteristics of a public
good and hence we might expect water supphes to be “‘under-provided™ by the
workings of the market mechanism Thus. there are good reasons to believe that the
efficient provision of water requires some form of government intervention.

14 Department of Economics, Umversity of Warwick
15 Centre for Ecology & Hydrology. Wallingford
16 Centre for Ecology & Hydrology, Wallingford
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Data

The aim is to relate measures of water quantity. quality, availability and reliability to
houschold outcomes — disease ete and to relevant household characteristics (such as
number of adults and children)

2.1 Desirable properties of a WPI

This WP index should be “aggregable™ so we can move from a houschold index to to
assess the degree 1o which an “area™ is water poor. The index should tetl us what to do
to improve WP. Thus, if X| or X2 are the factors that determine our measure of WP
then we would like to know whether 1t would be best to improve X| or X27 Should

we improve WP in some areas and not others? The index should tell us when to stop
improving it. That 1s, at what point does it ceasc to be sensible to stop reducing WP?

Methodology

The methodology 1s to quantify the outcome(s). ¥, and relate it (them) to water
measures and household characteristics, X. Then define the household specific degree
of water poverty (WP) as, say, some “distance”™ measure (how poor), or an “indicator”
measure (poor or not) of Y relative to some chosen {and maybe. arbitrary) benchmark
for the outcome(s), ¥ .

A simple example of this approach

Suppose there 1s some outcome measure Y and some observable X's. We estimate
Y, = X,[+ e, where e, captures the unobservable determinants of ¥ for household /.

Save the estimated ,[;'s

Then define Y as the “threshold” level for ¥ so we can then define the set of
combinations of X; and X, that yield a level of ¥ =¥ . Thence the “poor” are those
households that are predicted to have a Y,, >V

We can extend this idea so that the “depth of poveny™ of a water poor houscholds is

the extent to which X, (the factors that determine the outcome Y) needs to be reduced
to achieve Y .

A 2-X,1-Y example
Suppose there are two factors that affects one outcome and we have estimated the
relatonship between them as

Y=10+5X,+2X,

Suppose we fix a poverty threshold as the level of owcome Y =100. Then ¥, > 100 if
X, >18-04X, . That is the diagonal linc in the figure below defines the
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combinations of the X determinants that would just put a houschold in water poverty.
Thus, household A is “poor™ and its deptlt of poverty 1s QA/OB.

X;

18 Wiii‘ér“pogr

Water rich
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3. Applying an ordered-probit model to the analysis of
household welfare-water relationships.

3.1 Analysis of the Impact of Water Supply on Household Welfare

This scction explores how water supply impacts on factors that are associated with
household welfare or well-being. In particular, since we arc concemed with policy
towards water supply, we look at how the distance {rom the household to the water
supply used (in both wet and dry seuasons), the nature of ownership of the water
supply used, and the quality of water supply used affect the incidence of diarrhoea and
the time spent collecting water by the household.

Diarrhoea is an important problem 67% of households report "many” incidences!6.

Table 1. Investigating what factors influence diarrhoea

Honw Ty m”f’“ Code Frequency Percent Cumulative
had diarrhoea? ’

Many times 3 1016 6746 67.46
Occasionally 2 350 23.24 90.70
Never 1 140) 9.30 100.0

Total 1506 100

The relationship between this and the distance 1o water supply is important for
planning the development of water availability. Betlow we estimate the relationship
between the “probabilitics of never/occasional/many diarrhoea”™ occurring using an
"ordered probit” model.

MODEL 1 - Investigating the importance of distance from
water source

This model ts deliberately parsimonious to illustrute the ideas. The data used in the
estimation are: the dependent vanable is Diarrhoea data (3 = many times. 2 =
occasionally: | = never) while the explanatory vanables are Distance from source in
the Dry season, Distance from source in the Wei season, Number of children in the
household, and Nwumber of adults in the household. The ordered probit estimates are:

Number of observations 1076

LR ch2(4) 25.36

Prob > chi2 0.0000
Log likehihood -779.70738

6 K must be noted here that there are many difficulties n collecting health data. and the responses
elicited by the questions used in the survey may be only a rough representation of the actual situation.
but the object of using this data was to coniribute 10 the process of testing the WPT methodologies on a
level playing field (ie the WPI dataser). The reliability of this model should be verified using uther
more comprehensive datasets such as those provided by the WHOQ/UNICEF Joint Monitoring
Programme. This could be incorporated into any work on the 2™ Phase of the WPI.
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Pseudo R2 0.0160
Diarthoca Coef Sud Em, t P>l {953% Coni. Imerval]
Distance dry 0043576 0012881 3.38 0.001 0018329
0068822
Distance wet -.003921 0014206 -2.76 0.006 - 00067052
- 00011307
Children 0370508 0160283 223 0020 004159
6906426
Adulis 0371013 0170144 218 0.030 0036653
0703606
_cutl 878732 0789132
(Anciilary parameters)
_cui2 1.811466 0929859

It secems that diarrhoea incidence is increasing with distance in the dry scason
(positive (cocfficient of 0.0044) and statistically sigmificant effect (its t value exceeds
2)) and negatively correlated to distance to water supply in the wel scason (again
statistically significant). This model controls for the number of adults and children -
naturally we find that more people 1n the household is associated with more diarrhoca.

MODEL 2 - Refining the model for site specificity

The simple model above is very parsimonious. We might expect that people who live
in the same village to be more similar than pcople in different villages - for example
they expenence the same weather. The results betow add “village fixed effects” to
control for any local cffects that might be common to all houscholds within cach
village. There are significant differences across villages - but the effects of distance
remain significant.

Data used in the iterations are:

- Diarrhoca data (3 = many times: 2 = occasionally: | = never)
Distance from source in the Dry season
- Distance from source in the Wet season
- Numbcr of children in the houschold
- Number of adults in the houschold
- Dummy vanables for each village:
- wvillage_12: itis | for KwaLatha and 0 for all the others villages,
- village_13: itis | for Wembezi (informal) and O for all the others villages:
- village_l4: itis | for Wembezi (formal) and 0 for all the others villages:
- wvillage_21: itis | for Nkouaranga and O for all the others villages:
- village_22: itis | for Samana and 0 for all the others villages:
- vitlage_23: 1t1s | for Kijenge and O for all the others villages:
- vitlage_31: wis | for Agarauda and 0 for all the others vitlages.
- wvillage_32: s | for Avarakotuwa and O for all the others villages:
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- village_33: 1tis | for Tharawaththa and 0 for all the others villages: and
- villuge_34: itis | for Tissuwa and 0 for all the others villages.
The four Sri Lanka villages have been dropped due w collinearity. The ordered probit

cstimates are:

Number of obscrvations
LR chi2(I1) '

Prob > chni2
Log likelihood
Pscudo R2
Diarrhoea Coef
Distance dry 0049327
Distance wel - 0043009
Children 0072095
Adults 0184343
Ivillage_12 LLT79608
Ivillage_13 -1.231953
Ivillage_14 -1219918
tvillage_21 - 4576756
Ivillage_22 - 8175853
Ivillage 23 0530689
Ivillage_24 - 9685858
e 1968619
_cul? 1.265174

1076

193,10

0.0000

-695.84057

0.1218
Sud. Em YA
0014186 348
0013699 .2.93
0175926 0.41
0189898 .97
1524627 0.77
1679063 746
1863104 £.55
1681073 272
2093200 391
159247 0.33
1893175 511
1577331
1630923

0003

0682

0332

0.439

0000

0.000

0.000

0 000

0739

0021523
077131
-0071819
- 0014199
-0272714
0416904
- 018785
0556535

- 1808606
4167821

-1.581045
9228044

-1 585079
- 8547502

- 1871599
- 1281913

-1.227840
-4073245

-.2590496
3651874

-1.339754
-5974176

As in the previous model distance 10 water supply in the dry scason is positively
correlated with diarrhoea 1ncidence and it is statistically significant; also distance 10
waler supply in the wer season is still statistically significant and the correlation with
diarthoea is negative. In addition to the previous model a dummy variable was
included to represent the specific characteristics of each village. As it possible to
observe (in the table above) most of the dummy variables used 10 represent villages
are statistically significant: this indicates that there are local factors that might be
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common to all houscholds within cach village that are different across the villages and
that can help to explain the diarrhocea mcidence.,

4. Econometric Complications

Use actual or predicted Y7

Depends on how vou interpret ¢, These errors may indicate random measurement
error (which should be set to zero to compute poverty) or may be permanent
unobservable factors (which should be included in computing poverty). Ideally panel
data would allow us to discnminate between the two.

Functional form

Y may not be linear in the X variables. One might use non-parametne methods to
cxplore this.

Causality

Some of the X's may be correlated with the ¢’s. So correlation between ¥ and one (or
more) of the X's may be spurions. That is, when you change the X you will find that ¥
does NOT change (in the way suggested by the estimated equation). This 1s  an
important 1ssue and motivates some expenimental design to evaluating the cffects of
water supplies on the outcome.

Y may be discrete rather than continuous

For example ¥ = 0,1 {corresponding to, say, bad or OK). In which case we could
define a “latent” variable Y* such that

y = Lif Y >0
0 otherwise
Or ¥ may be constrained (1o be non-negative, say)
-C.g8.
Jyroity >0

Y =
l 0 otherwise

Y may be a “count” (say, 0,1,2,3.4..) or “ordered”™ (say, poor, OK, good) or unordered
(red, blue, green)

In these cases appropnate estimation techniques have to be used.
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5. Theoretical Complications
The conditions under which one might aggregate across housholds with a single ¥ are

Irmited. A number of measures do satisfy the aggregation conditions. For example
H *“headcount”

This is the proportion with -¥ > ¥ This measure 1s bounded but has the undesirable
feature that it assumes shallow poverty is equaily as bad as deep poverty. Morcover,
1t ignores those just above the poverty linc

P “Poverty gap”

> min(0.Y, -Y)/H

This relates to average depth of poverty . The measure is
unbounded. It ignores those above poverty line and produces an
index that “weights” deep poverty more than shallow poverty.

A wide variety of other measures could be used.

Cost benefit analysis with single Y

It would be useful to be able 1o define objective function In money terms o we can
address questions such as

- What is a unit reduction in Y worth?

- Value of life (1.e. nsk of death)?

- Based on Marginal Benefit (MB)

Need to calculate marginal costs of reducing Y in each area

Bear in mind that cost of reducing X, may be different than cost of reducing X, Carry
on reducing X's until they equate all Marginal Costs (MCs) of all Xs in all arcas with
MB.

Multiple ¥’s

The objective function might be cfined in terms of multiple indicators. We need to

“weight™ these together. Weights chosen by “social planner’. Sensitivity testing
should then be carried out.

Constrained budgets

Need to equalise MC’s — o each other but not 1o MB
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Summary

This summary gives the rcader an 1dea of what has been considered here. It is
premature to represent any conclusions. Our preliminary work has demonstrated that
an cconometric approach has the benefits that it can indicate which factors are
significant in determining water povery. To date however we have not had the
opportunity to take this work further, and we would suggest that this be included in
the next phase of the project.
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Appendix 11
Further Documentation

. 11.1:  Please see separate document:
Evaluating Your Water; A Management Primer for the Water Poverty Index
11.2: Please see separate document:
Water Poverty Index Implemeniation; An Introduction
11.3:  Please see separate document:

Developing a Water Poverty Index, Poster
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