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Appendix I

Data analysis
In this appendix, we arc focusing mainly on analysing the results obtained by using the timc
approach and composite approach at micro and macro level. A description of the imp
approach is also included.

In section 1.1 all the data used in each of thc WPI approaches are listed. Section 1.2 is
entirely dedicated to the composite approach; here it is possible to find a detailed description
of all the variables used in the calculation of the composite index and an analysis of the
results within each country. In section 1.3 the results from the time analysis approach are
shown and analysed by comparing them with the composite approach results. Section 1.4
explores the gap approach, the way it could be calculated and analyses the similarity of this
approach with the composite one. Section 1.5 introduces how the composite approach has
been applied at macro level.
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Appendix 1.1

Data used for the WPI Calculations

Structure of Index and Data Used

WPI Component

Resources 


I)ata Used
_

internal Freshwater Flows

Access

external Inflows

population

% population with access to clean water

% population with access to sanitation

% population with access to irfigation adjusted
by per capita water resources

ppp per capita income

under-five mortality rates

education enrolment rates

Gini coefficients of income distribution

Capacity

Use • domestic water use in litres per day

share of water use by industry and aariculture
adjusted by the sector's share of GDP

Environment indices of:

water quality

water stress

environmenal regulation and manaizement

informational capacity

biodi versify based on threatened species
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Macro Data requirements collected from national and international institutional
sources (Where possible, collect for 1990 and 1995,and rates of change over decades)

Data Item Source
I. Official population for pilot sites and local government

management unit (Arusha)
1. National statistics office

2. Rate of pop growth over last decade 2. National statistics office
3. Population density, local, regional and national 3. Nalstals office and




World dev rept 2000/01

4. Infant mortality rate, local regional and national 
 National statistics office

 Under 5s mortality rate , local regional and national 5. National statistics office/




World dev rept 2000/01

6. Per capita / per hh water consumption (may need to be
estimated from larger scale data)

6. Municipal water
authority

7. Total water abstractions for domestic supply 7. Local water authority
8. Total water abstractions for agricultural and industrial

sectors
8. Local water authority

9. percentage of households in pilot sites and local municipal
areas having water access within household

9. Local water authority

percentage of households abstracting water from protected
sources •
percentage of hh with access to improved water source

Percentage of households in pilot sites and local municipal
areas with sewage connection
Percentage of households in pilot sites and local municipal
areas with latrine provision
Estimation of sedimentation load in nearest major river
(upper Pangani)
percentage of municipalities where communities are
represented by water user groups

Institutional maturity - political representation
Total area of cultivated land

percentage of cultivated land under irrigation

Rate of soil erosion

Top five major crops as % of total agricultural output

Top five major industries as % of total manufacturing
output

Local water authority/
World dev rept 2000/01
Local water authority/
World dev rept 2000/01
Local water authority/
World dev rept 2000/01
Local water authority

Arusha / Pangani water
authority
National water authority
(min of water and
livestock)
World dev rept 2000/01?
National statistics
office/ministry of
agriculture
National statistics
office/ministry of
agriculture/ World dev
rept 2000/01
National statistics
office/ministry of
agriculture
National statistics
office/ministry of
agriculture
National statistics
office/international

'..c"CIA I Wallinl,ford 2002
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Total area covered by wetlands, as percentage of total
national area
Number of threatened invertebrate species

Number of threatened fish species

Incidence of floods / droughts in the last 10 years

Energy use per capita by region

data on hh water use from previous surveys (incl. gender
distributions)
hh time spent on water collection
GDP per capita by region, and percentage value added by

. .sector
consumption of energy per capita
percentage of total expenditure on goods and services
Number of radios per 1000 of population
Food productivity index
Net enrolment ratio in primary and secondary education
Access to improved water supply, rural and urban % of
pop
Nationally protected areas, % of total area
Food production index
Paved roads, % of total
Gini coefficient
percentage of total income held by lowest 10% income
group
Adult literacy rate (% of total pop)
% pop below national poverty line
% pop below $1 per (lay
prevalence of child malnutrition (% malnourished under
5s)
Official development assistance as percent of GNP
External debt as percent of present value GNP 


datasets
Local Env. Ministry

Local or international
env groups and NGO
sources
l.ocal or international
env groups and NGO
sources
Local or international
env groups and NGO
sources, local
environment ministry
Local or international
env groups and NGO
sources, local
environment ministry
Uof DES

Uof DES
World dev rept 2000/01

World dev rept 2000/01
World dev rept 2000/01
World dev rept 2000101
World dev rept 2000/01
World dev rept 2000/01
World dev rept 2000/01

World dev rept 2000/01
World dev rept 2000/01
World dev rept 2000/01
World dev rept 2000/01
World dev rept 2000/01

World dev rept 2000/01
World dev rept 2000/01
World dev rept 2000/01
World dev rept 2000/01

World dev rept 2000/01
World dev rept 2000/01
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Sources of data for national level WPI corn onents

WPI com onent

Resource World Resources Institute, 2000 Table EWA, and Gleick. 2000.

Shiklomanov (1997) has compiled a comparison of water resources

data for a selected, but lame. range of countries from different

sources, including thc WRI, Gleick and his own State Hydrological

Institute. The original WRI data hasbeen adjusted to take account of

the variation in estimates of water resources by taking the modal

estimate. Thc most striking discrepancy was in the case of Peru,

which WRI says has 1746 billion cubic metres of internal freshwater

flows (69,000 per capita), while all other estimates have at 40 billion

cubic metres (1,600 per capita). The World Bank's Development

Indicators also quote the former number and the WRI as the source,

although earlier years of the WR1's data have the latter estimate.

Population:
World Resources Institute. 2000 Tables 111/1 and SCI.1 and HDR.

2001

Access World Resources Institute, 2000 Table HD.3, and HDR 1999

Irrigation - World Resources Institute, 2000 Table AF.2. and Gleick

2000 (irrigation) with cropland areasfrom World Resources Institute

(2000)2000-01 Table SCI.I.

Capacity GDP - IIDR 2001
Under-5 mortality - World Resources Institute, 2000 Tables HD.2

and SCI.1 (7)
Education - HDR 2001

Use Gleick, 2000 and World Resources Institute, 2000
World Bank, 2001

Environment World Economic Forum, Yale Center for Environmental Law and

Policy, and Center for International Earth Science Information

Network, Columbia University, 2001 Environmental Sustuinahility

Inde.v (http://www.ciesin.columhia.eduhndicators/ES1), January

2001.

Other IIDI- IlDR 2001: I lealth HDR 1999
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Appendix 1.2
Calculation of the Composite Index approach at

micro level
Ms Anna Maria Ciacomello and Dr Caroline Sullivan, CEH Wallingford

1.2.1 Introduction

The structure of the composite approach is based on the approach used in the Human
Development Index (I-1D1). Various elements measured in different unit are aggregated
together by first scoring them and then adding them using a weighting system as follows:

WPI wrR w„ A + w,C + w„U + wrE

with the condition that
w, + w„ + +w = I

where R, A. C, U and E stand for:

R = water resource availability
A = access to water
C = capaci ty

= water use

E= environment

These arc the criteria that have been identified to represent the level of poverty that is water
related. As each of these criteria are measured by a different unit, in order to aggregate them,
they have to be converted to an index score ranging from 0 to I(X). The score derived for each
component has been calculated in a way that the higher is the value the better it is, so that the
higher the WPI is the better a village isin terms of water and poverty level.

The weight given to the elements w, . represents the relative importance given to each of the
them. The weightings have to be chosen in a way that their sum is always equal to I. this has
the effect of creating a trade off between the criteria.

The WPI, obtained using the composite approach, has been calculated both at macro (see
section 1.4) and micro level. This section is looking entirely of how it has been applied at the
micro level. The data used to calculate WPI at the micro level are mainly derived from the
surveys that have been carried out in four villages for each of the three countries chosen to
test the WPI. The three countries were: South Africa. Tanzania and Sri Lanka. If a component
was believed to be essential in explaining the water poverty level, but the data were not
contained in the survey, data derived from national statistics were used instead.

Each of the 5 WPI components listed above has been obtained by aggregating a set of sub
components by again using the composite approach. In other words, each of the five
components forming the WPI is itself an index. In the followin2 sections, we describe how
each sub index has been derived.

CCI:11 Wallingford 2002
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1.2.2 How the various components havebeen calculated

The first step to create the WPI is to convert all the components values into a score system.
As the score system selected goes from 0 to 100, bac)extreme values for each component
need to be selected: a) the highest value of the set (or a round up of the highest value) will be
converted to 100 (if the higher the component, the betteroff the household: ic: %of access to
protected water) or 0 (if the higher the component, the worse ofr the household: ie: total
time); and b) the lowest of the set (or a round down of the lowest value) will be converted to
0 (if the higher the component, the better off the household; ic: %of access to protected
water) or 100 (if the higher the component, the worst off the household: it:: total time).

All the components and subcomponents are described one by one in the sections below: next
to each explanation there will also he the associated values obtained from the household
surveys, the score values and the ends points to derive the scores.

It is important to say that the development and calculation of the WPI is still at an initial
stage. We are aware of the fact that many improvements can he made in later iteration of the
WPI structure.

1.2.3 R - Resource

This component shows the water availability indicator values that have been calculated by
using the following three factors:

Water amounts (in litres/capita/day)

Reliability and/or variability of the water supply
Quality of the water

The indicators values range from 0 to 10, as follows:

0 Effectively zero usable water
Very poor

2-9 Intermediate levels from poor to very good
10 Excellent

For a full detailed explanation of how the water availability indicator has been calculated
please see Appendix 3.

South  Africa 	 Core
Ethembeni
KwaLatha

embezi informal
ernbezi  formal

Resource

The end points for this set of valuecore.
have been chosen to bd:




10 scores 100

0 scores 0

(1)(1:II Wallingford 7002



Tanzania
Nkoaranga

amaria
ajengo

Klen e

'core

1

The end points for this set of value
have been chosen to be:

10 scores 100
0 scores 0

Appendix 1.2

Resource
Core..: '
0
0.

10

Resource
The end points for this set of values core
have been chosen to he:

•
10 scores 100

•

'
0 scores 0

ri Lanka core
garauda
warakotuwa 1
harawaththa
issawa

1.2.4 A - Access
This component tries to capture thc level of access to water that a population is able to get.
Access has been obtained aggregating the following 7 components:

?Mal thne

Gender

Sanitation

Irrigation potential

No conflicts

% pipe in house

% access to protected water

The values for the seven components of access and the associated scores arc shown below.

Total time (minutes/day)

This component is the average time spent collecting water (minutes/day) by households in the
village, this includes the time to get to the source and queuing. This component has been
calculated using two types of data:

for those households that have got a pipe in the house, it has been assumed (hat they
spend a nominal 2 minutes to collect water: and

for those that have not got a pipe in house and therefore need to travel to collect
water, we have used data from the household survey. For those households, the total
time has heen obtained by multiplying together "the average time spent in each trip"
by an individual of the household and the "total number of people- from each
household carrying water during the day.

From this, a villages average time «) collect water has been calculated by averaging the
villagd households' total time. The villaoe average total time was calculated both for Me dry
and wet seasons.

ecEH Walltnglord 2002
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The tables on the left list the average timc spent collectting water in each village, the table on
the rieht shows the score that each time value has beenconverted to. In the middle are shown
the two end points used to convert the values on the left table into the scores shown in the
right table.

As a village is better off if its households do not spend too much time and effort in collecting
water, the highest value (the top value) for time will obtain score 0 and the lowest value (the
bottom value) the score 100.

Given the large variation in time spent collecting water across the three countries, selecting
the largest value in the three countries (Samaria in Tanzania) as the value obtaining the score
0 would squeeze the rest of the other values around 100(as these are quite far away from the
Samaria result) without being able to discriminate very much among them. To avoid this,
different end points for each country have been selected. However this will make the
countries incomparable. For each country subset the highest score (100) will be given to zero
minutes and the lowest score (0) to the 5% round up of the hi ehest of the dry and wet season
time values.

The data below refers to the total time spent to collect water during the dry season. The same
end points have been used for the wet season.

Total Time
outh Africa Minutes/day The end points for this set of values core

Ethembeni 154.5 have been chosen to be: 3
waLatha 95.9 0
embezi informal 142.1 0 minutes scores 100 6
embezi formal .5 315 minutes scores 0 9

In South Africa KwaLatha is the village whose households spend on, average, the most time
in collecting water. Wembezi (formal) spends less time overall in collecting water because
there is a higher percentage of people with a pipe in the house.

Total Time
The end points for this set of valuesanzania inutes/da core

Nkoaranga 120.3 have been chosen to he: 1
amaria 95.3
ajengo 172.6 0 minutes scores 100 2
len e 7.0 625 minutes scores 0 1

Households in Samaria spend on average 10 hours getting water to the village. Kijenge is
instead the one better off in terms of collection time. As in Wembezi (formal), Kijenee has
got more infrastructure in place.

Total Time_
ri Lanka inutes/da The end points for this set of values core
garauda 8.8 have been chosen to be: 9
warakotuwa 119.5 11
harawaththa 127.8 0 minutes scores 100
issawa 2.7 _ 134 minutes scores 0 8._
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Unlike South Africa and Tanzania where the village with lowest total time score is a rural
one, in Sri Lanka both the•urban villages have the lowest time score. Infact. in Sri Lanka the
urban areas are very densely populated and do not have a very good infrastructure.

Gender

This component shows how many out of the total number of people from each household
carrying water during the day are men. This component has been included into access to
show the gender discrimination in carrying water. If the percentage is low it means that
women and children are mainly carrying water. Up to a certain level (50%) the higher the
percentage of men carrying water the better it is, after that the score reduces.

Gender
The end points for this set of values core
have been chosen to be: 14

50 % scores 100 2
0% scores 0 7

outhAfrica
Ethembeni

waLatha

embezi informal
embezi formal

KwaLatha has scored the lowest value. This means that the majority of people in
KwaLatha collecting water for the household are women and children.




% men
frk The end points for this set of values core
11% have been chosen to be: 3
19%




8
10 /0 50 % scores 100 1
10% 0%scores 0 19

[Tanzania
Nkoaranga

amaria
ajengo
en

In Majengo women are mostly collecting water, however the average time spent collecting
water is much lower than in Samaria and Nkoaranga. So, in Majengo there are proportionally
more women involved in the collection of water than in Samaria but the effort required to
collect the water is much less. One possible reason why there are more women in Majengo
collecting water, is that in Majengo there is the highest percentage of households earning a
salary, and very often it is the man who has the job so women are left with the task of
collecting water.




% men
;Sri Lanka — IMinutes/day The end points for this set of values Score

garauda
warakotuwa

8°/0 have been chosen to he: 5

2

harawaththa 10% 50 % scores 100 0
issawa 3% 0%scores 0 5

In both South Africa and Sri Lanka the villaues that have to spend more time in collecting
water are in general the poorest ones (as it will be seen in the capacity component), and also
experiencing more gender discrimination; where instead the villages that have a better
capacity components are also the once experiencing less Liender discrimination.

INallinglord 2002
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In Tanzania it is a bit different probably because in Samaria there is such a great shortage of
water that men also need to be involved in the collection of water to be sure to have the
minimum of water per capita.

Sanitation

This is the percentage of household with access to sanitation. This is the only data in access
that has not been derived from the household survey. Information from available regional or
national statistics was used instead. More precisely, the Sri Lanka data were obtained from
the National Water Supply and Drainage Board; the Tanzania data respectively from Ameuru
District council and Arusha Urban Water Supply Authority; and South Africa data from
Statistics South Africa.

outh Africa A The end points for this set of values
Sanitation


core

Ethembeni 2 have been chosen to he: 2
KwaLatha 2




2
embezi informal




100 % scores 100 8
embezi formal




0% scores 0 8

In South Africa the urban villages have a better infrastructure both in terms of water supply
and sanitation.

Sanitation
anzania The end points for this set of values core

koaranga have been chosen to he:
arnaria
ajengo 100 % scores 100
i'en e 0% scores 0

In Tanzania the situation seems quite homogenous across the urban and rural areas, with the
exception of Samaria that does not have any sanitation infrastructure.

ri Lanka k The end points for this set of values
Sanitation

Core

garauda 0 have been chosen to be: 0
warakotuwa 0




0
harawaththa 0 100 % scores 100 0
issawa 5 0% scores 0 5

In Sri Lanka. the urban villages not only spend more time collecting water but they also have
a worse sanitation system than the rural area. unlike South Africa where the sanitation is
better in the urban area.

Irrigation potential

This is the proportion of households cultivating land that had at least one loss of crops due to
drought in the last five years. This component captures the level of access to water for crops
in terms of irrigation and rainfall. If there is good inigation and/or good rainfall the
probability of loosing the crops from drought is lower. The more crops they have lost the

0 CEI I Wallingford 2002
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worse off they arc. consequently the score is set in a way that the higher the percentage of
households with loss of crops the lower the score for that village. It was decided to give no
score to thc urban villages obtaining 0% for the irrigation potential component. In fact, for
the urban villages 0% irrigation potential did not mean that there are no households irrigating
land who had experienced loss of crops in the last 5 years but instead it meant that
households do not cultivate at all.




Irrigation
potential

outh Africa A loss of crops The end points for this set of values core
Ethembeni 7% have been chosen to be: 3

waLatha 7%




13
embezi informal % 0 % scores 100 16
embezi formal % 1(X)% scores 0




Irrigation
potential

anzania 4 loss of crops The end points for this set of values core
Nkoaranga 0% have been chosen to be: 0

amaria 5%
Majengo 0 % scores 100
Klen e % 100% scores 0





Irrigation
potential

ri Lanka /0 loss of cro s The end points for this set of values core
garauda 0% have been chosen to bc: 10
warakotuwa





harawaththa




0 % scores 100




issawa 7% 100% scores 0 3

No Conflicts

This is the percentage of household in a village stating that there are not conflicts over the
access to water. In the household survey it was asked if there were conflicts over water, in
fact the data in the table on the left shows thc percentage of household experiencing conflicts.
As we want the WPI to be high when thc village is better off, we had to convert the conflict
component into a no-conflict component, this was done by uiying to 0% the maximum score
(100) and 100% the minimum score (0). The table on the ril!ht shows the no-conflicts score.

No conflicts
--- outh Africa /0 Conflicts The end points for this set of values core
Ethembeni have been chosen to be:
KwaLatha

embezi informal 0 % scores 100
embezi formal 100% saffes 0

0 CE11Wallingford 2002
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No data were provided for South Africa, this was due to the tense political atmosphere in
that area at the time when the survey was carried out.




No conflicts

anzania A Conflicts The end points for this set of values core
Nkoaranga 7% have been chosen to be: 3

amaria 1%




9
Majengo 4% 0 % scores 100 6
Kien e 17% 100% scores 0 3

Samaria and Majengo are the two villages with more conflicts, this could be due to both not
enough water per household and because they have to spend a lot of time in collecting water.
In fact both Samaria and Majengo score the lowest values for thc component time and litre
per capita per clay.




No conflicts

ri Lanka /0 Conflicts The end points for this set of values core
garauda
warakotuwa

1%

8%

have been chosen to be: 9

harawaththa 9% 0 %scores 100 1
issawa 6% 100%scores 0 4

As it has been already said, the two urban villruz.es in Sri Lanka are quite densely populated
and with poor infrastructure, this explains why these two villages experience so many
conflicts over water. In fact they arc also the villages with the lowest litre per capita per day.

% pipe in house

This component represents percentage of households in the village with tap in the house or
communal yard. Having a pipe in the house (or near by) makes a household considerably
better off, as its members need to spend less time in collecting water. These data were
obtained from the household surveys





%1 e
outh Africa A The end points for this set of values core

Ethernbeni % have been chosen to be:




waLatha 1%




1
embezi informal 12% I (X) % scores 100 12
embezi formal 9% 0% scores 0 9

As we have seen for sanitation the urban villacres in South Africa have got a better
infrastructure than the rural ones.

anzania
koaranga
amaria
alengo
ijenge




The end points for this set of values
have been chosen to be:

1(X) %scores 100

0% scores 0

% Ic
core

4

5

0

Clill Wallingford 2002
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In Tanzania the situation seems quite homogenous across the urban and rural areas, with
the exception of Samaria that does not have any pipe installed in the village.

% i e
ri Lanka /0 The end points for this set of values core
garauda have been chosen to be:
warakotuwa 0/0
harawaththa 0/0 tOO% scores 100
issawa 0% scores 0

None of the households in the four Sri Lanka villages had a pipe in the house.

% access to protected water

Percentage of households in the village with access to water source that are protected. In this
case, protected simply means supplies where attempts are made to prevent pollution of water
source by animals and other contaminants. These data were obtained from the household
surveys.





%rotected
outh Africa /0 The end points for this set of values core

Ethembeni 7 have been chosen to be: 7
waLatha 18




18
embezi informal 9 100 % scores 100 9
embezi formal 100 0% scores 0 100

The households in KwaLatha are those spending more time in collecting water and a large
percentage of them does not have access to protected water (they use water from a pond). As
a consequence KwaLatha has got many people suffering from diarrhoea (see no-diarrhoea
component).





%rotected
anzania /0 The end points for this set of values core

Nkoaranga 1 have been chosen to be: 1
amaria 9




9
Majengo 7 I 00 % scores /00 7
Kren e 7 0% scores 0 7

The situation in Samaria is quite different, where many households travel long distances
to get water, but the water they collect is of very good quality. In fact. in Samaria not
many people suffer from diarrhota.




%rotected
Sri Lanka

garauda
/,


15
The end points for this set of values
have been chosen to be:

core

15
warakotuwa 7




7
harawaththa 3 100 % scores 100 3
issawa 56 0% scores 0
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In the two urban villages the water used by the households comes more often from a
protected source than in the two rural villages. As a consequence these two villages have the
lowest percentage of households suffering from diarrhoea.

Access final score

Thc access component has been obtained by aggregating the score of the seven sub-
components described above and thcn by dividing the sum by the number of components that
have got a value (for example, the access component of Wembeza (formal) has been divided
by 5). In this way, we are assuming that the subcomponents have got the same weights (equal
to 1). If instead it is decided that, for example, the total time spent collecting water is more
important than the other components, a higher weight should be given to it. lf, for example,
we double the weight given to time and the total sum of the weights is equal to one, then for
'every increase in one unit score of time, two units of another factor must be given up.

A 7 w„ TT + w„,41 + tv,S + tvipIP + w„, NC + P + It,p,PS

where
A = access
rr = total time
M = % men
S = sanitation
IP = irrigation potential
NC = no-conflicts
P = % of pipes in house
PP = % protected source

(0< W, <1) are subject to the condition: E =

They are obtained as follows:

tv =
d

where di is the weiuht given in decimals to the component i and Id, is the sum
E,

of all weights in decimals of all the components.

If all the components receive equal weight: d = I, then w, is equal to w = —I7 0.143
' 7

in this case it is assumed that all the components have got a value.

If. for example, TT obtain cfei=2 and the others di only I (and all components have got a

value), then WIT is Sen. — = 0.25 and the other components receive weight equal to
8

SE

8

The following tables show the results for each country for the access component assuming
equal weights across the sub-components.

cH•Wallin2ford 2002
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South Africa

—--
otal Irrigation o /0 of pipe /0 protecteillages A men anitation ccessime tential onflict. n house ource

Ethembeni 3 14 2 3




7 7
Kwalatha 0




2 13 1 18 7
embezi Mt 6 2 8 16 12 9 9
embezi for 9 7 8




9 100 7

In South Africa the rural villages have a worse access than the urban villages. The reasons
that could explain this are mainly two: I) in South Africa more infrastructure investments
have been spent in the urban area; and 2) many of the villages in the rural areas have been
forced to settle in specific areas often with poor access to water.
KwaLatha scores the lowest Access, where instead Wembezi formal scores the highest value
for Access. This reflects what can he observed about the sites.

Tanzania

otal Irrigation No /0 of pipe A protecteWages /0 men anitabon ccessime otential onflict n house ource
Nkoaranga

amana
aiengo

Ki en e

1

2

1

3
8

1
*19

0 3
9
6

3

4

5

0

1

9
7

7

9

1
3
4

In terms of Access Samaria is the worst community and Kijenge provides better results.
Unlike South Africa there is not a clear cut between the urban and rural villages. Nkoaranga
(rural village) has, in fact, better access than Majengo (urban village), as Majengo spends
more time collecting water and has got more people competing over water than Nkoaranga.

Sri Lanka

_  otal
Irrigation o /0 of pipe .'0protecteillages /0 men anitation ccess- ime I otential onflict n house _ ource

garauda 9 5 0 10 9 15 8
warakotuwa 11 2 50 7 5
harawaththa 0 0 1 3 7

. issawa 8 _ 5 5 3 4 6 7

The access SCOW for the four villages in Sri Lanka do not vary as much as in "lanzania and
South Africa. This is because the four villages in Sri Lanka have been selected on poverty
criteria, where instead in Tanzania and in South Africa the four villages are not all among the
poorer vi lages.

Contrary to South Africa. in Sri Lanka the villages in the rural areas have a better access to
water than the villages in the urban areas. In Sri Lanka there has not been political
constraints, as in South Africa, about where to locate a village, the driver to decide where to
settle a village has been a good access to water. Where instead the driver for people deciding
to move to the city is to find a joh, with the consequence that many people compete for a low
level of water provision.

Wallingktrd 2002
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1.2.5 C - Capacity

The reasons why the capacity component has been included in the WPI calculation are as
follows:

I. It shows if a country/villa2e has got thc potential to overcome an inefficiency in water
availability/access by investing in infrastructure to get water horn somewhere else
(transfers from other villages, desalination plants ..). This applies especially at macro
level, as the investments required to put in place such infrastructure can be usually
raised only at macro level and not at village level.

It shows when water unavailability or lack of access has not been a constraint for
economic development. There are countries that despite a low level of water
availablty have been able to develop a good economy and villa2es gain a good level
of wealth. What is more difficult to know from the index it is if the lack of water has
been a constraint for economic development, because many other factors could be the
cause of the lack of development.

It shows the loss of welfare due to lack of wateror access to good quality water. The
more time people spend collecting water, the less time they spend in cultivating land
and.going to school. The less the amount of good quality water they can access the
higher the risk of diarrhoea and diseases and therefore. the less time they can spend in
carrying out economic activities.

4 It shows how much their economyhncome is based on water resources and therefore
their dependency on water use. For example, the higher is the proportion of household
income coming from the production of bricks, thc higher is the dependency on water
availability as brick production requires significant quantities of water.

The capacity component constists of six subcomponents:

% people educated

No Diarrhoea

CoLand & %

Wealth

Income independency

% of people with wage and pensions

% people educated

Percentage of households in the village with at least one member of the household
matriculated. Source: household survey.

Chll Wallinford 2002
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% educated
South Africa Iv The end points for this set of valuecore
Ethembeni 7%

have been chosen to be: 7
KwaLatha 10 /0




1
embezi informal 80/0 100 % scores 100 8
embezi formal 10 /0 0% scores 0 1

anzania
Nkoaranga


amaria
ajengo
Fen e

The end points for this set
have been chosen to be:

100 %scores 100
0%scores 0

of value-

% educated
core
3




% educated
'ri Lanka




The end points for this set of value core
garauda 7% have been chosen to be: 7
warakotuwa 1%0




1
harawaththa 20/0 100 % scores 100 2
issawa 7% 0% scores 0 7

It is very interesting to observe that within each country the villages have the same ranking
order if either the % educated scores or the total time scores are used. This validates our
intuition which suggests that the more time spent collecting water, the lesstime is invested in
education.

No Diarrhoea

This is the percentage of households in the village stating that over last year they have not
experienced diarrhoea. This component is correlated with the % protected sources
component. Infact the villages within each country have almost the same order position if
either we use no diarrhoea or % protected sources component.
Source of the data: household survey.

The reliability of questions of this nature is not very good due to the fact that the respondent
does not always know if other households members have diarrhoea or not: and also there are
many different definitions of diarrhoea. Never the less the answer to this question does
provide some insights into the level of household heath.

No Diarrhoea
outh Africa

Ethembeni
KwaLatha

embezi informal
embezi formal

The end points for this set of value
have been chosen to he:

100 %scores 100
0% scores 0

9

4

9
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No Diarrhoea

The end points for this set of values COM

Nkoaranga 7 have been chosen to be:7
amaria 4 4




Majengo 2 100 % SCO 0 1S 100 2
Klen e 5 0%scores 0 5




No Diarrhoea

'ri Lanka




The end points for this set of value core
garauda 2 have been chosen to be: 2
warakotuwa 0




0
harawaththa 2 100 % scores 100 2
issawa 2 0% scores 0 2

Land size and distribution (CoLand & %)

This component was included in the capacity group because it shows the capacity of a village
to generate income. This component tries to capture (he average amount of land cultivated
and the proportion of households in the village that have got land. It has been obtained by
simply multiplying the average size.of _land cultivated. at..yillage,level by the percentage of
households cultivating land, the reSults -are slioWh in the'second column on the left. As the
aericulture in the three countries is done at a different scale, different end points have been
chosen for each country. The highest score has been given to the value that is 20% higher
than the highest values in the countries' subset.

'outh Africa




CoLand & %

The end points for this set of valuecore
Ethembeni 37 have been chosen to be: 3
KwaLatha 01




9
embezi informal
ember formal

8 764 m2 SCO res 100

0 m: scores 0




Overall Ethembeni is better off than KwaLatha. as the average land size cultivated by the
households and proportion of households cultivating land in Ethembeni is larger than in
KwaLatha.

CoLand & %
anzania in- The end points for this set of value • core

Nkoaranga 6 have been chosen to bc: 3
amaria 8 6

103 m2 scores 100Majengo
0 m2 scores ()Fen e

The averaee land size cultivated bv the households in Samana is slightly lareer than in
Nkoaranga but not enou2h to compensate for the fact that (he proportion of households
cultivatine land in Nkoaranea is twice that in Samaria. As a result Nkoaranga is the village
that is better off as there are more people able to support themselves throtieh subsistence
aericulture. Thc reason why (here are so few people cultivating land in Samaria. is that they

CEll Wallingford 2002
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have to spend long lime collecting water and there is not suitable water available for
cultivation near the village

'ri Lanka
garauda
warakotuwa
harawaththa
issawa

CoLand & %
The end points for this sct of value. Score

	

,560 have been chosen to be: 3

11,507 m2 scores 100

	

,387 0 m2 scores 0 1

Overall Agarauda is better off than Tissawa. as the average land size cultivated by the
households and proportion of households cultivating land in Agarauda is larger than in
Tissawa.

Wealth

An approximation of the level of wealth for each household was obtained by aggregating the
value of the durables belonging to the household. The number and the types of durables
owned by the households were provided by the household survey, where thc value of these
durables was approximated by their local prices. Different end points were selected for each
country. The highest score has been given to the value that is 20% higher than the highest
values in the countries' subset.

South Africa
Ethembeni
KwaLatha

embezi informal
embezi formal

ands
17,028
3,420
2,781
5,756

The end points for this set of value
have been chosen to he:

42,908 rands scores 100

0 rands scores 0

Wealth
core
0
5
3
3

Households in Wembezi (formal) own more valuable durables than the rest of households in
the other villages.

l'anzania
Nkoaranga

amaria
ajengo

Ki en e

fan. shillmos
46,365
88,163
17,467
80,969

Wealth
The end points for this set of value Core
have been chosen to be: 4

6
740,960 Tan. shillings mines 100 83
0 Tan. shillings scores 0 5

Samaria together with Kijenge are the poorest ones. Majengo is not only the village with
households owning more durables but it is also the village with a higher proportion of
households earning a salary.

CE11 2002



Appendix 1.2

Wealth
ri Lank.

'ri Lanka The end points for this set of value core

have been chosen to be:garauda 3,490 1
warakotuwa 95,892 355,070 SL rupee scores 100 3
harawaththa 6,359 0 SL rupee scores 0 10
issawa 6,807 19


Tharawaththa is definiti vely the poorest one and Awarakotuwa is the richest one.
Awarakotuwa is also the village with the highest proportion of households earning a salary.

For more information on the distribution of wealth acrossthe households within villages, see
appendix 2.3.

Income independency

Households were asked to answer this question: "How much of your household income
comes from selling crops or products you have mader

As water is required to produce crops and make products, such as bricks, we can say that the
higher is the proportion of income coming from selling crops and hand made products the
more the household income is dependent on water availability. If the water available to the
households, whose income derives mainly from selling crops and bricks, was reduced they
will be affected much more than those receiving a pension. However we have to distinguish
between urban and rural villages; as rural villages aremore probable to cultivate crops and
consequently to sell them, they are going to be more dependent on water than urban ones.
Therefore it is better to compare the rural among them and the urban among them.

As we want the WPI to be high when the village is better off, we had to convert the income
dependency component into an income independency component. this was done by giving to
0% the maximum score ( 100) and to 100% the minimum score (0).

Independency
Income

'outh Africa

Ethembeni
waLatha
embezi informal
embezi formal

ependency
core

No data were available for South Africa. This was due, in part, to deep suspicion by
households about giving any king of data which would reflect their income.

0:11 Wallingford 2002
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Independency
Income

The end points for (his set of value •
have been chosen to be:koaranga 6

amaria 0 % scores 100 6
ajengo 12 100 % scores 0 8

Klen e 8
In Tanzania the rural villages depend more on water than the urban villages, as in the rural
areas there are not many jobs the majority of the alternative income comes from selling crops
and making hand craft.

Samaria is the village that economically depends most on water and it is also the one with
lowest access score. By improving the access it would be possible to reduce the stress on its
form of income.

ri Lanka

garauda
warakotuwa
harawaththa
issawa

ependency

0

0

0

Independency
Income

Thc end points for this set of value.core
have been chosen to be:0

0% scores 100 100

100% scores 0 4
5

Unlike Tanzania the village that depend more on water is not a rural one hut an urban one. As
Tharawaththa is not cultivating any land it means that its alternative form of income is
primarily derived from selling products they make (bricks, handicraft) and/or occasionally
work. Similar to Samaria, Tharawaththa is the village with the worst accessand it is also the
village more economically dependent on water.

% of people with wage/ pensions and other sources of income

This component estimates the income that a household receives. From the household survey
We know:

a) the percentage of households in a village that have got at least one of its members
earning a salary or receiving a pension; and

1)) the percentage of households in the village that sell crops, hand craft or occasionally
works.

These two types of income are quite different, the first one is a more secure income as it is a
constant entry for the household; where instead the second one is a quite variable one and not
so secure. For that reason a weighted average of the two percentages was done by giving a
weight of 5 to the income a) and weight I to income b).

anzania ependency
core

:j2)(17.11Wallingford 2002
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% Wages &
pensions  

South Africa Score
Ethembeni
KwaLatha

embezi informal
embezi formal

No information was available for South Africa from the household survey. This was due to
deep suspicion by households about any kind of data which would reflect their income.

Tanzania




%

The end points for this set of value.

pensions
Wages &

Core

Nkoaranga 8% have been chosen to be: 8
Samaria 8%




8
Majengo 0% 1(X)%scores 100 0
Ki.en e 0% scores 0 0

In Samaria only a few households rely on a wage or pension as form of income. So it is not
only in Samaria that on average a big proportion of household income comes from the selling
of crops and hand craft but also the majority of the households are in this situation.

Sri Lanka




% Wages & -
pensions

The end points for this set of valuescore
garauda 2% have been chosen to be: 2
warakotuwa 5%




5
haawaththa 8% 100 Chscores 100 8
issawa 6% 0% scores 0 6

For Tharawaththa what has heen said for Samaria applies.

Capacity final score

The component capacity has been obtained by aggregating the score of the six sub-
components described above and then by dividing the sum by the number of components that
have got a value (for example. Wembezi (formal) has been divided by 3). The following
tables show the results for the capacity component assuming equal weights across the sub-
components for each country.

South Africa

illages
Apeopl
ducated

'o
)iarrhoea

'ul_a nd
X




& IncomeX of people with
ealth

ndepenclencvvaue/n +other

Ethembeni — 7 9 3 0
KwaLatha 1 4 9 5

embezi inf 8 0




3
embezi for 1 9




3
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In South Africa KwaLatha has got the lowest capacity score, this is mainly due to (he fact that
there is a laree proportion of people not educated and suffering from diarrhoea. In this case
capacity represents the loss of welfare due to lack of water and/or limited access to water.
Wembezi formal is clearly the better off onc.

Tanzania

4 pcopl . 0 amid & neome ir of peiiple withillages ealth apacityiducated )iarrhoea_ ir _ nde endenn n2 +vie/ en other-_.
Nkoaranga 3 7 3 4 6 4 9

amaria




4 6 6 6 2 5
Majengo 0 2




3 8 2




Kijnq 1 5




5 8 4




Samaria is the villarte with the lowest capacity score, it has. infact, a very low number of
people educated and the main form of household's income is water dependent. The capacity
scores for the other villages are quite similar, so there is not a clear dominant one. In fact,
despite having the lowest wealth score, Kijenge is scoring the histhest capacity value.

Sri Lanka

illages

garauda
warakotuwa
harawaththa
issawa

3,peopl

iducated

7
1
2
7

o
)iarrhoea

2
0
2
2

:ol.and
3.

3

1

&
ealth

—-
1

3
10
19

ncome

nde endencv

0
100
4

5

/r of people with
:lit ien +other

6
83

5
8

apacity

5

0
1
2

Tharawaththa is the worst off one in term of capacity. Even though Tissawa has got a final
capacity score quite close to the Tharawaththa one, in reality its score would be higher if we
did not include in the calculation the score of the CoLand8z.% component, as 21 is lower that
the average score of the other five subcomponents. We need to be aware of the fact that the
final scores for the rural and urban villages are made up of a different number of
subcomponents.

1.2.6 U —Use

This component intends to show the level of use of water per type of use. This is created by
using four sub-components:

Domestic use

Industrial use

Agriculture use

Livestock

Up to a certain level, a hieh usage is good and a low usaoe is bad, as below this level the

basic human needs such as washimt drinkino. cleaning, the subsistence farming and

economic activities have been limited. Where instead after that level a high use is bad and a

t'E1-1Wallingford 2007
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low use is uood, as the water now has been inefficiently used. Where it is reasonably easy to
determine the optimum domestic amount of water per capita per day. It is more difficult to set
the optimum amount of water per hectare per day, as (his depends on the type of crops,
climate and soil. The same is true for industrial use. We have assumed that all villages were
below the optimal amount of water, so the higher was their use (he better it was. It could he
argued that (he developing countries arc actually the ones that 1.13Cthe less up to date
irrigation techniques and industrial technologies. This argument applies especially at macro
level but less at household level.

Domestic use

The average amount of water used in a day by each member of the household (litre per capita
per day). This component has been obtained using two types of data:

Litre per capita per clay collected by the household. Source: household survey.

Litre per capita per day provided by the local authority to those households having a
pipe in house/yard. Source: local water authorities.

The first component has been calculated by dividing the total amount of water collected in a
household by the size of that household.

The village average amount of water used in a day is obtained by averaging together the two
components above.

100 litre/capita/day has been chosen as a top value, up to this level, thc larger is the amount
of water used the better is the situation of the household. After 100 litre/capita/day the
additional amount of water used is seen as inefficient and is score reducing.. In our case none
of the villages has a 1/c/d larger that 100

'outh Africa l/c/d
Ethembeni 17
KwaLatha 0

embezi informal 0
embezi formal 9

Domestic.use

The end points for this set of value: core
have been chosen to he: 17

0
100 scores 100 0
0 scores 0 9

One possible reason why KwaLatha IJC/D is higher than Ethembeni, is that in KwaLatha
larger number of trips to collect water is done using motor vehicles, which means a larger
quantity of water can be carried per trip.

Domestic use

The end points for this set of value
have been chosen to be:

100 scores 100

0 scores()

l'anzania Wad
koaranga 6
amaria 4

Majengo 0
Klen e 7
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In Samaria the households not only spend more time collecting water hut also they have uot
the smallest amount of water per capita per day.

'ri Lanka l/c/d
Domestic use

The end points for this set of value -core
garauda 6 have been chosen to be:6
warakotuwa 0




0
harawaththa 2 100 scores 100

2
issawa 6 0 scores 0 6

As in Samaria the households in Tharawaththa not only spend more time col lect ting water hut
they also have got the smallest amount of water per capita per day.

Industrial use

As a proxy of thc industrial use the percentage of people that use water for purposes other
than drinking, washing. bathing, cleaning and cooking, has been used. In fact they use water
for purposes such as: farming, brick production, building, making beer, watering the garden,
watering flowers and washing the car. The underlying assumption is that the lower is the
percentage of households using water for other purposes than drinking and washing, the less
water they have got to spare for other activities. I-lowever, this assumption is truer in the rural
area than in the urban one, as in the urhan area there are fewer households using water for
producing bricks, for example, not because they do not have enough water to spare but rather
because they have enough income to buy bricks instead of producing them. Instead, in the
rural area more households rely on alternative forms of income (as we have seen in the
independency income component), so they use more water to produce items that they can sell
or use ,such as bricks.

South Africa




Industrial use
The end points for this set of valuecore

Ethembeni 6 have been chosen to be: 6
KwaLatha 2




2
embezi informal 8 100 % scores 100 8
embezi formal 7 0% scores 0 7

In Ethembeni there are more households using water for other uses than drinkinu and
washing, as they have got more water to spare. Wembezi formal is using just slightly less
water that Wernbezi informal, but it is not because they do not have water to spare but
because they do not need to produce products such as bricks as they have money to buy them.

Tanzania
koaranga
amaria
ajengo

Ki'en e


%
1
9

11

The end points for this set of

have been chosen to be:

100 % scores 100

0% scores 0

Industrial use
value-Score

1

9
11

Samaria is usinu definitively less water than Nkoaranea. as its households have not got water
to spare. Kijenge seems to be shuhtly better off than Majenuo.
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Industrial use
'ri Lanka /0 The end points for this set of value 'core
garauda 6 have been chosen to be: 6
warakotuwa




harawaththa




100 %scores 100




issawa 9 0%scares0 9

Both the urban sites seem not to have enough water to spare for uses that are not washing,
drinking or cleaning. It is explainable why Awarakotuwa is not using water for other
purposes, as households i n this village have got enough income to buy, for example bricks on
the market rather then producing themselves. What is strange is that in Tharawaththa no
household uses water for other purposes when elsewhere they state part of their income
comes from making bricks. It is probable misinterpretation of the question may have
occurred, or it could be that the water they collect queuing at the pipe is used only for
drinking and washing, where instead the water used for making bricks is coming from rainfall
storage or is collected at the river. There is a water quality difference, if the people are asked
if they use water collected for drinking and washing for other purposes they would answer
no, because they see this water as good quality; to make bricks they can use water of less
quality and they collect it from another source; and thecollections are seen as different.

Agriculture use

This component has been obtained hy simply multiplying the average size of land cultivated
at village level by the percentage of households stating that thcy irrigate their land, the results
are shown in the second column on the left. Different end points have been chosen for each
country to reflect the dif ferent scale at which the agriculture is carried out in those countries.
The highest score has been given to the value that is 20% higher than thc highest values in
each country's subset. This component should be essentially used to discriminate between
rural villages in terms of water use for irrigation. We are assuming that the amount of water
used in these villages is below optimal, so the higher is water use for irrigation the better off
they are.

Irrigation is not relevant for urban villages as they do not cultivate land, with exception of
wembezi (informal) that is pen-urban. For this reason, if an urban village scores zero, it does
not mean that there are no farmers that irrigate hut that there are not farmers at all, so a zero
score is completely ignored.

The agriculture use component is different from the Land (CoLand&%) component, as the
first represents how much irrigation is carried out in a village whilst the second represents
how much land is owned by households in each village and by how many of them.




Agriculture use

The end points for this set of value. coreSouth Africa
Ethernbeni 14 have been chosen to be: 3

waLatha 16




9
embezi informal
embezi formal

18 737 m2 scores 100

0 nY Acores 0
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KwaLatha scores a lower agriculture use value than Ethembeni. as less water is available for
them both in terms of availability and access. Wenbezi (informal) is scoring less than 5 so it
is ignored in the final calculation.

Agriculture use
anzania The end points for this set of value core
koaranga 10 have been chosen to be: 3
amaria

17 m2 scores 100Majengo
'<len e 0 m2 scores 0

Samaria does not have any water to spare for agriculture. Households in Samaria are more
involved in pastoralism

ri Lanka




Agriculture use
The end points for this set of value.core

garauda 52 have been chosen to be: 3
warakotuwa





harawaththa




10,142 m2 scores 100




issawa 1467 0 m2 scores 0 14

Tissawa irrigates less than Agarauda. In fact, in Agarauda there are more people irrigating
and the average land size irrigated is three times the area cultivated by the households in
Tissawa.

Livestock

This component quantifies the amount of water used by livestock. This amount has been
calculated by using data from the household survey (number of cattle and goats owned 'by
household) and data from the literature (King) (amount of water required per type of
livestock). From this work, it has been estimated that a cow uses on average 25 litre per day
and a goat 5 litre per day. This information has been applied across all the three countries.
The average number of cattle and goats owned by households in a village has been calculated
by considering all the households including those not owning any livestock.

This component is mainly relevant for rural villages and so it should be essentially used to
discriminate among rural areas. As in South Africa we knew only if a household had cattle or
not, we had to extrapolate the number of cattle from another source. From the statistics for
Kwa Zulu Natal we found the average number of cattle per capita. we multiplied this by the
household size to obtain the number of cattle, which was then used to produce the water
requirement estimate.

South Africa itre/da
Ethembeni 10

KwaLatha

embezi informal
embezi formal


Livestock

The end points for this set of values core
have been chosen to be: 10

IOU .vcores 100

0 scores 0
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The scores in the table above show that KwaLatha has got less cattle than Ethembeni. but
what we do not know is if this is due only to the fact that they do not have enough water or if
there are other factors affecting their choice.

Tanzania itre/da
livestock

The end points for this sct of value.core
koaranga 1 have been chosen to be: 1
amaria 7




7
Majengo




100 scores /00




Klen e 1 0 scores 0 1

Despite the poor access to water, Samaria is better off in terms of livestock than Nkoaranga.
In this case the access to water has not been a constraint for Samaria's households to have a
cattle. They take the livestock to the water sources where instead Nkoaranga's households
give their livestock part of the water they have collected. As Samaria does not have enou2h
water near by, the households have opted towards pastoralism rather than the cultivation of
land (as it easier to bring to the water source the animal than the land!)

Livestock
Sri Lanka itre/da The end points for this set of value: core

garauda 4 have been chosen to be: 4
warakotuwa
harawaththa 100 scores /00

issawa 0 0 scores 0 0

No data where provided for the urban villages, as this question was not relevant for them.
Agarauda is the rural village that has got more livestock.

Use final score

The component use has been obtained by aggregating the score of the four sub-components
described above and then by di vidine the sum by the number of subcomponents that have got
a value (for example, Wembezi (formal) has been divided by 2). The following tables show
the results for the use component assuming equal weights across the sub-components for each
country. Thc comparison should be done between rural and urban separately, for this
component, as it includes aericulture use and livestock that arc activity especially relevant for
rural areas.

South Africa

illages


Ethembeni
waLatha
embezi infor.
embezi form.

Domestic
se

17
0
0
9

Industrial
se
6

2
8
7

gricultural
se
3
9

ivestock se

1
5

18
8

10

OCE.11 Wallingford 2002
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As the final use score shows, KwaLatha is much worse than Ethernbeni in terms of use.
Instead on the urban side Wembezi (informal) is thc village scoring the lowest value. Access
and use are often positively correlated, in fact KwaLatha is the village with the lowest access
and use compared to Ethembeni: the same is for Wembezi (informal) in comparison with
Wembezi (formal).

Tanzania

Wages

Nkoaranga
amaria

Majengo
Klen e

Domestic
se
6

4

0
7

Industrial
se
1
9

11

gricultural
use
3

ivestock

1

7

1

Use

5
8

5

Among the rural villages Samaria is the worst one both in terms of use and access And
Majengo is the worst urban village both in terms of use and access.

Sri Lanka

illages

garauda
warakotuwa
harawaththa
issawa

Domestic
se
6
0
2
6

Industrial
se
6

9

gricultural
se
3

14

ivestock

4

50

se

5


1
6

0

Tharawaththa is the urban village with the lowest use and access score. Tissawa score less
than Agarauda in terms of use.

1.2.7 E - Environment

This component should tell us what is the requirement for water for the environment, and
consequently the state of the environment. As it is not yet possible to come up with an
estimate of the quantity of water needed by the environment, and because no data was
available on the real state of the environment, we had to opt for data that were somehow a
surrogate for that.

The component environment has been created by initially including the following household
survey data:

No Erosion (question: is there erosion on your land?)

No LC (question: how many times have vott lost crops (1119to (Iroughts in the last 5
years)

Recreation and wildlife (question: do you use wildlife plants and anintals? Do you use
rivers Pr recreation?)

However, iliven the unreliable quality of the data for the recreation and wildlife component. it
was decided to remove it from the final calculation.

irj CE1I Wallingford 2002
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At this initial stage, the environment component is relying only on "no erosion- and "no CV
and these are provided mainly by those who live in rural areas, the environment component
shows the state of the environment mainly for the rural areas and not for the urban areas. This
is a disadvantage and more work needs to be done to improve this component of the WPI
including improved en vironment data. In appendix 9.5 Acre man and King present a possible
way the environment component could he incorporated into the WPI.

No Erosion

Percentage of households in the village stating that there is no erosion on their land. With this
component we are trying to capture the fact that if there is erosion it suggests that the general
state of the environment in that area is degraded. The households that have answered to this
question are mainly the households living in the rural areas as they are in more direct contact
with the land and are more aware of the impacts that erosion has on their land. For this reason
it would be better to compare the urban and rural villages separately.

'until Africa
thembeni
waLatha
ernbezi informal
ernbezi formal

The end points for this set
have bcen chosen to be:

100 %scores 100

0%scores 0

No Erosion
value 'ofcore

12

KwaLatha seems to experience a better state of the environment in terms of erosion with
respect to Ethembeni. None of the households leaving in Wembezi (formal) seem to be aware
of the level of erosion in their area.

l'anzania




No Erosion
The end points for this se«)f valueCore

Nkoa ranga 3% have been chosen to he: 3
amaria 6%




6
Majengo 8% 100 % scores 100 8
Klen e




0%scores 0




A smaller proportion of households in Sarnana seem to experience erosion on their land with
respect to Nkoaranua's households. No data were available for Kijenge.

ri Lanka




No Erosion
The end points for this set of value.Core

garauda 18% have been chosen to be: 18
warakotuwa 8%




8
harawaththa 2% (X) %scores 100 2
issawa 13%. 0%scores 0 13

Agarauda's households experience sliuhtly less erosion than the households in Tissawa.

Clil I Wallingford 2002
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No Loss of Crops (No LC)

This component is looking at the average number of times a village has suffered from loss of
crops in the last 5 years. It is implicitly assumed that if the crops are lost through lack of
water, the area not cultivated is also under water stress. For the urban areas there is no
information as they do not cultivate and consequently they do not experience loss of crops.

'outh Africa umber
No LC

The end points for this set olva lue:core
Ethembeni .3 have been chosen to he:

waLatha .7




6
embezi informal
embezi formal

1.4 5 scores 0
0scores 100




KwaLatha's households experience more loss of crops than the households in Ethembeni.
This is probably due to the fact that Ethembeni can rely on irrigation much more than
KwaLatha. KwaLatha does not have much water to spare for irrigation. No data were
available for Wembezi (formal), almost any of the households living in this village are
involved in agricultural activities. Wembezi (informal) is semi-urban and the average size of
the land cultivated is quite small, so it is easier for the households to water their plants in case
of emergency with respect to the households living in the rural areas whose average land size
is ten timcs larger.




No IC
l'anzania

koaranga

%
1.2

The end points for this set of value,
have been chosen to be:

core
6

amaria .2




7
Majengo




5 scores 0




Khan e




0 scores 100




No data were available for the urban villages, as they are not involved in agricultural
activities. Samaria is definitively the rural village that is suffering more from the water stress.
They do not have water available for irrigation, so making them much more vulnerable to
drastic droughts.

No LC
'ri Lanka
garauda .5
warakotuwa

harawaththa
issawa 1.8

The end points for this set of values core

have been chosen to be: 0

5 scores 0

scores 100

Tissawa experiences on average less crop losses than Agarauda. this is may be due to the fact
that the households in Agarauda own on average three times more land than the households
in Tissawa, making them more probable to loose crops Oranthe Tissawa households.

Wallineord 2002
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Environment final score

The component environment has been obtained by augregating the score of the sub-
components described above and then by dividing the sum by the number of subcomponents
that have got a value (for example, Wembezi (formal) has no environment component). The
following tables show the results for the environment component assuming equal weights
across the sub-components for each country.

As we have already said, the way this component has been calculated, is biased towards the
rural villages. The environment component of urban villages is empty or constituted of only
one subcomponent and so less reliable. For this reason it is better to compare the rural and
urban scores separately.

South Africa

illages o erosion No LC nvironment

Ethembeni 8
KwaLatha 12 6

embezi infor 1 9
embezi form

Wembezi (formal) does not have the environment component. KwaLatha and Ethembeni
score a very similar value.

Tanzania

illaes o erosion No LC nvironment

koaranga




6 0
amaria 6 7 6
ajengo 8




8
i'ene





Samaria is clearly the rural village that lives in a more difficult environment than Nkoaranga.

Sri Lanka

illages o erosion No LC nvironment

garauda 18
warakotuwa 8 8
harawaththa 2 2
issawa 13 8

As in South Africa the two rural villages score a very similar value. The two urban villages
rely only on the no-erosion sub-component to create their environment component.

1.2.8 WM

The WEI has been calculated by aguregaiing the score of the five components and then by

dividing them by the number of components that have got a value (for example. KwaLatha is

divided by 5 as it has 1201all the five components. where instead Kijenge is divided by 4 as it

CEM Wallingford 2002
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is missing the environment component). For the moment it has been given equal weight to all
the five components. However in the way the WPI has been calculated, by aggregating first
the subcomponents to obtain the five components and then aggregating the five components
to obtain the WPI, it implicitly gives different weights to the subcomponents, even if equal
weight was used to aggregate them. This is because the number of subcomponents used to
obtain each of the five components is different. Access is constituted of seven subcomponents
where instead Use by only four. The more subcomponents are used in a component, the less
weight is given to each of them (in comparison to the subcompOnents used in the other
components) in the final WPI calculation. The consequence is that a percentage change in the
score of any of the access component would have less impact on the final WPI value than the
same percentage change in any of the use subcomponents. If the five components were
constituted by the same number of subcomponents, each of subcomponents would be equally
weighted.

A way to avoid this is to first divide each of the subcomponents by the total number of
subcomponents, then aggregate them to obtain the five components, and then aggregate the
five components to obtain the WPI. In this case the component with more subcomponents is
going to be larger than the other ones but this is not a problem, as we are not trying to
compare across the five components but to compare components across villages.

To explore this difference in methodologies the WPI has been calculated for each country
using both the approaches. The WPI obtained using the first methodology (with the implicit
weightings) will be referred to as the unbalanced WPI, while the score obtained using the
second method, will be referred to as the balanced WPI.
The balanced WPI can be expressed as follows:

N, Pos

WP1 = >w1subC, = + 2,w,C, + w, U, +
s I s I N 1+1 N2+1 N,•I

where

subC; are the all the subcomponents used in Access, Capacity, Use and Environment
components;

A1 are the subcomponents used in the Access component;
C1 are the subcomponents used in the Capacity component;
111 are the subcomPonents used in the Use component;

are the subcomponents used in the Environment component.
is the total number of subcomponent used to create the WPI that have got a value; in
our case the maximum number is 21; however for Wembezi (formal) N is equal to
12 as few of its subcomponents have not a value.
is the total number of subcomponent used to obtain the Access component;

N2 is the total number of subcomponent used to obtain the Capacity component;
N3 is the total number of subcomponent used to obtain the Use component;
N4 is the total number of subcomponent used to obtain the Environment component.
wi are the weight associated with each subcomponent. They are subject to the following

constraint:

CEH Wallingford 2002
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The weights can be expressed as follows:

d,
w, =

Ed,
$.1

where

can be any decimal number ranging from 1 to +.0. In our case we have assumed

equal weights across all the subcomponents by setting cli equal to 1, and

consequently w, equal to 1/21 (in the case all the subcornponents have got a value).

In both the approaches if one component does not have a value, the WPI is calculated

averaging only the remaining components/subcomponents. For example, Wembezi (formal)

has got only the four components' values, so to obtain the unbalanced WPI the components

are first aggregated and then divided by four. Where instead KwaLatha has got all the five

components' values, so to obtain the unbalanced WPI the components are first aggregated

and then divided by five.

As a consequence, despite the Wembezi (formal) and KwaLatha components are all equally

weighted, the actual weight given to each of the four Weinhezi (formal) components (1/4) is

higher than the weight given to KwaLatha's five components (1/5). In addition, if

KwaLatha's environment (the Wembezi (formal) missing component) score is lower than the

average of the other four components scores, the inclusion of this score in the KwaLatha WPI

calculation will be reduced the final WPI score in relation to the Wembezi (formal) one. In

conclusion, despite KwaLatha has got more data for the environment, it is actually penalised

with respect the villages not having data for the environment component.

Values for the unbalances and balanced WPI are shown in the tables below separately for the

rural and urban villages. It can be observed that the ranking within the urban and urban does

not change if we use the balanced approach instead of the unbalanced one.

SOUTH AFRICA

Rural villages

illage nameesources ccesspaclty UseEnvIronment

EthembeniEl 701 8

waLatha072 59

PI
nbalanced

0 CEH Wallingford 2002
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illage name Resources ccess apacity Use Environment

Ethembeni 12 13

KwaLatha 1

For both the methodologies KwaLatha scores the lowest WPI value. All the KwaLatha's five
component scores are much less than the Ethembeni once, with the exception of environment
that are similar.

Urban villages

illage name ccess PacitY se

embezi infor 9 8

embezi form 7

illage name Resources ccess apacity Use Environment

embezi infor 15 10

embezi form 3 0

Wembezi (formal) is definitively less water poor than Wembezi (informal). The Access,
Capacity and Use components for Wembezi (informal) are much lower than the Wembezi
(formal) once.

TANZANIA

Rural villages

illage name

Nkoaranga


amaria

CCeSS

1

ItY

CEHWallingford 2002
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illage name Resources ccess apacity Use Environment

Nkoaranga 0 8 7 0

amaria 0 0 9 8 6

Samaria is the rural village scoring the lowest value for all the five components. Its score is
the lowest also in comparison the urban villages.

Urban villages

illages cans path,' se Wronment

Majengo 5

Kijenge

illage name Resources ccess apacity Use Environment

Majengo 0 1 8 15 8

Kijenge 0 3 1 2

The difference between Majengo and Kijenge is not so wide. If the environment was not
included in the Majengo final score. Kijenge would be the better off. This is because, for

exception of the Resource component (that are equal) theAccess, Capacity and Use score an

higher value in Kijenge than in Majengo, but because the Environment score for Majengo is

so much higher than the average of its other four scoresthat it compensates for the fact that
Kijengo performs better in the other three components.
SRI LANKA

Rural villages

illage name ccess Pack' se nvironment

garauda

issawa 7

CEH Wallingford 2002
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illage name Resources ccess apacity Use lEnvironment

garauda 0 9




5

issawa 0 8 7 5(18

Tissawa scores a higher score than the Agarauda one, despite Tissawa has got only Capacity
and Use better than Agarauda.

Urban villages

illages




Cass




wits(se nvIronment

harawaththa




7 1 16




0




1




warakotuwa

illage name Resources ccess apacity Use Environment

harawaththa 0 1




16 2




10 9 0 1 8warakotuwa

Tharawaththa scores the lowest unbalances and balanced WPI scores across the Sri Lanka
villages. With exception of the environment component all the other components of
Tharawaththa scores the lowest value among the other villages.

In conclusion we can say that the balanced approach is the better one, as it allows a more
transparent and equitable assignation of weights to each of the subcomponents. However, in
our examples the ranking within the urban and rural villages is the same independently from
which approach is used.

Once the WPI has been used to identify the key area or issue to be developed, the way to
intervene has to be chosen. The cost effectiveness approach is used to selectthe scheme able
to reduce water poverty in the most effective way.

This paper has outlined a methodology by which a comprehensive and holistic indicator
linking water and welfare has been developed. While there still remains the potential to
improve this with future work and better data, the WPI outlined here does provide a means by
which comparisons can be made at community level. This provides a standardised,
transparent framework on which decisions can be made to promote more equitable and
sustainable outcomes.

CEH Wallingford 2002
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Appendix 1.3

Time- analysis approach

13.1 Introduction

One possible way to construct the WPI is to use a time-analysis approach, where time is used
as a numeraire for the purpose of assessing water poverty. With this method, the WPI
determines the time required to gain access to a particular quantity of water. The index is
calculated as follows:

T
WPI =—(m. rt)

V

where T is the total time (in minutes) spent per household in a day to collect volume V of
water (in litres). The more time a household spend in collecting a given volume of water the
higher its opportunity costs.

This index can be used to measure how a particular water scheme could reduce the
household's opportunity costs (by reducing the time spent in collecting water, the members of
the household responsible for collecting water will have rnore time to look after children, do
home work, grow vegetables etc.). However, if this index is used to compare villages or
countries, an implicit important assumption is made: opportunity costs in different villages
and countries are the same. As this often is not the case,a measure of the opportunity costs
should be estimated. The minimum salary (£Thr) could be used as an approximation of the
opportunity costs. However, at this stage the WPI will be calculated using only Time and
Volume of water. An estimation of opportunity costs will be done in a second stage. It will be
interesting to compare the results from the WPI (time approach) with and without opportunity
costs, to see if there is any change in the ranking of villages/country.

13.2 Methodology

The WPI has been calculated using household data from the surveys carried out in South
Africa, Sri Lanka and Tanzania. In this case the WPI is constructed using a bottom up
approach. The data that have been used from the survey are the following:

Time (in minutes) takes to collect water from the main source, including the queuing
time respectively in the wet and dry season.

Volume of Water (litres) collected in each trip respectively by women, men and
children in the household.

Number of women, men and children gathering water respectively in trip one, two
and three of the day.

These data are used to calculate:

the total time spent by a household collecting water in a day; and

b) the total volume of water available for a household in a day.

0 CELEWallingford 2002
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Total time spent by the household in a day to collect water is calculated by multiplying time
spent per person collecting water by the total number of people collecting water in the three
trips.

The total volume of water obtained summing together the total amount of water transported
by women, men and children. The total amount of water transported by women is calculated
by multiplying the volume of water collected in each trip hy a woman by the total number of
women carrying water in a day. The same type of calculation is applied for men and children.

As we want to know the averane time and volume of water at villane level, we cannot
disregard the households with a pipe in the house. For the latter we have assumed that the
average time spent per head collecting water is 2 minutes and the average volume of water
per head has been provided by local water authorities.

For the households with a pipe it is not necessary to calculate the total time and volume of
water as the time and volume per head are the same across the members of the household,
and if wc divide total time by total volume the household size would disappear from the ratio:

total _time time I head * n'theads tune I head

total _volume volume I head * nTheads volume I head

where n" heads is the household size.

The time-volume index (minutes/litre) is calculated simply by dividing the total time
(minutes/day) by the total volume of water (litre/day)1. This index tells ushow many minutes
a household has to spend collecting each litre of water. The higher the index the worse off is
the household.

Table 1.3 shows the time index value for each of the villages across the three countries. The
first set of the table refers to the wet season where instead the second pan to the dry season.

In South Africa the village that spends more time per litre of water collected is KwaLatha
both in the dry and wet season, while Wemhezi (formal) is the village that spends the least
time per litre of water collected. Wembezi (informal) is relatively worst off than Ethembeni
in the wet season, but its score in the dry season improves relatively to Ethembeni. This could
be due to the fact that a higher proportion of households in Wembezi (informal) have got a
pipe in their house than in Ethembeni, so if in Ethembeni the near by river dries up its
households have to travel longer distance to find another water source.

In Tanzania, Samaria is definitively the village that suffers more for the lack of good access
to water sources. In facts its households have to travel very lorg distance to get to the water
sources spending on average 5 hours to collect water. Its situation gets even worse in the dry
season. Kijenge is the village that is better off in terms of time spent collecting_ water. Whilst
in the wet season Nkoaranga spends a relatively small time collecting water, in the dry season
its time is doubled. In Nkoaramaa the water supplied become very unreliable in the dry season
so households have to collect water from water sources such rivers and streams.

Or the time per head by the volutne per head in case the household has got a pipe in (he house.

Clifl Wallingford 2002
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Unlike South Africa and Tanzania where the village that scores the lowest value with the
time approach is rural, in Sri Lanka the worst off village is urban. Actually both the urban
villages are thc worst ones. During the dry season the situation becomes even more dramatic
in the urban areas, their average time more than doubles. Also the rural villages, especially
Tissawa, spend much more time collecting water in the dry season than in the wet. Overall
Sri Lanka experiences a big difference in terms of water availability in the dry and wet
season. much more than the other two countries.

The last column in the table 1.3.1 lists the average ume spent to collect one litre of water
across the four villages of each country. Tanzania is the country that on average has to travel
and queue longer to get some water in the wet season. In the dry season thc ranking changes
and Sri Lanka is now in the last position.

CHI Wallingford 2002
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The table 1.3.2 compares the ranking position obtained using respectively the time approach.
the composite approach with implicit weights (the WPI unbalanced) and the composite
approach with equal weights (the WPI balanced).

We have coloured in red the ranking position when all the three approaches have ranked a
village in the same position. The colour blue has been chosen to indicate that only two
approaches have ranked a village in the same way. Black is when the ranking are all different
across the three approaches.

Table 1.3.2 —Comparison of time and composite ranking

Wet Season

Village name

Ethembeni

'5KwaLathaoWembezi (informal)
rri <

Wembezi (formal)

r3Nkoaranga
ctiSamaria
c=Majengo
HKijenge

Agarauda
Awarakotuwaa

C/771 Tharawaththa
Tissawa

Dry Season

Village name

Ethembeni
s n
5 4:KwaLathao .--
cn <Wembezi (informal)

Wembezi (formal)

Nkoaranga
t

SamariaNcMajengo
7,
i—• Kijenge

Agarauda
a

r,..5Awarakotuwa
(7)1=LITharawaththa

I Tissawa

Time approach
rank

2
4
3
1

2
4
3
1

1
3

4
2

Time approach

rank

3
4

2
I

2
4
3

1

1
3

4
/

WPI unbalance
rank

2
4
3

1
4
2
3

I
3
4
2

WPI unbalance

rank

2
4
3

1

1
4
2
3

1
3
4
2

WP1 balance
rank

2
4
3

1
4
3
2

I
2
4
3

W PI balance

rank

2
4
3
i

1
4
3

2

1
3

4
7

It is interesting to observe that all the three approaches rank villages in exactly the same way

in South Africa in the wet 'season and Sri Lanka's villaoes in the wet season. In addition the

C111 WallingfOrd 2002
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three approaches are always able to identify the same worst off village in each country and
season. In Tanzania it seems that thc three approaches rankim, match much less.
1.3.3 Conclusions

The time analysis approach is quite simple to calculate and the only data required to compute
it arc, the time spent to collect water and the volume collected. The simplicity of this
approach is an advantage in comparison to the composite approach. The later, in fact,
requires more data and the computation of it is more complex.

In addition to its simplicity the time approach has few advantages with respect to the
composite approach. First of all, it makes easier comparison of villages across country. In
fact, to calculate the time approach it is not required to set any ends points whereas for the
composite approach you need two end points to be able to convert a component into a score.
In addition, as the time approach uses only two variables, there is less risk that a village is
missing data for one of the variables (see section 1.2). Finally, no weightings are required in
the time formula, avoiding the difficulty of setting them.

While the time method is apparently very simple, it doeshave a number of weaknesses:

It is not able to represent the level of health of the environment and of the household;
No consideration is done on the capacity level; in other words on the potentiality that a
household/village has to reduce the time spent collecting water in the future;
No information is provided on the actual amount of water available in the area:

By including information on the environment, capacity, health and water availability, thc
composite approach overcomes the weakness imbedded in the time approach.

Table 1.3.2 shows very clearly that there is a strong conflation between the timc approach
and the two composite approaches. So why should we collect more data to compute the
composite approach if wc can obtain the same answer by collecting only two set of data? The
answer is that we want to know:

in what to invest to reduce the water poverty and to which extent; we know that we
have to invest into improving water access but at which extent, it could be that after
having improved access up to a certain level it is more effective to improve sanitation;
as the composite approach is including both time and sanitation, it allows us to see
how a combined intervention on them can reduce water poverty;

the impacts that a reduction of time spent collecting water could have on, for
example, the environment and households wealth: the composite approach allows us
to take that into account.

Overall thc Time analysisapproach is a g.00d approximation of the state of a village in terms
of water poverty but for a more sustainable and holistic intervention towards water poverty
alleviation the composite approach is the favoured one.

CEll Wallingford 2002
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Gap approach

An alternative method of calculating the Water Poverty Index is the Gap Approach.
In this method, the WPI is measured by the difference between the predetermined standard (the area
below the black horizontal line) and the actual measured value (the histogram area, including the
area below and above the horizontal line) on a variety of criteria. Here the WPI gap measure is
shown by the full coloured area, see figure below. Different colours have beenused to represent the
level of distance from the predetermined standard, red represents the fact that the actual measured
value is below the predetermined standard, blue represents that the current value is far above the
predetermined standard and quite close to the optimal level.

Figure 1.4 —Gap approach

100% High

0%
Low

A

By using the same criteria identified in the composite approach, with the gap approach we can
assess of by how much water availability, access to water, capacity, use and environment health
deviate from their pre-determined standard.

In this approach, each of these components are assigned a standard value, which may be
quantitative (scientifically defined) or qualitative, (identified through participation). This standard
or target value reflects that level which would exist if the resources were managed in a sustainable
way.

Such a methodology, the comparison of the actual current empirical situation (as identified from
data), with this pre-set standard, is already used as a measure of poverty.

There are two ways the gap approach can be calculated:

1. each criteria and its predetermined standard are translated into a score, as has been done for
the composite approaches (see section 1.2). The difference between the criteria and
standards score are then used to calculate the Gap WPI. As with the composite index
approach, different weights could be assigned to the various differences.

CEH Wallingford 2002
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three approaches are always able to identify the same worst off village in each country and
season. In Tanzania it seems that the three approaches' ranking match much less.
1.3.3 Conclusions

The time analysis approach is quite sfinple to calculate and the only data required to compute
it are, the time spent to collect water and the volume collected. The simplicity of this
approach is an advantage in comparison to the composite approach. The later, in fact,
requires more data and the computation of it is more complex.

In addition to its simplicity the time approach has few advantages with respect to the
composite approach. First of all, it makes easier comparison of villages across country. In
fact, to calculate the time approach it is not required to set any ends points whereas for the
composite approach you need two end points to be able to convert a component into a score.
In addition, as the time approach uses only two variables, there is less risk that a village is
missing data for one of the variables (see section 1.2). Finally, no weightings are required in
the time formula, avoiding the difficulty of setting them.

While the time method is apparently very simple, it doeshave a number of weaknesses:

> It is not able to represent the level of health of the environment and of the household;
No consideration is done on the capacity level; in other words on the potentiality that a
household/village has to reduce the time spent collecting water in the future;

> No information is provided on the actual amount of water available in the area;

By including information on the environment, capacity, health and water availability, the
composite approach overcomes the weakness imbedded in the time approach.

Table 1.3.2 shows yery clearly that there is a strong correlation between the time approach
and the two composite approaches. So why should we collect more data to compute the
composite approach if we can obtain the same answer by collecting only two set of data? The
answer is that we want to know:

in what to invest to reduce the water poverty and to which extent; we know that we
have to invest into improving water access but at which extent, it could be that after
having improved access up to a certain level it is more effective to improve sanitation;
as the composite approach is including both time and sanitation, it allows us to see
how a combined intervention on them can reduce water poverty;

the impacts that a reduction of time spent collecting water could have on, for
example, the environment and households wealth; the composite approach allows us
to take that into account.

Overall the Time analysisapproach is a good approximation of the state of a village in terms
of water poverty but for a more sustainable and holistic intervention towards water poverty
alleviation the composite approach is the favoured one.

CEH Wallingford 2002
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Weaknesses: I) difficulty to identify the threshold level and the ends points (or the optimum level
for the second gap approach): 2) difficult to design a weighting system able to reflect the trade off
among the various criteria.

Strengths: it provides a holistic picture of the reasons why there is water poverty in a
village/country.

At this stage the gap approach has not been yet calculated using the household data. however we are
hoping to complete it in phase 2 and to compare further the gap approach with the composite one.

I Wallingford 2002
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The Water Poverty Index: a National Approach'
Peter Lawrence2, Jeremy Meigh3, Caroline Sullivan3

1 Introduction

Indicators of performance are an important part of the process of evaluating
achievement. They have also become an important management tool giving direction
to managerial policy and the allocation of resources. They have also become an
important political tool, allowing both professionals and the lay public. the possibility
of making judgements about the effectiveness of government policy. Performance
indicators have also come under academic scrutiny with questions being raised as to
the degree to which a set of numbers should be allowed to drive policy. Nonetheless
these indicators do offer a relative measure of achievement which can serve to direct
policy towards the improvement of performance.

This paper reports on the results of the first phase of research project into the
feasibility of a Water Poverty Index. The purpose of the Water Poverty Index is to
express an interdisciplinary measure which links household welfare with water
availability and indicates the degree to which water scarcity impacts on human
populations. Such an index makes it possible to rank countries and communities
within countries taking into account both physical and socio-economic factors
associated with water scarcity. This enables national and international organisations
concerned with water provision and management to monitor both the resources
available and the socio-economic factors which impact on access and use of those
resources.

Most international indices are derived from available national aggregate data. This
paper uses the conceptual framework developed over the first phase of the project to
show how it can be used to construct an index for international comparisons based on
aggregate national data. The ultimate objective of the project is to show how the
results of small participatory local surveys can be used to build up a weighted national
index which can replace or complement an index based on aggregate national data.
Pilot surveys have been successfully carried out to examine the feasibility of
developing a 'bottom-up' monitoring tool and the results of this work will be reported
in a separate paper.

I Our thanks to very helpful inputs from William Cosgrove. Richard Connor and many others at
various meetings and workshops too numerous to list here. Discussions with Rivkka Kin and her
colleagues at the Water Research Commission. Pretoria. and Barbara Schreiner at DWAF Pretoria
specifically led to indicators on water quality, governance and distribution being found and added to
the index. Many others also made important contributions to the thinking behind this work, in
particular the team members of the research project 'The development and testing of the Water Poverty
Index'. This paper is an output of that research project funded by the Department for International
Development (DF1D). UK Knowledge and Research contract number C24. The views expressed hcrc
do not necessarily represent those of DFID.
2 Department of Economics. Kcele University. Staffordshire ST5 511G. UK. e-mail: eca02@keele.ac.uk 

3 Centre for Ecology and Hydrology. Wallingford: c-mail: jrrn@ech.ac.uk; csu@cch.ae.uk 
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2 Conceptual Framework

The idea of a WPI is to combine measures of water availability and access with
measures of people's capacity to access water. People can be 'water poor' in the
sense of not having sufficient water for their basic needs because it is not available.
They may have to walk a long way to get it or even if they have access to water
nearby, supplies may be limited for various reasons People can also be 'water poor'
because they are 'income poor': although water is available, they cannot afford to pay
for it. The South African Minister of Water Affairs and Forestry noted how he began
life as a Minister,

	 with the shock of finding, in a village with a text book community water project,
a young woman with her baby on her back, digging for water in a river bed, metres
from the safe supply that we had provided. She was doing this because she had to
choose between buying food or buying water. (Kasnls, 2000)

It is this kind of water poverty that the WPI constructed here is trying to capture
alongside the more traditional definition of this condition. There is a strong link
between 'water poverty', and 'income poverty' (Sullivan, forthcoming, 2002). A lack
of adequate and reliable water supplies lead to low levels of output and health as well
as a low capacity to enjoy adequate water supply bccause of its user cost. The
underlying conceptual framework of the index therefore needs to encompass water
availability, access to water, capacity for sustaining access, thc use of water and the
environmental factors which impact on water quality and the ecology which water
sustains. Availability of water means the water resources, both surface and
groundwater which can be drawn upon by communities and countries. Access means
not simply safe water for drinking and cooking, but water for irrigating crops or for
non-agricultural use. Capacity in the sense of income to allow purchase of improved
water, and education and health which interact with income and indicate a capacity to
lobby for and manage a water supply. Use means domestic, agricultural and non-
agricultural use. Environmental factors which are likely to impact on regulation will
affect capacity. The conceptual framework for the index can be illustrated in the four
quadrant diagram in Figure 2. Quadrant A indicates a country or community which
scores relatively highly on capacity and use, but has a low score on availability and
access. Quadrant B show relatively high scores on both sets of factors. Quadrant C
indicates both water and income poverty, while quadrant D covers relatively low
capacity and use but high availability and access'.

'The authors owe this quadrant approach to the participants al (he WPI workshop in Arusha.Tanzania
in May 2001. and especially to .I. Dent Proscoli. See also Sullivan. 2002
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Figure 2 A WPI quadrant or matrix approach
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Indicators arc usually presented in the form of an index derived from a range of
available data. The resulting measure enables a judgement of performance relative to
previous time periods, or to the performance of others. The consumer price index
tracks the prices of a typical basket of goods for one country or region over time and
is usually published monthly. Indices of industrial output track the output of a
representative sample of industrial products over time. The terms of trade indices
track the relative prices of imports and exports over time. The Human Development
and Human Poverty Indices evaluate countries' performance relatively to each other.

All indices, however well established are not without problems. The consumer price
index (CPI), established in the late nineteenth century, is based on the prices of a
representative basket of goods. However, this basket of goods changes over time as
new products come onto the market and other products disappear. The importance of
individual items in the basket may change over time both because of changing
consumption habits with rising income, and because of changes in relative prices.
These problems are partly overcome by regular changes of base year and changes in
the weights given to each item in the basket. However, although an imperfect
representation of price changes in the long run, the single number CPI is widely used
to deflate nominal Gross Domestic Product (GDP) in order to estimate real output
growth over time, the traditional way of judging a country's rate of development.

Using GDP as a measure of levels of development and rates of growth of real GDP as
a measure of progress was considered to be an unsatisfactory way to compare levels
of development because it said nothing about the quality of that development.
Increases in output might not necessarily mean that there were improvements in
health or education or that thc benefits of increased output were spread throughout the
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population. The search for more representative indicators lcd to the development of
the Human Development Index (HD!).

The HDI is an average of three separate indicators: life expectancy at birth,
educational attainment and GDP per capita at purchasing power parity (PPP) values.
The educational attainment index comprises an index of adult literacy and of primary,
secondary and tertiary educational enrolment in which adult literacy is given a two-
thirds weighting and school enrolment one-third. The life expectancy index is
constructed by taking the ratio of the differences between the actual value for the
country concerned and a fixed minimum (25 years), and a fixed maximum (85 years)
and the fixed minimum. So a country with a life expectancy of 50 years would have
an index of 50-25/85-25 = 0.417, while one with a life expectancy of 70 years would
have an index of 0.75. Measures of educational attainment are straight percentages.
The PPP measure of GDP per capita is adjusted by taking using log values in order to
reduce the effect of very high incomes which are not necessary to attain a reasonable
standard of living. The individual indices which make up the HDI are also published,
so that it is possible to see what is driving any changes which take place.

The HDI gives a measure of social and economic progress which goes beyond the
national income measures by which countries are usually compared. They encapsulate
more than one measure of progress, averaged into a single number. The advantage of
a single index is that it provides a measure which is uncomplicated and can clearly set
one country's performance against that of others with which comparisons may wish to
be made. Such comparisons will depend on the particular purposes of making them.
Poor countries may wish to compare their position relatively to rich countries,
neighbouring countries may wish to show how much progress they are making
relatively to each other in order to convince their citizens that their governments arc
doing a good job. Failure to progress may push laggard regimes into making ureater
efforts, and may assist international organisations in pushing these regimes to
progress. Publishing the component parts of the composite index can show where
progress needs to be prioritised.

Nevertheless, the HDI, though now well-established, has been criticised on several
grounds. Srinivasan (1994) is representative and has four main criticisms relevant to
the present discussion. First, he argues (p.237) that 'income was never even the
primary, let alone the sole, measure of development', as claimed by the first Human
Development Report (UNDP, 1990). He notes that data on such measures as life
expectancy at birth and infant mortality were used as measures of development from
as early as the 1950s and that, for example, another single number index of
'international human suffering' already existed. Secondly, he takes issue with the
conceptual framework underlying the FEDI. The HDR distinguishes between the
'formation of human capabilities and the use people make of their acquired
capabilities' (p.239). Countries can be compared internationally by measures of their
real income based on values which are locally specific. This is not the case with such
measures as life expectancy or educational attainment whose 'relative values may not
be the same across individuals, countries and socio-economic groups' (p 240).
Thirdly, most of its components are highly correlated with each other thus reducing
the usefulness of the separate sub-indices in adding more information to the PPP



Appendix 1.5

income measure.5 Finally, the data is weak, outdated or incomplete for many countries
and therefore involves a large number of estimates.

Srinivasan is right to point to the prior existence of quality of life indicators.
Nonetheless, until recently, the World Development Report in its statistical
appendices, ordered countries by GDP per capita, suggesting that this was at least the
first statistic to be used in any assessment of development. The single number HDI
was essentially an alternative way of making that primary assessment.As with GDP,
any serious assessment of performance would still require looking at a range of
indicators, both quantitative and qualitative. His other criticisms are also valid.
However, these numbers are 'indicators' and not precise measures. Although different
capabilities and uses might be valued differently across countries and groups of
people within countries, the development objective has always been conceived in
terms of a 'catching-up' process. So making comparisons in relative terms does
encapsulate this concept of development. The correlations between the different
variables are indeed, high. However, the rank orders of countries do change from PPP
GDP to HDI, and so the 'league table' could be viewed as one of real income adjusted
for the other indicators, which though highly correlated, are not perfectly correlated.

However imperfect a particular index, especially one which reduces a measure of
development to a single number, the purpose is political rather than statistical. As
Streeten (1994: 235) argues:

...such indices are useful in focusing attention and simplifying the problem.
They have considerable political appeal. They have a stronger impact on the
mind and draw public attention more powerfully than a long list of many
indicators, combined with a qualitative discussion. They are eye-catching.

An International Water Poverty Index (WPI)

Using a methodology comparable to that of the Human Development Index, we have
constructed an index which measure countries' position relatively to each other in the
provision of water. In order to do this, we construct an index consisting of five major
components, each with several sub-components. The main components arc:

Resources

Acccss

Capacity

Use

Environment

Resources

This index combines two separate indices: one of internal water resources and the
second of external water inflows. Both are calculated on a log scale to reduce the
distortion caused by high values. Water inflow amounts are reduced by 50% to
increase the weight of internal water resources in the measure. This index is a basic
indicator of water availability.

5 Ogwang (1996) on the basis of principal component analysis concludes (hat using life expectancy a(
birth as a single measure of human development would lose little information and give a simpler and
lower-cost index.
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Access

There are three components to this index:

percentage of the population with access to safe water

percentage of the population with access to sanitation

an index which relates irrigated land, as a proportion of arable land, to internal
water resources. This is calculated by taking the percentage of irrigated land
relative to the internal water resource index and then calculating the index of the
result. The idea behind this method of calculation is that countries with a high
proportion of irrigated land relative to low internal available water resources are
rated more highly than countries with a high proportion of irrigated land relatively
to high available internal water resources.

This index tries to take into account basic water and sanitation needs for relatively
poor agriculturally-based countries, recognising that water availability for growing
food is as important as for domestic and human consumption.

Capacity

There are four components to this index.

Log GDP per capita (PPP) (US$). This is the average income per head of
population adjusted for the purchasing power of thc currency. This is considered
to be a much more accurate measure of the average standard of living across
countries. These data are presented in log form in order to reduce the impact of
very high values.

under-5 mortality rate (per 1000 live births). This is a well-established health
indicator.

UNDP education indcx from the Human Development Report 2001.

the Gini coefficient. This is a well known measure of inequality based on the
Lorenz curve which gives the distribution of income across the population.6 It acts
here as a proxy for the distribution of resources, including water. Where the Gini
coefficient is not reported the Capacity index is based only on the first three sub-
indices.

This index tries to capture those socio-economic variables which can impact on access
to water or are a reflection of water access and quality. Introducing the Gini
coefficient here is an attempt to proxy for unequal distribution of water resources.

Use

This index has three components:

domestic water use per capita (m3/caplyr). This index takes 50 litres per person
per day as a reasonable target for developing countries! We then construct a two-
way index such that countries at 50 litres =1. Countries below the minimum have
an index calculated such that the lower the value the more they are below the

6 Hicks (1997) constructs an 'inequality adjusted HDt v.hich. for 20 countries, adjusts each of the
component indices by a Gini coefficient for that indicator He finds that there are 'losses on the 1101
index score of up to 57%, and changes in rank go up to 3 negatively and 4 positively.
7

sec Gleick (1996) for a detailed rationale for adopting this standard
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minimum. Countries above the minimum have a lower value on thc index the
higher they are above 50 litres. This gives some measure of `excessive' use.

industrial water use per capita (m3/cap/yr). Here the proportion of water used by
industry is related to the proportion of GDP derived from industry. Countries
whose proportion of industrial water use is higher than their proportion of
industrial GDP are indexed lower than those whose proportion of GDP from
industry is higher than their proportion of water use by industry. This gives a
rough measure of water use efficiency.

agricultural water use per capita (m3/cap/yr). The index is calculated in the same
way as for industrial water use.

Environment

This index is calculated on the basis of an average of five component indices These
are:

an index of water quality based on measures of

dissolved oxygen concentration,

phosphorus concentration,

suspended solids

electrical conductivity;

an index of water stress based on indices of

fertilizer consumption per hectare of arable land,

pesticide use per hectare of crop land,

industrial organic pollutants per available fresh water

the percentage of country's territory under severe water stress;

an index of regulation and management capacity based on measures of

environmental regulatory stringency,

environmental regulatory innovation,

percent of land area under protected status

the number of sectoral EIA guidelines;

an index of informational capacity based on measures of availability of
sustainable development information at the national level, environmental
strategies and action plans, and the percentage of ESI variables missing from
public global data sets;

an index of biodiversity based on the percentage of threatened mammals and
birds.

This index tries to capture a number of environmental indicators which reflect on
water provision and management and which are included in the Environmental
Sustainability Index (see bibliography). These indicators not only cover water quality
and stress, but also the degree to which water and the environment generally, and
related information, are given importance in a country's strategic and regulatory
framework.
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Table I provides a summary of the structure of the index and the data used to build it.
The indices show a country's relative position. The basic calculation involves the
following formula:

X i X min / X max X mm

where x, , xmz and x,„ are the original valiies for country i, the highest value country,
and the lowest value country respectively: The index for any one indicator lies
between 0 and I. The maximum and minimum values are usually adjusted so as to
avoid values of or I . Any remaining values above I or below zero are fixed at I and 0,
respectively. Within each of the five .components, sub-component indices are
averaged to get the zero component index. Each of the five component indices is
multiplied by 20 and then added together to get the final index score.

Table I: Structure of Index and Data Used

WPI Componcnt Data Used

Resources • internal Freshwater Flows

external Inflows

population

Access • % population with access to clean water

% population with access to sanitation

% population with access to irrigation adjusted
by per capita water resources

Capacity • ppp per capita income

under-five mortality rates

education enrolment rates

Gini coefficients of income distribution

Use • domestic water use in litres per day

share of water use by industry and agriculture
adjusted by the sector's share of GDP

Environment indices of:

water quality

water stress

environmenal regulation and management

informational capacity

biodiversity based on threatened species

Analysis

The resulting Water Poverty Index is presented in rank score order with the highest

scoring country first (see Figure I and Appendix: Table I). Thc results show few
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surprises. Of the 140 countries with relatively complete data, most of the countries in
the top half are either developed or richer developing. There are a few notable
exceptions: Guyana scores highly on resources and use to get into eighth position,
while Belgium is 87th in the list, having scored low on resources and on environment.

Figure 1

National values for the Water Poverty Index
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The US and New Zealand, though they score relatively highly on Environment score
very low on use. South Africa, low on the resources index is relatively high on the
other sub-indices reflecting its progressive policies on access and management. The
index as presented does suggest areas of current future policy concentration with the
overall performance. Data is also provided in Appendix: Table 1 on the Falkenmark
index measure: that is, water resources per capita per year. The correlation between
the Falkenmark index of water stress and our Water Poverty Index is only 0.32 which
suggests that the WPI does add to the information available in assessing progress
towards sustainable water provision8.

Table 2 below shows the correlation matrix for the five indices and the WPI. There is
very little correlation between the different sub-indices, with the exception of access
and capacity. Although intuitively, a strong association between these two indicators
is to be expccted, we might have expected a stronger negative correlation between
resources and use and a strong negative association between resources and
environment. It would appear that strong scores on access and capacity are associated
with strong scores on the index, although the correlations are still relatively low. In
this respect, the index avoids one of the main criticisms levied at the HDI.

Table 2: Correlation Matrix: sub-indices and WPI

Resources

Access

Capacity

Use

Environment

HDI

WPI

Resources

-0.14


-0.04

-0.08

0.33

0.04

0.36

Access

0.80

0.16

0.20

0.81

0.71

Capacity

0.09

0.32

0.94

0.74

Use

-0.10

0.09

049

Environ- HDI
ment

0.36

0.490.77

The usual cautions need to be made here. First the data and the results based on them
are, as always, to be used with care. Coverage is not 100 per cent and so some key
measures are missing for some countries. This may affect their position in the ranking,
although not by very much, since there are 17 components to the five sub-indices and
some of these are themselves an average of two or more measures.

There is some implicit weighting in the overall index in that each sub-index has a
different number of component indices, but there is no attempt to weight the five sub-
indices other than equally. It could be argued that less weight should be given to
resources and more to use, access and environment in that resources are given and it is
their management and distribution that is most important. The index so far developed

The Falkenmark water stress index measures per capita water availability and considers that a per
capita water availability of between 1000 and 1600ne indicates water stress. 503 -1000rn3 indicates
chronic water scarcity, while a percapita water availability below 500 m3 indicates a country or region

beyond the 'water barrier' of manageable capability (Falkenmark. 1989)
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does allow for differere weights. However, the information is in the components
rather than the final single number, and as with the Human Development Index, it is
likely that a straight average is as useful as a weighted one.

Conclusions

This water poverty index is a first pass at trying to establish an international measure
comparing performance in the water sector across countries. It does seem to eive
some sensible results but it does not pretend to be definitive nor offer an accurate
measure of the situation. No one single figure or sct of figures could do this,
especially when they are meant to be representative of the progress or otherwise of a
whole country. This is, however a start. There are other data that could have been
included, if available, the most important of which is some relative measure of
investment in water. Several more countries could have been included if data had
been available.

Similar criticisms to thosc made of the 1-01 can be made of this index, with the
exception that most of the sub-indices are not correlated with each other. The data
itself needs more investigation, since there are sometimes large differences between
reputable estimates of the same variable, as in the case of water resources (see
Appendix 2). Finally, the data does combine components that can be priced and ones
that cannot be given a comparative value. However, it is argued that what this index is
essentially doing is providing a measure of water availability and access that is
adjusted by socio-economic and environmental factors and in showing the
components of the index is making clear which apples are combined with which
pears.

The index produced here is intended to focus attention at international level on
improving water management performance across the world, and as Streeten wrote of
the HDI it is also intended to 'contribute to a muscle therapy that helps us to avoid
analytical cramps' (Streeten, 1994:235).
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Appendix I

Table 1: The Water Poverty Index and Sub-Indices Compared with Falkenmark
and the Human Development Index

Country

Resources AccessCapacity Use Environ-
ment

Water
Poverty

Falken HDI
mark

Algeria 3.4 11.7 14.5 17.0 6.7 53.5 0.5 0.69

Angola 11.3 4.9 74 7.0 10.4 41.0 14.3 0.42

Argentina 12.4 9.7 15.3 13.5 12.6 63.5 26.8 0.84

Armenia 7.6 13.5 14.2 5.3 8.1 48.7 3.0 0.75

Australia 11.9 13.7 17.6 8.6 13.2 65.0 18.2 0.94

Austria 10.1 13.4 18.8 14.8 15.7 72.8 10.2 0.92

Bangladesh 9.0 12.2 10.1 17.3 9.1 57.7 9.4 0.47

Belarus 8.8 13.5 17.5 15.6 8.4 63.7 5.7 0.78

Belgium 6.0 13.6 18.5 12.3 5.4 55.7 1.6 0.94

Belize 14.9 9.5 15.9 7.7 10.4 58.4 66.4 0.78

Benin 7.5 5.6 8.7 7.2 9.2 38.1 3.7 0.42

Bhutan 14.0 10.2 9.9 7.2 11.0 52.2 44.7 0.48

Bolivia 13.6 8.3 11.6 15.1 10.5 59.1 37.9 0.65

Botswana 9.1 9.7 15.4 17.0 11.3 62.5 9.1 0.58

Brazil 13.5 10.1 12.5 12.7 11.1 59.8 40.9 0.75

Bulgaria 11.2 14.5 16.9 11.3 9.3 63.3 24.9 0.77

Burkina Faso6.1 5.3 8.6 6.7 8.6 35.3 1.5 0.32

Burundi 3.8 6.9 9.4 8.4 8.1 36.7 0.5 0.31

Cambodia 12.8 3.7 10.8 7.2 9.5 44.1 42.6 0.54

Cameroon 11.8 6.7 12.1 12.4 10.4 53.4 17.8 0.51

Canada 15.5 13.5 18.7 8.4 16.1 72.2 89.6 0.94

Central 13.6 4.4 6.7 8.2 9.3 42.2 39.0 0.37
African Rep.







Chad 8.3 3.1 7.8 7.5 10.4 37.0 5.6 0.36

Chile 13.1 16.2 13.8 15.6 12.5 71.2 30.8 0.83

China 7.1 8.6 13.2 18.1 9.7 56.7 2.2 0.72

Colombia 12.6 12.9 12.9 15.9 11.0 65.4 25.3 0.77

Congo (Rep) 17.1 6.9 11.8 12.1 10.4 58.3 282.7 0.50

Congo12.0 4.1 8.4 17.8 10.4 52.6 19.7 0.43
DR(ex-Zaire)







Costa Rica 12.5 13.7 15.7 13.8 10.2 65.3 23.6 0.82
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Cened'Ivoi re 9.0 5.5 10.6 11.610.4 47.1 5.3 0.43

Croatia 11.0 13.4 13.3 11.69.6 58.9 16.0 0.80

Czech Rep. 6.9 13.4 18.2 15.612.2 65.6 1.6 0.84

Denmark 5.5 14.7 17.6 13.214.3 65.3 1.1 0.92

Dominican 7.3 10.7 15.4 17.711.3 62.4 9 .5 0.72
Rep.






Ecuador 12.6 10.1 15.4 20.011.9 70.0 24.8 0.73

Egypt 3.4 18.3 13.3 16.410.4 62.0 0.9 0.64

El Salvador 7.6 11.4 12.6 12.48.7 52.8 2.8 0.70

Equatorial 14.8 10.0 12.7 20.010.4 68.0 66.2 0.61
Guinea






Eritrea 6.2 2.8 9.8 7.010.4 36.1 9 .3 0.42

Ethiopia 6.6 3.1 8.0 7.08.6 33.2 1.8 0.32

Fiji 13.4 11.3 16.5 7.98.9 58.0 35.0 0.76

Finland 12.2 13.5 18.0 19.317.4 80.5 21.3 0.93




Resources Access Capacity Use Environ- Water Fa!ken HDI

Country





Fluent Poverty mark

France 7.9 13.9 18.0 11.914.2 65.9 3.2 0.92

Gabon 16.5 5.9 13.2 20.0 9.4 65.0 133.8 0.62

Gambia 8.6 7.1 10.9 4.210.4 41.2 6.1 0.40

Georgia 11.0 14.6 13.1 10.710.4 59.7 12.7 0.74

Germany 6.5 13.6 18.0 10.813.5 62.5 2.2 0.92

Ghana 6.9 8.1 12.7 8.210.4 46.2 2.6 0.54

Greece 9.3 15.7 17.4 14.59.3 66.1 6.5 0.88

Guatemala 10.9 11.1 13.8 6.410.4 52.6 11.8 0.63

Guinea 13.1 5.5 9.0 14.010.4 52.0 30.4 0.40

Guinea- 11.8 6.3 6.1 18.610.4 53.2 22.3 0.34
Bissau







Guyana 18.1 13.7 14.0 16.410.4 72.6 279.9 0.70

Haiti 6.1 4.8 10.5 3.47.0 31.8 1.5 0.47

Honduras 11.4 10.3 14.2 10.88.6 55.3 14.8 0.63

Hungary 9.5 13.5 16.9 14.112.4 66.4 12.0 0.83

Iceland 19.9 13.4 19.2 14.010.0 76.6 605.0 0.93

India 6.8 9.6 12.1 20.0 9.7 58.2 7 .1 0.57

Indonesia 11.2 10.0 13.9 20.011.0 66.2 13.4 0.68

Iran 6.8 13.9 15.5 19.89.1 65.0 7.0 0.71
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Ireland 11.2 13.3 19.1 16.511.9 72.0 13.9 0.92

Israel 0.8 16.3 16.8 14.27.5 55.7 0.2 0.89

Italy 7.7 14.9 17.4 8.49.9 58.7 2.9 0.91

Jamaica 8.2 12.5 15.0 9.09.2 53.8 3.6 0.74

Japan 8.1 17.5 18.9 8.512.8 65.8 3.4 0.93

Jordan 0.4 12.9 14.9 18.25.5 51.9 0.1 0.71

Kazakhstan 10.0 13.3 15.6 15.88.2 62.8 8.9 0.74

Kenya 4.9 8.7 I 1.5 14.6 9.7 49.4 1.0 0.51

Korea (Rep.) 6.1 16.9 17.7 10.010.4 61.1 1.5 0.88

Kuwait 0.0 18.1 17.1 19.87.9 62.8 0.0 0.82

Kyrgyzstan 10.5 16.0 13.8 18.27.2 65.7 9.9 0.71

Laos 13.9 5.4 12.0 16.410.4 58.1 51.8 0.48

Lebanon 6.1 13.0 15.8 13.0 6.0 53.9 1.5 0.76

Lesotho 7.3 6.7 12.3 5.410.4 42.1 2.4 0.54

Libya 0.8 14.5 16.5 11.06.8 49.6 0.1 0.77

Macedonia 7.9 13.3 16.2 0.07.7 45.2 6.8 0.77

Madagascar I 2.2 6.7 9.8 10.08.4 47.2 21.1 0.46

Malawi 6.4 3.5 6.7 11A 9A 37.4 1.7 0.40

Malaysia 12.7 11.7 14.3 15.311.5 65.6 26.1 0.77

Mali 9.8 4.9 6.2 9.810.0 40.7 8.9 0.38

Mauritania 7.1 7.7 9.8 20.010.4 55.0 4.3 0.44

Mauritius 6.6 14.3 15.5 16.05.3 57.8 1.8 0.77

Mexico 8.1 12.1 14.1 15.69.5 59.3 3.5 0.79

Moldova 6.1 7.9 13.6 18.59.3 55.4 7.7 0.70

Mongolia 11.1 8.8 12.0 18.711.2 61.9 13.1 0.57

Morocco 5.4 9.1 12.3 20.0 5.5 52.3 1.1 0.60

Mozambique 10.0 8.0 7.5 8.19.6 43.2 11.0 0.32

Myanmar I 2.2 7.9 12.1 9.310.4 51.8 22.1 0.55

Namibia 11.4 9.7 15.0 19.310.4 65.8 26.4 0.60

Nepal 10.2 8.3 11.2 12.411.7 53.7 8.8 0.48

Netherlands 7.9 17.3 18.2 16.114.3 73.9 5.8 0.93

New Zealand 15.9 13.7 17.4 2.614.1 63.7 102.8 0.91

Nicaragua 13.4 6.7 11.6 17.810.5 59.9 34.5 0.64

Niger 6.4 4.4 4.4 11.68.5 35.3 3.0 0.27



Resources

Country

Access Capacity Use Environ-

ment
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WaterFalken HDI
Povertymark

Nigeria7.4 6.1 8.5




13.48.8 44.2 2.8 0.46

Norway15.5 14.3 17.0




12.515.7 74.9 88.0 0.94

Oman3.1 17.4 16.2




15.610.4 62.7 0.4 0.75

Pakistan7.3 14.4 11.5




20.011.3 64.5 3.0 0.50

Panama14.3 12.1 13.6




10.8. 14.5 65.3 51.6 0.78

PapuaNew 17.0 7.7 10.3




8.67.5 51.0 166.6 0.53
Guinea






Paraguay13.5 6.9 13.2




13.19.1 55.8 57.1 0.74

Peru6.3 12.1 13.9




16.29.5 57.9 1.6 0.74

Philippines9.5 11.7 13.6




17.010.3 62 .1 6.3 0.75

Poland6.2 13.3 16.0




14.711.2 6 1.4 1.6 0.83

Portugal9.0 14.8 17.1




10.313.2 64.4 6.7 0.87

Romania9.2 12.1 15.8




12.69.4 59.0 9.3 0.77

Russia13.0 10.3 16.1




12.412.7 64.5 30.6 0.78

Rwanda4.8 3.3 9.7




13.510.0 4 1.3 0.8 0.40

Saudi Arabia 0.2 14.9 16.1




20.0 6.8 58.0 0.1 0.75

Senegal8.2 7.0 9.9




9.710.2 44.9 4.4 0.42

Sierra Leone13.3 3.3 4.3.




8.910.4 40.2 33.0 0.26

Singapore1.2 13.4 16.8




16.19.8 57.3 0.2 0.88

Slovakia10.3 14.1 18.1




13.213.5 69.2 15.4 0.83

Slovenia10.4 13.4 17.9




8.810.4 60.9 9.3 0.87

South Africa 5.6 12.1 12.7




14.711.1 56.3 1.2 0.70

Spain7.6 14.6 19.0




l 1.011.8 64.1 2.8 0.91

Sri Lanka7.5 10.1 15.3




14.510.5 57.9 2 .7 0.74

Sudan7.9 9.1 9.8




20.0 5.9 52.8 5.2 0.44

Suriname19.4 17.9 16.2




15.610.4 79.4 479.6 0.76

Swaziland8.2 9.8 10.8




20.010.4 59.2 5.0 0.58

Sweden12.1 13.6 17.9




10.414.6 68.6 20.0 0.94

Switzerland9.5 13.7 18.0




11.715.0 67.8 7.2 0.92

Syria6.3 11.6 14.9




14.8 6.4 54.0 2.8 0.70

Taji kistan10.9 14.1 13.7




. 15.310.4 64.3 12.9 0.66

Tanzania7.4 10.4 10.4 • 7.411.4 46.9 2.7 0.44

Thailand9.0 13.5 15.0 . 19.610.8 67.8 6.7 0.76
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Togo 7.4 6.5 11.1 19.39.3 53.5 2.6 0.49

Trinidad and 8.4 12.9 15.4 15.86.7 59.2 3.9 0.80
Tobago





Tunisia 3.2 12.4 15.3 19.46.5 56.7 0.4 0.71

Turkey 7.8 9.5 13.1 14.09.5 54.0 3.1 0.74

Turkmenista
n

10.0 17.7 14.7 20.010.4 72.8 15.8 0.73

Uganda 7.3 6.9 10.9 6.510.8 41.5 3.0 0.44
UnitedArab 0.0 18.5 17.1 2.910.4 49.0 0.1 0.81
Emirates






United 7.3 13.5 17.8 16.516.0 71.1 2.5 0.92
Kingdom






Uruguay 12.8 13.4 15.6 13.29.9 65.0 372 0.83

USA 10.3 14.1 16.7 3.816.2 61.0 8.9 0.93

Venezuela 14.0 9.5 14.9 14.010.9 63.3 54.5 0.77

Vietnam 10.0 6.4 14.4 18.28.0 57.0 11.2 0.68

Yemen 1.9 7.7 10.5 20.010.4 50.5 0.2 0.47

Zambia 10.7 7.3 8.5 18.28.9 53.6 12.7 0.43

Zimbabwe 6.1 9.1 14.2 15.010.7 55.1 1.7 0.55
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Appendix 2: Sources of the Data

Population

World Resources Institute, 2000 Tables HD.1 and SCI.1 and HDR, 2001

Resources

World Resources Institute, 2000 Table EWA , and Gleick, 2000. Shiklomanov (1997)
has compiled a comparison of water resources data for a selected, but large, range of
countries from different sourccs, including the WR1, Gleick and his own State
Hydrological Institute. The original WRI data has been adjusted to take account of the
variation in estimates of water resources by taking the modal estimate. The most
striking discrepancy was in the case of Peru, which WRI says has 1746 billion cubic
metres of internal freshwater flows (69,000 per capita), while all othcr estimates have
at 40 billion cubic metres (1,600 per capita). Thc World Bank's Development
Indicators also quote the former number and the WRI as the source, although earlier
years of the WRI's data have the latter estimate.

Access

World Resources Institute, 2000 Table HD.3, and I-IDR 1999

Irrigation - World Resources Institute, 2000 Table AF.2. and Gleick 2000 (irrigation)
with cropland areas from World Resources Institute (2000)2000-01 Table SCI.I.

Capacity

GDP - 1-1.DR2001

Under-5 mortality - World Resources Institute, 2000 Tables HD.2 and SC1.1

(7)

Education -1-IDR 2001

Use

Gleick, 2000 and World Resources Institute, 2000

World Bank, 2001
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Environment

World Economic Forum, Yale Center for Environmental Law and Policy, and Center
for International Earth Science Information Network:Columbia University, 2001
Environmental Sustainability Index (hup://www.ciesin.uolumbia.edu/indicators/ESI),
January 2001.



• nt



Appendix 2.1

Appendix 2.1
Pilot Country and Site Characteristics

Tim Fediw, MI Wallingford

2.1.1: Republic of South Africa

South Africa occupies 1,219,080 square kilometres at the southernmost tip of the
African continent, stretching from the Limpopo River in the North to Cape Agulhas in
the South. The eastern coastline runs along the Indian Ocean, while the South
Atlantic Ocean lies on the west coast. South Africa borders Namibia, Botswana and
Zimbabwe to the north, while Mozambique and Swaziland border on the North-East.
The capital city is Pretoria, located in the north, although the legislative centre is Cape
Town in the south. Terrain consists of a vast interior plateau rimmed by rugged hills
and a narrow coastal plain.

Climate is mostly semi-arid, with subtropical areas along the east coast. Prolonged
droughts often occur. Main natural resources include; gold, chromium, coal, iron ore,
nickel, uranium, gem diamonds, vanadium, salt and natural gas. One of the biggest
environmental issues facing South Africa at present is the threat of growth in water
usage exceeding supply.

Key statistics are presented below:

Table 1: South Africa- Key Statistics.

Population 43.84m (2000)

Myer
Currency RAND (R6.91:U.S$1,2000 average)

.. 1"ptzT)--
Per Capita GDP R19,790 (US$2,864 at exchangerate, 2000)

2415%.
•

inflation 6.7% (average1996-2000)

South Africa has one of the most unequal distributions of income in the world. At one
end of the scale are the affluent classes who enjoy a standard of living comparable
with the most developed countries in the world, whilst at the other end, many are
living in extreme poverty associated with developing countries. Economic activity is
primarily led by minerals and energy, around which much manufacturing industries
are based. Exports are also mineral led.

Agriculture does not contribute significantly to GDP, with the most important crop
being maize. Arable land accounts for 10% of land use, with permanent crops
accounting for 1% and permanent pastures 67%. Services, notably an advanced
financial sector, retail and tourism, are the most important contributors to GDP,
although informal services are the main source of employment.

CCEfl Wallingford 2002
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The spread of HIV/AIDS has led to reduced life expectancy in South Africa. The
latest estimate places the average life expectancy for males at 47.64 years and females
slightly longer at 48.56 years' The prevalence rate of HIV/AIDS has been estimated
as approximately 20% of the adult population. It is estimated that 81.8% of the
population are literate.

South Africa gained its independence from the UK in 1910. It became a full
democracy in 1994, with the African National Congress (ANC) in power, who won a
second term of office, under Thabo Mbeki, in 1999. Policy issues have tended to
reflect contradictions between the needs to address social inequalities and the need for
economic growth.

South Africa is a federal state divided into 9 provinces, of which the pilot sites lie in
that of KwaZulu/Natal, located in the East of the country. KwaZulu/Natal has an area
of 92180 square km which accounts for 7.6% of the total country. The region has a
population of 8 505 340 (21.1% of total population) and a population density of 92.3
per square km .

The two cities of KwaZulu/Natal are Durban and Pietermaritzburg. Durban offers an
atmosphere that is a blend Western, African and Easterncultures. It is also one of the
most popular holiday destinations and divides the KwaZulu/Natal coastline into the
south coast and north coast, both of which offer numerous holiday resorts. In addition
to the warm waters of the Indian Ocean, KwaZulu/Natal is also home to many game
resorts and reserves in the majestic Drakensberg mountains.2..

The pilot study sites are in the Thukela basin within KwaZulu-Natal The peri-urban

areas are two separate sections of Wembezi township,which lies about 10 km west of

the town of Estcourt. The rural sites are two communities within the general area
known as Keate's Drift, about 75 km east of Wembezi. Table 2
the populations and households surveyed.

Table 2: Communities surveyed —South Africa




gives some details of

Community Type Estimated No. households Total no. people in




population in

2001

surveyed the surveyed

households

%tibiae A Wed- 30,000 (titalfor 148 818




Womberl)




Wembezi C Peri-
urban




220 1329

Etheilthettl




3280 124 1227
KwaLatha Rural 1256 133 972

The Thukela basin has an area of 29,000 km2. It risesin the Drakensberg mountains at
altitudes of over 3000 m and flows eastwards to reach the Indian Ocean about 85 km
north of the city of Durban. Mean annual rainfall varies from around 2000 mm in the
Drakensberg to as little as 550 mm in the drier central regions. Most of the rain falls
from December to February, and there is relatively high inter-annual variability of
rainfall. Wembezi is in the western part of the basin at an altitude of about 1400 m.

(2001) hnp://www.cia.gov
2

http://www.exinet.co.zalsa_regn.html

't:CEH Wallingford 2002
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and with annual rainfall of about 800 mm. Keate's Drift is in the lower central part of
the basin which is also the driest (altitude about 700 m, annual rainfall about 550
mm). The basin has high levels of potential evaporation, which, combined with the
strong seasonality and inter-annual variability of the rainfall, lead to the area being
classified as generally semi-arid.

The basin's natural land cover is mainly grassland and savanna. However, it has been
highly modified by human use, leading to a complex patchwork of useswhich include
mining, urbanisation, commercial and subsistence agriculture, irrigation and
impoundments, as well as substantial areas of degraded grassland, thickets and
bushveld.

The river flows in the basin are strongly seasonal, with very low winter flows (June-
August) and high summer flows (November-February). The streamflow is dominated
by storm flows, indicative of the episodic and intense nature of the rainfall, which
often occurs as thunderstorms. Flow variability from year to year is also high for any
given month. There is also evidence that high and low flow years tend to come in
clusters. The water resources of the basin are relatively highly developed, and the
basin is a major source of water for areas outside its boundary. Overall, a total of
more than 600 million m3 of the Thukela's annual resource of 4000 million m3 are
transferred out of the basin. However, the location of these major abstractions is such
that they do not have a significant impact on the sites being examined in this study.

Figure 1 shows the topography and
natural features of the Keate's Drift

area in more detail. It can be seen
that, although the communities are

close to a fairly large river, steep
slopes intervene, making access to

the river difficult. The smaller
streams closer to the houses are

very much more ephemeral in their
flow.

Figure 1 Locations andtopography —
Ethembeni and KwaLatha,South
Africa

The study areas are underlain by rocks of the Estcourt Formation, a part of the
Adelaide Subgroup, which is in turn part of the Beaufort Group of the Karoo
Supergroup. These rocks consist predominantly of feldspathic mudstones, siltstones,
shales and subordinate sandstones, and are of Permian to Triassic age. Generally
speaking, the rocks are fine grained, very well cemented and hard and dense, and in
consequence can possess little primary porosity or intergranular permeability.
Groundwater storage and movement frequently occurs within and through fractures,

OCE1-1Wallingford 2002
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as well as in the rock matrix. Borehole yields are therefore often dependent on the
number, size and degree of interconnection of fractures encountered. Initial high
yields may decline substantially due to the depletion of aquifer storage by abstraction.
Recharge to certain fracture systems may be limited where these are overlain by less
permeable rocks, or where interconnection between fracture systems is low.

Dolerite intrusions in the form of dykes or sills are common in Karoo rocks. These
frequently outcrop to form ridges or other topographical features, or can be located as
soil or vegetation changes or as lineaments on aerial photographs. Magnetometer
geophysical surveys are used to locate dolerite bodies. Dolerite is normally regarded
as an aquiclude; however the contact zone between a dolerite intrusion and the
surrounding Karoo country rock forms a "chilled" and fractured zone which often has
a relatively high permeability. The fractured dolerite can act to collect water from the
surrounding less permeable country rock, and from the more porous weathered
dolerite at the surface, and transmit it relatively rapidly to a well intake. For this
reason the edges of dolerite intrusions are commonly targeted by groundwater drillers
working in the argillaceous rocks of the Karoo Basin. Yields from such systems
frequently decline with time as the limited storage in the fractures in the dolerite is
soon exhausted by over-pumping. The formation of clays on fault planes or contacts
may also prevent significant fracture permeability from developing.
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2.1.2: Democratic Socialist Republic of Sri Lanka

Sri Lanka is an island in the Indian Ocean, south of India, in Southern Asia and
occupies an area of 65,610 square kilometres. The capital city of Colombo, lies on
the east coast, although Sri Jayewardenepura Kotte acts as the legislative capital.
Terrain is mostly low with flat to rolling plain dotted with small hills at elevations of
less than 500 m. The topography is dominated by the highland massif in the central
southern part of the country, which rises to a maximum altitude of a littleover 2500m.
From here the land slopes down to sea level in all directions. The highland area covers
a fairly small part of the country, and most of it is lowland or rolling plains.

Climate is tropical monsoon, which brings the occasional risk of cyclone and
tornadoes. There is a strong pattern of spatial variation in rainfall. The wettest areas
are found in the central mountains and on their western slopes, with annual totals
exceeding 5000 mm at some stations. The south-western corner of the island is
generally wet, with much of it receiving more than 3000 mm. The rest of the central
part of the country has annual rainfall in the range 1500-2000 mm, while both the
north and the extreme south are markedly drier, with rainfall typically 1000-1500 mm.
Main natural resources in Sri Lanka are limestone, graphite, mineral sands, gems,

 phosphates, clay and hydropower. Current environmental issues include

deforestation, soil erosion, freshwater pollution and air pollution in Colombo.

Key statistics are presented below:

Table 3: Sri Lanka- Key Statistics

Population 19m (2000)

Currency

Per Capita GDP

Inflation

Sri Lankan Rupee (LKR)

Si (2001)
65,528 LKR (Current Prices 2001)

_
6.7% (2001 estimate)

Sri Lanka is suffering due to an ethnic war between the Sinhalese majorityand Tamil
separatists, which began in the mid eighties. Many Tamil civilians have fled the
island or are living in refugee camps, predominantly in India.

Main export commodities are textiles, tea, diamonds, coconut products and petroleum
products. Main agricultural products include; rice, sugarcane, grain tea, rubber and
beef. . Main industries in Sri Lanka are; the processing of rubber, tea, coconuts and
other agricultural commodities, clothing, cement, petroleum refining, textiles and
tobacco.

Approximately 14% of land is used for arable farming, whilst forests and woodland

account for 32%, permanent pastures 7% and permanent crops 15%. Sri Lanka's

most dynamic sectors are food processing, textiles, food & beverage,
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telecommunications, banking and insurance. Recent hostilities have thwarted the
growth of the tourism sector.

Life expectancy is comparatively high in Sri Lanka at 69.58 years for males and 74.73
for females. This compares to 75.13 and 80.66 respectively for the UK. Prevalence
of HIV/AIDS in Sri Lanka is low at only 0.07% of the adult population, whilst
literacy is estimated at 90.2%

Sri Lanka, then called Ceylon, gained
Independence from the UK in 1948. The
People's Alliance, with C.B Kumaratunga
as president was re-elected for a six year
term in 1999.

The country is a federal state, divided into

	

SRI LANKA
8 provinces. The pilot study sites are the

urban siteof Tharawaththa (or Tarawatta),

(Agarauda Colombo, Western Province, peri-urban

	

nssawe Awarakotuwa, Gampaha, Western

AIDeduru

Province and two rural communities of

Oya AwarakotuwaBasin

Agarauda and Tissawa both in the Deduru

Ketant

COLOMBo k

	

ldliasfn
Oya basin approximately 100 km to the
north of Colombo, Kurunegala District,

TherawattO z North Western Province. The North
Western Province covers an area of 7,888

INDIAN OCEAN square kilometres, whilst the Western
Province covers an area of 3,684 square
kilometres. .The locations are shown in

Figure 2, and some brief details of the populations and households surveyed are given
in Table 4.
Figure 2 Map of the study area - Sri Lanka

Table 4 Communities surveyed - Sri Lanka

Community Type Estimated No. households Total no. people in




population in

2001

surveyed the surveyed

households




thban 480 83 347
Awarakotuwa Peh- urban 520 121 501




350 88 282

Tissawa Rural 720 144 589

The country has been classified into three broad agro-ecological zones, defined on the
basis of agricultural land use, climate, topography and soils. The wet zone is the
south-western corner, roughly corresponding to the very wet area mentioned above; a
band surrounding this is the intermediate zone, while the dry zone is the remaining
northern, eastern and southern areas, covering more than half of the country. Based on
various sources (Atlas of Sn Lanka, Department of Meteorology map and raingauge
data), the mean annual rainfall at the four study sites is estimated as approximately:
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Tharawatte 2700 mm, Awarakotuwa 2600 mm, Agarauda 1400 mm, and Tissawa
1700 mm.

There are two main periods of heavy rainfall each year —the south-west monsoon
from May to September, which is the period of highest rainfall, and the north-east
monsoon from December to February. The remaining inter-monsoon periods can still
produce appreciable amounts of rainfall, especially in the very wet south-western
area.

The natural vegetation of most of Sri Lanka was originally a wide range of forest
types. The present land use is a complex mosaic. An assessment by Forest Department
in 1993 showed 24% of the land area remaining under closed canopy natural forest,
and another 7% of sparse forests. Through intense irrigation strategies, farmers in Sri
Lanka are able to produce two rice crops a year.

All the drainage basins in Sri Lanka flow outwards radially from the central massif.
The two of direct interest for the present study are the Kelani Ganga and the Deduru
Oya (Figure 5.1). The Kelani Ganga covers 2292 km2; it flows from the central
mountains due west to reach the ocean just to the north of Colombo city centre. It
includes some of the wettest areas in the country, and land use is mainly plantations
and some forest. There are a number of large reservoirs in the upper parts of the basin
and the river provides the water supplies for Colombo City.

The two rural sites lie in the dry zone in the Deduru Oya basin, which also flows
westwards, and has an area of 2647 km2. It is a drier area than the Kelani,but still has
annual rainfall of more then 1500 mm over most of the basin. The land use is mostly
coconut plantation and paddy fields. Scattered over the whole area are more than 3200
small shallow reservoirs (known locally as "tanks") which are used to provide the
irrigation water for the paddy fields and other cultivation.

The four study sites are all located on metamorphic basement rocks, mainly
proterozoic gneisses and paragneisses of the Wanni Complex. In places this basement
is covered by variable thicknesses of quaternary alluvium, sands or gravels. (The
study area at Tissawa is covered by 2-3 m of alluvial deposits, for example.) The
exact composition of the basement rocks varies between the different sites, although
hydrogeologically they behave in a similar fashion.

The fresh metamorphic basement rocks have a very low permeability and porosity,
but weathering processes typically produce a regolith3 rich in clay minerals. The
regolith may range in thickness from thin or absent up to several tens of metres thick.
The regolith is characterised by a low permeability but a relatively high porosity.
Beneath the regolith a more permeable zone of decomposed (sometimes fractured)
metamorphic rock can provide a conduit for groundwater, with transmissivities many
times higher than the regolith, but with low groundwater storage potential. Fractures
in this zone may develop as a result of weathering, or may be associated with
tectonism and lineaments in the gneiss. The regolith and fractured zones together can
constitute an aquifer, with storage of groundwater provided by the regolith and

3 A surface layer of loose or weathered material, which in this casehas developed moreor less in situ.
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movement of groundwater towards a well intake supported by the zone at the bottom
of the regolith.
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2.1.3: United Republic of Tanzania

Tanzania occupies an area of 945,087 square kilometres in Eastern Africa, bordering
the Indian Ocean, between Kenya and Mozambique. Uganda, Rwanda and Burundi
border to the north-west, with the Congo, Zambia and Malawi to the south-west .The
capital city, Dar es Salaam, lies on the east coast, although legislative offices have
been transferred to Dodoma which is planned as the new national capital.4 Terrain
consists of plains along the coast, a central plateau and highlands in the north and
south.

Climate varies from tropical along the coast to temperate in the highlands. Weather
patterns have given rise to flooding on the central plateau and periods of drought.
Main natural resources consist of; hydropower, tin, phosphates, iron ore coal,
diamonds, gemstones, gold, natural gas and nickel. Current environmental issues
include; soil degradation, deforestation, desertification and threats to marine habitats.

Key statistics for Tanzania are presented below:

Table 5: Tanzania- Key Statistics

Population 36,232,074 (2001)

Currency Tanzanian Shilling-TZS (803.34:51U.S Dec
2000

;.;
Per Capita GDP 215,446 TZS (2000)

Inflation 6% (2000 est)

Tanzania is one of the poorest countries in the world and has an economy that is
heavily reliant on agriculture. Agriculture accounts for about half of GDP, provides
85% of exports and employs 90% of the workforce. Topography and climatic
conditions, however, limit cultivated crops to only 4% of the land area. Main
industries in Tanzania include, primarily agricultural processing, diamond and gold
mining, oil refining, shoes, cement, textiles, wood products and fertiliser. Arable
crops account for 3% of land use, permanent pastures 40%, permanent crops 1% and
forest and woodlands 38%.

Life expectancy in Tanzania has been estimated at 51.04 years for males and 52.95
years for females. This reduced life expectancy reflects the fact that HIV/AIDS is
prevalent in approximately 8% of the adult population and results in about 140,000
deaths per year. Approximately 68% of the population in Tanzania areliterate.

Tanzania was formed in 1964 following the independence of Tanganyika and

Zanzibar from the UK. Benjamin W Mkapa is current president and head of state. He

was elected for a five year term in October 2000 as leader of the Chama Cha
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Mapinduzi (CCM), revolutionary party. The government amended the Permanent
Constitution, to bring about a multi-party system, in 1992. More than a dozen new
parties have been registered, but none of them pose a real challenge to the political
power of the CCM.
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Tanzania is divided
into 25 administrative
regions, and the pilot
sites lie in that of
Arusha, located in the
north east of the
country. Arusha
covers an area of
82,306 square
kilometres and has a
population of
approximately 1.6
million. The general
location of the area
and the main features
are shown in Figure 3.

Figure 3: Map of the study area —Tanzania

Two of the communities are peri-urban areas on the edge of Arusha, and the other two
are in rural areas. Some details of the populations and households surveyed are given
in Table 6.

Table 6: Communities surveyed —Tanzania

Community Type Estimated No. households Total no. people in




population In

2001

surveyed the surveyed

households

_





748

Kijenge Peri-urban




118 530




;tall 3t07 120 871

Samaria Rural 3722 119 650

All the sites lie close to and south of Mt. Meru, the dominant geographical feature of
the area. At 4565 m high it is the fifth highest mountain in Africa. Only 70 km to the
east lies Kilimanjaro, the highest mountain in Africa (5895 m). These two mountains
dominate the area because they stand alone on a plateau (typical altitude 1000-1200
m), rather than forming part of a mountain range.

The two mountains are also very significant influences on the climate of the area,
attracting heavy rainfall, with much less falling on the surrounding plateau. Mean
annual rainfall in the study area ranges from considerably less than 1000 mm in parts
of the plains to more than 2100 mm in the higher areas of Mt. Meru, with annual
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amounts changing rapidly over small distances. However, there is conflicting
information on the annual rainfall for the study sites. Based on the map given in the
Arusha Reizion Water Master Plan (ARWMP. 2000), mean annual rainfall can be
estimated as: Nkoaranga 1650 min. Samaria 1200 mm: Majengo 1550 mm: and
Kijenge 1800 mm. But the much smaller scale Tanzania Mean Annual Rainfall map
(no date) indicates roughly 1000-1200 mm for all sites, except for Sarnaria which is
600-700 mm. These values seem perhaps more realistic in relation to the vegetation of
the area.

The general climate type is a tropical monsoon climate with two rainy seasons,
typically lasting from March to June and October to December. The average monthly
rainfall patterns for six stations close to the study area are shown in Figure 4.

The vegetation of the area
--11- 01moton)iforest varies widely. The higher

-. —1:1—ausha egncullure2 • slopes of Mount Meru are
'2 — o— moshiairport0 se° covered in forest.
E —0---Kmosnomission

—I— Rombomission Nkoaranga which lies on
E

—8—Kilema mission r
the lower slopes of Mount

=
Meru was probably"ec—

-ra
i originally forest, but this

is now mostly cultivated
,

(coffee, bananas, maize.
1 2 3 4 5 6 7 8 9 10 11 12

etc), with a few large
Month

forest trees remaining.
Figure 4: Monthly rainfall patterns in the upper Pangani Arusha is in a somewhat
basin (after Mkhandi and Ngana, 2001)

drier area with less dense

natural tree cover, while
Samaria is very different with the vegetation being defined as "dry open grassland"
(Tanzania Vegetation Cover Types map, 1984). There is little cultivation here, with
livestock rearing being the main economic activity.

The study area is in the uppermost part of the Pangani basin (total basin area 42,000
km2). The Pangani river flows approximately south-east, reaching the sea near the city
of Tanga. The northern boundary of the basin is mountainous, with Mount Meru and
Kilimanjaro in the west and several other ranges further to the east. These mountains
generate most of the runoff. The main water resources development in the basin is the
Nyumba ya Mungu dam which is used for power generation. There is one hydropower
plant here and two more downstream of it. The other large-scale water use is
irrigation. Most of the irrigated areas are upstream of the dam, leading to conflicts
between the two uses. The study area is upstream of these major water uses and they
do not impact on it significantly.

The study sites are underlain by volcanic rocks (basalts, trachytes and pyroclastics) of
Neogene age, which overlie Precambrian age crystalline Basement Complex rocks.
Hydrogeologically, the volcanic rocks range from low yielding (<0.5 Us) to fairly
productive (>1 Us, <4 1/s), with typical yields of about 1 Us. A significant number of
dry boreholes have been drilled in the Arusha area. Hand pumps are the most common
way of extracting water from low-yielding boreholes. Groundwater flow occurs along
secondary bedding planes and fissures, and as intergranular flow in agglomerates and
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vesicular basalts. It is likely that the local geology and hence groundwater potential is
very variable.

Traditionally, shallow or perched groundwater associated with river beds or
depressions (dambos) has been exploited using hand-dug wells. These wells may be
subject to failure in the dry season. Laterite horizons and sands above black clay-rich
soils (mbugas) are developed in some places, which can also provide a local source of
shallow groundwater. Springs are common, particularly in the uplands, and supply
numerous gravity fed water schemes. Due to the variable nature of the strata, and the
discontinuities inherent in bedding planes and fissure systems, borehole success rates
are variable, and expert hydrogeological advice is needed to develop these.
Geophysical exploration methods such as EM34 ground conductivity measurements
and Vertical Electrical Sounding have been used in the past to increase the likelihood
of borehole success.

Borehole depths in the volcanic rocks are typically between 90 m and 120 m deep,
although some boreholes and wells are much shallower. Boreholes in these rocks are
usually drilled using air flush rotary drilling methods, using down the hole hammer or
rock roller bits. These methods require relatively sophisticated equipment and are
expensive. Cheaper to operate cable-tool percussion and hand auger methods may
also be suitable in certain circumstances. Shallow large diameter wells can be dug by
hand in appropriate locations such as river beds.

Groundwater in the Arusha area is frequently alkaline and of sodium-calcium-
bicarbonate type. Fluoride concentrations greater than the World Health Organisation
guideline maximum value of 1.5 mg/I are found in a considerable number of
groundwater sources in this area, particularly those associated with the volcanic rocks.
Excessive fluoride concentrations in drinking water can cause serious disease. Other
inorganic constituents such as boron may occasionally be above recommended limits.
High salinity, particularly associated with lacustrine sediments in the rift sequences, is
found occasionally and is often correlated with high fluoride concentrations. Deeper
wells may be more susceptible to high fluoride concentrations, as the water is likely to
have been in the aquifer longer and more time will have been available for fluoride
dissolution. High fluoride concentrations often correlate with low calcium
concentrations, but it is difficult to predict fluoride concentrations before drilling.
Shallow wells in the weathered zone that intercept relatively younger groundwater
may circumvent the fluoride problem. Seasonal variations in water chemistry have
been noted.
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Illustration of Key Variables in the Pilot Sites
Tim Fedi% CEH Wallingford

2.2.1: South Africa
These data relate to the four study sites of Ethembeni, KwaLatha (or Latha), Wembezi section C

community (or Wembezi informal) and Wembezi Depot Community (or Wembezi formal). The
sample surveyed in each site and its perceived characteristics are shown in the table below. The
following graphs provide the opportunity to compare responses to selected questions at the different
study sites.

Site Location
Perceived Level of
Water Provision
Adults
Children
Total
Households surve ed

•

	

Rural Peri Urban

High Low Low High

	

47 90 59

	

0 39 59
1227 72 1329 18

	

124 133 20 148

071
1457
528
25

Figure 1

Hausa°Ids Using A ProtectedWater Source

100%
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Dry Season

Wet Season

Ethembeni: KwaLatha: Wembezi

C(lnn:

Site

Wembezi


DepotiFor):

Water Source (Figures 1, 2)
In KwaLatha, the rural site with low
water provision, only 18% of
respondents said that they used a
protected water source. The 87% of
people in Ethembeni claiming they use
a protected water supply reflects the
fact that, although this is a rural
community, water provision is quite
good with a large and reasonably
comprehensive pay-for-water scheme in
operation. using treated, protected
water.

The almost 100% use of protected
supplies in Wembezi C & Depot.
reflect good standpipe provision
and piped in-household supplies

respecti vely.

Figure2
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The rural communities make

greater use of rainwater as shown
in Figure 2. The presence of good
water supplies in the peri-urban
areas is likely to diminish the need
for households to collect water.

Figure 3:
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Site

Percentage

of
Households
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Illness due to Water Use Health (Figure 3)
In KwaLatha. where unprotected
supplies such as ponds and
nverbeds are used. 51% of
households believe they suffer
illness from water use. In
contrast, the Wembezi sites show
that only around 9% of
householders become ill.

EthernbentKwaLatha NiembenOmf) emben Depot

I form
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Water Quality (Figure 4)
The variation in water quality Is revealed

when households are asked directly about

the quality of the water. 77% of

Households in KwaLatha said water quality

was poor, whereas in Wembezi Depot 97%.

said it was good.

Supply Reliability (Figure 5)
Despite its poor quality, respondents in

KwaLatha generally found that the water

supply was reliable. 57% believed their

supply was very reliable contrasted with

only 23% in Wembezi Depot. People's

Figure 4
- —

Perceived Water Qu•lity in

Ethemberri

Perceived Water Quality lo

%Yemeni C

W

Perceived Water
Quality In KwaliikaPair

(W) 1W)
10% 13%

Poor


(Ntl

Perceived Water Quality In

%Yemeni Depot

Fee Poor

( r

371 0%

G••44.


411.

WaterSupply Reliability:

Kwatatha

I Not
reliable


(D)


17%

Rehabl


e (D)


20%

Water Supply Reliatility:

Wenthezi (Informal)

\ Very
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Figure 5

Water Supply Reliability:

ithembeni

Not

reliable

(D)

19%

Reliable

(D) --

38%

expectations of water quality

may have influenced these

responses.

Time Spent
Collecting Water
(Figure 6)
Where water supplies are

remote, valuable time can be

spent collecting water which,

if a closer supply was

available, could otherwise be

spent engaged in an activity

that is economically beneficial

to the household.
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Not
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Rural communities spend longer
collecting their water; on average, a trip
to the water source takes almost double

the time in KwaLatha than it does in
Wembezi C.

Times spent collecting water in
Wembezi Depot is minimal due to the
existence of piped household supplies.
A nominal 2 minutes for each collection
from a piped household supply was
allowed in this calculation.
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Ownership and
Management of
Water Sources
(Figure 7)
In Wembezi C and Wembezi
Depot, where water quality is
perceived as good by 96%

and 97% of the sample
respectively, the majority of
water sources are provided

Etheffbem

PerceindOwnershipatWaterSources

KwaLathaWenten C(Inn WenteriDepot
(Fmni)

WelerCommulee

Pamahiy

oNoone

a Don1bow

I Specifx:person

055Ivahaw

Canmany

Site by the municipality.

The high figure responding with "water committee' as the main owner in Ethembeni reflects the
presence of a formally structured and managed water services system in this area.

Figure 8:
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Education:
The Number or Adults Who Haw Matriculated

Education (Figure 8)
Levels of education are high for the


peri-urban, well supplied settlement

' of Wembezi Depot and low for the

rural, poorly supplied settlement of

KwaLatha

Figure 9


Natural Resources
(Figure 9)

The rural sites make greater use of

natural resources, no doubt due to

their proximity to them. KwaLatha

residents make the greatest use of

natural resources in all cases.
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2.2.2: Tanzania
The structure of the survey carried out in Tanzania was almost identical to that carried out in South
Africa. Data are therefore available on the same categories with the addition of some basic information
relating to income and collection of water. The data relates to the four study sites of Nkoaranga,
Samaria, Majengo and Kijenge. The sample surveyed in each site and its perceived characteristics are
shown in the table below. The following araphs provide the opportunity to compare responses to
selected questions at the different study sites.

Table1:





!




Site Location




Rural Peri Urban




Perceived Level of
Water Provision High Low HighLow




Adults




01 9011 1345
Children 28 52 5821 1259
Total 71 53 4832 604
Households surve ed 120 119 125118




Households Using a Protected Water Source

Wet Season 0 Dry Season


•

Nktwangn Samaria Pete3aigo Komtz!
silt

Figure I

Households Gathering Rainwater

Nkoaranga Samana Majengo Kijenge

Site

Water Source

(Figures 1, 2)

Figure 1 shows that during the wet

season, use of protected water

sources is generally higher. The near

100% use of protected water sources

during both seasons in Kijenge

reflects the fact that 58% of

households have a water source

within the household, whilst a further

39% normally gain their water from a

public pipe.

As with South Africa, rural

communities are found to gather

more rainwater than peri -urban ones,

although unlike South Africa, peri-

urban communities are significantly

involved in the collection of

rainwater.

Figure 2

Health (Figure 3)
Illness due to water use is quite high in
Nkoaranga at 23% despite water
provision being good compared to the

other rural site of Samaria. The high
level of illness in Majengo (26%) is a
reflection of the poor reliability of piped

supplies and a noted presence of water-
borne disease in this area. Illness in

Kijenge is less than 7% which may be a
reflection of the piped municipality
supplied sources that exist here.

Illness Due to Water Use

30%

25%


20%

; 15%
10%
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0%

Nkoaranga Samaria Majengo Kijenge

Figure 3
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Water Quality (Figure 4)
Over 95% percent of households in
Kijenge declared that it was "good"

in both wet and dry seasons. This
compares to Majengo where less than

15% said it was good with most
households answering that it was
"fair" Problems with water quality,
in the dry season especially, are
evident at this site from the fact that

during the dry season 4.8% of
households said that quality was

"poor" but in the dry season
this rose to 40%.

Reliability (Figure 5)
When it came to water
supply reliability there was,
again, a larger difference
betweenwetanddry

seasons.

Althoughsupplieswere

deemed "reliable" by 60%

percentofhouseholdsin
Kijengefor bothseasons,
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there is a noticeable increase
in those answering "not Figure 5

reliable" in the dry season.
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supplies.
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1
1 50%

Management of 45% 1

Water Sources 143 40%

1.1
(Figures 7, 8, 9) 35%
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households who had a 11) 20%
E

water source within 155

the household, et:

therefore, in Kijenge 5%

where 58% have a 0%

household supply as

their main source.

Time Spent Collecting

Water (Figure 6)
The large distance to the main water
source is reflected in the time that
households in Samaria spend

collecting water.

On average, all sites record longer
times in the dry season, which may
be put down to certain sources
becoming unreliable. The short
times spend collecting water in

Kijenge reflect the high use of piped
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there is little comment on ownership of water resources. Typically. in the rural areas, a
large proportion of households report that water sources are either community owned or un-
owned.

Figure 7
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Conflict Over Water Use

Nkoaranga Samaria Majengo Kijenge

Site

Figure 8

Presence of Water Users Associations
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Appendix2.2
Nlcoaranga has a well organised and

active water committee, run by

women, which is reflected by the fact

that 78% of households recognise a

water users' association.

Furthermore, almost 80% of these

households in Nkoaranga reported

that the association was effective.

Figure 10, shows conflict over water

use. When compared to Figure 9, it

appears that there is a direct

correlation between whether or not

an association exists and whether

there is conflict over water use.

Figure 9

Education (Figure 10)
Arguably, levels of education provide a
good indicator of economic well- being.
Samaria, the rural poorly provisioned
site reports that only 4% of adults have
0-levels. This contrasts to the well
provisioned, pen-urban site of Kijenge
where 35.7% of adults have o-levels

404

I 351

304

259.

# 204

4 153

104
#

03

Education:


The Number of Adults Who Have 0-Levels

MoonySamnaMir410KbeWle

Call Wallingford 2002



Appendix 2.2

2.2.3: Sri Lanka
The survey carried out in Sri Lanka was similar in most respects to those carried out in South Africa

and Tanzania. Some differences were evident, in particular the details collected relating to ownership

and main use of water resources. Main water sources were given relating to different uses of water

rather than a single main use and ownership of water resources was given by resource type rather than

by main source. Whilst the data relating to main water sources provided some useful additional

information, the data on ownership made it rather ambiguous to identify who owned the main source.

The data collected relate to the four study sites of Tissawa, Agarauda, Tharawaththa and Awarakotuwa.

The sample surveyed in each site and its perceived characteristics are shown in the table below . The

following graphs provide the opportunity to compare responses to selected questions at the different

study sites.

Table I:

Site Location
Perceived Level of
Water Provision

Adults
Children
Total
Households surve ed

Low

70

119


9

144

Rural

Low

00
2
82

45

102


7

• ;

Urban Pen-Urban

Low Low

51 1266
150




01 1719
121 14

4' et ter 04/
A.1`)

Source
No households tried Pn. are Ptpe. Nat um! Pond or Con amer p

s+ s+
4,*

axt

Main Water Source for Thinking • Tissawa

(Dry Season) • Agarauda

_ • Tharawaththa

1:1Awarakotuwa

Water Source
(Figures 1, 2, 3)
Main water sources for drinking and

bathing are shown below.

In Awarakotuwa, the peri-urban site,

there was 100% usage of public pipes,

for all water uses in both seasons.

Although more than 70% of households

here collect rainwater, no use for it was

declared.

Figure I

In Tissawa, one of the rural sites, there

was large usage of private wells, with

75% using it for drinking and 63%

using it for washing and cleaning. For

bathing, most households use the stream

in the dry season.

am

607


40%


1 20%

Main Water Soutte for Bathing Tissawa
Dr, Stamm

• Agarauda

TharawaIltha

o Awarakotuwa

Pipe/pubk WelYpnvate Wellerubk Tank sprotstnn Owner

Source
No household, used Private Pipe Tubenil. Natural Pond Ranner or Conner

Figure 2

Households Gathering Rainwater

Many households in Tissawa, Agarauda

and Awarakotuwa gather rainwater, as

shown.

TissawaAgaraudaTharawaththa A warakotuwa

Figure 3
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Health (Figure 4)
Illness due to water use is far higher
in all four sites than in any of the sites
in either South Africa or Tanzania.
Predictably, the lowest incidence of
illness through water use occurs in
Awarakotuwa where there is 100%
reliance on public pipes, however
67% of households still report that
illness occurs. In each of the three
other sites, it is found that at least 3/4
of households suffer illness. TanaWSAgantuda

she

ThanwalhthaAwarahotawa

Figure 4

Wetter Qu•lity in the Dry Season


Tharawaththa

Dont Data

Know Missing

0% 5% Good
18%

Poor

21%

Fair

46%

Figure 5
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Quality (Figure 5)
The survey did not reveal
great differences of
perceived water quality
between the sites in the
wet season, however, the
answers given may have
been affected by the
respondents expectation of
quality. In all sites the
number declaring quality
as "good" was close to
50% of households, with
very few answering
"poor". In all sites, these
figures showed a large
change in the dry season
with more households
answering that water
quality was "fair".

Water Quality in the Dry Season


Dusan
Don1

Poor Know

19% 0%

Good

29%

Fair


52% Fair


53%

Supply
Reliability
(Figure 6)
Whilst these results
may again be affected
by varying
expectations between
the sites, it is clear
that, although
Awarakotuwa has the
benefit of public
pipes, in the dry
season this supply is
clearly unreliable as
100% of households
answered that this
was the case.
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Tissawa

Water Supply Reliability

AsaraudaTharawaththa

Site

Awarakotuwa

0 limy Reliable (R)
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0 Not Reliable (W)

0 Very Untenable (W)

Dries Up (W)

Wry Reliable (D)

Reliable (D)

0 Not Reliable (D)

Nay Unreliable (D)

Dries Up (D)

However, during the wet season, the supply reliability appears acceptable as more than 80% of
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households reply that supply is at least reliable Similar trends are evident in the other three sites but

with a more diverse range of responses.

Time Spent Collecting Water
(Figure 7)

In contrast to the surveys carried out in

South Africa and Tanzania, it is found that

in Sri Lanka, urban households tend to

spend longer collecting their water.

Collection times in the wet season are

much lower, which is likely due to the

improved reliability of the sources at this
time.

Thee Taken to Collect Drinking Water from Mint Source
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Figure 7
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(Figure 8)
Water Users'

Associations

(WUAs) are much

more prevalent in
the urban areas and

are much more

effective than those

in rural areas.

Figure 8

Education (Figure 9)
In terms of levels of education.

Tharawaththa stands out as being

worse off than the other three sites.

Only 28% of the adult population

here has a secondary education.

whereas in Tissawa. Agarauda and

Awarakotuwa approximately 38%

of adults do.
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(Figure 10)
Data relating to use
of natural resources
was only available
for the two sites of
Tissawa and
Agarauda.
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Appendix 2.3
Approximations of Physical Asset Wealth &
Wealth Distributions in the WPI Pilot Sites

Tim Fediw, CEH Wallingford

Introduction

Wealth and income are the two key measures used to rate households or individuals
economic positions. Whilst income is a flow measure, wealth is a stock measure and
measures the stock of assets that are owned by the household. Wealth not only
includes physical assets but also includes financial assets such as savings stocks and
shares. An analysis of wealth and where possible, income is therefore an essential
component of any study of poverty, in order to ascertain how well off households are
economically.

Whilst some data is available relating to income and wages in the three WPI pilot
study countries, this data is somewhat limited and is not available at the individual
community level. Additionally, the subsistence nature of many of the household,
especially within the rural communities, means that any measure of money income
may be a bad reflection of the economic well-being of the household.

As part of the survey work carried out, households were asked about their ownership
of durable goods. This data is comprehensively available in all study sites and has
therefore been used to estimate the physical asset wealth (PAW) of each household.
Whilst this does not give a full reflection of total wealth of households, it does at least
give show how physical assets are distributed and thus provide a basic indicator of
wealth. This measure does not include any monetary assets that households have, or
do not have as it was not possible to collect such data from a household survey.
These estimates of physical asset wealth have been used to produce wealth
distribution functions and Lorenz curves in ordcr to show the nature of the distribution
of wealth between households in each site.

Method

Using the data collected from the household surveys, it was possible to see each
households holdings of a number of durable goods°. For each country, data relating
to the approximate market price of each good was obtained and used to generate an
asset wealth value for each household. Prices have not bccn discounted as the PAW
values generated are intended to show wealth values relative to other communities,
rather than give an accurate monetary value for total wealth.

For each country, a wealth distribution was created by dividing the range of wealth

holdings into between 30-40 equal divisions", into which the households will fall

ci  Bicycle.Motor Vehicle. Washing Machine. Cooker. Television. Radio. Electric Fan. Power Supply.

Gardening Tools and Fridge.
14

Number of divisions vary between countries due to differing ranges.

IOCEH Wallingford 2002



Appendix 2.3

depending on their level of PAW. In order to ensure that the lower end of
distributions are not "squashed" by the small number of households with very large
PAW, the final wealth category is a "more than" category. into which all such
households will fall. The value at which this final category was set depended on the
number of households with significantly higher than average PAW and accounted for
no more than 5% of the sample size in any country.

A Lorenz curve was then generated for each site. Lorenz curves are normally
employed to show the equality of distribution of income, however, in the absence of
reliable income data, they can be used to show PAW in a similar way. The horizontal
axis shows cumulative percentage of population, whilst the vertical axis shows the
cumulative percentage of PAW that proportion of the population holds. The Lorenz
curves for each study site are plotted against the line of perfect equality, which is a 45
degree line along which any given percentage of population will hold exactly the
same percentage of PAW. thus, distribution of PAW is perfectly equal along this line.
Inequality of distribution is therefore judged by the extent to which the plotted line
deviates from the 45 degree line, the further away the plotted line, the greater is the
inequality of distribution is. An example of a Lorenz curve is shown in figure I.

The Gini Coefficient can also be generated, to show the inequality of distribution over
the whole range of PAW. The coefficient is the ratio of the area between the Lorenz
Curve and the 45 degree line, to the total area beneath the 45 degree line. Perfect
equality would result in the Lorenz curve coinciding with the 45 degree line hence the
ratio would be zero. Perfect inequality would result in a Gini Coefficient of one lb.
This is demonstrated below:

0
0

Figure

The Gini Coefficient

_
zo 40 to so 100

Cumulative Population I % I

The Gini Coefficient = A
A+B

It should be noted however, that
the Gini-Coefficient can only give
an overall picture, it does not show
where in the population the
inequality occurs.

100

— Lorenz Curve

75 - Line of Perfect Equality

IS Equality of distribution may vary between different points on the curve. It may he that distribution is
reasonably equal among the top end of the populatii n. hut unequal at the lower end.

H Lambert (1993i. p34
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Results

South Africa

The average wealth values for South Africa are shown below:

Table 1

KwaLatha which has been identified as both an economically and water poor, rural
community displays the second highest average household PAW. The reasons why
this may be the case become more clear when the PAW distributions and Lorenz
curves are examined. The PAW distribution for South Africa is shown in figure 2:

South Africa; Physical Asset Wealth Distribution

40

35 — Ethembeni

30 — KwaLatha

25 — Wembezi (MO .

Wembezi (For)

-4\77\
c9 # # # # #

49 io#
Pt S1iRariill

Figure 2

Despite the high average PAW, a large percentage of the population have a very low
PAW holding around 2500 Rand, suggesting that the majority of this community is
quite poor. The average PAW of households is pushed up by a smaller number of
households who have a much higher PAW.

Ethembeni, a rural community, has the lowest average PAW of 16,891 Rand. This is
reflected by the 31% of the population who have a PAW of zero and a further 21%
who have less than 2500 Rand. Ethembeni does have 20 (16% of sample) more
wealthy households, with PAW greater than 40,000 Rand.

Minimum is zero in all cases.
I° Where, R denotes Rural, U urban or pen urban. I-1high level of water provision and L low level of
water provision.

9(

of
Population

20

15

10

5

0 ;

©CE1-1Wallingford 2002



Appendix 2.3

Wembezi formal is recognised as the most prosperous of the four communities. This
is reflected in the large peak in the PAW distribution that occurs at a much higher
level of wealth around 35,000 Rand. Wembezi informal, a rural community,
recognised as being not so prosperous as Wembezi formal, follows a similar
distribution to Wembezi formal but with an additional peak lower down the wealth
scale.

The presence of a number of households with PAW considerably higher than the
average suggests that there may be some inequality in the wealth distribution. This is
reflected in the Lorenz curves below:

S. Africa: Lorenz turves Ihr the Four Study Sites

IW
Ethernbeni
KwaLatha

75 — Wernher', (Int)
Wembezi (For)

50
—Line of Perfect Banality

25

0

0.00 20.00 40.00 60.00 80.00

Uninulatist Population IIotieIioI ds

Cumulative

Wealth

I%

I

Figure 3

The Lorenz curves for both Ethembeni and KwaLatha are further from the 45 degree
line suggesting that, based on the items measured, there is a greater inequality of
PAW distribution in these two sites, compared to the other two. In KwaLatha, the
first 60% of households only account for 8% of PAW, whilst the top IO% account for
40%. This compares to Wembezi formal where the first 60% account for 38% of
PAW and the top 10% account for 30%. This shows that a considerable bias to the
top end still exists in Wembezi formal.

This inequality is also borne out by the Gini Coefficients presented below:

Table 2

The high Gini Coefficient in Ethembeni and KwaLatha reflects the greater inequality
in these sites, whilst the low coefficients in the urban Wembezi communities suggest
that PAW is more evenly distributed here.
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Tanzania

Average wealth values for Tanzania are shown in the table below:

•

Avetage
546365
488163
617467
480638

Table 3

The two sites of Samaria and Kijenge that have been identified as having poor water
provision both have low average PAW compared to the other two sites. Although
Nkoaranga and Majengo, have greater average PAW values, the distribution below
suggests that there are still many households with low wealth:

Tanzania: Physical Asset Wealth Distribution
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Large peaks around 150,000 Shillings for Nkoaranga, Kijenge and Majengo, show the
less wealthy households. In Samaria, which has been identified as an economically
and water poor community, PAW is distributed around a number of peaks, some of
them higher up the wealth scale. This may be a reflection of the fact that a number of
households in this community own cars due to their distance from a water source.

"Minimum is zero in all cases.

12 Where, R denotes Rural, U urban or pen urban, high level of water provision and L low level of

water provision.
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Tantkinia: Lorenz turves 1hr the Four Study Sites
wo.co
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Figure 5
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Looking at the Lorenz curves and noting that they do not say anything about total
wealth of one site relative to any other, Sarnaria appears to have a more equal
distribution of PAW as its curve falls closer to the 45 degree line. All four study sites
show high concentrations of PAW amongst a few households at the top end of the
scale. In Kijenge, the top 10% of the population account for over 50% of PAW,
Majengo 66%, Nkoaranga 67% and Samaria 40%. So, despite Samaria and Kijenge
having lower average PAW, they have a more equitable PAW at the top end of the
scale. The Gini Coefficients represent this numerically, with Samaria having the
lowest coefficient, suggesting that less inequality exists here.

Table 4

Sri Lanka

Average PAW for Sri Lankan communities are shown below;

Cumulative

Wealth

(
gt

oat
039

0.71

0.63

ismya
Table 5

Corommity




The Avemdtsfort
RL 73490 411750




35%53MOW
Illa 36359 300600




66807 576350

13 Minimum is zero in all cases.

14 Where. R denotes Rural. U urban or peri urban, H high level of water provision and L low level of

water provision.
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The average PAW of the two urban communities of Awarakotuwa and Tharawaththa
are found to be approximately half of those in the rural areas. PAW distributions are

shown on the graph below:

Sri Lanka: Physical Asset Wealth Distribution
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Figure 6

Most households in all four communities have PAW values below 100,000 Rupees,

however, in the two rural communities of Agarauda and Tissawa, there are a small
number of considerably more wealthy households. This could account for the higher
average wealth in these communities. This is reflected by the Lorenz Curves below:

Sri Lanka: Lorenz t times lor the Four Study Sites
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Figure 7

Both Agarauda and Tissawa have Lorenz curves further away from the 45 degree line,

reflecting greater inequality of PAW at these sites. The curves though do converge at

the top end of the population, leading to all sites having a similar distribution at this
point. For Agarauda, the top 10% of the population hold 58% of wealth,

Awarakotuwa 66%, Tharawaththa 63% and Tissawa 53%. A greater disparity occurs
at the 85th percentile of the population where wealth ranges from 33% in Agarauda, to
57% in Tharawaththa. The Gini Coefficients are presented in table 6:
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Table 6

The Gini Coefficients reflect what is shown by the Lorenz curves. Agarauda, with the
curve furthest from the 45 degree line has the highest Gini Coefficient with
Awarakotuwa, the closest line having the smallest.

Limitations

These results show only an initial attempt to analyse the wealth and equality of wealth
distribution in each study site. There are a number of problems that can be identified
which if overcame would lead to an improved analysis.

There are a number of factors that contribute to wealth which are not part of PAW.
Cattle and land cultivation are significant assets that contribute to wealth, especially in
rural areas. Cattle were not included at this stage as it would have led to bias in
wealth values towards the rural communities who own the majority of cattle. Cattle
provide rural communities with an income, and, if cattle is to be included in any
measure of wealth, an equivalent measure would need to be included to compensate
urban communities. In some communities it was noted that households were reluctant
to disclose how much cattle they own in a household survey, for fear of taxation.
Whilst land is an important asset, in many rural communities, it is not clear whether
more land cultivation implies greater wealth or is instead a function of family size and
cultivated out of necessity.

The values or prices that were placed on goods may not accurately reflect the value of
each commodity. In all cases, the market price for that particular good was used when
in many cases the goods may have depreciated significantly from this. This is
particularly relevant when it comes to motor cars asuse of the market price may have
led to the wealth of households owning a car being over stated. However, as it is not
possible to appraise the individual value of each commodity for each household, the
value has not been discounted.

This analysis was based on a limited number of household items which were thought
to give a reflection of the wealth of households and it is by no means a comprehensive
evaluation of true wealth. This limitation may have distorted the wealth distributions
that were produced. Similarly. the wealth brackets that were used to divide up the
wealth distribution may have distorted the curves produced. Nothing is said about
household size in this analysis, although the measured variables are unlikely to be
affected by household size. For example, one television will serve a household of
eight equally as well as a household of three.
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Conclusion

Although a number of possible drawbacks have been identified with this analysis, it
does at least identify how some durable goods are distributed across the population
and therefore gives an indication of how wealth may be distributed. In a number of
cases, it is shown that average wealth may not be a good indication of typical wealth
in a community, as a large percentage of the wealth may be concentrated in the hands
of a small number of households. KwaLatha in South Africa provides a good
example of this.

According to the Lorenz curves, in South Africa, the two rural communities of
KwaLatha and Ethembeni had greater inequality of distribution compared to the rural
ones. This is also the case in Sri Lanka, where greater inequality of distribution is
found in Agarauda and Tissawa. In Tanzania, the two sites of Majengo (urban, good
water provision) and Nkoaranga (rural, good water provision) have the greater
inequality. Gini Coefficients tend to reflect what is shown by the Lorenz curves.
Some interesting questions regarding distribution of wealth are raised by this and give
scope for further investigation into whether inequality of distribution has
consequences for effective water resources management.
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Appendix 2.4
Household Surveys

2.4.1: Household Survey Methodology Report

Dr. C. W. Hutton, Ms I. Steyl, Ms L. Tricklebank
(March 2002) ••••=41S
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Generic Survey Team Development

It should be noted that many of the points made below will be secondary to the needs
of a Census survey. Where WPI is to be carried out within a Census survey please
adapt the following:

Once a country is selected for the WPI survey process, the identification of an
appropriate country partner/agcnt is paramount (in future surveys it may well be that
the in-country agent become the sole operator using specific guidelines and the
finalised survey documentation). The funding agent will agree a pre-set budget within
which the partner organisation must operate. The in-country partner should provide
for the following:

An appropriate survey team. This will normally consist of the following components
Eight surveyors - these people should consist of capable individuals, preferably with
social survey cxperience (although there is provision for a training day and the survey
is designed to be straightforward in its deployment). Survey teams could be drawn
from University students, Government agency staff, constancy staff, NGO extension
workers already employed in field etc.
Two in-field supervisors (responsible for 2 pairs of surveyors and Key Personnel
Interviews).
Team leader - responsible for the budget and the overall running of the project in
country.
Provision of a community representative drawn from the target communities for each
survey pair.

The survey team will need to be able to put in a full day's work for required number days
in each surveyed community to which they are allocated.

The surveyors will need to be reasonably presentable, drawn from the broad
culture/ethnic group under survey and speak the language of those being surveyed
fluently. As such they must be aware of security and social issues within the
communities to be surveyed (see training day structure).

A daily rate will need to be allocated to the surveyors from which all personnel expenses
are drawn (rate must include the per day payment for lunch etc).
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All provision of accommodation. transport, access and materials (photocopies etc) are to
be met within the allocated budget by the in-country partner.

Arranging for appropriate permission to be gained from the target communities. Full
protocol should be observed to ensure that target communities are consenting, well
informed of the key communities as a result of these surveys. There is a suggestion
that future WPI projects - Phase II - would benefit from "piggy-backing- on
infrastructure development projects.

This process should involve official and extensive contact with all relevant
representatives/leaders within the communities. This may involve political sensitivity
as there is often more than one strand to the primary institutional bodies within a
community (traditional and government). This may not be an issue if the survey is
conducted within a Census.

Identification Of Target Communities

In selecting communities for the WPI survey the following should be considered:
. The requirement to survey rural, peri-urban and urban environments. Where possible

representative communities should be identified from within each of these settlement
groups. Clearly each of the rural, pen-urban and urban settlement groups can be sub-
divided, and where provision is made, can be sampled independently.

Within each major settlement area. at LEAST two communities need to be surveyed.
This allows for a comparison between relatively good provision and poor provision
within a given settlement type/area. Thus, a community with adequate supply in an
urban setting should be compared to an urban community (within close proximity
where possible) with inadequate provision. This provides for:
- Calibration of the survey approach;

- Establishment of an evidently "achievable" upper water resource status for the
settlement type.

The survey should be carried out in a community that is considered typical or broadly
representative of a water resource status and where suitable, contact and representation
to community leaders has been established.

Broad Survey Approach

Each community should have between 100 - 150 household surveys carried out where
possible. There is no strict sampling regime within the surveys as absenteeism and
occasions where there is no one suitable to interview produce an unavoidable bias to
the data. Surveyors are simply instructed to gain a certain number of interviews from a
designated globular area. In the derivation of broad indicators within a short period of
time this is considered sufficient. A Census survey will be more comprehensive.

Where possible communities should be selected where a 150 sample will cover a
substantial area of the community, however this is generally not the case in pen-urban
and urban environments.

Each community selected should be divided into two adjacent areas covering some 75
houscs each. A survey pair operates in each sector. The spread of data between the
two groups should be such that it produces a single globular area of coverage.
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Excessive focus on roads, rivers and other specific community influences should be
avoided to minimise bias. Again if the survey is based upon a Census then WPI will fit
into the required Census protocols.

A local representative who is paid at a reasonable daily rate for work with the village
should accompany each surveyor pair.

All aspects of the survey should be carried out within I working day for 3 —5 questions.
The survey may also run with a census.

Survey pairs then begin the task of approaching every house in their designated area.

flouses can be returned to if no one suitable is available on a given day if necassary.

Surveyor Training

Prior to the survey a training day with the surveyors and supervisors is necessary.
During this session the following must be established (this will be covered if
associated with a Census)

The purpose of the survey should be explained to the surveyors and open
discussion encouraged.

A complete read through of the questions with open discussion on the content, intention
of the question and translation. Whilst it may not be possible to change the survey
structure, notes can be taken by surveyors to assist in the field. Issues raised by the
surveyors regarding relevance and approach should be noted for interpretation and
development

A structured introduction should be outlined for use by the surveyors. This should
include:

Interviewers name;
The institute they are working for;
Their intention during the interview;
Establishing the presence of a suitable interviewee (female adult involved in water
resource management);
Establishing if the household member is willing to participate in the survey
Thanking the household member

Health and safety in the field must be discussed:
Staying in pairs and having a cell phone if possible;
Clear understanding of pick-up times;
Clear points of contact with the supervisor;

- Provision of food and water;
The need to avoid discussion on politics, or issues which might result in arguments
or conflict should be emphasised;
The option to simply halt the interview if conflict were to arise;
The option to leave a community should the surveyors feel at all intimidated

Once a suitable respondent is identified the following should be kept in mind by
surveyors:

Ask the questions clearly as written, repeat if necessary. If there is still some
misunderstanding re-structure question as little as possible and repeat:
Do not anticipate or prompt responses from people. Be patient where required:
Let people settle on an answer —do not simply write the fist thing said.
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Do not appear to judge and answer in any way. Remain neutral, whatever is said;
Be polite and maintain reasonable eye contact throughout;

Specific Considerations for more Detailed Survey Structure - e.g WPI
Pilot Surveys

Access and information relating to catchment and community management at secondary
institutional level - this should include organising interviews with

government/consultantancies responsible for:

operation and maintenance of water provision infra-structure;
development of policy pertaining to water resource management;
Research carried out within or concerning the target communities.

A local representative who is paid at a reasonable daily rate for work with the village
should accompany each surveyor pair.

(For more detailed surveys more time is needed for water point mapping and
familiarisation - The first morning of the survey involves both survey pairs and the
supervisor walking the complete survey area to identify, agree upon a code and generate a
GPS position for all water points within the community. This is irrespective of the status
or nature of the water point. Water tanks for catching rainwater at households should be
ignore during reconnaissance survey. Codes are given on the survey sheet (see training
day). This allows for a common classification and reference to water points, which might
be shared between survey areas.

A GPS position is taken for each household interviewed if required.

Household surveys can be initially analysed from viewing the data and from interviewing
the surveyors. From this analysis a list of relevant contextual questions can be derived for
"Key Personnel" interviews. This interview should be semi-structured in nature and
consist of some 10 broad areas that can be discussed with members of water committees,
doctors, teachers etc. and the conclusions noted. This approach allows for cross-
confirmation in regards to the H/H interviews as well as allowing further questioning of
issues that arise. It was found during the development of key person surveys that, on a
number of occasions, members of the water committee were unaware of fundamental
issues relating to water resource management within their own community. Greater
background information was gathered through informal interview approaches.

Survey time at the house may be as much as 25 minutes

Developing codes for houses and water points:
Houses are simply named in order according to the area code. The area code is A, B.
C, D etc. for each survey allocated to a survey pair. A community is divided in two
and two pairs are surveying each community (which can be divided for arguments
sake into A & B). The boundaries for each survey pair should be clearly demarcated
to avoid households being approached twice by different survey pairs. The first
house surveyed in area A will be A 1. Area codesare unique to the community and
should not be repeated in other areas of the country to avoid confusion.
Water points are identified during the initial community reconnaissance with the
survey teams. There classification (as on the survey sheet) is agreed upon and an
order of recording noted. e.g. the first borehole identified and a GPS reading taken
will be 5/1.
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Data Input in the field environment(base camp etc)

In regards to the ongoing checking and inputting of data it has been the experience of the
Pilot phases of WPI that:

Minor errors and inconsistencies are only identified by individuals with extensive
experience of the outputs of the survey sheet or actual experience of supervised
inputting of the data (casual familiarity with the survey sheet by sending in
advance is not sufficient). The supervisors will have only as much experience of
the survey as the surveyors and can not reasonably be expected to carry out the
detailed checking for internal inconsistencies.

If data is to be input in country without an experienced supervision continuously
available (e.g. at a local University) then a detailed check of the data must be
made by an experienced team member (5-10 minutes on each sheet) prior to the
data input.

It should be noted that it is not possible for the 1 or 2 available experienced WPI
team members to check the output of 10 field members each evening in detail. A
sampling approach is advised.

If the project should hope to carry out a survey entirely from within a country with only
remote assistance in future, then the following will be necessary:

A comprehensive training course for data checking/data input. It would not
be sufficient to simply send the survey sheet and inputs in advance as it is only
when checking real data that suitable experience is gained.

The survey could be simplified (see phase II recommendations) to minimise
potential errors

The survey will be adjusted in the light of the Tanzanian experience to
minimise ambiguities and potential for misinterpretation etc.

There is a requirement for the individuals inputting the data to have direct, regular contact
with the field surveyors throughout the fieldwork to prevent the propagation of errors and
clarify points. This should be done on a nightly basis and not left to field supervisors who
are not actually inputting the data.

There might be some benefit in setting an upper limit on the number of surveys carried
out in by a survey pair. Whilst surveyors were undoubtedly consciences and worked very
hard in both South Africa and Tanzania there was evidence some minor errors occurring,
possibly through tiredness/rushing. Additionally this would prevent a large number of
survey sheets having been completed in the field before data input and detailed checking
can begin.

The use of semi-structured interviews with key persons has proven to be highly valuable.
The questions are derived by the data managers during the input of the data. In this way
the key person interviews can be used to answer specific questions arising from the
database. In both the rural and urban areas the following community representatives were
interviewed

Teachers (both primary and secondary)

Members of the clergy
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Health clinic workers and doctors
Ward officers and water committee personnel

The semi-structured interviews were carried out by a Tanzanian team member and
members of the GeoData team. The presence of the GeoData Institute members was not
deemed necessary but was of value to determine the validity of this approach. A full
report on the interviews will be sent to the UK shortly.
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2.4.2: Example of Household Survey Questionnaire (Tanzania)

WATER POVERTY INDEX
INFORMATION TO BE COLLECTEDFROM

HOUSEHOLD RESPONDENT

GENERAL INFORMATWN

Surveyor: 	 Time take 	 Date: 	

Location (GPS Position): 	 Housecode 


Name of respondent Positionin h/h 	

City/Village District: 	 Province/State: 	

Gender of Adult respondent who gathers water:

Male Female

1.1 How many adults and children normally live in your household?

Adults Children

2.1 Gathered Water Supply in Household

2.1.1 What is your main source of gathered water for your household in the DRYSEASON?

Dry Season

Protected/Unprotected

GPS

Public/Private
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What is your main source of gathered water for your household in the WET SEASON?

Wet Season

Protected/Unprotected

Choose one of thefollowing sources:

Household Borehole
Pipe (Private) 2. Pipe (Public) 1 4.

source (Private)
Borehole5. 6. Well (Private) 7. Well (Public) & Small dam(Public)

9. Tank (container) It Natural pond 11. Spring 12. Stream

Gov. WaterIS River It
Truck

15. Water vendor 16. Rainwater

17. Other (specify): 	

If you pay for water from your main source, do you feel it is affordable for your
household? (direct payment only —not maintenance etc)

2.1.2 Does your household use water at a source away from the household (washing, laundry,
cleaning food, etc)? (Can be the same as main source)

DRY SEASON GPS

GPS

Public/Private

Protected/Unprotected

WET SEASON

Protected/Unprotected

Public/Pri vate

GPS

Public/Private

If the respondent has not mentioned use of a river/stream

Do you ever use the river/stream for collecting or using water?

Yes No

2.1.3 Do you ever have to spend extra money to gather water (hire car to collect water, buy
water from a vendor, pay someone to collect waler for you)?
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Yes No

2.1.4 Do you gather rainwater at your house?

Yes No

2.1.5 How long (in minutes) does it usually take to collect water from your main source, during
a single trip including queuing time'? (This can include multiple jounzeys within (1single
trip)

Wet

Season

2.1.6 What methods of transport does your household use to transport water from your main
source to your home?

T rt Wet season D season
Head/Hand

Livestock

Wheelbarrow

Motor vehicle

Cart

Other

2.1.7 What is the quality of the water you gather from your main source in the dry and wet
season?

DWater Quality Wet ry
season season

Good

Fair

Poor

2.1.8 Do you treat your water (allow to settle, chemical treatment, boil the water)?

Yes No

2.1.9 How much water is usually carried by a single woman, a single man and a single child in
your household on EACH TIME your householdgathers water? (Include multiple
journeys as one trip)

Woman Man Child
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2.1.10 How many trips to gather water does you household usually make a day?

2.1.11 How many people gather water on the FIRST trip of the day?

Women Men Children

2.1.12 How many people gather water on the SECOND trip of the day?

Women Men Children

2.1.13 How many people gather water on the THIRD trip of the day

Women Men Children

2.1.14 Of the water gathered at your household, do you use water for purposes other than
drinking, washing, bathing, cleaning and cooking?

Yea No

If YES, name the activity 	

2.2 Ownership and maintenance of water sources

2.2.1 Who is responsible for maintaining your main water source?

7.2.7 Who owns the main source of water you use?

Water su reliabilit Wet Season Season
No one

The village Chiefs

All the community

A group of people within the
communit

Organisation outside the
communit

Other

2.2.3 If you have to pay for the maintenance of your water supply. is it affordable to your
household?
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Yes No
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2.3 Reliability of water supply

2.3.1 How reliable is your main water supply?

Water su 1 reliabilit Wet Season El Season
Very reliable

Reliable

Not reliable

Sometimes dries up completely

2.3.2 How reliable is the water source you use source away from the
household(washing,laundry, cleaning food etc).

Water su 1 reliabili Wet Season Season
Very reliable

Reliable

Not reliable

Sometimes dries up completely

9 .3.3 How many times have you had a poor crop yield through drought over the last 5 years?

(SF for Stop
Farming due to drought)

3. CAPACITY

3.1 School

3.1.1 How many adults in your household have matriculated from school?

3.2 Water Management Organisations (default to No)

3.9.1 Are you aware of the presence of a formal waterusers association / committee in your
community?

Yes No

3.2.2 If YES, is the committee effective at managing your household water supply?

Yes No

CEll Wallingford 2002



Appendix 2.4

3.2.3 Are you aware of org.anisations outside your community responsible for water supply?

Yes No

3.2.4 Has any member of your household participated in water use and/or hygiene related
training programmes?

Yes No

3.2.5 Are there conflicts over water in your community?

Many

times OccasionallyNever

3.3 Household Health

3.3.1 How many times, over the last year, has anyone in your household had diarrhoea or been
ill due to contaminated water?

Many

times OccasionallyNever

3.3.2 Do you think that your household has suffered illness due to a lack of water for washing
and cleaning

Yes No

3.4 Agriculture

3.4.1 How much land does your household cultivate (m2)?

3.4.2 Do you irrigate your crops?
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Yes No

3.4.3 What is more important for growing your crops?

Rainwater Irrigation Do notknow

3.4.4 How many cattle does your household own?

Is there adequate water for your cattle in the dry season?

No

3.4.5 How many goats does your household own?

Is there adequate water for your goats in the dry season?

Yes

3.4.6 Is there erosion on your land?

ErOsion
None

Some

A lot

Do not know

3.6 Information about the Home

3.6.1 How many of the following durable products are used in your household? (Give monberv
of each)

Bicycle

Cooker


Electricfan

Fridge

MotorVehicle


Television


Powersupply

OthersI

Wean

Washing

machine

Radio

Ganlening

tools


Others2

(sPectrY)

3.6.2 How many members of your household earn a regular wage or have a pension?
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3.6.3 Does your household sell food you have grown, products you have made or occasionally
work to make money

Yes No

3.6.3 How much of your household income comes from selling food or products you have
made?

(all, 3/4,1/2,V4,less than 'A )

4. Ecolo ical roducts Availabilit

Use of Wild Plants and Animals

4.1.1 Do you use the river for anything else other than water?

For cattle Catchingfish Fuelwood

Plants Animals Recreation

4.1.2 Are there plants or animals that you used to use from the river area that you cannot find
anymore?

Yes No

4.1.3 Do you sell any products you gather from the river?

Yes No
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2.4.3: Examining the Potential for Using a Shortened Survey Instrument
Craig Hutton, GeoData Institute, Southampton

Developing indicators from the survey questions

Indicators are selected data that is gathered to represent a complex system or series of systems
where it is unfeasible or impractical to measure the system in its entirety. A simple ranking
system has been developed to assist in the task of identifying the most relevant
indicators/questions for WPI. This should be of particular relevance should the WPI surveys
become part of a census approach where only a limited number of questions would be
feasible. Such an approach will allow a far wider coverage of communities than a larger
survey.

When developing indicators it is essential to remember that an indicator question should be:

Easily gathered

Can be measured repeatedly with time
Has near linear relationship with the true measurement of interest (in this case water
poverty).

The exact relationship between the indicator and the system does not have to be fully
understood (e.g. we may find that overall water poverty appears to be mirrored by
economic status without fully understanding the relationship between them

It should also be noted that there are a number of limitations to the development of a small
number of indicators to define water poverty:

Initial questions were developed after a great deal of discussion by experts in a wide
range of fields, however, it is inevitable that there will be an element of judgement in the
initial selection. This issue was minimised by having a large number of initial questions
from which the most suitable questions could be identified.

The ranking system below is not statistically rigorous, as we have carried out work in
only 8 communities in 2 countries (South Africa and Tanzania). It does, however, offer a
broad direction for future research and testing. It should be noted that NO causative
relationships can be deduced from the rankings and until further studies are carried out
the rankings are simply a guide.
In this case, all questions were given an equal weighting.

Reducing the number of questions
The following steps were carried out to reduce the 25-30 minute survey structurc
down to a few key questions that can be included in a census or extensive survey
work:

I) Questions that were considered potentially ambiguous were removed. This includes
questions which could lead to poverty ranking either rising or falling based upon a single
response. For example, whilst it is clearly a valuable contribution to livelihood to utilise
water for economic purposes, it does not follow that those who do not are in some way
poorer. The more formal peri - urban communities studied were the most economically
productive but had little or no utilisation of water as an economic resource. This could be
due to the fact that these people were able to find employment in local commercial
centres and thus had no need to use water in this way. Had they been ranked for there low
use of water in an economic context they would have scored a misleading 10.

2) Questions giving rise to potential bias are removed. Such an example is volumetric water
collection data. Whilst such data is highly relevant to water poverty, it may not be
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possible to collect volumetric data from those with a supply within their household.
Where in-house water supplies are extensive, community poverty ranking may become
biased by the few people who do not have a household supply.

3) The ease with which the relevant information can be obtained by a reasonably trained

census surveyor, is evaluated. Where possible simple yes/no answers can be translated
into %. Questions on volumetric water collection can require an extensive series of
questions in order to deduce the volumes and might therefore not be suited to a census or
time limited approach to WPI.

Field Methodology for the generation of indicators from the detailed WPI
surveys
Once all the survey questions from the initial survey have been put through the above
process of elimination, it was found that I I questions remained. The following
approach attempts to rank these questions in order of value as indicators.

I) For each question asked a graph is plotted of the ranked response (1- 10) for each
community. These graphs are preiented further below. Where a question is a yes/no
question a % response gives a I- 10 ranking. Questions with quantitative answers are
plotted with I representing the lowest poverty values and 10 the highest (see table of
questions for details). Communities are plotted next to each other for comparison.

Within each community the rankings of all the questions are added together (equally
weighted at this stage) and divided by the number of questions to derive a single WPI
value for each community. based upon the response to all I 1 questions. This WPI value is
plotted together to compare communities.

Individual question trends arc compared with the overall WPI trend to see which single
question is most reflective of the combined response to I I questions

Ranking of WPI Questions asked In pilot studies
The following questions arc those that resulted from the above process of question
elimination, ranking and comparison with the. WPI plot. These data were found to be
easily gathered and relatively unambiguous in their relation to water poverty.

Total time for water journey in the dry season (including queuing) (Ranking based upon 1 ranking

point /10 minutes - max of 10)

Household size: (1-3 = 1 3-6 = 2 etc.)

Education: % of household that have no individuals that have matriculated from school (Ranking

based upon % not having matric.)Average household size (assumption is larger is poorer)

(Ranking is based upon 1-3 people =I 3-6 people =2 etc up to 10)
Reliability: % households reporting an unreliable main supply in the dry season (=)
Water related illness: % household who perceive that water has been responsible for family

illness

Participation: % of households reporting that they have been involved in a training regarding

water hygiene or water use (=)

Wealth: Average• number of specified products within a household (ranking based upon

subtracting number of products .r2 from 10)
Protected/Unprotected main water supply: The % of households who utilise a main source of

watcr that is protected from animal and general exposure

Diarrhoea: % households rcporting suffering from Diarrhoea many times in the last year
Quality: % of household reporting poor perceived water quality

Organisation: % households reporting awareness of an organisation (community/external) that is

responsible for the main water supply they use
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Recommendation for a census survey.
If the WPI project could have 3 questions added to a census then it would seem
sensible to pick the first 3 questions from the above list. However, it is normal for a
census to ask about education and household size anyway. Thus it might actually be
possible to add 3 water based questions and use the education and household size
questions directly from the survey. The 2 plots below indicate that by asking only 3
water questions (2 from census data) virtually the same result as gathering 11
questions can be found.

10
WPI Index

10
WPI Index (top 3 only)

8 8

6 6

4 4

2 2

0

Eth La W inf W N4k Sa Ma Ka Eth La W int W Nk Sa Ma Ka

form foon

Figure 1 Comparison of WPI (normalised) derived from I I questions and WPI
derived from top 3 Questions. (Variations are in pan due to using integers only in the
ranking)

Social Capacity
It is important that we include in our survey a question regarding Social Capacity.
This is essential to allow us to develop a context to water poverty. The data gathered
in a census will be utilised by planners and others who will need to be aware if there
is already a community context in which development can occur within a community.
If a community has high water poverty but has a community water organisation then
this would be a suitable target for development of water resources. Where a similar
community exists without a community based water organisation it would be prudent
to develop community participation first before embarking on a water resource
development program. Thus the following question should always be associated with
WPI surveys at a community level:

"Do you feel that there is effective community/institutional management of your main

water supply"? (yes/no)

Comparative plots

(Cumulative differential value is the total graph variation from theWPI index)
The following abbreviations have been used:

Ethembeni SA Eth
Latha SA La
Wembezi informal SA W inf
Wembezi formal SA W form
Nkoaran a T Nk
Samaria T Sa
Ma'en o T Ma
Ki'en e T Ka

The results obtained for a selection of questions are presented overleaf and can be
compared with the combined result of all selected questions as presented in figure 1.
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2.4.4: Possible Short Form Questionnaire

Water Poverty Index
Short Form Questionnaire

INFORMATION TO BE COLLECTED FROM HOUSEHOLD RESPONDENT

GENERAL INFORMATION

Surveyor:  Time taken:  Date: 	

Location (GPS Position):	 Housecode 


Name of respondent 	 Position inhih 	

City/Village  District: 	 Province/Slate: 	

Gender of Adult respondent who gathers water:
Male Female

1 How many adults and children normally live in your household?

Adults Children

What is your main source of gathered water for your household in the DRY
SEASON?

Dry Season GPS

Protected/Unprotected Public/Private
Choose one of thefollowing sources:

Household Borehole1. Pipe (Private) Pipe (Public) 3. 4.source (Private)
Borehole

	

6. Well (Private) 7. Well (Public) 8.. Small dam(Public)

9. Tank (container) 10. Natural pond II. Spring £2. Stream

13. River 44.
Gov.Water

15. Water vendor 16. RainwaterTruck

If you pay for water from your main source, do you feel it is affordable for

your household? (direct payment only —not maintenance etc)

Yes
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How long (in minutes) does it usually take to collect water from your main
source, during a single trip including queuing time, during the dry season?
(This can include multiple journeys within a single trip)

Dry

Season

What is the quality of the water you gather from your main source in the dry
season?

Water Quality
Good Fair Poor

How reliable is your main water supply in the dry season?







Water su
Very reliable

Reliable

Not reliable

Sometimes dries

How many

IreliabilitDSeason

up completely

adults in your household have matriculated from school?

of the presence of a formal water users association / committee




Are you aware

in your community?




YesNo


 Are you aware of organisations outside your community responsible for water




supply?




YesNo


 Has any member of your household participated in water use and/or hygiene




related traininro rammes?




YesNo


 How many times, over the last year, has anyone in your household had




diarrhoea or been ill due to contaminated water?




Many
OccasionallyNeverthnes


 How many of the following durable products are used in your household?




(Give nuntbers o 'each)

"TS MotorVehicle


Television


Powersupply

Others 1

(sPecify)

Washing

snachie

1%.010
Gaideling


tools

Others2

(sPecliy)

Fridge
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2.4.5: Comparing the Composite Index Approach with a WPI Constructed
from a Shortened Survey Instrument

Tim Fediw, CUR Wallingford

The WPI values generated by Giacomello and Sullivan (Appendix 1.2), using the
composite index approach can be contrasted with a WPI that is created using a more
limited data set such as would be produced by employing the short Pon
questionnaire presented in appendix 2.4.4. The shortened survey water poverty index
(SSWPI) values have been generated using the same principles and scoring techniques
as the composite approach, however, due to the limited data, a single value has been
created by averaging the score generated by each question, rather than using the five
categories discussed in appendix 1.2.

In appendix 2.4.3 Hutton suggests which questions are most relevant for a shortened
survey instrument. The results obtained from these suggested questions have been
used to generate the SSWPI, however, in this instance, household size has been
omitted. Whilst household size was found to have some correlation with water
poverty, it remains unclear as to how household sizeshould be scored as it is difficult
to determine what the optimum household size is13. Incidence of Diarrhoea has also
been omitted due to its similarity with "water related illness". The following
components constitute the SSWPI24:

:0 Time taken to collect water in the dry season (including queuing)
Education: Number of adults who have matriculated
Reliability: % households reporting an unreliable main supply in the dry
season
Water related illness: % households who perceive that water has been
responsible for family illness
Participation: % of households reporting that they have been involved in a
training regarding water hygiene or water use
Wealth: Based on ownership and market valueof certain consumer durables.
Protected/Unprotected main water supply: The % of households who
utilise a main source of water that is protected from animal and general
exposure (dry season)

:0 Quality: %of household reporting poor perceived water quality (dry season)
:0 Organisation: % households reporting awareness of an organisation

(community/external) that is responsible for the main water supply they use

23 Whilst a larger household is genera) associated with greater levels of poverty. extremel> small
households may lack capacity and therefore be at a disathantage The implications of household size
Vsill also differ greatly between urban and rural areas.
24 Details of how scores are created for each ot these are found in appendis I 2
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Using data from each of these questions, the following values were generated for
the 12 study sites:

03 Ethembeni

.2 KwaLatha

"C Wembezi (inf)w
Wembezi for

in Nkoaranga._c
ra Samaria
N
WIMajengo

)—Ki'en e

ra Agarauda
2 Awarakotuwa
_.,._ Tharawaththa
(sb Tissawa




.11




.0
•
•

-- •
II.

•
111•. •

65 57 19 72 15 34 87 19 85 50
28 31 17 48 45 47 18 76 42 39
62 38 29 94 36 46 99 1 18 47
90 61 21 93 3 72 99 0 51 54
88 43 19 79 14 78 51 28 79 53
10 5 37 86 5 70 69 12 45 37
72 40 10 75 6 88 47 38 41 46
91 51 29 93 3 69 97 0 18 50
87 67 53 23 79 18 85 24 83 58
78 61 0 33 36 74 21 10 98 46
65 52 66 23 55 9 6 31 98 45
86 67 66 24 63 17 43 19 79 52
Table I

These values, and the relevant ranking they produce for each community, can be
compared with those produced by the composite index approach. It should be
noted that, due to the different end points used in constructing the range of scores,
it is not appropriate to compare values between countries.

Value
Ethembeni50

5
KwaLatha 39

Tr
t Wembezi (informal)47

Wembezi formal54
Nkoaranga53

ss Samaria37
c
az Majengo46N
C

41 Klee e 50
Agarauda58

cs Awarakotuwa46
5 Tharawaththa45
st Tissawa52

Rank

2
4

3

1

1
4
3
2

1

3
4
2

••
Rank

3

4

2

1

1
4
3
2

1
3
4
2

•

Value

38
23

38
62

49
33
35
43

47
37
30
42

Table 2

As shown, very similar results are obtained by using the SSWPI as those created by
the micro level composite index approach, suggesting that a shortened survey
instrument may indeed be a valuable method of collecting data at the micro level.
However, it must be borne in mind that this comparison is based on three countries
only. The similarities shown may have arisen through a certain amount of chance and
it may not be the case that they will hold in other countries.

Although not entirely appropriate, due to the different end points used in score

calculation, a Spearman's Rank Correlation Coefficient has been calculated for the
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twelve sites. A coefficient of 0.942 is generated, which is found to be significant at
the 95% confidence level. Correlating the scores rather than the ranks produces a

correlation coefficient of 0.83. An X-Y scatter of the WPI values arc shown below:

X- Y Scatter, SSWPI vs Composite Approach

Composite

Approe

70

60

50

40

30

•

•

•
20

•

2030405060

Figure I

A reasonable correlation is shown, which at least shows that using the short form
questionnaire, does not lead to a massive distortion of WPI values, although at the
same time it should be remembered that in different countries this may not be the
case.

Using the short form questionnaire may therefore provide a way of collecting data
efficiently and allow local level WPI values to be calculated without employing a
lengthier questionnaire. Further trial of the short form questionnaire alongside the full

length questionnaire in different countries would help to identify whether the limited
questions provide a good indication of water poverty in all cases. The short form
questionnaire by its very nature, collects less information, so it will be inevitable that
its description of water poverty will not be so comprehensive as that generated by
employing the composite approach, but could provide an option that is easily
calculated by policy makers at the local scale.
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Appendix 2.5
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1. Introduction

1.1 Objectives of this report

Phase I of the Water Poverty Index (WPI) project is a development and testing phase
in which data have been collected from four sites in each of three countries: Tanzania,
South Africa and Sri Lanka. The methodology has been developed and it is applied at
each of these pilot study sites in order to test it.

There are number of components making up the WP1, defined as: availability, access,
capacity, use and environment. The last four of these are discussed elsewhere; the
present report deals only with the availability component. The objective of the report
is:

to determine an appropriate general methodology for the assessment of water
availability in the context of the WPI, and

to apply the methodology at the pilot study sites and provide the results of the
assessment for each site.

In order to do this, it is first necessary to define water availability and to determine
what indicators should be used for it; this is discussed in Sections 1.2 and 1.3,
immediately following. Then, in Section 2, the methodology which is used to
determine availability is defined. The remainder of the report then provides the details
of the work out for each study site, and presents the results of the assessments.

1.2 Definition of water availability

In order to provide a realistic definition for use in the development of the Water
Poverty Index, water availability can best treated in two separate ways:

Primary natural endowment (or primary availability). This is the quantity of
water that is naturally available at or near the location of interest. By naturally wc
mean the situation which would have occurred before any significant human
interventions or alterations to the streamflow regime or the groundwater aquifers.
Thus, the effects of dams, diversions, water transfers or pollution arc disregarded
in making these estimates. Where substantial impacts on the natural regimc from
changes in land use or vegetation cover can be identified, it should, if feasible, be
attempted to estimate the natural situation before the changes. When there is deep
groundwater at the study site it should be included in the natural availability even
if there are no boreholes, because it still represents a potential resource.

Actual availability (or potential supply). This is similar to the natural
endowment, but the impacts of human intervention are taken into account. Human
interventions can be of two types:

o Direct interventions which affect flow quantity, seasonal regime or quality.
The existing water resources infrastructure needs to be taken into account.
There are many possible types of intervention. The most straightforward type,
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and the one that needs to be considered most often, is the water supply system
which people actually use to get their water, whether a complex distribution
system covering a whole city, or a small-scale system of a pipe and tank
supplying a small village. Other examples might include a dam which diverts
water for irrigation upstream, or a diversion for industrial use which returns
polluted waters. Both these would decrease the availability compared to the
natural endowment. Examples which increase the availability include transfers
by pipe or canal from a distant catchment to the location. Groundwater is only
considered as far as there are boreholes in place to supply the water, or a
transfer system from a distant aquifer.

o Changes to the catchrnent which can affect flows in a similar manner also need
to be considered. These could be changes in land use or vegetation cover (eg.,
forestry, cropping types, overgrazing, etc). In many cases, such changes within
the recent past will be relatively minor and the changes in water availability
will not be significant. In others very substantial changes may have taken
place and substantial impacts may have occurred. Where there is sufficient
information, such impacts should be included in assessing the actual
availability. However, in many cases the availability of data and the
methodologies needed to assess these impacts are likely to be lacking and any
assessment may have to be mostly descriptive.

Clearly, it is the actual availability which is most relevant in evaluating the WPI since
it relates to the water that people are actually able to use. Nevertheless, the primary or
natural availability is also of interest. It provides a context for the actual availability,
describing the setting in which the assessment is being made, whether generally water
abundant or water poor. It also gives some idea of the potential availability, indicating
what might be available if the ideal infrastructure was in place and functioning
correctly. This definition of water availability has considerable overlap with the
evaluation of people's access to water which is another component of the WPI
process. However, the distinction is that water availability relates to the natural
environment and water resources infrastructure, while access relates to people's
ability to obtain that water to satisfy their needs, taking into account factors such as
time and distance to collect water, rights of access andcosts.

In assessing the availability of water it is implicit that its variability (seasonality and
inter-annual) or reliability as well as its quality must be taken into account at time
scales appropriate to the location and types of water use being considered. (The
change in availability over time, as distinct to the variability, is also an issue, but this
would be measured by change in the indicators from repeated assessments). With
regard to water quality, different degrees of physical, chemical and biological
contamination are important depending on the intended use of the water. For the WPI,
the focus is on drinking water although other uses are also considered, so availability
is considered to be limited when the quality does not meet international or other
drinking water standards. The assessment must also be at the appropriate scale. It is
not clear how far outside the village, community or city area resources should be
considered to be part of the natural availability. This cannot be specified in a general
way, but will have to be decided in each case on an ad-hoc basis.
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1.3 indicators of water availability

As a first step, three separate aspects of water availability are examined. These arc, for
both primary and actual availability:

Amount of water, expressed as per capita quantities (eg., litres/capita/day) for
each source (both surface and ground water), or for the most important source
where one is dominant.

A measure of the variability or reliability. For the natural system (primary
availability) it is the natural variability, both seasonal and inter-annual, that is
most relevant, while for actual availability it is more the reliability of the relevant
systems that need to be examined.

A measure of water quality; generally only whether or not it is fit for drinking and
washing is considered (fitness for other purposes is not included).

These three values can then be reduced to a single indicator for primary availability,
and one for actual availability:

An indicator on a scale of 0 to 10 which gives a combined assessmentof the three
factors: amount, variability/reliability, and quality of the water. A procedure by
which this can be done is described in Scction 2.3. While this single indicator
gives an overall result for availability, the information relating to thc three
separate aspects is still valuable, and should be retained so that it can be seen what
is included within the final result.

The indicators will generally express the present situation (that is, at the time of
making the estimates). For instance, present population figures would be used in
estimating per capita quantities. However, it would also be possible to use this
approach to examine possible future values of the indicators by considering scenarios
of climate change in combination with projected populations for 10, 20 years ahead,
etc.
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2. General Methodology

2.1 Surface water

This methodology attempts to define, in a very general way, the approach which was
applied in the assessment of surface water availability in the context of the
development phase of the WPI. That is, for a situation where detailed household
surveys have been carried out for individual communities. For implementation of the
WPI over larger areas and at different scales, a range of other approaches are
appropriate, and the possible methodologies for this arediscussed elsewhere.

This section outlines the general approach; details of the particular methodologies
actually applied for each country and community studied, are discussed with the
results in Sections 3 to 5 below.

A combination of elements are needed for the assessment of surface water
availability. These include:

Collection and analysis of data at the regional level,
Discussion and collection of information from district or local water resources
officials,
Field surveys, both at the community and the household level,
Field inspection of sites and catchments,
Rainfall-runoff and water resources modelling or approximate estimation.

The approach to be used in a particular situation and the accuracy of the results will
depend on the data availability and the amount of previous work, including modelling,
that has been done in the area. Broadly speaking, much of the methodology will be the
same whatever the data availability, but in situations which are richer in data and have
been well studied, much more detailed modelling will be possible, and more accurate
results may be obtained. When this is the case, results can be expressed numerically,
either based on direct observations or on sophisticated modelling. For situations
which are data poor a combination of more simplistic modelling with regional data
and estimation, household/community surveys and field observation, is needed. Then
it may be that only qualitative indicators can be determined, expressed on a scale from
"good" to "poor", for instance. The work is carried out always bearing in mind that
the results should be assessments of both the primary (or natural) water availability
and the actual availability, as discussed earlier.

The following are the principal steps in the procedure:

Collection and analysis of data at the regional level
The first step is to collect relevant information that may be available at the national
level, or even internationally (from web sites, oc), and carry out a preliminary
analysis:

Obtain topographic maps at suitable scales and other maps as available (land

use/vegetation, soils, etc; both present and past data on land use if available).
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Identify the location of the community in relation to the natural systems
(catchments and aquifers) and decide what are the potential water sources.
Determine the relevant catchment areas.
Obtain monthly (or daily), long-term rainfall and river flow records for the study
catchments (if available) and immediately adjoining areas. River flows anywhere
in the same basin may be useful even if far downstream. In a data poor situation
additional records of rainfall and river flows (mean annual rainfall and flows, or
monthly series, and catchment areas) from a wider area that has broadly similar
hydrological characteristics should also be obtained.
Obtain information on national or other studies which identify typical rainfall-
runoff relationships, model types and parameters for the study region.
Obtain any relevant information on water quality in the study area.
Depending on level of previous work, some analysis will be needed. For data poor
areas this might be the development of a simple relationship between mean annual
rainfall and runoff, for instance.
As the indicators of availability are to be expressed in per capita terms,
information on the population served by the sources will he needed. In some cases
the watcr sources may not serve only the community being studied, so data on the
total population served by source will be needed. For instance, if we are looking at
a community in a city which is served by a large-scale water transfer, then the
total population of the part of the city being served by this transfer is needed to
calculate the per capita availability.

Discussion and collection of information from district or local water resources
officials
A range of information that may not be available at the national level should be
collected at the district or local level. Some of this may be qualitative rather than
quantitative, and should cover:

Water sources used, quantities and variability of the sources, occurrence of
droughts, whether or not the sources are used by others than the community being
studied (and if so, quantities relating to this use).
Details of the water resources infrastructure: dams, transfers, wells and boreholes,
operation procedures, amounts used, transferred and returned, losses in transfers
and distribution, type of water use, reliability or effectiveness of the infrastructure.
Information on land use and vegetation changes in the catchment which may have

affected flows, and information on the impacts that have occurred asa result.
Any measurements of water quality and qualitative information on impacts on
water quality, eg., factories discharging upstream.

Field surveys
Much the same information as listed in the previous step should be collected, however
this is at the community level rather than the view from outside and serves as a check
on information obtained from other sources. Information may be collected from a few
key informants in the community, and the relevant questions that have been included
in the household surveys should be analysed from the perspective of assessment of
avai labi lity:

The information collected would be largely the same as at the previous step, to
confirm the situation as far as possible.
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Identify and map all the sources actually used (not just thc main source), and
determine the numbers of households using each different source. These may
differ between the dry season and the wet season.
Questions in the household survey that cover issues of reliability of water supply,
quality of the water, and health problems related to water should be analysed.
These data provide information on people's perceptions, but can still be very
useful.

Field inspection of sites and catchments
In some cases an inspection of the field sites and the catchments would need to be
carried out by an experienced hydrologist or water resources specialist. This would
serve to:

Confirm the arrangements and state of the water supply infrastructure so that it
can be realistically modelled and the impacts assessed.
Assist in estimating runoff, variability/reliability and water quality by obtaining
field details and impressions of the particular situation rather than the broad
picture which will result from the previous activities. (This activity may not be
needed in data rich situations where accurate modelling can be carried out).

Modelling or estimation
Activities will depend on the amounts of available data and modelling experience in
the area, as discussed earlier:

Data rich areas —carry out modelling to assessflows and variability and account
for the impact of the water resources infrastructure and land use changes. To
include variability, assess the quantity which is present in the driest month of the
year with a I in 10 year return period, for example. This should be done separately
for the individual sources, which are then summed. If the demand varies over the
year, then the month when thcrc is the least supply in relation to demand will have
to be considered. If water quality (for a particular source) is not adequate, then this
part of the supply is removed from the available quantity.
Data poor areas —use simple regional relationships (for instance, between mean
annual rainfall and runoff) to estimate flows, and adjust these based on the broad
range of information collected and field experience. Estimate

variability/reliability, water quality problems, and impacts of the infrastructure
and land use changes in an approximate/qualitative manner.
Some areas may have intermediate levels of information/previous experience, and

in these cases a combination of approaches may be used to get the best estimates.
The final step is to combine the results to produce the indicators of water
availability as described in Section 2.3 (also taking into account the results of the
groundwater analysis, discussed below).

2.2 Groundwater

The distinction between "primary availability" and "actual availability" (Section 1.2)
is a convenient classification which can be applied equally to surface water and to
groundwater. In the case of groundwater, primary availability is taken as referring to
the potential resource in the aquifer, before drilling, .borehole construction or any
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other actions have been taken to access or extract the water. The primary availability
can be regarded as the development potential of an arca as deduced by
hydrogeologists. Primary groundwater availability is usually presented as a map or
series of maps, on which such criteria as aquifer types and vulnerability are presented
along with expected water quality and typical borehole yields. The maps are often
accompanied by booklets or notes that explain or enhance the information.

The fact that there may be primary availability of groundwater does not mean that any
water will in fact be available or accessible. Actual availability is taken as referring to
the availability of groundwater via existing infrastructure, such as borcholes and
associated reticulation systems. The actual availability of groundwater can be
classified in exactly the same way as a surface water resource, on the basis of the
yield of the source, the quality of the water and the reliability of the source. (Quality
and seasonal reliability are likely to be higher than for an untreated surface water
source, but the maintenance issues affecting boreholes should be included in the
reliability assessment.)

Evaluating the "primary availability" of groundwater in a given area is a complex
process which involves numerous considerations25. The emphasis in this section is on
the problem of evaluating the primary availability of groundwater in any given area,
but some consideration is also given to the evaluation of the actual availability. Much
depends on the amount and quality of data collected from a series of monitored
boreholes. Conditions are also liable to change with time, although data is often
gained from boreholcs only at the time of drilling26. Decisions made about the
primary availability may however affect an earlier asscssment of the actual
availability, for instance in a case where recharge is thought to be in decline the
reliability of an existing borehole might be called into question.

The question of scale is also important, since the primary groundwater availability for
a relatively large area will change as hydrogeological conditions change across the
area, and some sort of average will have to be taken to arrive at a single final figure
for the whole area. Thus a "Fair" rating for water quality across a large area can mask
the fact that some waters have very poor quality, whilst others are very good, and the
rating refers to some compromise between them.

Unlike surface water such as rivers and dams, groundwater is hidden from view and
cannot easily be seen. Only where groundwater issues from the ground as springs, or
is pumped from the ground by boreholes, can it be appreciated (actual availability).
This makes it inherently difficult for the layperson to assess the groundwater potential
or resources for a particular area (primary availability), especially if that area has few
springs or boreholes. There are in addition a myriad of controls on groundwater
occurrence and quality, and conditions can vary dramatically over very small areas —
for example from one side of a village to the other. Even in areas where a lot of
hydrogeological research has been done, and where many boreholes havebeen drilled,

25
Thc number of existing boreholes or springs in an arca is not necessarily a guide to the primary

availability of groundwater.
26

Successive borehole drilling campaigns can be thought of as analogous to producing a series of
photographic snapshots of an area. The level of detail required should be considered when interpreting
the data. Even if detailed information is gained from each borehole, this may give only a -hazy- picture
of the entire area.
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new boreholes may not match expectations. The presenceof surface water is often not
related to the occurrence of groundwater below the surface, and should not be seen as
a guide to groundwater. Whilst the volume of groundwater in a given area is usually
many times that of the surface water resource, the groundwater is normally much
more difficult to access, and variations in it are much less apparent.

The most important factor influencing the groundwater potential for any area is the
nature of the underlying rocks and•sedimcnts (geology). The geology determines
whether surface water or rain can sink down into the ground (recharge), move within
the aquifer, and be drawn out by means of a borehole. It is not enough that the rocks
are able to hold or store quantities of water (porosity), the water must also be able to
move within the rocks and towards a borehole intake (permeability). The quality of
the groundwater, too, is usually strongly influenced by the nature of the aquifer rocks
because minerals in the rocks tend to dissolve in thegroundwater as it passes through.
Whilst geology is normally the controlling factor in groundwater potential, there arc
some areas where rainfall —or more properly the amount of rainfall that infiltrates into
the ground (recharge) — is the most important constraint on the groundwater potential.
The depth to the groundwater (water table) is also important, as it affects both drilling
and pumping costs27. Water quality, recharge and depth to the water table are also
subject to seasonal or other variations, and these should be taken into account. Finally,
some aquifers are particularly vulnerable to pollution, which needs to be taken into
account in the planning process as it may affect the reliability of the resource. All
these need to be taken into account in any area, and all are subject to often
considerable areal variations. These key criteria or questions are summarised below28:

(a) Six key questions: groundwater primary availability

Geology: How permeable are the rocks below the study arca? What is the basis of this
permeability —i.e. does groundwater move through the rocks by means of fractures.
by moving between grains, or by a combination of both? How does the permeability
vary across the study area, and with depth beneath the area? Permeability will directly
influence the amount of water that can be pumped from a well, and is a critical factor
in deciding groundwater potential. Remember that the properties of rocks can varri
greatly over relatively small areas, even when the rocks arc all given the same name2 .
The permeability can be uscd to give a very rough figure for the amount of water (in
litres per second) which could be obtained from a hypothetical borehole or well in the
area.

" This may be related to patterns of drainage base flow, possibly developed in the geological past when
conditions were very different to the present.

28 II is to be debated whether these questions can be answered satisfactorily by people or organisations
without special training. Whilst a very rough hydrogeological assessment can be done relatively easily.
so often in groundwater "the devil is in the detail", and seemingly small factors or changes (which are
very easy to overlook) can have a major influence on the final position as regards people and their
access to safe and reliable water supplies. There are numerous examples in the literature of
hydrogeological water supply schemes whose outcome has been very different to what was expected
due to such unforeseen "details-. Thus the value of a rough assessment performo:1 by a lay-person may
be quite legitimately questioned.

-9 The effects of weathering and erosion. diagenesis. the development of duricrusts, faulting, fracturing
etc. can all have a great effect on the hydraulic properties of rocks. The geology of an area is frequently
subject to changes which may be relatively small but have nonetheless a large impact on the hydraulic
properties of the rock.
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Recharge: Is water able to move easily into the permeable rocks (aquifer), and will
there be enough of it to support the envisaged groundwater development? The places
where water enters the aquifer as recharge, either falling as rain or originating from
rivers or lakes, may be distant from the arca where groundwater is to be developed. If
there is little or no recharge, then this will limit the life of a groundwater scheme, as
only the water stored in the aquifer will be available —a situation referred to as
"groundwater mining". It may be necessary to consider the effects of envisaged
climate changes on recharge, and hence on the reliability of the groundwater resource
when planning for the long term. Estimating recharge to aquifers accurately is
notoriously complex, however in certain areas relatively simple working relationships
that "lump" many parameters together may have been established that describe
recharge over longer time periods.

Groundwater quality: Is the quality of groundwater likely to be poor, either because
of inorganic contaminants such as fluoride or because of man-made wastcs? Are there
quality variations across the area? The uses to which the water will be put will to
some extent determine what is acceptable quality and what is not. If only a few
samples have been analysed, then these may not be representative of the whole arca.
Generally, groundwater quality is much better than untreated surface water, but it can
have unacceptably high concentrations of natural pollutants such as fluoride, or be
contaminated by surface activities in many ways. In some cases, the acts of drilling
and pumping alone can change the groundwater chemistry and pollute the resource.

Depth to groundwater: How deep below the ground surface is the water found? (i.e.
at what depth is the water table?) Very deep groundwater will incur higher costs in
drilling, well construction and pumping. Water quality may also decline with depth,
and very deep waters are frequently saline. If the water table is especially shallow,
then this may make it particularly vulnerable to contamination by latrines, factories,
etc.

Variability or reliability: This refers to the variation of the groundwater resource
with time. In some cases groundwater reserves may fail during the annual dry season,
for instance in cases where the aquifer is only able to store a small amount of water
and must rely on being constantly recharged, or where the water table periodically
drops below the level of well intakes. Cycles of drought should also be considered.
Groundwater quality may change along with the variability in the amount of the
resource.

Vulnerability: All aquifers are vulnerable to contamination to a certain extent. Somc
aquifers, which may meet all other criteria for groundwater development, may be at
particular risk of contamination. This may be because potential sources of
contamination such as intensive agriculture, certain factories, sewage systems etc. are
found on or near the aquifer, because water in the aquifer is particularly close to the
ground surface, because the aquifer has fractures which would allow transport of
contaminants to be too rapid for processes of natural attenuation to take effect, or a
combination of these things. Vulnerability will need to be assessed with regard to the
amount of water pumped, and the uses to which water will bc put. For example,
coastal aquifers may allow the ingress of sea water under certain pumping conditions,
and other aquifers may allow contaminants to enter if the water table falls too far.
Water for certain industrial purposes may not need to be of drinking water quality.
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(b) Answering the questions

Answering these questions is critical to a reliable estimation of the groundwater
resource for an arca. Expert advice and assistance should be sought by the lay person
in all cases, except where the most cursory assessment is required. There is a certain
amount of interdependence between thc questions, which should be borne in mind.
For example, aquifer vulnerability may be determined by activities in the recharge
area, which may be some distance from the arca where groundwater development is to
take place, or depth to groundwater may have some relation to water quality.
Furthermore, the action of exploiting the groundwater can change the nature of the
resource, for example by lowering the water table or increasing the vulnerability. The
final groundwater scheme or well field should therefore be seen as a dynamic system.

Some areas have very little information available on either the geology or thc
hydrogeology, and require careful study and assessment to determine the
hydrogeological potential, whilst other places have detailed information about the
groundwater resources which has already been processed. The following suggestions
are an outline of work that might be undertaken by a hydrogeologist involved in
resource determination. These suggestions should be independent of the size of thc
area, although particularly large areas, or very detailed studies of small areas, will
impose additional costs in terms of time and resources, and may well necessitate
additional specialist assistance. Certain stages of the procedure might be more or less
important or feasible, depending on the area. These suggestions will be variously
accessible and useful depending on the area and on the training of the person carrying
out the task, and on the quality of the data available.

Literature review or desk study
A good place to start any hydrogeological assessment is to gather together all relevant
material on the hydrogeology, the geology, the groundwater resources and the water
supplies, and use it to gain both a general impression of the area and if possible more
detailed information. A literature review will perhaps not be as useful to thc non-
specialist, who will want to augment information gained at this stage with the
interpretations and opinions of people working or living in the study area. Taken
together, however, a good set of maps and reports on a particular arca can provide the
specialist with a fairly detailed idea of groundwater occurrence.

Hydrogeological maps show the basic geology, and also interpret it from a
hydrogeological point of view, often classifying areas in terms of groundwater
potential and giving typical yields which might be expected if a borehole was
drilled. Such maps frequently also have information such as groundwater quality,
rainfall or recharge estimates, and existing boreholes and springs. A good
hydrogeological map can often provide a very good overview of the groundwater
resources in an area, but should not be used alone to site borcholes.
Hydrogeological maps are only as good as the data used in their manufacture, and
this should be fully understood and appreciated.
Geological maps show the nature and extent of the geological strata, and must be
interpreted to gain an understanding of possible aquifers. They are particularly
useful when combined with topographical maps and with additional information
about the basic hydrogeological properties of the rock units depicted. In terms of
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groundwater, they are not as useful nor as easy to interpret as hydrogeological
maps, but are much more widely available. Other maps such as aeromagnetic
maps, satellite images and aerial photographs are variously useful, depending on
the area and on the interpretive skills of the user.
Reports and books on the local hydrogeology and on the number, type and depths
of wells and boreholes can give a very detailed view of groundwater in an area,
depending on the nature and depth of previous studies. Academic libraries,
university departments, water companies, drillers and other contractors, and
private consultants may have such information.

Consultation with relevant people
People or agencies involved in water supply, drilling, well construction and other
groundwater related activities are a good source of specific information about a
particular area. Such information has usually been gained through direct experience in
the area, and can be very detailed. It is also often much easier for the non-specialist to
consult with people rather than attempt to interpret literature in isolation. Government
agencies, university experts, local hydrogeologists, drillers, NGO workers and
consultants are all sources of information and advice. The identity of local or regional
experts will differ according to the arca. Questions to ask include:

What types of rocks underlie the area, and what are their hydrogeological
properties?

How many people in the area use groundwater sources such as wells and
boreholes for their water supply? If the answer is very few, then why is this?
What are the main water supply problems in the area?
Do wells and boreholes ever fail (dry up), and if so why is this? What actions do
people take when this happens?
Have there been any long-term changes in the amount, depth or quality of the
groundwater?

Are there any water quality problems which are known, either from organic or

inorganic contaminants? What is the effect of these problems on water users?
What is the rainfall for the area, and is anything known about the recharge of
groundwater from the surface? The length and quality of rainfall records is an
important consideration.
What is the drilling success rate for boreholes in the area?
How are boreholes sited, and what is the best way to find groundwater in the area?
How deep are the boreholes normally?
Are there any sources of potential contamination of groundwater in the area?
Arc there any other people with hydrogeological expertise in the area?

Field visit to the area
A field visit to an area will often give a good idea of the groundwater resources,
especially when accompanied by local advisors or guides. A field visit is sometimes
the only way to make a more detailed assessment of areas where very little
hydrogeological work has been done in the past. Useful equipment to take includes a
hammer, a camera, a GPS, a magnifying glass, a water EC and pH meter, a compass
clinometer and a water level dipper. The GPS will enable all observations and
sampling points to be plotted accurately on a map. A useful tool is a GIS system,
which can be used to correlate data and plot maps. It is a good idea to plan the field

©CEH Wallingford. 2002



Appendix 3

visit in the dry season when reliance on groundwater or the pressure on the
groundwater resource will be highest. Things to ask about or look out for include:

Rock outcrops, which are often found in river valleys or road cuttings. Take
samples, measurements and photographs of the rocks, and try to build up a picture
of the regional geology.

Note the positions of wells and boreholes, and ask local people about the quantity
and quality of the groundwater. Test the borehole or well water for EC and pH,
and if possible take chemical samples for later analysis.
Locate and describe the topography of the arca. Does it seem to relate to the
location of groundwater sources?

Locate and describe any surface water Featureswhich are visible, as these may
interact with or be dependent upon groundwater.
Note any potential sources of contamination, such as factories, pipelines, latrines,
etc, depending on the scale of the area.
If practical, geoph ysical investigations using appropriate equipment such as EM34
ground conductivity equipment can bc carried out. This is often best done with
reference to satellite images or topographical maps. Any planning of geophysical
work should be matched to the geological or hydraulic features to be detected.

When information from all of these activities is combined, it should allow a more
informed assessment of the groundwater resources of an arca to be made. On its own,
each source of data may be misleading, but taken together they can provide a useful
initial assessment of groundwater potential. It is desirable that thc answers to the key
questions are summarised in a report which explains the basis for the decisions, and
gives details of the data sources used. This will help to convey to decision makers the
uncertainties inherent in many of the characteristics, and thereby facilitate better
planning.

Amount of groundwater per capita
To complete the assessment, it is necessary to estimate the amount of groundwater available
per capita. For this, it is necessary to consider the number of "typical" boreholes (boreholes
that yield a typical amount for a given place) that could be installed per unit area. A figure
for the amount of water reaching the aquifer, or recharge, is thus needed, which would
balance the outflow of water from the system via the boreholes. Thefollowing equation allows
the recharge area (the smallest area of land which each borehole needs to support its
discharge)for each borehole to be calculated:

Annual Yield (m3/yr) = Annual Recharge (m/yr) . Recharge Area (m2)

Once the recharge arca for one borehole is known, the number of boreholes that the
area of interest could support can be calculated, and this divided into the number of
people living in the area gives the number of people per borehole. The amount in
litres per capita per day is then obtained:

Amount (Ik/d) = (no. of boreholes in area . typical yield in l/day) / no. of
people in the area.

2.3 Using the data to create the availability indicator values
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Once the assessments have been carried out for both surface and groundwater, the
indicator values for water availability can be estimated. Assessment of water
availability is based on information relating to three factors:

Water amounts (in litres/capita/day)
Reliability and/or variability of the water supply
Quality of the water

This section deals with how the information could he combined to produce a final
estimate of water availability for a particular site. The result will be an indicator
which can have a value from 0 to 10, as follows:

0 Effectively zero usable water
I Very poor
2-9 Intermediate levels from poor to very good
10 Excellent

The same general approach applies to the assessment of both the primary natural
endowment (or primary availability) and the actual availability, although there are
some differences in the procedure at various stages. Normally, these procedures
should be carried out separately for surface water and for groundwater. This is
necessary because the reliability and quality components are usually different for the
different sources. The methodology is broadly the same for each. Then, the final step
is to combine the indicators for surface and for groundwater to produce overall water
availability indicators.

Water amount
In some cases per capita water amounts can be assessedrigorously. But in many cases
this may not be possible, and a more subjective element has to be brought into the
assessment. Then Table 2.1 can be used to obtain rough equivalence between the two
types of assessment.

The values used here are based on the following considerations. The water amounts
proposed are solely domestic requirements; they exclude use for industry, agriculture
and municipal activities. Domestic water use in developed countries is typically in
excess of 100 l/c/d; for instance Gleick (1996) quotes figures of 104 l/c/d for the
Netherlands and 215 for Sweden. Consumption in this USA is much higher than this:
for instance, the same source shows average use is about 250-300 l/c/d, while in
California it is 531. Shiklomanov (1997) suggests that 150-250 litres per day are
required to satisfy all personal requirements, while Falkenmark and Lundqvist (1997)
use a figure of 100 l/c/d as "a level which in the long term would allow a decent and
realistic quality of life". In line with this, we accept the value of 100 litres per day as a
reasonable level of consumption at the top end of the scale30. Much higher

30
A further consideration in looking at water requirements for vital human needs is water for food

production. In the Statement of Understanding which accompanies the UN Convention on thc Law of
the Non-navigational Uses of International Watercourses. it is stated "In detemining 'vital human
needs', special attention is to bc paid to providing sufficient water to sustain human life, including both
drinking water and water required for production of food in order to prevent starvation." (United
Nations. 1997). This definition explicitly includes water for food production which would require much
larger quantities for water. However, in most cases, this water is provided directly from rainfall, and
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consumption (as in California for instance) would seem to include much wasteful and
excessive use. Looking at national average estimates for domestic use, current figures
indicate that 81 countries fall below this baseline value of 100 l/c/d, ranging from 3
1/c/d in Gambia to 98 in Syria. And, of these, 62 arc below 50 l/c/d (Gleick, 2000).
Gleick notes "There arc, of course, problems with the data. Average water-use figures
by country are known to be unreliable or old. ... Some of the countries ... are
relatively well endowcd with water and it is likely (hat domestic water use is higher,
perhaps substantially higher, than reported." This particularly applies to the very low
consumption values. However, the figures still give a useful context. It must also
always be remember that the values are averages, and there will be wide variation
within individual countries. The equivalent figures for the study countries (from the
same source) are: Tanzania 8, Sri Lanka 27 and South Africa 134 l/c/d.

Table 2.1 Per capita water amounts and
e uivalent ualitative assessments

Qualitative
Amount (1/c/d) assessment of

amount
>100 Excellent

50-100 Very good
25-50 Good
10-25 Fair
5-10 Poor
2-5 Very poor

Ne Ii ible Ne Ii ible

Looking at what might be called basic needs for water, a commonly used value is 25
l/c/d, recommcnded by the UN International Drinking Water Supply and Sanitation
Decade. Targets in the range 20 to 40 l/c/d have been set by the World Bank, World
Health Organization and US Agency for International Development (Gleick, 2000).
These figures only include consideration of water for drinking and sanitation. Gleick
(1996), based on a consideration of needs also for bathing and cooking, has proposed
a figure of 50 l/c/d as an overall basic water requirement, independent of climate,
technology and culture, and which "should now be considered a fundamental human
right". In constructing Table 2.1, the value of 50-100 1/c/d has been taken as "very
good", while 25-50 l/c/d is defined as "good". Smaller amounts than 25 Weld are
increasingly unsatisfactory, with lowest levels of less than 5 litres per day being
insufficient to support life. (Gleick gives various estimates of solely drinking water
needs in the range 2-5 litres per day).

Reliability/Variability
Given the initial assessment of thc amount of water (whether quantitative or
qualitative), an assessment of the reliability or variability of the supply needs to be
made. Where this can be done fairly rigorously, the reliability categories are defined
as below.

thus it is a very different consideration to that conventionally included under domestic water supply.
and it is not included in this analysis.
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Key to reliabtht)lvarthbility categories
Very good Supply available at least 98% of the time
Good Supply available from 95 to 98% of the time
Fair Supply available from 80 to 95% of the time
Poor Supply available from 50 to 80% of the time
Very poor Supply available less than 50% of the time

Note that the terms variability and reliability are both used here. Variability is
normally taken to apply to the amount of variation in a natural system (eg., river
flow), while reliability more usually applies to man-made systems (eg., the proportion
of lime that a water supply system actually supplies water). Since for the WPI, both
natural and man-made (or actual) aspects of availability need to bc assessed, both
terms are used. The variability of the natural system is used when assessing the
primary availability, while the reliability of the water supply is used when assessing
the actual availability. Where questions on the reliability of the water supply has been
included in a household survey, they can also be used to indicate the reliability
category for actual availability. This cannot be done in a totally quantitative manner
sincc people's responses to the questions will depend on their expectations of
reliability (and possibly several other factors). The survey data are not objective
evaluations, but nevertheless provide a useful guide, especially when no other
information is available.

There are a number of complications in determining the appropriate choice of
reliability classification. First, the different assessment methods for water amount
need to be consider. This might have been done in a number of different ways,
depending on the availability of relevant data, and these have different implications
for the selection of the reliability category

Assessment using modelling or long series of observed data. In this case the
reliability can be calculated at the same time as determining the amount of water,
by (for instance) calculating the monthly flow that is exceeded in 9 out of every 10
years, or by determining the reliable yield of a reservoir. In this casethe reliability
category can be sct according to thc actual evaluation of reliability/variability as
specified above.
Sometimes, there will be a less sophisticated, but still quantitative, assessment of
amount. For instance, it might only be possible to estimate the mean flow. Then, a
qualitative assessment of reliability will be need to be applied.
In the third case, both the amount and the reliability might have to be assessed
qualitatively.

Furthermore, the possibility of rationing should be considered. A water supply system
may not be able to supply the full design quantity at all times. When there is a
shortfall in supply at the sourcc, the amount supplied to particular consumers may be
restricted for certain periods of time. This is a different condition to an unreliable
system (which would be one where the shortages are uncontrolled), but for the
purposes of this exercise it can be treated in the same way. Thus, if rationing is used
in an otherwise reliable system, depending on the amount and severity of rationing, it
may be appropriate to reduce the reliability level by one or two steps, for instance
from "Good" to "Fair".
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Water quality
The next step is to consider the assessment of water quality. Depending on to what
level of detail the water quality is known, the quality should be assigned into
categories as follows:

Key to water quality categories
Very good No known health risks, meets WHO standards
Good Minor doubts about quality, may only meet local or temporary standards

or may have one or two determinants which exceed limits but which are
not thought to present health risks. Water not tested, but general believed
to be of good quality.

Fair More significant doubts about quality, slight health risk
Poor Moderate health risk
Very poor Serious health risk

In a similar manner to the reliability assessment, where questions on the water quality
of thc supply, or on health issues related to water quality, have been included in a
household survey, these can also be used to indicate the water quality category for
actual availability. Again, this cannot be done in a totally quantitative manner since
people's responses to the questions will depend on their expectations, and the answers
to the health questions might also be influenced by sanitation facilities or other
factors.

The use of the water quality factor depends on whether the assessment is of the
primary availability or the actual availability. For the first, the water quality being
considered is that which is affected only by natural factors. lf, for instance, there is
industrial or sewage pollution affecting the source, thcsc are man-made factors, and
are disregarded at this stage. Normally, only natural factors, such as how the mineral
composition of the rocks affect water quality, would be considered. However, when
considering actual availability, all relevant factors must be considered to obtain
estimates of the quality of water which people are actually using.

Combining amount, reliability and quality
Having classified the amount of water, the reliability/variability and the water quality,
as discussed above, the components are combined to produce indicators of
availability. For this study the indicator used are values in the range 0 to 10, and they
were determined using Table 2.2. An indicator of 10 shows that the amount of water
was in the highest category and that both reliability and quality were also classified at
the top of their scales. Conversely, an indicator of zcro is used for negligible amounts,
whatever the reliability and quality. The values shown between these two extremes
provide a reasonable and consistent procedure to assign the indicators for other
combinations. But, it is clear that these are subjective assignments, and the values
cannot be objectively justified. Because of this, the opinions of number of water
resources specialists were sought. It was found that the opinions did not vary very
widely, and they were averaged and then rounded to produce the final result shown in
Table 2.2. This table should be treated as only a preliminary solution to the problem.
The approach needs to be tested over a wide range of conditions, which may reveal
that it needs to be adapted.
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Table 2.2 Water availability indicator values for combinations of amount. reliability
and t•ualit •

Amount

(1/c/d)

>100

„
..


..


50-.100


..


.
19

25-50

.,

,.


"
10-25


..
II

"

5-10

2-5
It

ne liible

Reliability/

Variability

Very good

Good
Fair
Poor

Veroor
Very good


Good
Fair
Poor

Veroor
Very good


Good
Fair
Poor

Verr

Very good

Good
Fair
Poor

Veroor
Very good


Good
Fair
Poor

Veroor
Very good


Good
Fair
Poor

Veror

An

Very
ood
10
8
7

,4
2
9

7
5
3
I

7
5
4
2
I
4
3

2
2
1
3
2

/
1

0
2

1

1
I

0

0

Water Quality
GoodFair

85
75
64
32
11
75
64
43
2 1
1 I
53
43
32
2 1
10
49
32
/ 1
1I
00
71

21
II
11
00
1 1
10
10
00
00
00

Poor

3
3

7

1

0
3
2

2
1

0
2
2
1
1
0
1
1
1
0
0
1
1
I
0
0
0
0
0
0
0
0

Very
oor
1
I
0
0
0
1
1
0
0
0
I
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Combining surface and groundwater indicators
The above combination procedure should be carried out separately for primary
availability and actual availability. Also, as noted earlier, it is usually necessary to
carry to the whole procedure separately for both surface and groundwater sources,
since reliability and quality are usually different for the different sources. It is then
necessary to produce a final result for overall water availability from the combined
sources. In many cases, one or the other of the sources will be very much dominant.
When this is the case, the indicator value for the dominant source is used as the
overall value, and the other source is neglected. Where the results are more or less
comparable, then it is necessary to consider whether they can be treated additively.
The larger indicator value is taken, whether it is surface water or groundwater. Then,
the smaller value is considered in the light of Table 2.2. If is judged that the combined
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sources give a significant I y increased availability compared to the highest rated single
source, then the indicator value can be raised one or more steps in the scale. To take a
specific example: Suppose surface water is dominant, with an amount of 50-100 1/c/d,
"fair" reliability, and "good" water quality; the indicator would be 4. If small amounts
of groundwater were also available such that the total amount still remained in the
range 50-100 1/c/d, the quality of the groundwater was "good" or better and its
reliability "very good", then it would bc reasonable to raise the overall reliability
category from "fair" to "good". The quality category is not changed as the lower
quality of surface water is a limiting factor. Then, theoverall indicator value would be
increased to give 6 as the final result.
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3. Assessment of Availability - Tanzania

3.1 General situation of the study sites

Locations
The pilot study sites were four communities close to Arusha in the northern part of
Tanzania. The general location of the area and the main features are shown in Figure
3.1. The four communities are shown in more detail in Figure 3.2, which indicates the
locations of the households surveyed and the main water sources used by those
households.
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 ,r
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Nkoaranga c.

MOUllt Kit • onja

'1.14.11
of° 


— S

• AR,U5N\A\

IKijenge
Majengo

i sr"'

0.

!MmLQARJipe

efor3Pare
Mountains

Samaria

NYUMBA
YA
MUNGLI

—4°

Figure 3.1 Map of the study area —Tanzania

Two of the communities are pen-urban areas on the edge of Anisha, andthe other two
are in rural areas. Some details of the populations and households surveyedare given
in Table 3.1.

Table 3.1 Cornnninities surveyed —Tanzania
Community Type Estimated No. Total no. people




population in households in the surveyed




2001 surve households
Majengo Peri-urban




125 748
Kijenge Pefi-urban




118 530
Nkoaranga Rural 3197 120 671
Samaria Rural 3722 119 650
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Topography, climate and vegetation
All the sites lie close to and south of Mt. Meru, the dominant geographical feature of the area.
At 4565 m high it is the fifth highest mountain in Africa. Only 70 km to the east lies
Kilimanjaro, the highest mountain in Africa (5895 0. These two mountains dominate the
area because they stand alone on a plateau (typical altitude 1000-1200 m), rather than
forming part of a mountain range.

The two mountains are also very significant influences on the climate of the area, attracting
heavy rainfall, with much less falling on the surrounding plateau. Mean annual rainfall in the
study area ranges from considerably less than 1000 mm in parts of the plains to more than
2100 mm in the higher areas of Mt. Meru, with annual amounts changing rapidly over small
distances. However, there is conflicting information on the annual rainfall for the study sites.
Based on the map given in the Arusha Region Water Master Plan (ARWMP, 2000), mean
annual rainfall can be estimated as: Nkoaranga 1650 mm; Samaria 1200 mm; Majengo 1550
mm; and Kijenge 1800 mm. But the much smaller scale Tanzania Mean Annual Rainfall map
(no date) indicates roughly 1000-1200 mm for all sites, except for Samaria which is 600-700
mm. These values seem perhaps more realistic in relation to the vegetation of the area.

The general climate type is a tropical monsoon climate with two rainy seasons, typically
lasting from March to June and October to December. The average monthly rainfall patterns
for six stations close to the study area are shown in Figure 3.3.

01mulianyi Ioresi

0—Amsria agricullure

10—Mosta airpori

—0-- Kibosho mission

Rombe mission

6— Kilema mission _

100

0

3 5 6 7 8 9 ID 12

Month

Figure 3.3 Monthly rainfall patterns in the upper Pangwzi basin (alter Mkhandi and Ngana.
2001)

The vegetation of the area varies widely. The higher slopes of Mount Meru are covered in
forest. Nkoaranga which lies on the lower slopes of Mount Meru was probably originally
forest, but this is now mostly cultivated (coffee, bananas, maize, etc). with a few large forest
trees remaining. Arusha is in a somewhat drier area with less dense natural tree cover, while
Samaria is very different with the vegetation being defined as "dry open grassland" (Tanzania
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Vegetation Cover Types map, 1984). There is little cultivation here, with livestock rearing
being the main economic activity.

Hydrological features
The study area is in the uppermost part of the Pangani basin (total basin arca 42,000 km2).
The Pangani river flows approximately south-east, reaching the sea near the city of Tanga.
The northern boundary of the basin is mountainous, with Mount Meru and Kilimanjaro in the
west and several other ranges further to the cast. These mountains generate most of thc
runoff. The main water resources development in the basin is the Nyumba ya Mungu dam
which is used for power generation. There is one hydropower plant here and two more
downstream of it. The other large-scale water use is irrigation. Most of the irrigated areas are
upstream of the dam, leading to conflicts between the two uses. The study area is upstream of
these major water uses and they do not impact on it significantly.

Hydrogeology
The study sites are underlain by volcanic rocks (basalts, trachytes and pyroclastics) of
Neogene age, which overlie Precambrian age crystalline Basement Complex rocks.
Hydrogeologically, the volcanic rocks range from low yielding (<0.5 l/s) to fairly productive
(>1 Us, <4 l/s), with typical yields of about 1 Us. A significant number of dry boreholes have
been drilled in the Arusha area. Hand pumps are the most common way of extracting water
from low-yielding boreholes. Groundwater flow occurs along secondary bedding planes and
fissures, and as intergranular flow in agglomerates and vesicular basalts. It is likely that the
local geology and hence groundwater potential is very variable.

Traditionally, shallow or perched groundwater associated with river beds or depressions
(dambos) has been exploited using hand-dug wells. These wells may be subject to failure in
the dry season. Laterite horizons and sands above black clay-rich soils (mbugas) are
developed in some places, which can also provide a local source of shallow groundwater.
Springs are common, particularly in the uplands, and supply numerous gravity fed water
schemes. Due to the variable nature of the strata, and the discontinuities inherent in bedding
planes and fissure systems, borehole success rates are variable, and expert hydrogeological
advice is needed to develop these. Geophysical exploration methods such as EM34 ground
conductivity measurements and Vertical Electrical Sounding have been used in the past to
increase the likelihood of borehole success.

Borehole depths in the volcanic rocks are typically between 90 m and 120 m deep, although
some borcholes and wells are much shallower. Boreholes in these rocks are usually drilled
using air flush rotary drilling methods, using down the hole hammer or rock roller bits. These
methods require relatively sophisticated equipment and are expensive. Cheaper to operate
cable-tool percussion and hand auger methods may also be suitable in certain circumstances.
Shallow large diameter wells can be dug by hand in appropriate locations such as river beds.

Groundwater in the Arusha area is frequently alkaline and of sodium-calcium-bicarbonate
type. Fluoride concentrations greater than the World Health Organisation guideline maximum
value of 1.5 mg/l are found in a considerable number of groundwater sources in this area,
particularly those associated with the volcanic rocks. Excessive fluoride concentrations in
drinking water can cause serious disease. Other inorganic constituents such as boron may
occasionally be above recommended limits. High salinity, particularly associated with
lacustrine sediments in the rift sequences, is found occasionally and is often correlated with
high fluoride concentrations. Deeper wells may be more susceptible to high fluoride
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concentrations, as the water is likely to have been in the aquifer longer and more time will
have been available for fluoride dissolution. High fluoride concentrations often correlate with
low calcium concentrations, but it is difficult to predict fluoride concentrations before
drilling. Shallow wells in the weathered-zone that intercept relatively younger groundwater
may circumvent the fluoride problem. Seasonal variations in water chemistry have been
noted.

3.2 Data assembly

Hydrology and water resources
All the sites are supplied from springs (or streams close to the springs) or from boreholes.
Data on the actual amounts of water supplied from these sources or on the capacities of the
water supply systems was obtained from the relevant authorities, the Arusha Urban Water
Supply and Sewerage Authority (AUWSSA) for the peri-urban sites, and Arumeru District
Council for the rural communities. The details are given with the assessments for each site
below.

The natural or primary sources of water that are most relevant are the streams and springs.
Data on the flows from these are sparse. Most spring flows have been measured only
intermittently and many of the records are quite far in the past. Details of thc data collected
are given in Table 3.2; they were obtained from the hydrology office at AUWSSA and from
ARWMP (2000). The standard flow gauging stations (ie., those with continuous records of
daily flow) that are nearest to the study sites are not so relevant as the spring flow data
because they include substantial additional catchments. For the two nearest stations, short
periods of record are available, and the details are also listed in the table, although these data
were not used directly in the analysis.

Table 3.2 Flow data availabili —Tanzania




Station name Station Approx. location Relevant Data availability
(and code t Lat.Lon . to




Burka at (or above)
Arusha-Dodoma (or

Spot

gaugings

36°39'E 3°22'S Majengo 90 measurements 1940-95, but
mostly 1961-76

Babati) road (IDE I A)






Kijenge at Old road
bridge (1DE4 OT 9)

Spot

gaugings

36°42E 3°23'S Kijenge 132 measurements 1949-77

Mbcmbe spring

(various locations)
Spot


gaugings
36°48'E 3°19'S Nkoaranga 8 measurements 1959-98

Usa spring (Tuvaila) Spot

gaugings




Samaria Single measurement 1995

Various locations Spot

gauging





Single measurements available
for numerous springs

Nduruma below new
road (IDD20A)

Daily


flows
36"45'E 3125




January 1978 to March 1981

Kikuletwa at

Karan ai !DDSS)
Daily

flows

36°51E 3`126S




February 1977 to December
1981

Hyclrolgeology
The hydrogeological and topographical maps of Tanzania were used to give a rough
indication of groundwater availability for the study area. Other data sources included thc
Arusha region water master plan and papers from the 2lm and 23" WEDC conferences.
Further data on groundwater availability and quality, and on drilling methods, was provided
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by British Geological Survey staff members with project experience in Tanzania and in
similar hydrogeological environments elsewhere.

Relevant data from the household surveys
The detailed household surveys that were carried out in the study communities provide much
information which is helpful for the assessment of water availability. Table 3.3 lists the
different water sources used by the households in both the dry and the wet seasons. These are
the main sources that are used. A very small proportion of households were also using
sources away from the house for such activities as washing and laundry, but these do not alter
the pattern shown in the table.

Table 3.3 Water sources used —Tanzania rom household surveys)
Source type

Majengo

Dry season
No.

h/holds%

Wet Season
No.

h/holds%

Pipe (private) 1 0.8 9 7.2
Pipe (public) 10 8.0 70 56
Household source 14 11 33 26
Borehole (public) 27 22 10 8
Well (private) 1 0.8 0 0
Well (public) 2 1.6 0 0
Tank (container) l 0.8 0 0
Natural pond 34 27 , 1.6
Stream 35 28 1 0.8
Kijenge





Pipe (private) 1 0.8 3 2.5
Pipe (public) 46 39 47 40
Household source 68 58 66 56
River 3 2.5 2 1.7
Nkoaranga





Pipe (private) 3 2.5 9 7.5
Pipe (public) 31 26 69 58
Household source 23 19 39 33
Natural pond 18 15 0 0
Stream/River 44 37 3 2.5
Samaria





Pipe (private) 12 10 8 6.8
Pipc (public) 72 61 61 52
Household source 0 0 1 0.8
Borehole (public) 1 0.8 1 0.8
Stream 34 29 30 25
Rainwater 0 0 17 14

Further information on people's perception of the reliability of the water supply and some
indicators of the water quality are given in Table 3.4. The water quality information includes
not only the response to a direct question on perception of quality, but also whether or not
water is treated after it has been collected, and perception of health problems related to
water quality.

Table 3.4 Reliability, water quality and health information — Tanzania (from household
surveys)

31 Treatment may be chemical, boiling, or simply allowing the waterto settle.
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seasonseason
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DryWet
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DryWet
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Samaria

DryWet

seasonseason
ReliabilityVery reliable 55




7.5 7.0




33 24 ri 15




29
Reliable 19




27 64




64 31 56 38




65
Not reliable 10




55 29




2.6 19 22 42




5.8
Dries u 16




11 o




0.9 26 0.8 5.7




0
WaterGood 11




17 93




96 48 38 63




64
QualityFair 50




78 6.8




4.3 23 56 25




24
Poor 39




4.8 0




0 29 6.7 12




13
Treatinwater at house




86




81




75




48




DiarrhoeaMany times




14




2.6




3.3




2.6




Occasionally




33




12




30




21




Never




53




86




67




77




Illness due to water




26




6.8




23




14




An values are percentages of households.

These data may not provide objective evaluations since people's expectations of reliability
and water quality may not be consistent, and their perceptions of whether it is good or bad
may vary considerably from place to place. In addition, the health data are likely to be
affected by other factors, especially the provision of effective sanitation. Nevertheless, these
data do provide useful indications, especially when no other information is available, or to
supplement other more rigorous data.

3.3 Particular methodology

Generally speaking, the methodology used follows that discussed in Section 2. But, the
particular characteristic of all the sites in Tanzanian are that the water systems are supplied
by springs. Spring flows are not readily susceptible to standard kinds of hydrological analysis
(eg., regression analysis to relate mean flows to catchment areas and mean rainfall) since they
are likely be more dependent on underlying geological factors than on surface features.
Therefore this type of analysis has not been adopted; rather, estimates of water quantities
have been based on the available measurements, the records of the water supply authorities
and a number of assumptions about the design of the systems. This has been combined with
the supplementary information from the household surveys to provide the overall
assessments. For groundwater, the key questions discussed previously (Section 2.2) are
considered, in order to arrive at the assessment.

3.4 Water supply systems and water availability assessments

(a) Surface water —peri-urban areas

Arusha water supply system
The peri-urban communities (Majengo and Kijenge) are on the fringes of Arusha, and the
main water supply for both is part of the overall Arusha water supply system, operated by the
Arusha Urban Water Supply and Sewerage Authority (AUWSSA). The system provides
piped supplies to the whole urban and peri-urban area. The main water sources are a set of 13
boreholes and 2 well protected spring systems (where flows from several smaller springs are
combined and chlorinated) on the lower slopes of Mount Mew, immediately to the north of
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the city. There are two more boreholes in the city itself. Additionally, there is one more
spring in the city which is used to supply industrial areas,but this is a separate system. The
spring yields are variable, with substantially higher flow during and shonly after the wet
season. The system is operated to minimise use of the boreholes since these have high
pumping costs. Maximum use of the springs is made in the wet season, with increasing use of
the boreholes as needed during the dry season. Currently (November 2001) the demand for
the whole of Arusha is 42,000 m3/day. Under typical conditions, the combined sources can
produce 44,000 m3/day during the wet season, and 35,000 m3/day in the dry season. Thus,
there is normally a shortfall in availability in the dry season, but this can increase
substantially in dry years. In order to overcome these problems in the short term, the supply is
rationed, with certain areas of the city being switched off for some of the time, in rotation.

Water from all the sources is mixed and treated before being supplied. Because the sources
are all groundwater or very well protected springs the quality of the raw water is generally
good. In particular bacteriological quality is excellent, with zero coliforms in the raw water.
Chlorination is mainly needed to protect against seepageof polluted water into the system in
the distribution network. The only significant water quality problem is high fluoride levels.
Fluoride is naturally occurring, as a result of the particular geological of the Arusha arca.
Exceptionally high levels have been found to lead to serious disease (skeletal fluorosis) in
some parts of Tanzania. The fluoride level in Arusha water is about 4.5 mg/I; this is well
above the WHO recommended standards of 1.5 mg/I, but within the Tanzanian temporary
standard of 8 mg/I. This standard has been set in recognition of the fact that fluoride is a
widespread problem across the country and that it is not practicable to meet the WHO
recommendation in the short term. It is believed that this level will not be likely to have
severe health implications. In order to move towards overcoming the problem, as well as
meeting the present shortfall in supply, it is proposed that new water sources should bc
surface water sources, which, when mixed with the existing groundwater, will reduce the
fluoride concentration.

Primary availability —Majengo
For the natural situation, the available watcr source relevant to Majengo is the Burka spring
or river, which is just on the edge of the community. Spot measurements of the flow have
been made near the point where the stream crosses the Arusha-Dodoma road; a total of 90
measurements are available, mostly from 1961 to 1976, with a very few earlier (1940-41) and
two later (1994-95) (Table 3.2). For a few years the measurements were takcn at
approximately monthly intervals, but otherwise they are very irregular. These data can be
used to give a rough estimatc of the natural water availability in Majengo. On the reasonable
assumption that the measurements represent a random series, they have been used to create
an approximate flow duration curve (Figure 3.4). This curve relates the flow to the percentage
of time that it is exceeded. Taking the flow that is exceeded 95% of the time as a suitable
indication of the reliable flow gives a values of about 60 Us. This analysis is based on old
flow data, so the question of whether or not it is representative of the current situation arises.
An examination of trends in rainfall in upper Pangani basin has been carried out by Mkhandi
and Ngana (2001). For the period from the 1930s to 1990, they found that five stations
showed a slight decline in annual rainfall, while only one showed an upward trend. However,
the changes are small, and it is also the opinion of the local hydrological office that the old
data remain representative. For an approximate analysis such as this, it is considered that they
are adequate.
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Figure 3.4 Approximate •flow duration cutTes for Burka and Kijenge rivers

No population estimates specifically for Majengo seem to be available. Population data from

the 1988 census (Bureau of Statistics, 1991) are only given to the level of ward, of which
Majengo is a subdivision. If we assume the population is a high value of 10,000 and we also

assume that the flow in the Burka river could be used to supply Majengo only, the per capita
amount is 520 l/c/d. This figure should be reduced substantially because the same source is

also needed to supply several other communities, but the per capita amount would still
remain more than 100 l/c/d. This is a low flow estimate with approximately 95% reliability,

so the variability can be classified as "Good". There are no data from testing, but the natural
quality of the water is expected to be good, except for the problem of high levels of fluoride
which are common over much of the Arusha area. Because of this the water quality

classification is taken to be "Fair". This gives a result of 5 for the assessment of primary
availabi lity.

Primary availability —Kijenge
For the natural situation, the available water source relevant to Kijenge is the Kijenge river
which flows through the community. Spot measurements of the flow have been made near

the old road bridge; a total of 132 measurements are available, mostly from 1949 to 1977
(Table 3.2). An approximate flow duration curve was estimated from these data in the same

way as for the Burka river (Figure 3.4). In this case the flow that is exceeded 95% is about 19
l/s. As for Majengo, we have no population values for Kijenge specifically. But, if again, a

high value of 10,000 is used, and we assume that this flow is used to supply Kijenge only, the
per capita amount is 164 l/c/d. This figure should perhaps be reduced because the same

source may also be needed to supply other communities, but the per capita amount would
probably remain more than 100 l/c/d. This is a low flow estimate with approximately 95%

reliability, so the variability can be classified as "Good". The water quality situation is also

the same as for Majengo, with a classification of "Fair", giving a result of 5 for the
assessment of primary availability.
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Actual availability —Majengo
The main source of supply is the AUWSSA system that covers the whole of Arusha, but there
are particular problems in Majengo because it is at a very similar altitude to the treatment
plant and receives very little water by gravity. Pumping is required, but it seems to be
insufficient to meet demand and suffers from an unreliable electricity supply. To try to
overcome the problem an additional borehole was opened closer to Majengo, but this has also
suffered from unreliable electricity. The result is that Majengo suffers from a shortfall in
supply and rationing much more than other parts of the city, especially in thc dry season.
Table 3.3 confirms that the AUWSSA system is the main supplier, with the majority of
households obtaining their water from public standpipes or from house connections. (Note
that households listed as using "public borehole" are in fact supplied by the general Arusha
system. On a site visit, we were informed that some private boreholes are also in use, but no
specific information on these seemed to be available). Table 3.3 also shows that the
proportion of households using surface water sources (ponds and streams) increases from just
over 2% in the wet season to 55% in the dry season. The main additional source is the Burka
spring or along thc stream downstrcam from here. The spring is tapped close to its source and
it is piped from there to supply a number of villages in Arumeru district. It is not fully
protected, and although there are no water quality data, AUWSSA consider that the quality is
poor as there is a high risk of contamination by livestock and pollutants between the spring
itself and the points where people collect water.

In order to assess the actual watcr availability in Majengo, only the supply from the
AUWSSA system is considered. As noted, the Burka stream provides substantial part of the
communities water in the dry season, but the availability from this is treated as zero because
of the pollution problems. Based on the available data (only one year July 2000 to June
2001), lowest water production is 26,400 m3/day (November 2000). This is well below the
typical dry season production level of 35,000 m3/day noted above. Assuming that the
November 2000 value represents a reasonable estimate of the minimum production in a
drought year, this is taken to represent the reliable low flow. 73% of the production is
supplied to consumers (domestic and kiosks) according to AUWSSA figures for 2000-01.
The losses in the system between production and supply are not known. A nominal figure of
20% is assumed. This means that the reliable minimum supply for the whole of Arusha is
15,400 m3/day.

The 1988 census gives a population for the whole of Arusha as 134,553. To allow for
population growth, an increase rate of 7.17% per year was taken from HABITAT (1996).
This is the urban growth figure for the whole of Tanzania for the period 1975-2000, and it is
known that Arusha has been a fast expanding town, so this figure seems reasonable. The
population in 2001 is then estimated as 331,000, giving a per capita amount of 47 l/c/d.
However, the Majengo area suffers from heavy rationing, and reliability is low because of the
high altitude relative to the treatment works and electricity failures. For the wet season the
household survey figures (Table 3.4) show that the general perception is of poor reliability,
with 66% considering it "not reliable" or that it "dries up". It is notable that in the dry season
people generally consider the supply to be much more reliable than the wet season (55% say
"very reliable", 19% "reliable"), when the reverse situation might have been expected. These
findings appear to be because the piped supply is in fact unreliable all year round, whereas
the spring our river sources, although less convenient, do have a reliable flow. Overall, the
reliability classification is taken as "Poor". Considering the high fluoride levels, the quality of
the piped supply is assessed as "Fair", the same as for the natural condition. Note that this
applies to the piped water only, the unprotected surface watcr sources having been
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disregarded for the assessment. Table 3.4 shows that Majengo was perceived as having the
worst water quality out of the four sites. The health impacts were also highest, with 47% of
respondents saying they had had diarrhoea "many times" or "occasionally", and 26% of
households saying that they has suffered from illness due to the water. This seems to be a
result of the fact that a substantial proportion of the population is forced to use the unsafe
surface water sources in the dry season. The resulting assessment of actual availability is I.

Actual availability —Kijenge
Actual water availability in Kijenge is derived from the AUWSSA system, with very slight
supplementation from the Kijenge river (used by only about 2% of households in both the dry
and thc wet seasons). The great majority of households obtain their water from public
standpipes or from house connections throughout the year, and there is a much higher rate of

• house connection than elsewhere. Availability deriving from use of the river is treated as zero
because of the very low use and the potential pollution problems which are likely to result
from use of a source flowing through a densely settled area. Only the supply from the
AUWSSA system is taken into account. Considering only the per capita amount of water, the
situation is the same as for Majengo; that is 471/c/d. However, in other respects, the situation
is very different. The great majority of households have a reliable supply from the piped
system throughout the year. The whole Arusha system suffers from some degree of rationing
in the dry season and there are some shortages because of this, but Kijenge appears to be no
worse than the general situation across the city. The household survey shows that 71%
consider the supply "reliable" or "very reliable" in the dry season, and 97% in the wet season.
Because of this, the reliability classification is treated as "Fair". Considering the high fluoride
levels, the quality of the piped supply is assessedas "Fair". This applies to the piped water
only, the unprotected surface water sources having been disregarded for the assessment. The
household data show that Kijenge was perceived as having the best water quality out of the
four sites, with 93 to 96% (depending on season) assessing the quality as "good", less than
3% of respondents saying they had had diarrhoea "many times", and only 7% of households
saying they thought they has suffered from illness due to the water. Thc resulting assessment
of actual availability is 2.

(b) Surface water —Nkoaranga

Primary availability
For the natural situation, the available water sources are the two streams flowing through the
village. One of these is the Mbembe spring, which lies a little higher up the slopes of Mount
Mem. There arc no data for the streams, except for a very few spot measurements for the
Mbembe river. However they appear to have been made at a variety of different locations, or
on different branches, and do not seem to give any picture of the reliable flow which would
be relevant to Nkoaranga. The assessment of actual availability (see below) based on the size
and inflows to the storage tank used in the village supply system, indicate that the minimum
Mbembe spring flows are about 2.5 Us, and the other stream is a roughly comparable size.
Using the population figures and annual growth rates (2.16%) given in ARWMP (2000), the
population of Nkoaranga is estimated as 3197 in 2001. Based just on the Mbembe stream,
and assuming that the flows are available for Nkoaranga village only, the percapita amount is
68 1/e/d. With the two streams, it must be considerably more than this, and it is likely to be
more than 100 1/c/d. This is a low flow estimate, but the proportion of time that it is exceeded
is not known. However, it seems reasonable to assume that the variability is similar to the
Arusha sites since all the sources are springs on Mount Meru; thus the variability
classification is assigned as "Good". No data on the natural water quality arc available, but as
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elsewhere, there is the likelihood of relatively high fluoride levels, so a classification of
"Fair" is assumed, giving a result of 5 for the assessmentof primary availability.

Actual availability
Both the rural communities are in Arumeru District, and the Arumeru District Council is
responsible for water supply. Nkoaranga has a piped water supply system which is supplied
from Mbembe spring. The spring is tapped at source (well protected) and piped to a main
storage tank from which the water is fed to the village and part of a neighbouring village by
gravity mains to standpipcs and some house conhections (Table 3.3). Some of the water is
also used for livestock, they are kept in the village in relatively small numbers, but are not
allowed to graze freely. The water is not treated, and thereare no data on water quality, but as
it comes from a protected spring it is expected to be good. However the authorities
recommend boiling the water; this is presumably a precaution to protect against
contamination in the distribution system or after collection, and does not indicate that quality
is generally poor. The protected sources are almost always used in the wet season (more than
97% of households), but a high proportion of the population (52%) uses natural ponds or
streams in the dry season. This is a clear indication that although the supply system is
considered to work reasonably well, it is not always reliable or has a shortage of capacity at
times when the spring flows are low. This is supported by the households survey data (Table
3.4) which shows that the proportion of the population saying the water supply is "not
reliable" or "dries up" increases from 23% in the wet season to 46% in the dry season.

As before, the actual water availability is assessed from the water supply system only, and the
supplementary surface water sources are disregarded because of the likely contamination.
There are no useable data on the flows into the system. However, the main storage tank was
inspected on a site visit in November 2001. The capacity was estimated to be 50,000 gallons
(227 m3), and, on information from Arumeru District Council that the original design of the
tank should have been such that its capacity is 50% of the reliable daily flow, the reliable
flow can be estimated as about 450 m3/day. An approximate measurement of the inflow to the
tank was also made during the visit; this was 2.5 1/s (216m3/day). The short rains expected in
October to December had almost totally failed, ahd it was thought that this is roughly the
lowest flow that is likely to occur. Therefore 1 the value of 216 m3/day was assumed to be a
reasonable estimate of the reliable low flow. The population of Nkoaranga in 2001 is
estimated to be 3197, but the water supply system also serves 70 households in the
neighbouring village of Nshupu. Assuming these have the same average number of people
per household as found in the survey in Nkoaranga, this gives a total population using the
system as 3588. This gives a per capita amount of 601/e/d. The basis of this assessment is
that it is thought to be the reliable low flow. However, because about half the village needs to
use other sources in the dry season, the reliability is taken to be "Fair". Considering the high
fluoride levels and the lack of any treatment system, the quality of the piped supply is
assessed as only "Fair". The people's assessment is generally that the quality is fair rather
than good (considerably better than Majengo, but much worse than Kijenge). The health data
are also relatively poor, with 33% having diarrhoea "many times" or "occasionally", and 23%
of households saying that they has suffered from illness due to the water. As in the case of
Majengo, this seems to be a result of the fact that a substantial proportion of the population is
forced to use the unsafe surface water sources in the dry season. The resulting assessment of
actual availability is 3.

(c) Surface water —Samaria
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Primary availability
The situation in Samaria is very different from the other three sites. Rather than lying on the
well-watered slopes of Mount Meru, it is in the relatively dry plains area where natural
sources of water are scarce. There are very few streams in thc immediate area of the village
and these only flow intermittently. Thus there are no natural surface water sources readily
available. Groundwater has been considered a possibility, and a shallow well has already
been developed. However, thc local people report that this water has very high fluoride
levels; they cannot drink the water and it is not even used for washing clothes as they fall
apart after only one month. On this basis —amount of water negligible or very small, with
very high variability and sources often drying up, and water quality that is unusable —the
primary availability classification is set at 0.

Actual availability
When looking at actual availability, the situation is more complex. There has been a piped
supply to the village in the past, but this is completely non-functional (ARWMP, 2000). Also,
a new system is being planned, but this is not yet in place and it is not known when it may be
expected.

In contrast to the other study sites, few of the sources actually used are in or close to the
village. This can be clearly seen on the map (Figure 3.2). The only source in the village itself
is rainwater collection (used by 14% of households), but this is only in the wet season. Except
for this, the patterns of water use arc very similar throughout the year. The majority of people
obtain their water from public supply systems, travelling considerable distances to use
systems that were originally intended to serve only their immediately surrounding areas. For
the dry season, the household data (Table 3.3) show that 71% (84 households) arc using such
systems. The main one is at Maji ya Chai (9 km in a direct line) used by 49 households, while
10 use the system at Usa River (14 km) and 24 use the International Airport (10 km). The
remaining households (34 in dry season, 30 in wet season) use an unprotected stream as their
source, 9 km away in a direct line. Of coursc the actual distances travelled are longer than
these.

Looking in more detail at the majority source, the public system at Maji ya Chai, this is a
similar type to the one at Nkoaranga. The source is a protected spring on the slopes of Mount
Meru. This is Usa spring (also known as Tuvaila spring, or sometimes Nkoanekoli spring).
The water is brought via the Tuvaila pipeline for about 10 km to the storage tank at Maji ya
Chai, via at least one other tank. The Maji ya Chai tank was inspected on a site visit in
November 2001, and the capacity was estimated to be 30,000 gallons (136 m3). Following the
same procedure discussed for Nkoaranga, the reliable daily flow is expected to be twice this,
that is about 270 m3/day. However, because of the other tank, the overall capacity of the
system should be larger. Other estimates are much higher than this. ARWMP (2000) gives
the capacity of the pipeline as 1080 m3/day, while a recent project report on water supply to
Samaria, available at the Arumeru District Council office, gives the yield of Usa springs as
19,500 m3/day. This last value is very high, and is likely to include other springs which are
not tapped for this system. The value of 1080 m3/day was taken as the most likely estimate of
the reliable yield of the Tuvaila pipeline systcm. The pipeline is believed to be heavily
overloaded, with many private unofficial abstractions. Besides Samaria, it is thought that six
other villages (Kikatiti, Maji ya Chai, Imbabeni, Kitefu, Kwa Ugoro, Maroroni) use the
system as their main supply.
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Based on the recent project report at Arumeril office, the population of Samaria for 2001 is
estimated to be 3722. The total population in all the villages supplied by the pipeline is
around 25,300 (averaging the different estimates which vary slightly). This gives a per capita
amount of 43 1/c/d. Although some of the people in Samaria are using other public sources of
a similar type, the overall amount can still reasonably betaken to lie in the range 25-50 1/c/d.
The household data show that the systems are moderately reliable; 94% consider the supply
"reliable" or "very reliable" in the wet season, decreasing to 53% in the dry season. Although
people do not appear to have to change sources to a great extent between the dry and wet
seasons, it is clear that the reliability is not great, and it is classified as "Fair". Considering
water quality, the main sources are protected, but there is no treatment and they are likely to
be affected by the generally raised fluoride levels. The household data indicate quality is
reasonably good with 63-64% assessing it as "good", and better health data than any of the
other sites except Kijenge. This is likely to be because a smaller proportion of the population
are making use of the unprotected surface sources than in either Majengo or Nkoaranga.
However, because of the fluoride problems, the water quality classification is "Fair", giving a
resulting classification of actual availability as 2.

This analysis has omitted consideration of the unprotected surface water source, but as
before, although it appears to be available throughout the year, because of likely health risks
related to its use, it is appropriate to disregard it. We have also omitted consideration of the
factor that nearly all the sources used are far from the village, requiring people to spend a
large portion of their time fetching water. This factor is of course highly relevant, however in
the definition of actual availability being used here, it is not taken into account. Rather it is
included in the "Access" element of the WPI.

(d) Groundwater —all sites

Primary availability
Hydrogeological conditions arc similar at all four sites, so they are treated together. The
primary availability of groundwater depends on the amount of effective recharge reaching thc
aquifer, as well as the number of people living in each area under consideration. No data has
been found for recharge in this part of Tanzania. The populations of the rural locations of
Nkoaranga and Samaria arc listed as 3197 and 3722 people respectively, whilst the
populations of the peri-urban areas of Majengo and Kijenge arc not recorded but have been
assumed to be 10000 people each Recharge of less than 5 mm per annum considered over an
area delineated by an arbitrary 5 km radius of each site would provide water supplies of at
least 100 Weld to each of the locations. 5 mm per annum is probably a conservative figure for
recharge, as rainfall in this part of Tanzania is relatively high. 75 borcholes each yielding
about 0.5 l/s for eight hours each per day would be required to abstract the water from each
area.

Looked at another way, a more realistic figure for recharge of 20 mm per annum over an area
of 5 km radius would supply populations of more than 40000 people with more than 100
Veld. Whilst recharge is a complex topic, affected by variations in geology, slope, soils,
topography and vegetation, it has been assumed that each of the four sites in Tanzania has a
primary resource of groundwater sufficient to provide each person with at least 100 litres per
day.

The reliability of boreholes in the four areas has been assumed to be "Good", as properly

sited and constructed boreholes in these areas should yield 0.5 Ws for eight hours per day
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more or less indehnitely. Once again however, reliability of a source is often dependent on
the local geology, and the presence of impermeable strata, faults or other factors that may
affect reliability is always possible.

Concentrations of fluoride in excess of both World Health Organisation and Tanzanian
drinking water limits arc recorded from many sources in the Arusha area. This problem is
particularly associated with volcanic sediments, but is also found in lacustrine sediments.
High fluoride concentrations tend to occur in discrete areas, dependent on the geology,
groundwater chemistry and groundwater movement at the depth of the well intake, and not
enough is known about the distribution of the fluoride problem over the study arca to make a
distinction between the four sites in question.

High salinity is a common problem in the Arusha region, particularly in the dry season, and
again not enough data is available to specify exactly where this problem occurs. Groundwater
in the Arusha region may also have high concentrations of certain metals.

In view of the groundwater quality problems that have been documented for the area, and
considering the difficulty in pinpointing these problems, primary groundwater quality for
each of the four sites has been assessed equally as "Poor". This is lower than the surface
water classification because fluoride levels tend to be higher in boreholes.

The above assessments result in a score for primary groundwater availability of 3 for each of
the sites. This score is low only because of the quality problems —primarily fluoride —as thc
other factors (reliability and amount per capita) would support a much higher score.

Actual availability

The two urban areas depend to a large extent on water piped from springs and borcholes on
the slopes of Mount Meru, which are blended together, and it is therefore not possible to
assess the actual groundwater availability individually for each site. The discussion in section
(a) above has already dealt with actual availability from the combined surface/groundwater
system in Arusha, and no further analysis is necessary. For the rural areasonly surface water
sources are used (with the exception of a single borehole recorded in the household survey,
which is possibly an error), so again no groundwater analysis is needed.

3.5 Summary and results for overall availability

Table 3.5 summarises the findings discussed above for the primary water availability
assessment at each site from both surface water and groundwater. Table 3.6 gives the same
results for thc actual water availability assessments.

Table 3.5 Stinnna o

Community Source

Majengo Surface
Ground

Kkienge Surface
Ground

Nkoaranga Surface
Ground

Samaria Surface
Ground

rimary water availabili assessments —Tanzania
Variability / Water availability

Water Quality
Reliabilit • indicator

Good Fair 5
Good Poor 3
Good Fair 5
Good Poor 3
Good Fair 5
Good Poor 3
Not relevant Not relevant 0
Good Poor 3

Water
amount

>1001/c/d

>100 l/c/d

>100 Vc/d
>100 l/c/d

>100 I/c/d
>100 1/eld

Negligible

>100 l/c/d
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Table 3.6 Summar o actual water availability assessments —Tanzania

Community Source
WaterVariability /

Water Quality
amountReliabilit

Water availability

indicator

Majengo Both 25-50 l/c/dPoorFair 1




(surface/ roundwatcr - combined assessment)




Kijenge Both 25-50 l/c/dFairFair

surface/ roundwater - combined assessment

2

Nkoaranga Surface 50-100 l/c/dFairFair 3




Ground Not relevant - onlsurface water used n/a
Samaria Surface 25-50 I/c/dFairFair 2




Ground Not relevant - onlsurface water used n/a

To provide the overall watcr availability classifications, the results for surface water and
groundwater are combined as follows (Table 3.7):

Pranary availability
All sites except Samaria —the result is 5. This is basedon surface water only, as although
good amounts of groundwater are believed to be potentially available, the quality is likely to
be lower due to the high fluoride concentrations. Thus the groundwater does not significantly
add to the natural water availability.

Samaria —the result is 3. This is the reverse situation. There is neglieible surface water, so the
result is based on the natural groundwater availability.

Actual availability
Majengo and Kijenge —the results are 1 and 2 respectively. The water actually used comes
from a combined surface and groundwater system, discussed earlier.

Nkoaranga and Samaria —the results arc 3 and 2 respectively. No groundwater is actually
used, so the overall results are based on the surface water supply systems.

Table 3.7 Overall water availabilit assessments —Tanzania

Community
Water availability indicator

PrimarActual

Majengo 5 1

Kijenge 5 2

Nkoaranga 5 3

Samaria 3 2

Overall, it can be seen that, in although water is reasonable abundant in this part of Tanzania
in the natural situation (with the exception of Samaria), the results for actual availability at all
of the sites is low or very low. The principal factors causing this outcome arc the naturally
occurring high levels of fluoride which affects all the sites, combined with water supply
systems which have inadequate capacity and are unreliable, especially in the dry season. The
delivery of water to the people in these communities is not good. It might be expected that
Samaria would stand out as significantly worse than the other communities because of the
long distances that the people there have to travel to fetch water. However, this aspect is
accounted for in thc "Access" component of the WPI, and, in terms of the actual availability
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of water it is not relevant. Thus, the result for Samaria is broadly similar to the other
communities studied.
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4. Assessment of Availability - South Africa

The situation in South Africa is different to the other two countries, especially as regards
surface water, because of the greater levels of data availability and the extensive experience
in water resources modelling that is available in the country. All four pilot study sites lie in
the Thukela basin, and this a particularly well studied catchment. A special study of surface
water resources of the basin has been carried out as part of the project by the University of
Natal, and this is attached as a separate report (Annex ). As well as the modelling results,
the University of Natal report provides much background material on the basin. Most of the
information and results on surface water in this section is summarised from that report, and
the reader should refer it for more details.

4.1 General situation of the study sites

Locations
The pilot study sites are in the Thukela basin in KwaZulu-Natal province. The peri-urban
areas are two separate sections of Wembezi township, which lies about 10 km wcst of the
town of Estcourt. The rural sites are two communities within the general area known as
Keate's Drift, about 75 km east of Wernbezi. The four communities are shown in Figures 4.1
and 4.2, which indicate the locations of the households surveyed and the main water sources
used by those households. Table 4.1 gives some details of the populations and households
surveyed.

Table 4.1 Communities surve ed —South A rica
Community Type Estimated No. Total no. people




population in households in the surveyed




2001 surve ed households
Wembezi A Pen-urban 30.000 (total 148 818
Wcrnbezi C Peri-urban for Wembezi) 77 0 1329
Ethembeni Rural 3280 124 1227
KwaLatha Rural 1256 133 972

Topography, climate, vegetation and hydrologkal features
The Thukela basin has an area of 29,000 km'. It rises in the Drakensberg mountains at
altitudes of over 3000 m and flows eastwards to reach the Indian Ocean about 85 km north of
the city of Durban. Mean annual rainfall varies from around 2000 mm in the Drakensberg to
as little as 550 mm in the drier central regions. Most of the rain falls from December to
February, and there is relatively high inter-annual variability of rainfall. Wembezi is in the
western part of the basin at an altitude of about 1400 m, and with annual rainfall of about 800
mm. Keate's Drift is in the lower central part of the basin which is also the driest (altitude
about 700 m, annual rainfall about 550 mm). The basin has high levels of potential
evaporation, which, combined with the strong seasonality and inter-annual variability of the
rainfall, lead to the area being classified as generally semi-arid.

The basin's natural land cover is mainly grassland and savanna. However, it has been highly
modified by human use, leading to a complex patchwork of uses which include mining,
urbanisation, commercial and subsistence agriculture, irrigation and impoundments, as well
as substantial areas of degraded grassland, thickets and bushveld.
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The river flows in the basin are strongly seasonal, with very low winter flows (June-August)
and high summer flows (November-February). The streamflow is dominated by storm flows,
indicative of the episodic and intense nature of the rainfall, which often occurs as
thunderstorms. Flow variability from year to year is also high for any given month. There is
also evidence that high and low flow years tend to come in clusters. The water resources of
the basin are relatively highly developed, and the basin is a major source of water for areas
outside its boundary. Overall, a total of more than 600 million m3 of the Thukela's annual
resource of 4000 million m3 are transferred out of the basin. However, the location of these
major abstractions is such that they do not have a significant impact on the sites being
examined in this study.

Longitude (°E)
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Figure 4.1 Locations 4 households and water sources (math sources, dry season) —

Wembezi, South Africa
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Figure 4.2 Locations of households and water sources (main sources, drv season)—
Ethembeni and KwaLatha, South Africa

Figure 4.3 shows the topography and natural features of the Keate's Drift area in more detail.
It can be seen that, although the communities are close to a fairly large river, steep slopes
intervene, making access to the river difficult. The smaller streams closer to the houses are
very much more ephemeral in their flow.

*
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'7

Figure 4.3 Locations and topograph. Ethembeni and KwaLatha, South Africa

Hydrogeology
The study areas are underlain by rocks of the Estcourt Formation, a part of the Adelaide
Subgroup, which is in turn part of the Beaufon Group of the Karoo Supergroup. These rocks
consist predominantly of feldspathic mudstones, siltstones, shales and subordinate
sandstones, and are of Permian to Tnassic age. Generally speaking, the rocks are fine
grained, very well cemented and hard and dense, and in consequence can possess little
primary porosity or intergranular permeability. Groundwater storage and movement
frequently occurs within and through fractures, as well as in the rock matrix. Borehole yields
are therefore often dependent on the number, size and degree of interconnection of fractures
encountered. Initial high yields may decline substantially due to the depletion of aquifer
storage by abstraction. Recharge to certain fracture systems may be limited where these are
overlain by less permeable rocks, or where interconnection between fracture systems is low.

Dolerite intrusions in the form of dykes or sills are common in Karoo rocks. These frequently
outcrop to form ridges or other topographical features, or can be located as soil or vegetation
changes or as lineaments on aerial photographs. Magnetometer geophysical surveys are used
to locate dolerite bodies. Dolerite is normally regarded as an aquiclude; however the contact
zone between a dolerite intrusion and the surrounding Karoo country rock forms a "chilled"
and fractured zone which often has a relatively high permeability. The fractured dolerite can
act to collect water from the surrounding less permeable country rock, and from the more
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porous weathered dolerite at the surface, and transmit it relatively rapidly to a well intake.
For this reason the edges of dolerite intrusions are commonly targeted by groundwater
drillers working in the argillaceous rocks of the Karoo Basin. Yields from such systems
frequently decline with time as the limited storage in the fractures in the dolerite is soon
exhausted by over-pumping. The formation of clays on fault planes or contacts may also
prevent significant fracture permeability from developing.

4.2 Data assembly

Hydrology and water resources
All the communities, except KwaLatha, have water supply systems. Information on the
amounts of water supplied by these systems and on the water quality and reliability were
supplied by the relevant authorities, Estcourt Municipality for Wembezi, and AquAmanzi for
the rural areas. The details are given with the assessments for each site below. Other
information on the surface water resources is taken from the University of Natal report.

Hydrogeology
Sources for the hydrogeology included the publications listed in the references, and the 1:500
000 and 1:250 000 scale hydrogeology maps of the region published by the Department of
Water Affairs and Forestry. Information from hydrogeologists at the British Geological
Survey with experience of working in the Karoo sediments was also used. This general
information was supplemented by the household surveys, and by records of chemical
analyses carried out on surface and groundwater sources in the area.

Relevant data from the household surveys
The detailed household surveys that were carried out in the study communities provide much
information which is helpful for the assessment of water availability. Table 4.2 lists the
different water sources used by the households. They include both the main sources as well as
secondary or other sources away from the house which may be used for such activities as
washing and laundry. The table shows only data for the dry season; information was also
collected on sources used in the wet season, but the results arc practically identical and so
they are not presented.

Table 4.2 Water sources used in dry season —South Africa (front household surveys)
Source type

Wembezi A

Main source
No.

hfholds

Other source
No.

hfholds

Pi(rivate) 148 100




Wembezi C





Pipe (private) 26 12 0 0
Pipe (public) 191 87 78 35
Natural pond o 0 4 1.8
Spring o o 3 lA
Stream 3 1.4 19 8.6
n/a




116 53
Ethembeni





Pipe (private) 1 0.8 o o
Pipe (public) 79 64 12 9.7
Borehole (public) 25 20 34 27
Tank 3 2.4 o 0
Srin 1 0.8 2 1.6
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River 14 11 38 31
n/a -




38 31

KwaLatha




Household source 1 0.8 0 0
Borehole (public) 22 l7 21 16
Natural pond 81 61 23 17
River 29 22 50 38
n/a




39 /9

Further information on people's perception of the reliability of the water supply and some
indicators of the water quality are given in Table 4.3. The water quality information includes
not only the response to a direct question on perception of quality, but also whether or not
water is treatedn after it has been collected, and perception of health problems related to
water quality.

Table 4.3 Reliability, water quality and health information —South Africa (from household
surve s)

Gatherinrainwater

Wembezi A
DryWet

seasonseason
2.0

Wembezi C
DryWet

seasonseason
38

Ethembeni
DryWet

seasonseason
94

KwaLatha
DryWet

seasonseason
90

Reliability Very reliable 23




24 41




41 41




45 58




61
Reliable 55




55 28




28 38




41 20




33
Not reliable 22




22 30




31 19




15 17




5.3
Dries u 0




0 0




0.5 1.6




0 6.1




0.8
Water Good 97




97 96




96 60




61 11




9.9
Quality Fair 3.4




3.4 3.3




3.3 20




20 13




13
Poor 0




0 0.9




0.9 20




19 77




77
Treatin water at house




2.0




2.4




35




83




Diarrhoea Many times




0




0.5




23




14




Occasionally




9.6




8.3




19




42




Never




90




91




59




44




Illness due to water




7.5




6.5




29




52




All values are percentages of households.

These data may not provide objective evaluations since people's expectations of reliability
and water quality may not be consistent, and their perceptions of whether it is good or bad
may vary considerably from place to place. In addition, the health data are likely to be
affected by other factors, especially the provision of effective sanitation. Nevertheless, these
data do provide useful indications, especially when no other information is available, or to
supplement other more rigorous data.

4.3 Particular methodology

For surface water, the methodology follows that discussed in Section 2. Because in this case,
detailed hydrological modelling results are available for the sites of interests, these have been
used to provide accurate results, at least as far as relates to the primary water availability. For
the actual availability, the estimates have been based mainly on the information from the
water supply authorities. This has been combined with the supplementary information from

32 Treatment may be chemical. boiling, or simply allowing the water to settle
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the household surveys to provide the overall assessments.For groundwater, the key questions
discussed previously (Section 2.2) are considered, in order to arrive at the assessment..

4.4 Water supply systems and water availability assessments

(a) Surface water —Wembezi A and C

Since these two sites arc very close together and receive water from the same source, they are
treated as a unit and have the same results for water availability.

Primary availability

The township lies on a small stream which has a catchment area of 196 km2. The stream has a
mean annual flow of 0.59 m3/s, and in the driest month (June) the mean flow is only 0.08
m3/s. The low flow for the driest months (May-July) which has a 1 in 10 year (or 90%)
reliability is zero. Thus the amount classification is "Negligible". In this case the variability
and the water quality are not relevant, and the result for primary availability is 0.

Actual availability

The main water supply for Wembezi is the Wagendrift Dam which lies on the Bushman's
River south of the Township. It is a large dam with-a capacity of about 2700 million m3.
Water is supplied to Wernbezi via a 300 mm diameter pipeline which is 10.1 km long. The
average supply in this pipe is 35,000 m3 per month, andit supplies a total population of about
30,000 people in Wembczi itself, plus an additional 2000 elsewhere. There must be some
losses between the pipeline and distribution to individual taps but they have not been
quantified. Making the reasonable assumption that losses are 20%, and using the total
population supplied of 32,000, the per capita amount is 291/c/d.

No specific information is available on the reliability of the system or on the water quality,
but as it is a formal water supply system which is believed to be well rim, both can bc
assumed to be good. These figures are supported by the data from the household surveys
(Table 4.3). In terms of reliability, both communities rate it fairly high, with only 22%
(Wembezi A) and 30% (C) saying it is not reliable, andthe remainder saying it is reliable or
very reliable. Thesc figures indicate that reliability is perhaps a little lower than would be
expected with the best domestic water supply standards (which would be rated "Vcry good"),
and on this basis the reliability category has been downgraded to "Good". The survey figures
show that 96-97% rate the water quality as good, and rates of diarrhoea and illness are also
low. It is therefore assumed that the quality category can be taken as "Very good". The
resulting actual availability classification is S.

Wembezi A is formalised housing area with yard taps in each property, while Wembezi C is
more informal housing; there are no house connections, but communal standpipes about 150
m are available. From the point of view of the water availability assessment this makes no
difference and both communities can be rated the same. In Wembezi A only the formal
supply system is ever used, but in Wembezi C a small amount of use is made of other sources
(Table 4.2). For three households (1.4%) the stream, rather than the public supply, is the main
source, and a small number of households also use ponds or streams as their secondary
source. As these numbers are small, they have not beenconsidered to make any significant
difference to the assessment results.
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(b) Surface water —rural areas

Primary availability
Both the communities are close to the Mooi River, and this can be treated as the primary
surface water source in each case. There are a number of ephemeral streams closer to the
houses, but they would only contribute a significant supply in the wet season and would
provide no year-round supply. The river has a catchment area of 2880 km2.The mean annual
flow is 10.1 m3/s, and in the driest month (July) the mean flow is 1.3 m3/s. The low flow for
the driest month (July) which has a I in 10 year (or 90%) reliability is 0.11 m3/s. The
population figure used for water supply in the Keate's Drift area is 11,848(see below), and
assuming that all this flow could be used by this population, the per capita amount is 800
l/c/d. Clearly there will be other demands on this relatively large resource, but it is reasonable
to assume that the amount will remain in the highest category of >100 l/c/d.

Since the amount value relates to a low flow assessment at the 1 in 10 year level, the
appropriate variability category is "Fair" (equivalent to 80-95% reliability). Analysis of a
single water sample from the Mooi River in 1996, shows that the water quality meets
international standards, except that the faecal coliform count is high. This is an indication of
upstream sewage pollution, but there is no reason to assume that the natural water quality is
less than adequate. Therefore a category of "Good" is assigned. The resulting primary
availability classification is 6 for both communities.

Actual availability —Ethembeni
The main source of water supply is a piped system in which water is pumped from the Mooi
River, passed through a treatment works, and then supplied to standpipes scattered around the
community. People collect water from the standpipes using pre-paid tokens. Information
from the operation and maintenance reports of the water supply agency (AquAmanzi)
indicates that the population served is 2191. The business plan for improved water supply in
the area (AquAmanzi, 2001) gives the population in Ethembeni as 3280. Thus, about 67% of
the population are served by the existing piped system. Our household survey supports this,
indicating 64% served by the piped system. The system (pipeline and treatment works) has a
capacity of 480 m3/day, which ignoring losses, gives a per capita amount of 219 l/c/d. After
accounting for reasonable losses, the amount must remain in the highest category of >100
1/c/d.

Some of the population use other sources. The main ones arc groundwater (20%) which is
discussed further below, and the river (11%). The river is capable of supplying an abundant
quantity of water (see under KwaLatha), so this does not change the amount assessment
significantly. In addition, a high proportion of households gather rainwater to supplement
supplies.

The reliability of the piped system seems to be generally good. AquAmanzi report that "most
problems ... have been the result of vandalism. Thc rural location of Ethembeni is not
conducive to efficient repair work being carried out, as it takes time for maintenance teams to
hear of the problem and get there before frustration levels of the consumers are high. The
District Municipality has requested that the communal pre-paid meters be replaced by house
connections ... in order to create a sense of ownership, thereby reducing vandalism. Despite
incidents of vandalism, consumers are generally content with the reliability of the scheme.
The water office seems to be well run and convenient to most people." The household
surveys show similar levels of satisfaction to Wembezi A, with 79-86% (depending on
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season) saying that it is reliable or very reliable. On this basis, the reliability category is
assigned as "Good".

A sample from the Mooi river indicates that the raw water quality is good except for the high
level of faecal coliforms (see above). The water actually supplied is treated, so it would be
expected to meet all standards. No analysis has been done, hut AquAmanzi report "operations
records show that based on consumer's satisfaction with appearance, taste and odour of a
sample drawn daily at a selected point, there have been zero days of 'quality unsatisfactory'."
The household surveys indicate a relatively poor situation, with 40% saying water quality is
fair or poor and 42% of households suffering from diarrhoea many times or occasionally.
This might seem to contradict the situation as reported by AquAmanzi, but it must be
remembered that a proportion of households use unprotected surface sources, and in addition
people tend to limit their use of the treated water because of the cost. Overall, balancing the
use from different sources, a quality category of "Fair" is assigned. The resulting actual
availability classification is S.

Actual availability —KwatatIza
At KwaLatha there is no formal water supply system; people collect water either from
boreholes (17%), or from ponds and rivers (83%). These surface water sources could include
a variety of small streams and ponds which might have very variable and uncertain
availability. However, the main Mooi river can be considered as the main source, and since
there is no infrastructure, thc actual availability can be considered to be the same as the
primary availability assessed above. The low flow for the driest month with a I in 10 year
reliability is 0.11 m3/s. The AquAmanzi business plan for improved water supply in the
general Keate's Drift area quotes a population of 11,848 for the whole area (of which 1256 is
in KwaLatha). As above, using this total population gives a per capita amount of 800 l/c/d,
and taking into account that there will be other demands on this relatively large resource, the
amount still remains in the highest category of >100 l/c/d. It should also be noted that these
flow figures, which are from the University of Natal report, assume that the catchment is in
its natural condition. In fact, the catchment has been highly modified, but even with the these
probable alterations to the low regime, it is judged that thc actual availability remains in the
same category of >100 l/c/d.

Since this amount value relates to a low flow assessment at the 1 in 10 year level, the
appropriate variability category is "Fair" (equivalent to 80-95% reliability). As noted earlier
the single sample from the river had high levels of faecal coliform, and the household data
indicate a worse situation than at Ethembcni, with 77% saying water quality is poor, 56% of
households suffering from diarrhoea many times or occasionally, and 83% treating water at
the house. Generally, a problem of cholera is known in the area, and the quality rating was
assigned as "Poor". The resulting actual availability classification is 2.

(c) Groundwater —all sites

Primary availability
Records for boreholes in this area suggest that the probability of drilling a successful
borehole is 40-60%. (A successful borehole is defined as one which yields >0.1 Us upon
completion, about the minimum yield necessary for the installation of a hand pump). Long
term sustainability (over a period of years) is however likely to be lower, and may be as little
as 50% of the success rate on drilling. The median yield of successful boreholes in this area is
between 0.5 and 2 Us. Where present, groundwater tends to be less than 30 metres below
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ground level, and the recommended depth of drilling is less than 20 metres below the water
table, as thc fractures and weathered horizons tend to be restricted principally to this zone
directly below groundwater level.

Groundwater quality in the area is generally good, with low to moderate dissolved mineral
content. More than 60 % of water samples analysed arc of the (Ca,Mg)(HCO3)2 type. Waters
are often slightly alkaline. It is thought that the principal contaminants in the arca are likely to
be of anthropogenic origin, particularly where the water table is shallow and/or fracture
systems in the rock permit the rapid transport of contaminants to borehole intakes without
allowing time for natural attenuation. Boreholes should be completed with suitable sanitary
seals, and should be not be situated near latrines, rubbish dumps or other sources of potential
contamination. (Anthropogenic contamination would not alter primary groundwater quality
however.)

Drilling costs in the hard Karoo rocks and the dolcrite are likely to be high, with rotary
percussion being the most practical drilling method. This should be added to the relatively
high probability of drilling a dry or unsuccessful borehole when considering costs. Expert
assistance in the form of geophysical and geological surveys is recommended in order to
minimise the risk of dry boreholes, and the cost of such assistance may be considerable.
Borehole construction should be within accepted limits, particularly where narrow borehole
diameters have been selected, in order to minimise the potential for later pump failure.

In summary, boreholes in this area are most likely to support only a hand pump, and are
likely to be unsuitable for irrigation or industrial applications. Initial high yields may decline
with time, affecting borehole reliability. A successful borehole should be able to provide the
domestic water requirements of about 200 people. The cost of siting, drilling and completion
is likely to be relatively high. Water quality should be good and potable, although there is
some risk of anthropogenic contamination which can be minimised by careful construction
and siting. Dolerite dykes, faults or other geological features may provide the best drilling
targets, and as such the borehole site may not be ideally located for the purposes of
convenience.

The geology has been assessed for all of the study sites together, since not enough is known
about any changes in potential which might exist between the separate sites. When
considering the amount of groundwater available per capita, it is first necessary to consider
the number of "typical" boreholes that could be installed per unit area. A figure for the
amount of water reaching the aquifer, or recharge, is thus needed, which would balance the
outflow of water from the system via the boreholcs. An estimate of average annual recharge
of 10 mm has bcen made, after consulting Bmdenkamp et al (1995) who summarise work on
the Karoo System33. (This is probably a conservative figure, Magda (1995:42) quotes figures
for recharge of 14-15 mm for the vicinity of the study areas, or about 2% of rainfall.) As has
been mentioned, recharge is a controversial topic, and is very difficult to estimate accurately.
The true figure may be significantly different to this one. Furthermore, the following
calculation assumes that the aquifer is homogeneous in its hydraulic properties, and that
recharge infiltrates the ground evenly. The heterogeneous nature of the rocks in question, in
particular the effect of dolerite dykes, fracture systems and similar structures, mean that the
calculation must incorporate significant error. It is possible that under certain circumstances

" Figures of 21.3 mm pa and 12.3 mm pa werc quoted for Karoo Sediments at De Wetsdorp and De Aar
respectively. The more conservative figure of 10 mm pa has been adopted for convenience of use.

©CEH Wallingford. 2002



Appendix 3

that the calculation will bear very little relation io reality at all, for instance in the case of a
fractured dyke which could greatly increase well yields. Nonetheless, the calculation can
provide some idea of the primary groundwater availability, and proceeds as follows. A
typical well yield is regarded as 0.5 I/s (although a significant number of boreholes in this
area yield more than 1 Us, a number of boreholes are dry or very low yielding, and for this
reason the lower amount per source figure was chosen). On the assumption that the well is
pumped for 8 hours per day, the annual yield is 5256 m3/yr. Using the recharge figure given
above of 10 mm/yr, means that approximately 0.5 km2 of land is needed to support each well
in a sustainable manner. If we also assume an arbitrary 5 km radius around a community is
applicable for the availability of groundwater, this meansthat a theoretical maximum of 149
wells (each yielding 0.5 1/s) is possible, having a total yield of 2151 m3/day. Using the
populations given above of 30,000 for Wembezi and 11.848 for Keate's Drift, gives per
capita amounts of 72 and 182 1/c/d respectively.

The reliability of the all the sources is assumed to be "Fair" (i.e. available 80 to 95% of the
time). Boreholes would be expected to deliver the relatively low pumping rates of 0.5 Us
more or less continuously when first drilled. However failure after three or four years may
take place due to low permeability horizons in the geology which may place limits on the
amount of recharge reaching the borehole and slowly cause the borehole to fail. In this area
severe droughts may also cause rare incidences of groundwater depletion and borehole
failure. (Note that as an assessment of primary availability, this assumes that no mechanical
failures will occur, and that boreholes are constructed to adequate depth to withstand normal
dry-season water level fl uctu ation s.)

The water quality is regarded as "Good" as there are no known geochemical elements that are
hazardous to human health in the groundwater, although no comprehensive water quality
survey has been carried out.

The resulting primary availability classifications are Wembezi (both sites): 4, and Keate's
Drift (both sites): 6.

Actual availability —Wembezi
No groundwater sources are actually used, so this is not relevant.

Actual availability —rural sites
The following figures for actual availability are bascd on what is known about the existing
infrastructure for accessing groundwater in thc four study areas. This is based on the
assumptions made for the primary availability assessment,together with information from the
household surveys, since little detailed information was available from the actual boreholes
used. It must be emphasised that the actual availability of groundwater may well bear little
relation to the primary availability, dependent as it is on wells, borcholes or springs, together
with suitable reticulation, by means of which the people can access the water.

At Ethembeni and KvvaLatha only 20% and 17% respectively of households were found to
use groundwater as their main source. Available amounts are uncertain and have been
assumed to be a minimum of 5-10 l/c/d in the absence of any other data, but based on the fact
that one well at KwaLatha and two wells at Ethembeni yielding 0.5 Vs would provide at least
this amount per capita amount if pumped for eight hours per day. Reliability has been judged -
as "Good" (in view of possible effects of unusual drought). Water quality has been judged as
"Fair", rather than "Good" since a number of people report illness due to water, although it is
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not clear whether those reporting illness due to water are the ones who use groundwater as a
source and this may therefore be a conservative quality classification. It is possible that
borcholes in the area are contaminated by human activities, although this is more likely to
occur with unprotected surface water sources. This gives a resulting classification for actual
availability at Ethembeni and KwaLatha of I.

4.5 Summary and results for overall availability

Tables 4.4 summarises the findings discussed above for the primary water availability
assessment at each site from both surface water and groundwater. Table 4.5 gives thc same
results for the actual water availability assessments.

Table 4.4 Summary o rimawater availabilit assessments —South A rica

Community Source
Water


amount
Variability

Reliabilit

Water Quality
Water availability


indicator
Wembezi A Surface Negligible Not relevant Not relevant 0




Ground 50-100 Veld Fair Good 4
Wembezi C Surface Negligible Not relevant Not relevant




Ground 51$100 l/c/d Fair Good 4
Ethembeni Surface >100 l/c/d Fair Good 6




Ground >1CO l/c/d Fair Good 6
KwaLatha Surface >100 1/c/d Fair Good 6




Ground >100 l/c/d Fair Good 6

'Fable 4.5 Summary o actual water availabilit . assessments —South A rica

Community Source
WaterVariability /

Water QualityamountReliabilh
Water availability


indicator
Wembezi A Surface 25-50 l/c/dGoodVery good 5




Ground Not relevant - onlsurface water used n/a
Wembezi C Surface 25-50I/c/dGoodVery good 5




Ground Not relevant - onlsurface water used n/a
Ethembeni Surface >100 VeldGoodFair 5




Ground 5-10 I/c/dGoodFair 1
K waLatha Surface >100 I/c/d FairPoor 2




Ground 5-10 1/c/c1GoodFair 1

To provide the overall water availability classifications, the results for surface water and
groundwater are combined as follows (Table 4.6):

Primary availability
Wembezi A and C —the result is 4 for both sites. This is based on groundwater only, since no
surface water was found to be naturally available.

Ethembeni and KwaLatha —the result is 6 for both sites. Surface water is relatively abundant
and has a classification of 6, and there is also a reasonable potential for groundwater,
classified as 6. Overall surface water is dominant. As the amount of water is already in the
highest category, and it is not judged that the addition of groundwater would increase the
reliability or quality significantly, the overall classification has been kept at6.

Actual availability
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Wembezi A and C —the result is 5 for both sites. No groundWater is actually used, so the
overall result is based on surface water which is supplied from the Wagendri ft dam.

Ethembeni —the result is 5. About 80% of households aresupplied from surface sources (the
majority from the formal piped system). Groundwater is little used, and its actual availability
is uncertain, but thought to be considerably less than surface water. Therefore the overall
classification is taken to be the same as the surface water one.

KwaLatha —the result is 2. About 83% of households are supplied from surface sources
(although there is no formal piped system). Again, groundwater is little used, and its actual
availability is uncertain, but thought to be considerably less than surface water. Therefore the
overall classification is taken to be the same as the surface water one.

Table 4.6 Overall water availability assessments —South Africa
Water availability indicatorCommunity

Prima Actual
Wembezi A 4 5

Wembezi C 4 5

Ethembeni 6 5

KwaLatha 6 2

The final assessment of actual availability is the same at all sites except KwaLatha. For
Wembezi this is essentially a result of the relatively small quantities of water that are
available from the water supply system (25-50 l/c/c1).The other factors (reliability and
quality) are good, and given a higher amount of water per capita would have indicated a
substantially higher result. In Ethembeni, the water supply system is capable of providing
good quantities (>100 l/c/d), which would lead to a high score, but not all the population have
access to this supply. Instead, some people have to usethe polluted river water, leading to
only a medium overall result for this community. In KwaLatha the amount of water is again
high, but as this is obtained from polluted surface water sources, the resulting actual
availability assessment is much lower than at the other sites.
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5. Assessment of Availability —Sri Lanka

5.1 General situation of the study sites

Locations
The pilot study sites were two urban or peri-urban areas in the capital Colombo, and two rural
communities in the Deduru Oya basin approximately 100 km to the north of Colombo. The
locations are shown in Figure 5.1, and some brief details of the populations and households
surveyed are given in Table 5.1.

SIRILANKA

Agarauda

Tissawa

Awarakotuwa

COLOMBO

TharaWatta

INDIAN OCEAN

- -
Figure 5.1 Map of the study area - Sri Lanka

Deduru
Oya Basin

Kelani
asin

Table 5.1 Communities surve ed - Sri Lanka
Community Type Estimated No. Total no. people




population in households in the surveyed




2001 surve ed households
Tharawatte Urban 460 83 347
Awarakotuwa Pen-urban 520 121 501
Agarauda Rural 350 66 282
Tissawa Rural 720 144 589

Topography, climate and vegetation
Sri Lanka is a relatively small island with a land area of approximately 65,600 km2,
stretching about 430 km from north to south and 230 km from east to west. The topography is
dominated by the highland massif in the central southern part of the country which rises to a
maximum altitude of a little over 2500 m. From here the land slopes down to sea level in all
directions. The highland area covers a fairly small part of the country, and most of it is
lowland or rolling plains dotted with small hills at elevations of less than 500 m.

The climate is a tropical monsoon type, with a marked seasonal rhythm of rainfall. There is a

strong pattern of spatial variation in rainfall. The wettest areas are found in the central
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mountains and on their western slopes, with annual totals exceeding 5000 mm at some
stations. The south-western corner of the island is generally wet, with much of it receiving
more than 3000 mm. The rest of the central part of the country has annual rainfall in the
range 1500-2000 mm, while both the north and the extreme south are markedly drier, with
rainfall typically 1000-1500 mm. The country has been classified into three broad agro-
ecological zones, defined on the basis of agricultural land usc, climate, topography and soils.
The wet zone is the south-western corner, roughly corresponding to the very wet area
mentioned above; a band surrounding this is the intermediate zone, while the dry zone is the
remaining northern, eastern and southern areas, covering more than half of the country. Based
on various sources (Atlas of Sri Lanka, Department of Meteorology map and raingauge data),
the mean annual rainfall at the four study sites is estimated as approximately: Tharawatte
2700 mm, Awarakotuwa 2600 mm, Agarauda 1400 mm. and Tissawa 1700 mm.

There are two main periods of heavy rainfall each year - the south-west monsoon from May
to September, which is the period of highest rainfall, and the north-east monsoon from
December to February. The remaining inter-monsoon periods can still produce appreciable
amounts of rainfall, especially in the very wet south-western area.

The natural vegetation of most of Sri Lanka was originally a wide range of forest types. The
present land use is a complex mosaic. An assessment by Forest Department in 1993 showed
24% of the land area remaining under closed canopy natural forest, and another 7% of sparse
forests. Other major land use types include plantations (mainly rubber, coconut and tea), rice
cultivation in paddy fields, other cultivation and urbanised areas.

Hydrological features
All the drainage basins in Sd Lanka flow outwards radially from the central massif. The two
of direct interest for the present study are the Kelani Ganga and the Deduru Oya (Figure 5.1).
The Kelani Ganga covers 2292 km2; it flows from the central mountains due west to reach the
ocean just to the north of Colombo city centre. It includes some of the wettest areas in the
country, and land use is mainly plantations and some forest. There are a number of large
reservoirs in the upper parts of the basin.

The two rural sites lie in the Deduru Oya basin, which also flows westwards, and has an area
of 2647 km2. It is a drier arca than the Kelani, but still has annual rainfall of more thcn 1500
mm over most of the basin. The land use is mostly coconut plantation and paddy fields.
Scattered over the whole area arc morc than 3200 small shallow reservoirs (known locally as
"tanks") which are used to provide the irrigation water for the paddy fields and other
cultivation.

Hydrogeology
The four study sites are all located on metamorphic basement rocks, mainly proterozoic
gneisses and paragneisses of the Wanni Complex. In places this basement is covered by
variable thicknesses of quaternary alluvium, sands or gravels. (The study area at Tissawa is
covered by 2-3 m of alluvial deposits, for example.) The exact composition of the basement
rocks varies between the different sites, although hydrogeologically they behave in a similar
fashion.
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The fresh metamorphic basement rocks have a very low permeability and porosity, but
weathering processes typically produce a regolith26 rich in clay minerals. The regolith may
range in thickness from thin or absent up to several tens of metres thick. The regolith is
characterised by a low permeability but a relatively high porosity. Beneath the regolith a
more permeable zone of decomposed (sometimes fractured) metamorphic rock can provide a
conduit for groundwater, with transmissivities many times higher than the regolith, but with
low groundwater storage potential. Fractures in this zone may develop as a result of
weathering, or may be associated with tectonism and lineaments in the gneiss. The regolith
and fractured zones together can constitute an aquifer, with storage of groundwater provided
by the regolith and movement of groundwater towards a well intake supported by the zone at
the bottom of the regolith.

5.2 Data assembly

Hydrology and water resources
Data on the formal water supply system in Colombo were supplied by the National Water
Supply & Drainage Board. In the rural areas, there are no surface bascd water supply
systems, but data on the irrigation tanks were obtained from the Department of Agrarian
Services. River flow data were obtained from the Irrigation Department as monthly values;
details of the stations most relevant to the analysis are listed in Table 5.2. Water quality data
were collected from a number of surface water locations ncar the rural sites specially for this
study.

Table 5.2 River

Station name

ow data availabilit —Sri Lanka
StationApprox. location

no.Lat.ion .
Catchment
area (km2

Relevant to Period of data

Kclani Ganga at 0101 6°57'30"N 79°52-30"E 2085 Urban sites 1924/25-1959/60
Nagalam Street






Kelani Ganga at 0111 6°5605"N 79°5905"E 1884 Urban sites 1960/61-1966/67
Kaduwcla






Kelani Ganga at 0114 6°5435"N 80°04'45"E 1782 Urban sites 1972/73-1985/86
Ilanwella






Kolamuna Oya at
nettipola

9901 7°3630"N 80°0535"E 233 Rural sites 1944/45-1982/83

Deduru Oya at 9902 7°3I DO"N 80°2800"E 210 Rural sites 1945/46-1946/47
Batalagoda






Kospothu Oya at 9903 7°2820"N 80°2710"E 102 Rural sites 1945/46-1962/63
Alawala Anicut






Deduru Oya at 9904 7°3600"N 79°4858"E 2611 Rural sites 1948/49-1978179
Chilaw






Deduru Oya at 9907 7°4145"N 79°5950"E 2002 Rural sites 1978/79-1985/86
Mora ,aswewa






Hyd rogeology
Data on the boreholes in the rural areas, including well logs, sketch diagrams and some water
quality information, were supplied by the National Water Supply & Drainage Board. No
hydrogeological maps were available, however geological and topographical maps provided
basic data. Hydrogeologists at the British Geological Survey with experience of long-term
groundwater assessment in Sri Lanka provided literature and data, including information on
drilling methods. The most useful data sources are listed in the references.

26 A surface layer of bose or weatheredmaterial, which in this casehasdeveloped more or less in situ.
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Relevant data from the household surveys
Figures 5.2 to 5.4 show the locations of the households surveyed and the water sources used
in the dry season (except for Tharawatte which is not shown as it is a very compact urban
area). In Sri Lanka, as opposed to the other two countries, information was collected on the
sources of water for a range of different uses. In the urban areas these were drinking/food
preparation, washing/cleaning, and bathing. In the rural areas they also included agriculture,
livestock, and cottage industry, and water used directly at source was identified as well. This
information is summarised in terms of the percentages of households using the various
sources for the different purposes, in both the wet and dry seasons, in Tables 5.3 and 5.4. In
the case of piped supplies, wells and tubewells, the tables also show whether the sources are
protected or unprotected. For shallow wells, this indicates whether or not animals are
prevented from getting access to the water. Pipes and tubewells are usually recorded as
protected, but they are unprotected if the water is first allowed to enter an open tank and is
then scooped up from there. The other types of source arealways assumed to be unprotected.

Returning to the maps in Figures 5.2 to 5.4, the sources used in the wet season are not
mapped as the patterns are broadly similar. Also, the maps show only some of the uses for the
rural areas. However, what can be clearly identified is that people are predominantly using
the groundwater sources (wells and tubewells or boreholes) for drinking, food preparation
and cleaning. On the other hand, surface water sources (tanks and rivers) are generally used
for bathing, agriculture and other activities, and this water is used at source rather than being
transported.
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Figure 5.4 Locations of households and water sources (dry season)- Tissawa, Sri Lanka

Table 5.3 Water sources used at urban sites - Sri Lanka rom household surveys)

Source type




Drinking/

Food prep.

Washing/

Cleaning

Bathing




Wet DWet D Wet
Tharawatte





Pipe (public) P 66 4339 61 29




U 9494 00 5 5
Well (public) P 00 2731 II 43




U 00 3131 23 23
Awarakotuwa





Pipe (public) P 2124 II13 11 13




U 7976 8987 89 87
All values are percentages of households. P - protected source. U - unprotected source

Table 5.4 Water sources used at rural sites - Sri Lanka rom household surve s

Source type

Agarauda

Drink-

ing

0W

Food
prep-
aratio

OW

Wash/

Clean-


ing
DW

Bathing


DW

Agric-

ulture

0W

Live-

stock

OW

Cottage

industry

DW

Water
used at
source
D W

WellP 67 64 44 42 35 27 5 2 0 0 0 0 3 2 22 20
U 12 9 11 17 32 24 0 2 2 0 0 0 2 2 8 12

TubewellP 20 23 12 9 12 I I 0 0 0 0 2 3 0 0 6 5
U 2 2 2 5 2 2 0 0 0 2 0 2 0 0 8 8

Tank 0 3 32 27 20 35 96 97 61 74 42 38 24 27 58 56
Stream 0 0 0 0 0 2 0 0 2 0 0 0 0 0 0 0
Rainwater 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0
n/a 0 0 0 0 0 0 0 0 36 21 56 58 71 70 0 0
Tissawa











WellP 43 69 42 65 45 69 8 29 I 4 14 17 5 7 29 30
U 52 26 50 27 35 16 6 6 2 1 17 3 4 3 31 38

TubewellP 0 0 0 I I I 0 0 0 0 1 0 0 I 0 0
U 1 0 1 1 5 1 0 1 0 0 0 0 0 0 I I

Tank 0 0 0 0 0 1 1 14 29 35 6 22 3 16 19 17
Nat. pond 0 0 0 0 13 0 0 I 0 I I 2 0 2 I 0
Stream 3 3 7 4 0 10 85 49 4 6 24 9 10 3 15 12
Rainwater 0 2 0 2 0 1 0 I 1 16 0 5 0 3 5 3
n/a 0 0 0 0 0 0 0 0 62 39 38 42 79 66 0 0
All values are percentages of households. P - protected. U - unprotected source. D - dry. W - Wet season

Further information on people's perception of the reliability of the water supply and some

indicators of the water quality are given in Table 5.5. Thc water quality information includes

not only the response to a direct question on perception of quality, but also whether or not
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water is treated35 after it has been collected, and perception of health problems related to
water quality.

Table 5.5 Reliability, water quality and health information —Sri Lanka (from household
surye s)

Gatherinrainwater

Tharawatte
DryWet

seasonseason

0

Awarakotuwa
DryWet

seasonseason
72

Agarauda

DryWet

seasonseason

71

Tissawa

DryWet

seasonseason
70

Reliability Very reliable 6.0




24 0




25 II




66 6.5




49
Reliable 18




74 0




67 29




34 19




45
Not reliable 66




7 4 100




14 53




0 68




5.8
Very unreli. 9.6




0 0




0 4.5




0 2.9




0
Dries u 0




0 0




0 3.0




0 2.9




0.7
Water Good 19




47 28




46 23




46 25




48
Quality Fair 49




57 67




44 53




43 54




44
Poor 33




12 10




10 24




10 21




7.9
Treatinwater at house




0




11




79




71




Diarrhoea Many times




11




2.5




18




30




Occasionally




37




27




31




28




Never




52




70




52




43




Illness due to water




77




66




77




76




Illness due to lack water
for washincleanin




79




73




54




58




All values are percentages of households

These data may not provide objective evaluations since people's expectations of reliability
and water quality may not be consistent, and their perceptions of whether it is good or bad
may vary considerably from place to place. In addition, the health data are likely to be
affected by other factors, especially the provision of effective sanitation. Nevertheless, these
data do provide useful indications, especially when no other information is available, or to
supplement other more rigorous data.

5.3 Particular methodology

Generally speaking, the methodology used follows that discussed in Section 2. For the urban
areas the analysis is dependent on the data supplied by the water supply authorities on the
urban water supply system, combined with information from the household surveys. For the
rural areas, the surface water analysis uses an evaluation of the available river flow data in
the basin to derive an approximate technique for estimation at other sites, combined with
standard methods employed by the Irrigation Department to estimate the yields of small
catchments. For groundwater, the key questions discussed previously (Section 2.2) are
considered, in order to arrive at the assessment.

5.4 Water supply systems and water availability assessments

(a) Surface water —urban areas

3' Treatment may be chemical. boiling. or simply allowing the water to settle.
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The two urban or pen-urban sites are both part of the Greater Colombo arca and can be
treated together, both in terms of the natural availability of water and of the water supply
systems that are actually in use.

Primary availability
The two communities are in low-lying areas close to the sea. Awarakotuwa is an infonnal
settlement in what is essentially a marsh close to the sea. The water here is brackish.
Tharawatte is a densely-settled urban area, but again, the nearest small streams seem to be
connected to marshy areas which are affected by their proximity to the sea. Because of this it
seems more appropriate to treat the nearest main river, the Kelani Ganga, as the source for the
primary water availability in both cases.

Observed monthly flow data are available for the Kelani Ganga close to Colombo (Table
5.2). Based on the most downstream, and also nearest location (Kelani Ganga at Nagalam
Street), which has 36 years of record, the mean flow is 176 m3/s. For February, the driest
month on average, the mean is 99 m3/s, and the monthly flow which is exceeded in 19 out of
20 years can be approximately estimated as 47 m3/s. This basin can be considered to be
relevant for supply to the whole of the Greater Colombo area, which has a population of 2.72
million (2001 census). This gives the per capita amount as 1490 1/c/d. The observed flow
values may be affected by upstream reservoirs, although these do not control a large portion
of the catchment; thus the natural flows may be somewhat different, but the likely impact
would be small. It should also be noted that the analysis is based on old data (1924-60).
However, the stations with more recent data that are a little further upstream do not seem to
indicate any substantial change in the pattern of flows in more recent years.

The quantity of water available in the basin is large. Al a reliability of 95% it is much greater
than the highest category of amount of >100 Veld'. The length of data record is such that
estimation of the amount available at 98% reliability is not so straightforward, but it is
reasonable to assume that this would also be well above 100 l/c/d. On this basis, the
reliability classification can be assigned as "Very good".

Currently there is a high level of pollution in the lower Kelani Ganga, derived from sewage
and industrial waste. For examining the primary availability, however, it is the natural water
quality which is relevant. There is no reason to assume it is less than adequate, and as it has
not been tested, a quality classification of "Good- is assigned. The resulting classification for
primary water availability is 8 for both communities.

Actual availability
The primary source of water for the whole of the Greater Colombo area is the city water
supply system, mainly based on the Kelani Ganga. Water is pumped from the river at
Ambatale, 14 km from the mouth, and water is also piped separately from two reservoirs
(Kalatuwawa and Labugama) which are on small tributaries in the southern part of the basin.
The water is treated at a number of plants and distributed across the whole area. For water
supply purposes the area is divided into four parts. For this study, the sections of interest are
Colombo City (CC) for Tharawatte, and Towns North of Colombo (TNC) for Awarakotuwa.
Data are available on the monthly amounts of water supplied to each of these areas. Using
figures for 1999, 2000 and 2001, and using population figures from the 2001 census, we can
estimate the typical average water consumption as:
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CC: water supplied = 4.84 million m3. population = 1.157 million, water per capita = 135
1/c/d

TNC: water supplied = 1.60 million m3, population = 0.282 million, water per capita =
1831/c/d

These figures are based on the total water supplied in a number of categories. Thus, they take
account of losses, but they may also be some water consumed illegally which is not
accounted for. This would tend to reduce the average per capita amounts. In TNC about 50%
of the water is bulk supplies to the industrial zone, and if this is discounted the average per
capita amount is reduced to about 901/c/d.

So far the figures refer to average quantities supplied over large areas. However, in the two
study sites the situation is very different from the average. Tharawatte is a small enclave of
squatter dwellings in an expensive city area (such enclaves are referred to as tenement
gardens). Because of the high value of the land, the people have not been granted land tenure,
even though the settlement is of long standing. This means that there areonly limited or no
rights of access to water, electricity and schooling, and drainage is also inadequate leading to
flooding in the wet season. The water and sanitation facilities (for about 460 people) are two
public taps, two toilets and a single shallow well divided into separate areas for men and
women. For drinking and food preparation only the piped supply is used, while households
use a mixture of the piped supply and the well for cleaning and bathing. The reliability of the
piped supply is reasonably good, but because there are only two taps, people nearly always
have to queue. In the dry season pressure is low, and then the richer or more influential
people tend to get priority, leading to longer queuing times for the poorer. The well is shallow
and tends to almost dry up in the dry season, making it difficult to get much water.

Awarakotuwa is also an informal settlement although it differs in that the houses are much
more widely spaced. The area is marshy and very prone to flooding; on inspection it does not
appear to be at all a suitable arca for habitation. Although the settlement has been allowed,
again the people do not have land tenure, and there is no official connection to the water
supply system. Nevertheless, there is a system which takes water to standpipes scattered
around the community. It was constructed by the people themselves with money collected
from each household. Awarakotuwa is at the "downstream" end of the city water supply
system, and as more and more other areas have been connected the pressure has reduced. The
situation is such that now hardly any water reaches the settlement except during the night
when other users or not using much. People have to wait until between midnight and 6 am,
and then queue to get water. Alternatively, they sometimes travel to other areaswhere there is
better supply, and transport the water from there. The community is surrounded by canals
which used to be used as bathing points; people do not do so now because the canals are
polluted by sand extraction activities. Rainwater is collected from roofs by many households
providing a small supplement for 3-6 months of the year, depending on the rains. Other than
this, people are totally ithant on the very inadequate piped system.

There are no data on the actual quantities of water that is reaching these two communities.
Clearly it is less than the average quantities available over large areas that were quoted
earlier. It can also be seen that, since the supply is so limited, the amount that is available can
hardly be significantly more than the amounts that people are actually using. Data from the
household surveys can be used to estimate the per capita use of gathered water (see Annex _).
This gives 32 1/c/d for Tharawatte and 40 1/c/d for Awarakotuwa. In Tharawatte there is some
additional availability from the shallow well, but for both sites it is estimated that the real
availability is only slightly larger than these figures, and considerably less than the average
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figures given earlier. For both sites the per capita amounts are taken to be in the category 25-
50 l/c/d.

Looking at the reliability figuees from the household surveys for the dry season, which is the
critical time, it is clear that people are not getting a reliable supply (Tharawatte: 66% not
reliable, 10% very unreliable; Awarakotuwa 100% not reliable), although it does not actually
dry up completely. Thc reliability classification is therefore assigned as "Poor".

Most of the water used, at least for drinking and food preparation, is from the piped supply.
This is treated water which would be expected to be a good quality. However, the household
data reveal a generally low level of satisfaction with the water quality and fairly high
incidence of water-related illness: Tharawatte 82% say quality is fair or poor (dry season),
48% suffer from diarrhoea many times or occasionally; Awarakotuwa 72% say quality is fair
or poor, 30% suffer from diarrhoea many times or occasionally. Although the figures for
Tharawatte are somewhat worse (perhaps reflecting the higher use of unprotected drinking
water from the piped supply, or the worse sanitation facilities), for both sites a water quality
classification of "Poor" is assigned. The resulting actual availability classification is 1 in each
case.

(b) Surface water —rural sites

Primary availability
Both the study sites are in the Deduru Oya basin. In order to estimate the primary availability,
the available river flow data for the basin were assembled (Table 5.2), and the key quantities
for these sites — the mean annual runoff and the mean annual rainfall for the catchment
corresponding to each gauged location —were determined as presented in Table 5.6. The flow
values are given in terms of runoff depth in millimetres to standardise them with respect to
catchment area.

Table 5.6 Mean annual rain all and rune in the Dedum Oya basin

Catchment

code

Period of data:
Complete

All years
cars

Mean annual:


Rainfall (mm)Runoff (rnm)

9901 27 21 1930 486
9902 2 2 1850 449
9903 18 8 2000 977
9904 31 23 1680 435
9907 8 6 1660 678

A plot of mean annual rainfall versus mean annual rainfall (Figure 5.5) can be used to
provide an approximate means of estimating the runoff for ungauged sites. There are several
factors which mean that estimates based on this plot are preliminary. First, data are only
available for very few catchments, and the range of catchment sizes is limited: either from
about 100 to 200 km2, or greater than 2000 km2. Second, some of the flow stations have very
short records, and they do not cover the same period of time. (The fitted line shown in the
figure has been adjusted to take account of the very short records). Third, as noted earlier the
Deduru Oya basin has a large number of small reservoirs or tanks, and several canals
(anicuts) divert water within the basin. The tanks arealways on small headwater tributaries,
and the area controlled by each is small. But, overall they must have a substantial impact on
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flows. It would be a major data collection and modelling task to make a systematic evaluation

of this factor, and this is not feasible within the scope of the present study. Instead, the

observed flow data have been used as they stand. It must be accepted that this does not give a
true representation of the natural water availability, but it does give an idea of the status of

the catchment as it presently exists, and this is reasonable bearing in mind that some of the
tanks have been established for a very long period.
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Figure 5.5 Mean annual rainfall and runoff in the Deduru Oya basin

For Tissawa, the village lies beside the main Deduru Oya river with a catchment area of 590

km2. The mean annual catchment rainfall is 1900 mm, and from Figure 5.5 this gives an

estimated mean annual runoff of 677 mm. At Agarauda there is no main river, and in fact no
stream near the village can be identified on the 1:50,000 scale map. A notional catchment

area of 2 km- has been assumed. The annual rainfall is 1400 mm, and runoff is estimated at
379 mm.

In order to look at the variability of the runoff, the mean monthly flow patterns in the basin
are plotted in Figure 5.6. This shows a strong seasonal pattern at all sites, with very low dry
season flows.
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Figure 5.6 Mean monthly runoff patterns in the Deduru Ova basin

There are two stations for which the reliability of the low flows can be examined (at the other
sites the periods of data are too short for this to he feasible). For station 9904 with a
catchment area of 2611 km2, the 1 in 10 year low runoff in the driest month (February) is
approximately 8.5 mm, while for the smaller catchment, 9901 (area 233 km2) it is zero. We
can conclude that for the very small catchment of only one or two square kilometres at
Agarauda, the reliable flow would also be zero. In the case of Tissawa, there is no directly
comparable catchment with data. Gauge 9904 has low runoff of 8.5 mm and a mean of 435
mm. If the Tissawa catchment were directly comparable, the 1 in 10 year low runoff might be
assumed to be 13 mm (compared to a mean of 677 mm). However, as the catchment area is
substantially smaller than at 9904. it has been assumed that the low monthly runoff is half of
this, that is 6.5 mm. In terms of quantity this gives 3.8 million m3 per month. The population
of Tissawa village itself is only 720, but this water availability would apply to a larger
population. Taking the next larger administrative division (the D.S. Division of Wariyapola),
the population from the 2001 census is 56.376, and assuming the water availability relates to
this, the per capita amount is 2220 l/c/d. Even allowing for the very substantial uncertainties
in this procedure, a figure of >100 l/c/d seems reasonable.

The above figure for water amount has been estimated for a 1 in 10 year exceedance
(reliability of 90%). However, the amount is very large. and it is assumed that at higher
reliabilities, the amount would still be more than 100 l/c/d. A reliability classification of
"Good" (equivalent to 95-98%) has been assigned.

The natural water quality in the basin is not known, but some samples of surface water
indicate that while actual quality is poor. the only naturally occurring problem is the high
levels of iron. However, this does not present a health risk, and a classification of "Good" is
assigned for the natural water quality. (See below for more details of water quality). The
resulting primary availability classifications are then: Agarauda 0. Tissawa 7.

Actual availability —Agarauda

In Agarauda the only useable surface water supplies are from the tanks. All drinking water is
taken from groundwater sources, while for food preparation and cleaning most households
use the groundwater. but some take it from the tanks. For other purposes (bathing,
agriculture, livestock and cottage industries) only the tanks are used, with a very few
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exceptions. Some basic information on the tanks was obtained from the Department of
Agrarian Services databook (2000). The two for which data were recorded in Agarauda are:

lhala Agarauda Wewa: dam length 1600 ft, command arca 10.1 ha. gross catchment area
0.52 km2, net catchment area (excluding upstream irrigation schemes)0.26 km2.
Pahala Agarauda Wewa: dam length 1000 ft, command area 9.7 ha, gross catchment area
0.52 km2, nct catchment arca (excluding upstream irrigation schemes)0.26 km2.

The basic purpose of the tanks is to provide irrigation water for paddy rice cultivation, and
the irrigation requirement dominates in terms of quantity. The tanks help to regulate the flow
for cultivation in the main rice growing season (the Maha season, October to March), and are
usually used to grow other crops in the drier season (Yala, April to September). Following
standard Irrigation Department techniques for small catchments (Ponrajah, 1984), combined
annual yield of the two very small catchments supplying the village is estimated as 135,000
m3. Over the stated command area of 19.8 ha this would provide only 680 mm per year. This
seems barely enough for rice cultivation, although the rainfall input also needs to be taken
into account. People report that there is a shortage of water for irrigation, and the last two
years have been drought years in which reduced crops have been produced. A detailed
analysis of cropping patterns and agricultural water needs would be needed to determine the
adequacy of water availability for irrigation. Even if the data needed for this were available, it
is beyond the scope of this study.

Examined in per capita terms, the amounts of surface water available are very large and
certainly much more than 100 l/c/d. Therefore the highest classification of amount can be
assigned. The reliability of supply for domestic purposes is high because water is available in
the tanks all year round even in a drought year. However, we also need to take into account
the apparent shortage of water for agricultural needs. Also, examining the household survey
data, there is clear perception that reliability is not good, with 53% of households saying it is
"not reliable" in the dry season. The reliability classification is taken to he "Poor".

Twelve samples of surface water quality were analysed for threc locations in the basin, and
these are assumed to be representative of the whole basin. Compared to WHO standards,
there is a clear health risk with faecal coliforms present in many of the samples. In addition,
colour, turbidity and iron levels are above the recommendations. Iron in particular is very
high with some samples having 2-3 mg/I against recommended values of less than 0.3 mg/I.
While this does not prcsent a health risk, it means that the water has a poor taste and stains
laundry. It is the coliform levels that are critical, and poor sanitation with the tanks accessible
to livestock means that the quality classification is "Poor". This is confirmed by people's
perception of quality from the household surveys and the high levels of water related illness
revealed there (similar to the rates found in the urban study sites). The resulting actual
availability classification is I.

Actual availability —Tissawa
The situation is similar to Agarauda except that the river is also available and this is
important especially for bathing and livestock. The tanks arc still the main source of
irrigation water. Information was only available for the main tank in Tissawa:

• Maha Wewa: dam length 1100 ft, command area 19.4 ha, gross catchment arca 3.11 km2,
net catchment area (excluding upstream irrigation schemes) 1.04 km2.
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The annual yield of the catchment is estimated as 460.000 m3, and over the command area of
19.4 ha this would provide a substantial 2370 mm per year. This is a much better situation
than Agarauda, but people still report a shortage of water for agriculture.

In this case the river is also part of the actual availability, so based on the analysis above for
primary availability, we can take the amount to be >100 1/c/d. The large amount available
from the tanks does not alter this. When considering reliability, the classification for primary
availability was "Good", however people's perception of reliability is that it is somewhat
worse than in Agarauda, so it seems necessary to assign a value of "Poor" as in that case.

The water quality is assumed to be the same as in Agarauda, that is "Poor", and this is
supported by very similar data in the household survey. The resulting actual availability
classification is again 1.

(c) Groundwater —all site.s

The yield of a well or borehole is dependent on the number and interconnectedness of
fractures (if present), as well as on the thickness and nature of the regolith. Where the bottom
of the regolith has insufficient permeability, the yield of the hole will depend to a greater
extent on the open area of saturated regolith in the hole. In this case yields will decline as the
water table falls because the saturated thickness of the regolith decreases. Due to the varied
nature of the regolith, it is possible that boreholes in close proximity may have greatly
different yields. Borehole yields may also decline with time if storage in isolated fracture
systems or weathered zones at the bottom of the regolith is exhausted.

An examination of yield data for boreholes at Agarauda and Tissawa show average yields of
0.9 and 0.8 Us respectively. The records state that theseyields are sustainable for at least ten
hours of pumping per day. It has been assumed that properly sited and constructed wells or
boreholes in the regolith aquifer in Sri Lanka are capable of yielding at least 0.5 Us for eight
hours per day given no constraint on recharge.

Well and borehole construction
Hand-dug wells and boreholes are both used to abstract groundwater in the study areas.
Hand-dug wells have diameters ranging up to ten metres, and are excavated through the
regolith to the fractured zone at the top of the basement. Explosives are sometimes used to
break up solid basement rock. Horizontal adits may be installed to increase yields by using a
small drilling rig inside the well. These wells arc time consuming and laborious to construct,
but require relatively little equipment..

Boreholes are usually drilled using rotary down the hole hammer techniques. Fifteen
centimetre (six inch) casing is usually installed to support the top of the regolith, and drilling
proceeds through the casing into the fractured or weathered basal part of the regolith at a
diameter of about twelve centimetres (five inches). The hole is usually left open beneath the
casing. Boreholes are usually 30 to 50 metres deep, although depths of up to 80 metres are
recorded in both the Agarauda and Tissawa areas. Borehole siting is improved using
geophysical methods such as resistivity to detect fractures in the basement as well as thick
weathered zones. Both the siting and the drilling of boreholes is relatively expensive.
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Groundwater quality
Groundwater quality is broadly similar in both shallow and deep wells. High concentrations
of total dissolved solids (frequently > 1000 mg/I) and high hardness (> 400 mg/I as CaCO3)
characterise many of these waters. The waters are frequently slightly acidic, which may allow
the mobilisation of metals such as aluminium, although alkaline waters are also found.
Fluoride concentrations greater than the World Health Organisation guideline maximum
value of 1.5 mg/1 are a fairly common occurrence. The concentration of dissolved species
such as fluoride depends on the residence timc of the groundwater in the aquifer, the nature
of the host rocks and other geochemical factors: It can be difficult to predict the fluoride
concentration in groundwater before drilling a well, and concentrations may differ markedly
between wells that are relatively close together. High levels of iron are also relatively
common in many parts of the country.

There is evidence of contamination of shallow and deep regolith groundwater in Sri Lanka by
human and agricultural sources, characterised by elevated concentrations of ammonium,
nitrate, chloride, phosphate and other dissolved species. Pit latrines and polluted rivers and
canals are examples of sources of such contamination. In Colombo only 60% of households
have sewers, with the balance making use of septic tanks or pit latrines. Sewers may also leak
or discharge to surface waters without prior treatment. Risk assessments will depend on local
sources and aquifer characteristics, since contaminants in the regolith aquifer are unlikely to
be transported over large distances.

Recharge
Recharge to the regolith aquifers in Sri Lanka depends on factors including topography, plant
cover, rainfall factors and actual evapo-transpiration. Recharge has been estimated as being
as high as 40% of rainfall in those areas with uniform and deep soils, and a deep water table
(Engineering Consultants; 1999). In other areas recharge is lower, between 1% and 10% of
rainfall. Irrigation returns contribute significantly to recharge in many parts of Sri Lanka. For
the purposes of this study, it has been assumed that recharge is at least 15 mm per annum in
all of thc study areas.

Primary availability of groundwater

Available amounts of groundwater per capita will depend on the number of people per unit
area taken into account for each study area. If the populations used are those given for each
study area, and a five kilometre radius around each area is taken as constituting the boundary
of the groundwater resource, then even the low estimate of recharge of 15 mm per annum
will supply each person with more than 100 litres per day. However, it is unlikely in the two
rural areas and impossible in the two urban areas that the populations heing considered will
have sole claim to the groundwater existing beneath an area as large as this. More realistic
areas of 500 m radius in the two urban study areas and 1000 m radius in the two rural study
areas have been chosen when considering the primary or potential groundwater resource.
(The primary availability of groundwater is sensitive to this parameter, and more exact
estimates would need accurate measurements of the recharge area "available" to each
community.)

Tharawatte and Awarakotuwa: Recharge has been assumed to be an average of 30 mm per
annum at these two urban study sites, given the relatively flat topography and the presence of
standing water close to both sites. This recharge would provide both populations (460 and
520 people respectively) with a primary groundwater resource of about 140and 120 litres per
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person per day (1/c/day) respectively. Five wells, each yielding 0.5 Vs over an eight hour day,
would be needed per area of 500 m radius to supply this water.

Agarauda and Tissawa: If a recharge area of radius 1000 m is considered for each of the
study areas, then even with recharge as low as 10 mm per annum, available amounts for the
stated populations are 246 and 120 1/c/day respectively. Six wells, each yielding 0.5 Us over
an eight hour day, would he needed per area of 1000 m radius to supply this water.

Reliability of groundwater supplies has been taken to be "Very good" for all of the areas.
Probable recharge amounts of at least 15 mm per annum imply that properly spaced, sited and
constructed wells (possibly large diameter with adits) should yield 0.5 1/sfor 98% of the time
or higher (i.e. susceptible to a one-in-fifty year drought). Once again, a more detailed study
(of local geological and recharge factors) could lead to this assessment being downgraded.

Groundwater quality has been taken to be "Good" in all of the four study areas. None of the
available analyses of water from the four study areas showed fluoride concentrations in
excess of WHO guidel ines. High salinity (total dissolved solids) and hardness might be
expected at the sites and although this is not desirable, available analyses show that these are
not in excess of permissible Sri Lankan standards. More specific analyses of groundwater
from the study areas, including a range of trace constituents, could however lead to the
primary quality assessment being downgraded. It is possible that brackish surface waters at
Awarakotuwa may cause the shallow groundwater at that site to be too saline to drink.

These assessments lead to a primary groundwater availability figure of 8 for each of the four
study areas.

Actual availability of groundwater
Awarakotuwa: No groundwater facilities exist at this site, so the assessment is not relevant.

Tharawatte: One large diameter well exists at Tharawatte, serving a population of 460 people.
If it is assumed that this well yields 1 Us for 8 hours perday. this gives an amount of just over
60 1/c/day. Quality is assumed to be "Poor.' since this is an urban arca with known
anthropogcnic pollution of groundwater, and the household surveys show that the water is not
used for drinking or food preparation by the community. Reliability of the resource is
assumed to be "Fair", since the effects of other abstractions together with possible
mechanical failure of the well must be considered. The site is therefore awarded an actual
availability figure of 2.

Agarauda and Tissawa: Large numbers of shallow and deep wells and borcholes exist in the
vicinity of these two study areas, and there is evidence that groundwater is used extensively
for both domestic and agricultural purposes. It is difficult to estimate the exact amounts
available, in the absence of data regarding well locations. It has been assumed that the
amount available at Tissawa is >100 1/c/day, since water from either wells or boreholes is
used for almost all drinking and food preparation purposes, and most washing and cleaning.
At Agarauda, roughly 30% of water for food preparation, washing and cleaning is drawn
from tanks. It is therefore assumed that actual availability of groundwater is lower at this
study site. A value of 50-100I/c/day has been assigned, although it is realised that the greater
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proportion of tank water used may be a reflection of the convenient positions of tanks in the
area rather than the lack of groundwater36.

Water quality at both sites has been classed as "Poor", in recognition of the fact that more
than 70% of households at Agarauda and Tissawa report illness due to water (almost all water
drunk is groundwater, most of it from "protected" sources). 30% of households in Tissawa
and 18% of households in Agarauda reported frequent occurrences of illness. It is most likely
that this illness is due to microbiological contamination, probably from pit latrines and waste-
water soakaways.

Most respondents to the surveys in Agarauda and Tissawa (66% and 100% respectively)
report that their water supply is "not reliable" during the dry season, although this refers to all
water sources. Tanks and other surface water sources might be expected to dry up during the
dry season, but groundwater sources should persist. The reliability of groundwater at both
sites has been classed as "Fair" in reflection of the household survey results. This is better
than the category of "Poor" assigned to the surface water sources on the basis that
groundwater is inherently less variable.

This leads to a rating for actual groundwater availability at both niral sites of 2. Note that this
low rating is due primarily to information gained from the household surveys, which report
that both water quality and reliability are poor.

5.5 Summary and results for overall availability

Table 5.7 summarises the findings discussed above for thc primary water availability
assessment at each site from both surface water and groundwater. Table 5.8 gives the same
results for the actual water availability assessments.

Table 5.7 Summa o rima water availabili assessments —Sri Lanka

Community Source
Water


amount
Variability /
Reliabilit

Water Quality
Water availability


indicator
Tharawatte Surface >100 l/c/d Very good Good 8




Ground >100 l/c/d Verood Good 8
Awarakotuwa Surface >100 l/c/d Very good Good 8




Ground >100 1/c/d Verood Good 8
Agarauda Surface Negligible Not relevant Not relevant 0




Ground >100 l/c/d Verood Good 8
Tissawa Surface >100 1/c/d Good Good 7




Ground >100 l/c/d Verood Good 8

Table 5.8 Summurv a actual water availabilit assessments —Sri Lanka

Community

Tharawatte

A warakotuwa

Source

Surface

Ground


Surface

Water
amount

25-50 1./c/d
50-100 Uc/d

25-501/c/c1

Variability /
Reliabilit

Poor
Fair

Poor

Water Quality

Poor


Poor


Poor

Water availability

indicator

2

36
Average yields for boreholes in the Agarauda and Tissawa areas arc 0.9 and 0.8 Ws respectively, meaning that

a single well pumped for eight hours per day would supply 1001/c/day to about 240 people. Only two such
wells at Agarauda and three at Tissawa would therefore be sufficient to supply the populations with this
"maximum- amount. The amount stated for Agarauda should therefore be regarded as conservative.
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Community Source
Water


amount

Variability /


Reliability
Water Quality

Water availability


indicator




Ground NOE relevant —only surface water used n/a
Agarauda Surface >100 l/c/d Poor Poor 1




Ground 50- I 00 l/c/d Fair Poor 2
Tissawa Surface >100 l/c/d Poor Poor 1




Ground >100 l/c/d Fair Poor 2

To provide the overall water availability classifications, the results for surface water and
groundwater arc combined as follows (Table 5.9):

Primary availability
All sites —the result is 8. For the urban areas there a good quantities of both surface and
groundwater and the classifications are similar for both. Since the doubts about water quality
are what limits the availability, this remains the same for the combined assessment. For the
rural areas, groundwater availability is better than surface water, and this has taken to indicate
the overall result.

Actual availability
Tharawatte —the result is 2. Both surface and groundwater are used, with groundwater having
the slightly higher rating. The poor availability of surface water is not thought to be sufficient
to raise this.

Awarakotuwa — the result is I. No groundwater is actually used, so this is based on the
surface water supply system.

Agarauda and Tissawa —the result is 2 for both sites. Groundwater is considered to be more
reliable and has a higher rating so this is used. Although surface water is abundant its low
reliability and poor quality do not add to the availability significantly.

Table 5.9 Overall water availabilit assessments —Sri Lanka

Community
Water availability indicator

PrimaActual

Tharawatte 8 2

Awarakotuwa 8




Agarauda 8 2

Tissawa 8 2

Oveiall, the results for Sri Lanka show a striking contrast between the high primary
availability and the very low actual availability. Generally water is abundant, but the systems
which get it to people are inadequate and water quality is universally poor. The two urban
study sites are disadvantaged communities who do not get adequate recognition of their needs
from the supply authorities. In the rural sites, the water quality problem is dominant with
serious pollution from livestock and human sewage likely to be the main factors.
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6. Sources of Information and Acknowledgements

The sources of information used in the assessment of availability (although not all are
specifically referenced in text) were:

Reports and papers
AquAmanzi, 2001. Project Business Plan — Keate's Drift Water Supply and Sanitation

Schemc (KN344).
AquAmanzi, No date. Operation Management and Maintenance Strategy — Keate's Drift

Water Project (KN344).
Arjuna Consulting Co. Lid, 1997. Atlas of Sri Lanka. Arjuna Consulting Co. Ltd., Dehiwala.
Arumugam S., 1969. Water Resources of Ceylon —Its Utilisation and Development. Water

Resources Board Publication, Colombo.
Arumugam, S. and Ratnatunga. P.U. 1974. Springs of Sri Lanka. Volume I. Water Resources

Board, Colombo.
ARWMP, 2000. Arusha Region Water Master Plan, 17 vols (report prepared by UNDP and

Tanzanian staff employed by MAJI and consultants).
Balendran, V.S. 1970. Ground Water in Ceylon. Geological Survey Department, Ministry of

Industry and Scientific Affairs.
Bowel I R. J., 1997. Improving water quality assessment and supply. 23'd WEDC Conference

paper, Durban, South Africa.
Bredenkamp D. B., Botha L. J., van Tonder G. J. and van Rensburg H. J., 1995. Manual on

Quantitative Estimation of Groundwater Recharge and Aquifer Storativity. Pretoria:
Water Research Commission.

Bureau of Statistics, 1991. 1988 Population Census —Arusha Regional Profile. President's
Office, Planning Commission, Dar es Salaam, Tanzania.

Department of Agrarian Services, 2000. Databook for Village Irrigation Schemes of Sri
Lanka —Kurunegala District. Water Management Division, Ministry of Agriculture and
Lands, Colombo.

Department of Census and Statistics, 1998. Statistical Compendium on Environment
Statistics —Sri Lanka: 1998. Ministry of Finance and Planning, Colombo.

Department of Census and Statistics, 2001. Census of Population and Housing — 2001:
Population by Sex, Age, Religion, Ethnicity according to District and D.S. Division
(Provisional). Ministry of Finance and Planning, Colombo.

Du Toit A. L., 1954. Geology of South Africa. London: Oliver and Boyd.
Engineering Consultants Ltd., 1999. Preparation of a basin profile of Deduru Oya basin —

final report. ADB Assisted Water Resources Development Project.
Falkenmark M. and Lundqvist J., 1997. World freshwater problems —call for a new realism.

In: Comprehensive assessment of the freshwater resources of the world. Stockholm
Environment Institute.

Gleick P. H., 1996. Basic water requirements for human activities: meeting basic needs.
Water International, 21, 83-92.

Gleick P. H., 2000. The World's Water 2000-2001. Island Press, Washington, DC.
HABITAT (United Nations Centre for Human Settlements), 1996. An Urbanizing World:

Global Report on Human Settlements, 1996. Oxford University Press.
Haughton S. H., 1969. Geological History of Southern Africa. Capetown: Geological Society

of South Africa.
Hunting Survey Corporation Ltd / Surveyor General of Ceylon, 1963. A report on a survey of

the resources of the Kelani-Aruvi area, Ceylon. Government Press, Ceylon.
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Kasonta L. and Kasonta A. S., 1995. Exploration of sustainable water sources in Tanzania:
21s1WEDC Conference paper, Kampala. Uganda.

Lier 0., 1999. Precipitation Studies at Kilimanjaro. Tanzania. Diploma thesis, Norwegian
University of Science and Technology.

Magda L. and Cameron-Clarke I. S., 1995. Characterisation and Mapping of the
Groundwater Resources, Kwazulu Natal Province, Mapping Unit 9. Report for
Department of Water Affairs and Forestry: Pretoria.

Martinelli E. and Associates, 1994. Characterisation and Mapping of the Groundwater
Resources, Kwazulu Natal Province, Mapping Unit I. Report for Department of Water
Affairs and Forestry: Pretoria.

Mkhandi S. H. and Ngana J. 0., 2001. Trend analysis and spatial variability of annual
rainfall. In: Ngana J. 0. (ed.), Water Resources Management in the Pangani River Basin —
Challenges and Opportunities. Dar es Salaarn University Press, 11-20.

Mountain E. D., 1968. Geology of Southern Africa. Capetown: Books of Africa Ltd.
Natural Resources, Energy and Science Authority of Sri Lanka, 1991. Natural Resources of

Sri Lanka —Condi [ions and Trends.
Ngana J. 0. (ed.), 1999. Workshop Proceedings on Water Management in Pangani River

Basin. University of Dar es Salaam & Technical University of Norway.
Ngana J. 0. (ed.), 2001. Water Resources Management in the Pangani River Basin —

Challenges and Opportunities. Dar es Salaam University Prcss.
Ponrajah, A. J. P., 1984. Design of Irrigation Headworks for Small Catchments, Irrigation

Department, Colombo
Shiklomanov I. A., 1997. Assessment of water resources and world water availability. In:

Comprehensive assessment of the freshwater resources of the world. Stockholm
Environment Institute.

SivertsgArd R., and Skau S. H., 1996. Hydrological Studies in the Pangani River, Tanzania.
Diploma thesis, Norwegian University of Science andTechnology.

Steyl I., Hutton C. and Tricklebank L., 2001. Water Poverty Index —Summary of Meetings,
Tanzania. GeoData Institute, Southampton.

Tagseth M. (ed.), 2000. Water Management in the Pangani River Basin, Tanzania.
Norwegian University of Science and Techology & University of Dar es Salaam.

United Nations, 1997. Convention on the Law of the Non-navigational Uses of International
Watercourses, UN General Assembly Doc. A/5I/869 (April 11). United Nations
Publications, New York.

University of Dar es Salaam & Technical University of Norway, 1999. Water Management in
Pangani River Basin —Workshop Proceedings.

World Health Organisation, 1993-98. Guidelines for drinking-water quality.
Iwww.who.intiwater_ sanitation_health/GDWQ/index.htmll

Maps

Hydrogeological Map of Tanzania (1:1,500,000), Sub-Saharan Africa Hydrological
Assessment (SADCC Countries), World Bank & UNDP, 1990

Tanzania Mean Annual Rainfall (1:3,000,000), Government of the United Republic of
Tanzania, No date.

Tanzania Vegetation Cover Types (1:2,000,000), Government of the United Republic of
Tanzania, 1984

Topographic maps, scales 1:250,000 and 1:50,000, Government of the United Republic of
Tanzania.

Hydrogeological Map Series I:500.000.Sheet 2928. Depart ment of Water Affairs and Forestry.

Pretoria. South Africa.
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Topographic maps, scales 1:500,000, Chief Director of Surveys and Mapping, South Africa.
Meteorological and Natural forest types maps (1:1,500,000), Sri Lanka.
Topographic maps, scales 1:250,000 and 1:50,000, Survey Department, Sri Lanka.
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Appendix 4
Integration of Socio-Economic and

Environmental Data within GIS for the Water
Poverty Index

Dermot O'Regan, CEH Wallingford

Introduction
The effective analysis and management of human and natural resources requires a
comprehensive and accurate information base to reduce uncertainty and enhance
decision-making. The ability to integrate social, economic and biophysical data
enables managers and policy makers to formulate effective strategic development
tools. Data on the social, economic and environmental aspects of regional
development are collected at different scales, in different formats, and for different
purposes. This creates technical difficulties in integrating these data sources. Recent
advances in geographic information systems (GIS). however, have made it possible to
integrate data from disparate sources into a common system for display, analysis and
mapping. A GIS can be defined as a computer system capable of integrating, storing.
analyzing and displaying geographically referenced information. i.e. data identified
according to their locations. Using GIS, a spatially distributed database provides the
basis from which the Water Poverty Index can be calculated at different management
scales —community level, basin level and national level.

Data Integration for the Water Poverty Index
Water Poverty Index team members in each of the study countries — in Sri Lanka.
Tanzania and South Africa —have been developing GIS databases for the integration
of basemaps, community and water point data, and ancillary data at relevant scales for
the study sites. Digital basemaps from the national to the community scale have been
integrated with ancillary data such as catchments, transport networks, land use and
vegetation cover. These 'layers' of background information can then be combined
with the collected community and related water point data as in Figure 1.

Water Management
Ownership s User Associations

Water Sources
Location & Attributes

Households
Location & Attributes

Community inap:
Nkaarange Village

Catchment Baseman

•h i.rt.>,

 r

a

, -1/ /
,

1/4. I, “,--ja- M

Using GIS to Integrate maps and data for
assessment of the WPI (not actual data)

Figure 1. Data Integration for the Water Poverty Index
As the community and water point data were collected at each site, the location of

each was recorded using a GPS receiver. GPS refers to the 'Global Positioning
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System', a network of 24 satellites which enable the user to determine their position
on Earth accurately. This reading can be read directly by the GIS and the location of
the community or water point represented by a point referenced to the same projection
as the basemap, and so its location displayed accurately. The Water Poverty Index
survey teams have collected data at over 1400 locations in the three countries. This
information, the `attributes' of the location, is entered into the GIS database and thus
has a spatial dimension, and this information is then said to be `geo-referenced'.

The following figures show examples of the GIS mapping resulting from the
integration of data from each of the study countries. Analyses carried out so far
include establishing the distances household members travel to collect water and the
distribution of and variation in concentrations of 'wet' and `dry' water points.

AGARAUDA DIVISION

Rural LuLalion Away horn Primal Wile, Souica

Figure 2. GIS mapping from Sri Lanka study sites
(Source: Bandula Senaviratna, IWMI, Sri Lanka)
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ARUSHA AND ARUMERU DISTRICTS - WATER SOURCE Poi NTS

Land Cent kin

Figure 3. GIS mapping from Tanzania study sites
(Source: Prof N. F. Madulu, University of Dar es Salaam,Tanzania)
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Figure 4. GIS mapping from South Africa study sites
(Source: Mark Horan, University of Natal. South Africa)
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Conclusion
The work of the Water Poverty Index teams in Sri Lanka, Tanzania and South Africa
has illustrated that GIS is a useful technical tool in integrating social and
environmental data. A comprehensive and accurate information base has been
developed for the derivation of the Water Poverty Index. The rich spatial datasets so
far established in Sri Lanka, Tanzania and South Africa provide the potential for
extensive spatial analysis and database querying with the aim of applied problem
solving. Further analysis and understanding of the data remain challenges for the next
phase of the project.

Application of the GIS approach to data integration and analysis gives a ncw
perspective on the processes and change taking place in natural and human
environments. The use of geographical information systems in the development of
indicators and decision-support tools such as the Water Poverty Index helps to solve
real-world problems and further the establishment of the sustainable livelihoods
needed to address the problem of poverty.
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Appendix 5
The WPI Consultation Process

Consultation process in developing the tool
The project was dcsigned to rely heavily on an exiensive consultation process which
allowed a wide range of stakeholders to participate in many different ways. This was
planned as a means of developing some sense of 'ownership' of the WPI by a wide
range of groups. The first part of this process took place in a the conceptualisation
workshop in Arusha, in May 2001, and then followed up by a second
conceptualisation meeting in Wallingford in December 2001. These are described
below.

Appendix 5.1
The Arusha conceptualisation workshop, May

2001 in Tanzania.

5.1.1. Conceptualisation Meeting Participants

Prof. Yadon Kohi,

Mr. Steven Mlote

Dr. Caroline Sullivan
Wallingford,UK

Dr. Bill Cosgrove
UNESCO.

Prof. Tony Allen

Mr. Siyan Malomo

Dr. Jerry DeIli Priscoli

Prof. Ndalahwa F. Madulu

Dr. Madar Samad

Prof. Roland Schulze

Dr. Peter Lawrence

Mr. Roger Calow

Dr. Craig Hutton

Dr. Jeremy Meigh

Mr. Ian Smout

Dr. Mike Acreman

Ms. Sue Milner

Dr. Jackie King

Ms Emma Tate

Director General, Commission of Science and
Technology. Tanzania.

COSTECH, Tanzania

Head of Water Policy & Management, CEH,

Ecoconsult, Canada and World Water Council,

London School of Oriental and African Studies, UK

Commonwealth Sciencc Council, London.

US Army Corps of Engineers, USA

University of Dar es Solara, Tanzania

International Water Management Institute, Sri Lanka.

University of Natal, South Africa.

University of Keele, UK

British Geological Survey, UK

Geodata Center, University of Southampton, UK

Center for Ecology and Hydrology, Wallingford.UK

Water and Environmental Health, Loughborough, UK

Center for Ecology and Hydrology, Wallingford.UK

Natural Resources Institute, UK.

University of Cape Town, South Africa

Center for Ecology and Hydrology, Wallingford. UK
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Mr. A. Aconaay

Mr. Mohd. B Loisenget

Mr. Joshua Mgeyckwa

Mr.Asil A. Munisi

Regional Water Engineer, Arusha, Tanzania

Arumeru District Water Engineer, Arusha, Tanzania

Arusha Urban Water Supply & Sewerage Authority,
Tanzania

Managing Director, Arusha Urban Water Supply &
Sewerage Authority

External reviewers not able to attend but who sent contributions, and who will review
the workshop outputs and contribute further to the WPI development process.

Dr. Peter Gleick, Pacific Institute, USA

Dr. Athar Hussain, London School of Economics

Mr. Alan Hall, Global Water Partnership

Professor Stephen Foster, British Geological Survey

5.1.2. Conceptualisation Meeting Agenda

Water Poverty Index Conceptualisation Meeting,

A rusha, Tanzania, May 2001

Agenda

For inspiration, a quote ....

'If you can develop a practical and representative index that can be utilised at
regional/district or lower levels then this may be a usefrd monitoring tool for
measuring progress of Tanzania's Poverty Reduction Strategy'.George Macdonald
DFID Tanzania, May 2001

Sunday 20th May

Arrivals, reading and preparation day. (Comprehensive reading materials and
references provided by CEH Wallingford)

7.30 Welcome Dinner.

Monday 21° May.

Session 1.

9 am Opening remarks
Prof. Yadon Kohi, Director General. Tanzanian Commission of Science and
Technology.

Introduction to the WPI
Dr. Caroline Sullivan, Head of Water Policy and Management, Centre for Ecology
and Hydrology, Wallingford, UK

Which Water Are We Indexing And Which Povenv?
Prof Tony Allan, SOAS, University of London
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Conflicts In Water Resource Use In Developing Countries: The Case of Tanzania
Steven D M Mlote (Reg. Eng [T]) Tanzania Commission for Science and Technology

The Use Of Index Numbers: An Economist's Perspective
Dr..Peter. Lawrence, Dept. of Economics, University of Keele, UK

Some practical issues and solutions from Yemen and Gujarat
Bill Cosgrove, President, Ecoconsult Inc. (Canada). (Vice President, World Water
Council)

Some thoughts from absent friends..... a virtual contribution from Peter Gleick
Director
Pacific Institute for Studies in Development, Environment, and Security, and from
the Global Water Partnership. Presented by Dr. Caroline Sullivan

Coffee

Session 2

Social Deprivation and the Water Poverty Index
Dr. Siyan Ivlalomo Commonwealth Science Council, London.

A perspective on groundwater
Roger Calow, British Geological Survey, UK

Environmental water allocation
Dr. Mike Acreman, Head of Hydro-Ecology and Wetlands, Centre for Ecology
and Hydrology, Wallingford, UK

Sustainable use of water: managing the donor aquatic ecosystems
Dr Jackie King Institution: SouthernWaters Consulting, University of Cape Town,
South Africa.

Physical evaluation of water resources fin the WPI
Dr. Jeremy Mcigh, Centre for Ecology and Hydrology, Wallingford. UK

Seasonal Variations In Water Availability And Demand
Ian Smout, Acting Director, Water Engineering and Development Centre,
Loughborough University, UK

Getting the WatSan data - and the choices implicit in the WPI
Sandy Cairncross, Professor of Environmental Health, London School of Hygiene
and Tropical Medicine. Note: Professor Cairncross was unable to attend due to visa
problems, and this presentation was given by Ian Smout, his colleague from WELL.

1-2 Lunch

2 pm Session 3 Review of field sites

Water needs in Tanzania
Prof. Ndalahwa F. Madulu , University of Dar es Salam, Tanzania.

The Thukela Catchment : Biophysical Background Towards a WPI.
Roland E. Schulze, Professor of Hydrology, University of Natal,

The Sri Lankan Case Study: Salient Characteristics of Field Study Locations.
Dr. Madar Samad International Water Management Institute, Colombo, Sri Lanka
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Field Survey Structure: Key Issues For Discussion
Dr. Craig Hutton, GeoData Institute. University of Southampton

3pm Tea

3.20 pm Session 4

Small group discussion and consensus-building Determining possible WPI
structures

4.45pm Presentations to the plenary

Close 5.30 pm.

7.30 pm Evening cocktail and buffet.

TUESDAY 22'd May

8 am Departure to field sites.

Picnic lunch en route

3 pm return to Arusha in time for tea.

3.30 — 5.30 appropriate structures for calculating the WPI. (small workgroup
discussion)

7pm Dinner

WEDNESDAY 23"1May

9 am Plenarydebate on suggested structures from Tuesday workgroups

10.30 Tea

11am Small group discussion and consensus building on structure selection

1pm - lunch

2- 5 pm Structure selection report-back; plenary debate and identification of
WPI frameworks

5- 6pm Farewell drink for departing members

8 pm Dinner

THURSDAY 24111MAY

9am Working breakfast

10-12.30 Write-up session 1.

12.30 Lunch

2-4 pm Write-up session 2.

8pm Closing Dinner

FRIDAY 25" MAY Departures
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5.1.3: Summary of W PI conceptualisation meeting,Arusha, May 2001

Objective of the project:
'To develop an evaluation tool for assessing poverty in relation to water resource
availability'.
Or, as Professor Kohi said, 'How will we measure the not-enoughness?'

1. Outcome of discussions about the development of the WPI:
The discussion is summarised under four headings:

Uses of the WPI;
Derivation of the WPI;
Format of the WPI;
Specific components of the WPI.

1.1 Uses of the WPI:
By water resources/services managers as a performance indicator related to

efficiency;
For benchmarking utilities;
For IWRM;
For intervention;
For both higher decision-makers and at community level for prioritisation;
As a benchmark for change, to look at trajectories and see how situations are

developing, and thus as a measure of progress. Higher level users might need to
know how to get from one situation to another, and what options are available to
do so;

At the national level as a comparison tool;
For management of thc community;
Used above community level to identify need for intervening wherever capacity

or availability is low, then at community level could elaborate on the problem in
more detail;

This is a monitoring tool, not to provide a solution to what that tool indicates. It
is up to policy makers to respond to the results.

1.2 Derivation of the WPI:
Must be applied at different levels (an all encompassing index is confusing). Four
levels are suggested: Community (as a tool to push them upwards), Funding agency
(measurement of development), District (as measure of performance), Ministry (as
measure of performance). These should all be consistent and commensurate.
Apply/derive the index from the bottom up (community level first). Quality not
quantity of community surveys; Periodically check if sensible indicators are being
measured —revisit the indicators;

Apply WPI to the worst case scenario, seasonally, or annually. Availability must be
assessed in a dry season of a dry 'Year (the critical situation). Maybe annual to start
with, then seasonal (like an employment index - seasonally adjusted WPI); May be
possible for communities to carry this process out themselves, and then they
themselves could do something with the index.
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Need targets rather than simply a position on a scale, and trajectories of change in the
matrix. Poverty felt at household level —index should capture this, not aggregate so
much that this is lost. Need an effort to see how people see good and bad life and
where water fits into their wider priorities. Asking community about water problems
will miss wider socio-economic problems.

1.3 Format of the WPI:
A framework to be consistently uscd, with components the same but the way they're
derived depending on the scale at which they are used (cf. Retail Price Index). Overall
framework should be the same for all situations to give it generic value. Could
incorporate the Montreal meeting ideas.

To be used at various levels — thus a matrix would be applicable (e.g. capacity
(physical, behavioural, social) versus availability); Should not be static. Indices arc
static snap shots. Could have a series of snap shots to monitor change; Measures of
current situation (status - access) and potential situation (process - capacity) —these
should not be confused.

Could use a matrix as a starting point, then continue with more detailed indices; Set a
framework which is refined when the community itself says what is important -
Develop the framework as the information arrives, then finalise the format later. Need
participatory development of indicators. Need a limited number of indicators to put
together in the matrix (consider what is important and use a points system for rating
them); Must see that what is relevant at local level is same at higher level —must be
the same at all scales.

Shapes/diagrams give a good instant picture of water status, better than scores. Can
alter their shape to show trajectories of change. Matrix of 'Availability and Access'
versus 'Capacity and Use', or have a column for each of the four categories. Use a big
matrix box to get the broad picture and the small sub-boxes to get detail. 'Adequacy'
incorporates the idea of access, and could be an axis. Could call it 'Access' for high
level application, and 'Adequacy' for application at community level.

Agreed four categories, but use simple words: Access; Availability; Capacity; Use;
Index could be gap between C-U and Av-Ac, e.g.: (C-U)+ (Av - Ac) = WM;
Index could be represented as an arrow in the matrix. Could use a Geographical
Information System (GIS) to represent the index visually, to highlight areas of stress.

Need to be able to use existing data and supplement these with surveys.

1.4 Specific components of the WPI:
At community level should have a measure of need as well as capacity and
availability - perhaps using perceived need, or 'Adequacy' instead of 'Availability
and need', and could use a triangle of perceptions of water availability (society-
economy-environment) whereby different perceptions are compared. Need to look at
the capacity for sharing resources, and a livelihoods component;

State of the environment is a key issue -- have an element to account for

environmental degradation (this is difficult to measure as perceptions vary widely).
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Need to incorporate the 'hard' version of environment (that which is central to the
community's life support systems) into the index instead of a vague, woolly idea.

Must include ecology; consider alternative sources used throughout the year at various
times; Must build-in environmental/ecological integnty to consider sustainability.

Need an indicator of vulnerability/security/risk of system. Could be ecological or
environmental risk, but static measurement is not sufficient: just monitors the decline.
However, measuring something that incorporates risk incorporates an awareness of
that decline —may not pick it up in time otherwise and thus would not be able to act
on it. Need that safeguard, as environmental degradation is usually a long-term
phenomenon. Must incorporate an element of risk into a static indicator.

Need to look at allocation to different types of use. If aggregation ot indicators is
used, need indicators that can be sensibly aggregated into a new one.
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Appendix 5.2
Second conceptualisation meeting, Wallingford,

December 10, 2001

This meeting was held to provide the opportunity for discussion of the project
progrcss, and to provide the chance to develop the ideas further, after the test-bed
data had been collected.

5.2.1. List of participants
Dr Mike Acreman
Dr Bill Cosgrove
Mr Roger Calow
Mr Tim Fediw
Dr John Gash
Ms. Anna Maria Giacomello
Dr Peter Gleick
Security
Mr Alan Hall
Dr Caroline Hunt
Dr Athar Hussain
Dr Craig Hutton
Dr Peter Lawrence
Dr Jeremy Meigh
Ms. Sue Milner
Mr Steven Mlote
Dr Madar Samad
Professor Roland Schulze
Ms. llsa Steyl
Dr Caroline Sullivan
Ms. Emma Tate

CEI-1Wallingford
Ecoconsult
British Geological Survey
CEH Wallingford
CEll Wallingford
CEH Wallingford
Pacific Institute for Dev't, Environment, &

HR Wallingford Ltd
London Sch. of Hygiene & Tropical Medic ine
London School of Economics
GeoData Institute, University of Southampton
Keele University
CEH Wallingford
Natural Resources Institute
Costech, Tanzania
International Water Management Institute
University of Natal
GeoData Institute, University of Southampton
CEH Wallingford
CEH Wallingford

5.2.2. Agenda
Derivation and Testing of the Water Poverty Index Phase 1

Interim Meeting
Monday 10thDecember 2001, CEH Wallingford


Agenda

	

10.00 Arri ve. Tea and Coffee

	

10.30 Welcome and Introduction

	

10.40 Short Presentations, as follows:

Linking Poverty with Water

Developing Indicators: Experiences front

the Joint Monitoring Programme

Dr Caroline Sullivan

Dr Athar Hussain


Dr Caroline Hunt
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A Brief Look at Results from the WPI Surveys Mr Tim Fediw

WPI Structures to be Tested Dr Caroline Sullivan

Identifying Variables for Use in WPI Structures Ms. A.M. Giacomello

The hydroclimatic context of the WPI -
survey in the Diukela region. Professor Roland

Schulze

	

12.00 Group Discussion Sessions

	

13.00 Lunch

	

14.00 Group Discussion Sessions

	

15.00 Tea and Coffee

	

15.30 Feedback from Group Discussions

	

16.00 • Task Allocations:
Data Analysis

Testing of Methods
Development of Training Materials
Running of Workshops
Report Writing

	

17.0 End of Meeting

5.2.3: Notes on short presentations

Athar Hussain
Notion of capability - what do you expect of people in their everyday life situation?
In development if an index, there is a trade-off between simplicity and detail. Need to
think: for whom? For what purpose? Doesn't need to be a catch-all index - be aware
of the index's limitations - the elements of the index will be influenced by our own
experience.
May need to give different weightings to different elements of the index for different
applications (e.g. urban, rural) where priorities are different. Virtual water is an option
for richer countries with good foreign exchange. Can also move agricultural
production to more water-abundant areas of the country.
Don't assume that the poor cannot pay; they're often paying lots already - the poor
often pay much more for electricity than the rich - this may well be the same for
water. Need to think about availability of complementary inputs, as well as of the
resource itself (e.g. ability to buy a water purification system for the household is
often the difference between the rich and poor).
How to account for the costs involved in gaining access? Economists reduce

everything to monetary values - depends heavily on base assumptions. Some uses
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have priority over others. Don't assume that different uses of water arenterchangeable
(e.g. water quality issues).
Consider lexicographic ordering: certain needs have absolute priority over others. In a
composite index, start with basic needs with hi sth priority (e.g. physiological uses).
Water strcss limits the choice available to people.
Water pricing is a key issue; start with the assumption that water has a price, then look
at equity, and how to design a tariff to enable poor people have access to sufficient
water. Index should help us in designing improved water supply schemes.
A technique might be to apply a draft index, look at the policy implications, then
refine the index. Need to do a reality check —does our perception match those of the
people being interviewed? Perhaps consider the negative aspects of improved water
supply, for example.

Caroline Hunt
Joint Monitoring Programme of WHO/Unicef — supply country-level water supply
and sanitation coverage data every five years to the UN system.
Methods:
Questionnaire to governments —asked them to circulate it
Collection of existing population-based coverage data
Entry and review of data in country files
Discussion with governments through national WHO and Unicef representatives.
Uses:
Advocacy for the sector
National and regional progress and status
A proxy for poverty
A proxy for health impact (no longer using the term 'safe')

1MP lessons for the WPI:
Water availability doesn't equal use
Local data exist in large quantities
Ease of using existing data
Existing data can improve if used enough
Just how much don't the data tell us?
How accurate are they in what they do tell us?
Will externally generated data be used locally?

Group discussion sessions
Group 1
Jeremy:
Priorities until end of March. Test the 4 methodologies Look at reducing no of
questions. Go back to the locations and see if these reflect what people say
(verification). Come up with different approaches to expand database to regional
levels in the 3 countries, for the next phase. Using the approach of HDI data, Bill and
Peter to work together. In testing the different ways of calculating the index, do we
have the kinds of data we need for each of them? Try calculating the index using a
simplified set of data.
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Group 2
Caroline:
Need multi-level approach. National and local? Ultimately the two could come
together in the future.
Aim for broad compati bi Ii ty, not perfect nesting.
Ask Caroline about extra data availability.
Use and develop a standardised framework that could use locally adjustable weights,
which must be transparently determined and explained.
Index should be used for countries that are comparable (incomplete ordering).
Focus on water at core of index, look at different agro-ecological zones to do this
regionally.
Health —use infant mortality rate to 5 years old.
Anything written about formation of WPI should include a 'user manual' with
caveats.
WWDR people are desperate for something relevant and decent for their publication —
get something out quickly.
Alan: Locally adjusted weights —possibly set according to national priority areas?

Group 3
Peter L:
What can bc done with the data collected so far? Need for statistical analysis to pick
out likely indicators. Would it bc a household index? Must appear useable. What we
be physically trying to explain? Whether people have access to improved water
sources? Time to collect water? Must follow through the different methodologies of
the indices (matrix etc). How might weights be derived from a statistical analysis?
Lots depends on the quality of the data. This would demonstrate how useful the tool is
at a local level.
Mike: Is it a circular argument? E.g. multiple regression. What are we trying to
regress against? Need an independent variable. Don't regression dependent things. Do
analysis to pick out the most important variables, and then can drop the least
important ones.
Caroline S: Lots of work has been done on household datasets from the UK, by
someone who's coming to see whether any of their methodologies would be
applicable for us. Pick up significant variables.
Alan: Get an idea of how water poor people are? Very difficult concept.
Caroline S: We need to see if there is a definite link between water and household
welfare.
Alan: Useful to look at Asian Development Bank's new initiative to look at water and
poverty. Link into it. Feb 7-9 2002.
Mike: Need to measure all the other things that make people poor, and then decide
whether it's water related.
Athar: Interested in association, not necessarily to prove causes. Water poverty raises
the problem of what it means. 'What is poverty?' is also a difficult question.
Alan: No generic definition of `water poor'.
Sue: Flow does the dependency between water and poverty work? Which way round
is it?
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Alan: For this project we can make a definition suited to what we want, but we must

define it.
Athar: Must be explicit. Time to collect water makes sense in a rural context, but not
an urban context.

Group 4
Roland:
Four points-
Household versus national level. Both levels arc needed. How to link the two?
Iterative process.
How a WPI could be used as decision-support? Who are we supporting? Want the
WPI to be used.
How are decisions made in terms of water development in the developinu world?
Where are the weak links? Can we improve the situation with a WPI? Where are the
bottle necks?
Optimise thc data sets we have. How can it be used and by whom? How can it
improve bottom-up decision-making?
Mike: Model (e.g. regression) —could it be a useful thing? Could it be used as a
predictor tool? Could it be used to focus effort on key areas?
Caroline S: Attendance by girls at school is reduced by lack of toilet facilities.
Emphasis on linking water availability in schools to attendance levels. Highlights the
interaction between different elements of life. Can use such a tool to improve this
situation.
Roger: Tempting to assume there's a homogeneous set of decision-making people, but
things are decentralising and becoming demand-lcd. Issue for how data on water and
poverty could be used to improve decisions made at many levels to improve many
things. Danger of handing the index over and letting them get on with it. Get so far
and then go and see how decisions are currently being made and by whom, and
identify the weak links, and iterate the development of the WPI.
Caroline S: Tool for prioritising. Great.
Mike: May need to get ecological data at a national level, because local level people
won't understand what we're asking. How to bring in the ecological side of things?
How to test a method where you haven't got anything to tcst against?
Caroline S: Test our methodology on the data we've collected. Should be able to
predict something about the communities, and find correlations.
Sue: Perception issue. Some sites may not represent other sites in terms of ecology.
IUCN looking at how Lucy Emerton's (?) work can be used.
Roland: Aim of Phase I report? Lots of ideas for Phase II.
Mike: See what South Africa is already doing with regard to data collection —they've
lots of experience in ecological aspects.
Roland: Will see how local survey fits into bigger scheme.
Sue: See how GIS can be used as a training tool, and in decision-making. Enable
policy makers to understand the problems.

(c.CEH Wallingford. 2002



á



Appendix 5.3

Appendix 5.3
Dissemination/Consultation meetings with

policy makers

As part of the consultation and dissemination process in Phase I. a number of
meetings were conducted in Tanzania and Sri Lanka by Dr. Caroline Sullivan and Dr.
Jeremy Meigh, and in the Republic of South Africa, by Dr. Caroline Sullivan and Dr.
Peter Lawrence. The purpose of these meetings was to discuss the Water Poverty
Index water management tool with policy makers and other potential end uscrs. This
was designed to allow a two way dialogue to encourage a wide range on inputs into
the process of the development of the WPI, and if possible, to develop some feeling of
'ownership' in those consulted. This is considered an important component of Phase I
of the project, since if Phase 2 were to be continued, the process would involve a wide
range of government departments, and their co-operation would be essential for
success.

5.3.1: Consultation meetings held in South Africa, March 2002

Meetings were held in Pretoria, Johannesburg and Capetown with the following
institutions and people:

Department of Water Affairs and Forestry
Dr. Paul Roberts, Deputy Director General, Water Resources
Barbara Schreiner, Chief Director. Water Use and Conservation.
Mr. Harrison Pienaar, Assistant Director, Stream Flow Reduction Allocations

The Water Research Commission of South Africa
Dr. Rivka Kfir,CEO, Executive Director
Dr. George Green, Deputy Executive Director
Dr. Stephen Mitchell, Research Manager, Ecosystems
Dr. Sizwe Mikhize, Research Manager, Social Issues

The Department of Environment and Tourism
Dr. J.R. Pretorius, Director, Environmental Information and Reporting

Local Governtment and Water Sector Education and Training Agency
Alastair Machin, Chief Executive Officer.
Nonlilanhla Dube, Manager, Water Sector

Working for Water Programme
Dr. Christo Marais, Research Manager

Statistics South Africa
Professor Akiiki Kahimbaara, Chief Director, National Statistics Systems, Pretoria
Virginia Motsoedi Marobe, Information Officer, Johannesburg

The Mvula Trust, (Water NGO)
Mr. Martin Rall, Executive Director

DFID South Africa
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Jim McAlpine (phone discussion and literature delivered)

African Development Bank
Priscilla De Gasparis, (phone discussion and literature delivered)

Positive reactions and useful comments were forthcoming from all of those consulted,
along with an indication that the WPI would be useful to South Africa and would
compliment and add value to work already being carried out there.

5.3.2: Consultation meetings held in Tanzania, December 2001

President's Office Planning & Privatization
Mr. Charles 0 lgogo, Poverty Monitoring Programme

Ministry of Science, Technology & Higher Education
Mr Titus Mtelcka
Mr S. A. Matemu

Ministry of Education & Culture
Mr. Oliver P. J. Mhaiki

Ministry of Water and Livestock Development
Mr. Benedict P. Michael
Mr. Ismail A. G. Mwaka, Rural water Supply & sanitation Project,

Institute of Resource Assessment,University of Dar Es Salaam
Professor R. Mwalyosi

National Bureau of Statistics (N.B.S)
Mr. Abdulrahaman M. Kaimu
Mr. Cletus P. B. Mkai

Animeru District Council.
Mr. Mohammed, Acting Director

Arusha Urban Water Supply and Sewerage Authority, Arusha.
Mr Asili A. Munisi
Mr. Joseph P. N. Mosha
Mr. Joshua Mgkewa

DFID Tanzania,
Mr. George I Macdonald
Education and social development advisors also consulted.

The information was very well received and it was repeatedly stated that the WPI
would be useful to Tanzania in many ways.
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5.3.3: Consultation meetings held in Sri Lanka, February 2002

Ministry Finance & Planning, Dept. of National Planning
Upali Dahanayake, Director (Economic Infrastructure)

Ministry of Finance & Planning, Dept. of Census & Statistics
D.B.P.S Vidyaratne, Director

Ministry of Irrigation & Water Management,
R. de. S. Ariyabandu, Director/ Policy Planning,
K.A Upali S. Imbulana, Director (Water Resources Development)

Department of Agrarian Development, District Office, Kurunagala.
P.M. Premathilake, Deputy Commissioner

Mahaweli Authority of Sri Lanka
Ranjinee Lanka Haturusinha, Director (Project Planning)

Ministry of Health
Dr. C.K. Shanmugarajah, Director (Primary Health Care)

National Water Supply & Drainage Board
K.L.L Premanath, Deputy General Manager
R.R.J.W. Serasinghe, Manager, , Ground Water Section Studies
W.B.G Fernando, Assistant General Manager Non Revenue Water Section

University of Moratuwa Engineering Faculty
Professor Senerath, Professor. Civil Engineer

Central Environmental Authority
K.G.D. Bandarathilaka, Deputy Director

"Sevanatha", Water NGO, Colombo
K.A. Jayaratne, President

Ministry of Forestry & Environment, Environment Division,
Dr. B.M.S. Batagoda, Director (Environmental Economics)

Ministry of Housing & Plantation Infrastructure
Mr. L. Percra, Director of Planning

National Water Resources Authority
K.S.R. de Silva , Director General

National Institute of Education
Mr. Dayawansa, Primary Education Section

Almost without exception, all those consulted expressed keen interest in the work and
said it would be very relevant and useful to improve water management in Sri Lanka
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Appendix 5.4

Dissemination and Consultation Workshops in
Pilot Countries

During April and May 2002, a workshop was held in each of the pilot countries.
These were attended by representatives of a range of different institutions including
government departments and NG0s. The workshops in Tanzania and Sri Lanka were
designed as a dissemination and training exercise, while that in South Africa was
designed as a consultation exercise, where the WPI methodology was presented,
followed by discussion. Issues covered included determination of the standard for the
gap approach, on which a Water Poverty Gap can be based, and how weights can be
applied.

5.4.1 WPI Training and Dissemination Workshop, Tanzania.
a. Agenda

The Development and Testing of the Water Poverty Index
Consultation and Dissemination Workshop, Dar Es Salaam , April 2002

Day One

Welcome and opening remarks Prof. Yadon Kohi, Director General, COSTECH
Session I: The purpose of the Water Poverty index

Some thoughts on Indices

Session II: Poverty Eradication Strategies and the Need for Planning and
Monitoring Indicators. Mr. C. Tandari, Poverty Eradication
Unit, Vice President's Office

Poverty monitoring and Evaluation Indicators for water supply
and Sanitation. Ms. N Lupimo of Policy and Planning,
Ministry of Water and Livestock Development

Coffee/tea
Session 111: Indices: what they do and how they are constructed.

Questionnaire Design: what questions to ask and why.

Sampling theory and practice, interviewing households

Lunch
Session IV: Estimating water resources for the Water Poverty Index

Tea/Coffee

Session V Practical Exercises: constructing indices, using hydrological data.
Session VI: Feedback session

Day Two
Session I: Identifying appropriate variables and data for a location

Weighting variables

Session II: Practical Exercises: constructing a preliminary Water Poverty
Index using data from pilot surveys and other sources

Coffee/tea
Session III: Developing the baseline criteria for the 'gap' approach

Lunch
Session IV: Using the Water Poverty Index - some cautionary comments
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Movi ng towards implementation of the Water Poverty Index

Tea/coffee
Session V: Feedback session

Wrap-up session and closure
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Workshop Attendees
Mr. Alex Kaaya Ministry of Water & Livestock Developmeni, Box. 35066, DSM
Mr. E. Karugendo National Bureau of Statistics, DSM.
Prof. James Ngana Institute of Resource Assessment- Universityof Dar es Salaam
Prof. N. F. Madulu Institute of Resource Assessment- Universityof Dar es Salaam
Mr. Judicate Shoo PST-Guardian, Dar es Salaam (Newspaper editor)
Mr. S. Maholc Arusha Urban Water Supply and Sewage Authority, Box. 13600,
Mrs. C. Mchomba Ministry of Water & Livestock Development,Box. 9153, DSM
Mr. C. Tandari Vice President's Office, Box. 5380, DSM
Mr. E. Masawe Water Resources Institute, Box. 35059, DSM
Mr. J. Mgaiwa Water Resource Institute, Box. 35059, DSM
Mrs. R. Koya Arusha Urban Water Supply and Sewage Authority,
Mr. N. Mtega Maths. Dept. UDSM, Box. 35062
Mr. Alex Musilanga Ministry of Water & Livestock Development,Box. 9153, DSM
Mr. W. Masanza Ministry of Water & Livestock Development,Box. 9153, DSM
Mr. F. Ngamlagosi Ministry of Water & Livestock Development,Box. 9153, DSM
Mr. R. Alfayo Tanzania Commission for Science and Technology (COSTECH)
Mrs .Salha M. Kasim Dar es Salaam Institute of Technology, Box.2958, DSM
Ms. H. Gideon Tanzania Commission for Science and Technology (COSTECH)
Mr. C. Yongolo Tanzania Commission for Science and Technology (COSTECH)
Mr. D. Mafunda Tanzania Commission for Science and Technology (COSTECH)
Mr. Mlote Tanzania Commission for Science and Technology (COSTECH)
Mr. B. Thompson PST- Guardian, Box. 16526 DSM (journalist)
Prof. Y. Kohi Tanzania Commission for Science and Technology (COSTECH)
Dr. R. Kingamkono Tanzania Commission for Science and Technology (COSTECH)
Dr Caroline Sullivan CEH Wallingford, UK
Dr Jeremy Meigh CEH Wallingford, UK

Opening address by Prof. Yadon Kohi
WORKSHOP ON DEVELOPMENT AND TESTING OF WATER POVERTY


INDEX COSTECH BUILDING 22" - 23niAPRIL 2002

OPENING SPEECH BY Prof. YADON M. KOHI DIRECTOR GENERAL

COSTECH

Distinguished Chairperson

Distinguished Guests from UK (Dr. Caroline Sullivan and Dr. Jeremy Meigh)

Distinguished workshop participants

Ladies and Gentlemen:

May I first of all take this opportunity to welcome Dr. Caroline Sulivan and Dr.
Jeremy Meigh who have come all the way from UK. You are warmly welcome to
Tanzania and particularly to Dar es Salaam "THE HEAVEN OF PEACE".
KARIBUNI SANA.

It gives me a great pleasure to have the opportunity to raise a few remarks in this
important workshop on Development and Testing of Water Poverty Index.

Chairperson: This is my second time to mark the opcning of the workshop in

Development and Testing of Water Poverty Index, the first time it was in Arusha in
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May 2001, this workshop was a conceptualisation workshop on Development and
Testing of. Water Poverty Index. It is therefore my pleasure today to officiate a
dissemination and consultation workshop on the same.

Chairperson; let me try to explain what is Water Poverty Index;

The Watcr Poverty Index is the interdisciplinary measure (indicator) which links
household welfare with water availability/accessibility and indicates the degree to
which water scarcity impacts on human populations. It is an indicator like Human
Development Index (HDI), and is derived using the same methodology.

Chairperson; Then comes a question "Why do we need indices like Water Poverty
Index?"

We need a Water Poverty Index to facilitate the following

More equitable water allocations, basing on needs and availability

Better understanding of links between water, human welfare and the
ecosystem —This needs more integrated. water management approach

An assessment of progress towards development targets

Prioritization in resource allocation and monitoring the effectiveness of
development projects

The Index being developed is expected to be used for:

Policy making

Decision making for water project development at all levels (Village - District
—National and Global)

Forecast future trends in water management

Water development planning, Monitoring and Evaluation to achieve poverty
eradication strategies (vision 2025 for the caseof Tanzania)

The Index will reflect the change in level of poverty, and therefore indicate whether
we are progressing or becoming poorer.

Chairperson; The development of a Water Poverty Index should be seen as a
contribution to an international process; as one element of the general intemational
efforts both to raise consciousness about the importance of water issues, and to look at
them in a more holistic and integrated manner. This is because Water Poverty Index
will not only make a real contribution to' ability of water managers to prioritise their
expenditure in a transparent manner, but also enable them to effectively monitor
development progress within their countries and eventually at global level.

With a Water Poverty Index, it will become possible for both government departments
and NGOs to bring pressure to bear on those international and national institutions
involved in the water sector, whose support may facilitate real changes in the
currently inequitable use of water seen so widely across the world.

Chairperson; The Commission for Scicnce and Technology, which is the focal point

for Development and Testing of the Water Poverty Index, and the government of

©CEII Wallingford. 2002



Appendix 5.4

United Republic of Tanzania, is keen and eager. to see the Water Poverty Index
developed and adopted for planning and management processes.

Chairperson; May I take this opportunity to thank DFID for its financial support and
the Centre for Ecology and Hydrology of Wallingford UK, for facilitating this project.
I wish you a very fruitful discussion.
With these few remarks, I would like to declare this workshop on Development and
Testing of Water Poverty Index officially open.
Thank you for listening,

5.4.2 WPI Training and Dissemination Workshop, Sri Lanka
a. Agenda

The Development and Testing of the Water Poverty Index

Consultation and Dissemination Workshop, Colombo, April 2002

Day One
Welcome and opening remarks

Session I:

Session 11:

Session 111:


Session IV:

Session V:

Day Two
Session I:

Session II:
Session III:

Session IV:

Session V:

The purpose of the Water Poverty index

Some thoughts on Indices

Indices: what they do and how they arc constructed.

Questionnaire Design: what questions to ask and why.
Sampling theory and practice, interviewing households

Estimating water resources for the Water Poverty Index

Practical Exercises: constructing indices, identifying Water
Poverty Index components, using hydrological data.

Feedback session

Identifying appropriate variables and data for a location

Weighting variables

Developing the baseline criteria for the 'gap' approach

Practical Exercises: constructing a preliminary Water Poverty
Index using data from pilot surveys and other sources

Using the Water Poverty Index —some cautionary comments

Feedback session

b. List of attendees
Mr. Upali Dahanayaka

Mr. K A. Upali S. Imbulana

Mr. Thilakarathna

Mr. W.I3.G. Fernando

Mr. A.D.K.K. Wisayaeunawardan

Mr. Premathilaka

Mr. Jagath Prcma Kumara

Mr J.K.S. Pathirana

Mr. A.B. Gunapala

Ms. Chandani Wijewardena

Mr. G.S.S Jayaweera

Mr. Pathiranage

Director (Economic Infrastructure), NPD

Director (WRD), My. IWRM

Senior Statistician. Dept. of Census & Statistics

Assistant General Manager (NRW), NWSDB

Engineer (NRW). NWSDB

Dep Com. Dept. of Agricultural Development

NGO "Sevanatha-. Urban Resources Center

Chief Engineer (Planning). NWSDB

Chief Sociologist (RWS). NWSDB

Deputy Director. National Planning Department

Assistant Director (Project Planning), MASL

Chief Engineer (Planning & Designs). NWSDB

©Cal Wallingford.2002
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Prof. D.C.H Senerath

Mr. A.11. Jayaweera

Mr. K.L.L. Premanath

Dr Caroline Sullivan

Dr. Jeremy Meigh

Mr A Wijerathne

Mr Senivirathne

Mr. D. Senivirathne

Engineering Faculty, University of Morotuwa

Director, NWRA

Deputy General Manager NWSDB

Centre for Ecology & Hydrology UK

Centre for Ecology & Hydrology UK

•echnical Officer,Dept of Agrarian Development, Kurunegala

Asst Commissioner,Dept of Agrarian Development, Kurunegala

Water Supply Section, NWS&DB, Ratmalana

5.4.3 WPI Dissemination Workshop, South Africa
Agenda

The Development and Testing of the Water Poverty Index


Consultation Workshop, Pretoria, May 2", 2002
091-100- 09H30 Introductions
09H30 - 10H40 WPI purpose and structure

Highlighting gaps and need forweighting
101-140- 111400 Tea break
11H00 - 12H30 Discussions: Introducing weighting into WPI

Developing a gap approach
12H30 - 131-115 Lunch
13H15 - I4H45 Discussions: Environmentalcomponents in WPI

Practical difficulties in introducing WPI
14H45 - 15H00 Tea break

15E100- 16H00 Discussions: Institutional interest in WPI development for

RSA
16.30 Summing up of workshop andclosure

Attendees

The Development and Testing of the Water Poverty Index

Consultation meeting participants, Water Research Commission, South Africa,
March 2002

Water Research Commission
Dr. George Green, Deputy C.E.O.
Dr. Sizwe Mkhize, Social Themes programme leader,
Dr. Stephen Mitchell, Ecosystems programme leader

The Department of Environment and Tourism
Dr. Ester Koch, Environmental Information and Reporting,
The Department of Environment and Tourism, Republicof South Africa

The Mvula Trust, (Water NGO)
The Mvula Trust, Republic of South Africa

Rural Support Services, Eastern Cape

Lesley Steele

Department for Water Affairs and Forestry, South Africa
Mr. Harrison Pienaar

OCEI-1 Wallingford. 2002
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Local Government and Water Sector Education and Training Agency
Nonlilanhla Dube, Manager. Water Sector
Johannesburg, Republic of South Africa

University of Natal
Prof Roland Schulze
Mr. Dennis Dhlamini

CEH Wallingford
Dr. Caroline Sullivan
Dr. Jeremy Meigh

Appendix 5.4.4. An example of the certificate of appreciation distributed
to workshop participants in Tanzania and Sri Lanka

TheDevelopmentandTestingoftheWaterPovertyIndex

We would like to thank

For their contribution to the

Water Poverty Index Workshop

Conducted by CEH Wallingford

as part of the DFID funded project on

The Development and Testing

of the Water Poverty Index

Dr Caroline Sullivan Dr Jeremy Melon Colombo, April 26th and 27th, 2002
cauttostac.uk irmecenrsc.uk

CCantre for

Ec.1.17 • HYdrc4017 DFID

@CEI-1Wallingford. 2002
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WPI Management Primer

Please see separate document;

Evaluating YourWater

A Management Primer for the Water Poverty
Index

©CEH Wallingford. 2002
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Appendix 6.2

WPI Workbook and Workshop Materials

All workshop materials are contained in the separate document;

The Development and Testing of the Water
Poverty Index

An Outline Set of Training Materialsfor Field
Staff

CCEH Wallingford. 2002
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Water Poverty Index Poster
As used to promote the WPI at Dundee meeting and vanous workshops

-

©CEII Wallingford. 2002
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Appendix 6.4

Calculating the Water Poverty Index for Tanzania
Presentation by Stephen Nllote (AV%EC Conference, Jan 2002)
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Noigahyd, 19)7. Daly, 1999h While ',Wilt: walk
nos beou done meen7.17) destini indititie sss-
ems tilr Water esources (Ilatchelot, Riund

Nit 'LI:: Kit), LH-KM, 2009) itisi sithel re-
searchers nose iuldiessed the ISSIle of Illeol pa-

,CLI rig 5'cite F 1CCoUllts into initionul heconnurig
ssstems lend. 1993. Lange. 1998) ss stems ol
accounting tol water use, both at a macro- and
tills to-levol ate set to he hills deseloped

At present, not:on:11 and leg:oval polies
make!, seldom consider the time spent bs
  • Ill subsistence households. and indeed.
within the structirie ot the I :lined Nations
tis stem in National Accounts. women's
himse \voi k is Lilt:1y included. in developing
legions, the burden of domestic svaleF provision
most twutels hilk, on women :mi.! childien
(Curtis iTi('), and in some areas, as much as
25' .it ‘yomen's productwc tune can be spent
on wide! collect:on I his it:mese:its a signifi-
cant cost in terms ot househokl human capital
entitlements (Comes'. 1998. Seriones. 1998) hut
latic has been done to quantity these mal
household costs, and even less to account IOF
tisdni exphcols m economic analyses •Flie oh
ter:Ilse of developing a Water Poverty Index is
to produce a holistic policy tool. (hawing on
both the plissical ond social sciences. ;Ind
having application throughout the world It is
hoped that the development ot such an index
w ill enable decision makers to target crosscut-
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sli i\eis which lurk water and poverty
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141 and the high concentration of

	

143 population around the capital eitv of Amman.

	

144 hos led io a significant rise in demand Mr do-

	

145 mestie water (Allan & Karshenas, 1995), and in

	

140 pumping water from regions hundreds of kilo-

	

147 meters iiway. In Qatar. the almost total lack of

	

148 i iiitfali niea its that agricultural development

	

140 can be achieved only through the use of

	

sO tit oundwater, and it is now known that the

aquifer from which this is manped_ is likely to

he depleted within 20 30 years 111addition, this

7; rtroundwater Is becoming heavily polluted by

nitrates tesultme rroill rapid urbanization :lad

Jun 'cultural development (lINEP. 1987). Other

typical pollution problems are demonstrated by

the case of Syria. where madequate sanitation
and dumping of industrial wastes has led to

significant ecological disruption in the Eu-

phrates, Oronte and Barrada catchments
sw as, 1994 Shuval, 1994) National water

management problems are further confounded
tworpumputpj. ot grout:chimer, giving rise to

saltwater intrusion on the coastal plain. These

;1:1(1 other issues highlight the importance of

considering both tin ound :and surface water

hen addressuig the problem of water resource

assessnient, and in the deVelopMent ol the
Water Poverty Index

Ille pattei ns ot water use illustrated in Ta-
bles 1 and 2 ;ire [Wand ill riles! countries of the

world, and as pressure on water resources m-
sicases. the need for new approaches to man-
iging this usc becomes 'nide pressing These

could include the des elidpillent of more efficient

 76 litigation systems which minimize evaporative

losses. more sustinnable ;firming practices
is oiding the production of -  kater thirSty-

plants in semi-arid areas, dependence on fossil

groundwater :Hid other measures Increased

public awatepcsrt and the use of water pricing

san iimotit less tr. ristrar4c domest/c and

watci. wstellis
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populations dhe development of .1 Wigan 211


Povei tv Indic\ is intended to help this pi OCC,C,l`f

IllentOuPg those areas and coninnindiesi iyheic
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Ile distribution of water to be acluesed 211
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many aspects of water resources and entitle 21;
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'9;
IS

1.99
101)

(In WreSII tO the provision of. clean water and
sanitation

(e) II.. cr win), Inn/yin /1/it /I/V

Methods currently in use to assess poverty
need to be considered in any attempt to link
water resollIre assessments with poverty to
tonn a Water Poverty Index. There are a num-
her of approaches to this, including the ?overt v
Lenc, the Hollfh WWI [MIC\. and the Pored)!

Gar The Poverty Line is a consumption-based
measure comprised or an element representing
the minimum level ol expenditure required for
basic necessities. plus an extra amount for that
required to participate in the everyday lift of
society..fIns varies considerably throughout the
world, but fOr developing countries it is thought
to range from $275 to $370 per capita per an-
num. This measure indicates that over one bil-
lion people bill below the poverty line, roughly
one-third of the total population of developing
countries. The Ileadcount Index expresses the
number of poor as defined by the poverty line,
as a percentage of the total population. In )1
large country like China, a relatively low
Headcount Index can actually mean Very large
number of people. The Poverty Gap is some-
times called the Arci-oge Income Shoryall, ;En
assessment of the amount of money that would
he necessai y to bring every poor person up to
the poverty line. This is expressed as the ag-
gregate income shortfall of the poor, as a per-
centage or aggregate consumption.

All of these approaches are based on national
Income figures. and ts averages, are not very
representative of regional variations. As a re-
sult. they often fail to accurately represent the
levels of poverty experienced In different COM-
tummies. Importantly. measures of per capita
income are recognized to he inadequate to
rept esent human well-being. While money
Illeigalres may provide sonic means of COM-
panson ol econonne activity, they take no ac-
count of nonmonetary zittributes or human
well - being. nor of the value of women-s
household labor, nor indeed of depreciation of.
nat ural capital

Ili 11tile) tient% (11 ilto ellen /WWII

Snick: water is a ke  component of the natu-
ral capital entitlements ol households (Scoones,
liP),L1I. a Ild of health  ecosystems, nnproved
definition of water data, and its integration
with economic accounting systems, is an in,- 


portant key to stistainability I Ins would need -(1)
to he addressed in any holistic mananeniern 302
tool, by including ecosystem Wa tet
ntettts asacoitipottc-tttcomponent at the anal\ ncal Ii awe- 3P-1
work used for the calculation ot the \\..itei 3115

Poverty Index. 2  t)0

In the past. little attention has been giS Cii lo 107
the water needs of nature itself Economic de- 305
veloptnent has in most cases taken precedence. 109
and numerous examples can be found where 310
ecological disruption has resulted from water 311
projects designed to increase agricultural m 312
industrial production These have occurred 31;
because knowledge of the complexities of eto- 314
systems is limited, and values of the reles ant 1s
environmental attributes have been wilored +In
Compounded by a scientific approach which 317
has been specific rather than generic, to some 318
extent at least, this has led to erroneous theories 319
of growth economics. These theories. on which 320
many development projects are follrlded, g e 321
based on understandings which: ;$2

-suggest that man-made and natural capital
can Mfinitely be substituted. zind

ignore the conshamts on production pi o-
vided by the basic laws of thermodynamics
(Daly. 1999).

Clearly, while man-made capital is generated 328
from the depletion of natural resources (Daly. 329
1999), It can also he shown that eel min natural 330
resources cannot be reproduced by utilization 311
of financial or physical capital.] his refutes the 332
concept of 'poled subs/awe/ban i of bulort fd 333
producmni- which is a basic assumption un- 33 -1
derlying the positions held even by emMent 335
economists such as Beckerman (1995) and Si- 336
mon and Khan (1984). Furthermore, the fact 337
that money generated by exploitation of natu- 338
ELI capital is aceounted for in terms of --Income 339
streams'. rather than “cipital depletion,- 340
brings about in inevitable tmdervalization of 341
such resources, and consequent policy failure. 342

The physical existence of entropy. as ex_ 343
plained by the laws of. Thermodynamics. means 344
that even the most efficient production system 345
must produce waste. This underlines the Met 346
that the idea of infinite resource recycling and 347
substitution is physically impossible. The fad- 348
ure of growth theories to take account of these 349
real world conditions is one of the reasons w lis 350
many water projects developed in the past ID) e 351
failed to live up to expectations, and why nu 35:
merous examples exist or mequitahle develop- 353
Inent outcomes ;54
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I lighlightimz the importance of takmg mole

:teeotint of ecological and hydrological condi

twits, the Dublin Conference in 1991 (al pre-

atory meet ing for UNCED. Rio. 19921,

toncluded that "since water sustams all life,

elleellVe management or water resources de-

niands a holistic approach, linking social and

eco»oune development with protection or oat-

'Hal ecosystems- IICWIt, 1992). At the UN-

(Thl) Conterence !Kell, it was agieed that -in

de\ eloping and using water resoinces. prim ity

has to he la\ VII to the satisfaction of basic 'iced,

and the satemnirding at ecosystems- (Agenda

2 1 haptei 1 IS S) In areas where \calm

shortages already exist, this situation has

sometimes been presented as Li conflict between

water f oi people and water 1hr nature. This

ignores the fact that the global ecosystem pro-

vides our life-support system, and as such, its

integrity needs to he maintained, not merely for

ecocentric reasons, but equally 1:or anthropo-

centne ones, as it is the direct and indirect

benefits of runetioning ecosystems which

maintain human life-support systems. Indeed.

111 Malls pal Is 0t the world, natural resources

oduced hy licalthy ecosystems provide 11yd:-

hood support rot millions of pom peop:e. so a

1,alance ilceds to he struck between allocating

t01- peOrile'S direct needs (lor domestic

use. industry. and agriculture) and for theii

indirect needs_ through the numerous aml as

yet unquantilied goods and services provided

by functimung ecosystems (Aereman. 1)98).

One example ot how this has been incorpo-

iated into national water policy is Illustrated by

the new water law of South Africa. whose

PI metric 9 stat es that.

• I -

teims ol Acetive ItcdioIigicil tunctioning. nut -1H9

little is known about how much wale! dilleicn: 41(1

ecosystems iiced In a recent stutb. d tim ite it 4 I I

Acanahle v„atel was used Ha ploy) lie

this emmunnental demand (SeckLi. 2111111.-1 I +

Seekler, Amarasinghe, Molden. de Silc 414


Barker, 1995). While such :in ‘ipproach iccly- 4 1 cI

m/es the need to include environmental de •111,

mand, it does not go far enough to examine thc -11.

tact that &nei em. ecosystems will lia‘e dillcuent 115

watei icquilements. and these will ar> ,R.Ios, 4

the seasons.

On :he odic] hand. nitlleieiit ccos stcm. 421

per lonn dillerent 1:unctions IDtckeEson 422


Murphy. ;995), caLli havmg its icsn Icic to 4);

play in :I:lull-al catchment processes. Almo::d :di 424

natural ecosystems can perform valuable

drologieal :unctions. such as water purification. 420

Hood control, habitat provision and ground- 422

water recharge, and many of these can help to 42S

reduce both water stress and poverty Identiti- 429

cation of the watei requirements ot ddlerent 4 -,11

ecosystems is (*alb an important prereguism. 42 I

to the aelnewinent of sustainable water man- 4 z'

agement. ;Ind as sut_li, must be placed high on 4

the iesearch agenda.

loday, Many cases, water poverty is m

Lteased by ecos)stem degradation, :old d 431,

result. auy index or water po‘erty should 01111 4:7

to include the status of ecos  stems that 415

sustain levels of water availability. As a re,Wt. 449

the newly established ILVN Conumssion on 4411

Itcos)stern Management (among otheis) is 441

trying to address this issue. ;nut as an end usel 44)

ol this %yolk. it is :inticipated that eventually. 44.  
the Water Pinery Index will incorporate 444

IlleaStIre or ecological water demand. enabling 445

development decisions to be made whfth es- 440

Hicitiv take tlus eonstiaint into dccount
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WOR LD DEVELOPM ENT

460 in 1997 by the by the Stockholm Environment

461 Institute (Shiklomanov et at, 1997). The key

462 concept in this approach is thc assessment of
463 total water resources al the country level in
464 terms of the menu annual runoff. The runoff

465 values were based on observed data from river
466 flow measurement stations, supplemented by
467 estimates based on meteorological data where

468 river flow observations were lacking. The
469 country values also include estimates of thc

470 water imported from, or exported to, other
471 countries. Based on such assessments, country

472 estimates of water resources and water stress
473 expressed in terms of gross annual water re-

474 sources per head or population are widely
475 quoted. The essential point about these results
476 is that the comparison of resources to demands
477 is made only ;it the country level, and very little
478 or no weight is put on other important issues
479 such as spatial and temporal variability.

(Ln Other global water acsessIIICIILV

481 Other work has addressed the issue of spatial

482 and temporal variability. Onc example is the
483 method used in the global water availability

484 assessment (GWAVA) (Meigh, McKenzie, &
485 Senc. 1999). In this work, the use of a grid
486 approach has provided the means whereby
487 physical assessments of water availability are
488 adjusted to take some account of human fac-
489 tors. Two other water assessments following
490 the grid approach will be discussed briefly in
491 order to illustrate what has been achieved.

492 Arnell and King (1998) used a 0.5 by 0.5 degree
493 (i.e.. 55 < 55 kin') grid model to estimate global
494 runoff. This approach is similar to that of
495 OWAVA, except that only the local runoff
496 within each grid cell is estimated, and key as-
497 pects of water resources systems such as cell

498 linkages. abstractions, reservoirs, lakes and
499 wetlands are not considered. The grid-cell re-
500 sults are aggregated to the country level, and
501 the comparison or resources to demands is then

502 carded out only ill the country kniel.
503 A similar, but more sophisticated approach
504 was taken in the WaterGAP model (Alcamo.

505 DáIl, Kaspar. & Siebert. 1997). This also uses
506 the 55 55 kin= size grid, with the grid cells
507 grouped into 1162 catchments. providing al-
508 most total global coverage. Calculations are
5()t) done at the grid-cell level but the results are

510 aggregated to die catchment and country scale.
511 AS before, many of the key aspects of water
512 reSources systems :ire overlooked, but time

513 variability is considered as die water availabd-

ity is computed for average conditions ot. er 514


period of years. 515

One of the first studies which highlighted the 516
importance of linking the physical :ISSeSSIllellis 517

of water to the needs or human populations 5IS
was that done by Falkenmark and Lindh 11974) 519
and more recently, they, and others, have tried 520
to take this approach further (Brouwer & kill- 521
kenmark, 1989; Falkenmark & Suprapto. 1992: 522
Gleick, I997a, 1997b; Poste]. 1990, 1992; Ra- 523
skin, Gleick, Kirshen, Pontius. & Strezepek. 524
1997: Seckler et at. 1998). In an attempt to take 525
a more holistic approach, Leif Ohlsson has 526
tried to link the physical assessments of water 527
with relevant social factors (Ohlsson, 1998). In 528
this model, the physical tneasure is provided by 529
the assessment of "available renewable water.- 530
and this is linked to "adaptive capacity- 531
through the use of the UNDP IIuman Devel- 532
opment Index to create what he reters to as the 533
Social Water Stress/Scarcity Index. This is a 534
significant step forward, paving the way for the 535
development of a Water Poverty Index, 536

Another example of alternative indicators of 537
water use that may he useful as components of 538
a Water Poverty Index is that produced by the 539

Water and Sanitation Collaborative Council, 540
and referred to as the basic water, sanitation caul 541
hygiene requirement (Chattergee, Abrams, Cc - 542

ick. & Lane. 1999). According to this work. the 543
minimum requirement to meet these basic hu- 544
man needs is calculated at 40 1 per capita, per 545
day. 546

(1.1) IVater wili:ation intensity

The concept of water utilization intensity has 548
been used by the United Nations Food aiul 549

Agriculture Organization to identify areas 550
which arc likely to be water stressed in the fu- 551
turc (FAO, 1996). When this figure is over 552
100%, this means that aquifers arc depleting 553
faster than the recharge rate, or that pollution 554
may be making some otherwise renewable 555

supplies. unusahl I-.c. .n e.taer case, water be- 556

comes a constraint OD production. and more 557

efficient means of using it becomes a vital issue. 558
A number of countries in the Middle East al- 559
ready have a water utilization intensity of over 560
10(Ylin. and in the future. this number most 561
probably will increase further. 562

While demonstrating some variation, these 563
examples of water assessments all indicate the 564
urgency of the need to develop more eqtntable 565
and sustainable approaches to water manage- 566
ment. Through a more accurate Inikage of in- 567
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formation on wa tel demand with that of supply.
the development of a Water Poverty Index will
be Eible to contribute to the resolution or pc>
lenthil conflicts over water shortages, or 1110I'Ll
anpoi tautly, their iivoidance in the first place.

INDICATORS AND INDEX NUMBERS

The use of indices as policy tools began in the
1920s (Edgeworth, 19251 Fisher. 1922). An in-
dex number is a measure of El quantity relative
to a base period. Indices are a statistical con-
cept. providing ;an indirect way of measuring a
given quantity or state, effectively a measure
which allows for comparison Oyer K es
issues which havc to be addressed in the coa-
st' Oction or any index arc:

choice of components,
sources of clam.
choice of formula,
choice of base period.

Apart f is,iti these empirical issues. the main
point of an index however is to quantify
son-rethink! which cannot be measured diiveth
(e cv. how water Stressed ll household is) and to
Inca:nail: changes (c g., the mmacts of economic
growth). Ihe proposed Water Poverty Index
fits this concept of an index which measures
something indirectly, and which is made up of
defined components,

A large number of indicators are widely used
today (Adriaanso. 1993; World Bank, 1994,
1997, Yia Dtifotirnaud. & Rogers. 1995). Witte/
mdices mainly a cldress EL%ailability mid qualitv
issues (Lohani & Mustapha. 1982), while mdi-
oitors on poverty consider a whole ramie of
social and economic variables. Over 50 indica-
LOrs of sustainable development have been
identified, -and globally. indiCators or all types
are in use. Methods to develop indicators have
been put forward d.INICEF. 995: World
Bank. 1996a, 1996b).. and through a thorough
htermure latVICW and consultation process. les-
son. learnt tdom these different approaches can

I... ex-Lir-oiled hi that basis. the most appro-
tata „md el-lee-me index possible to assess the

helween \‘;Ite) and pot ei a can be devel-
med. w the „mutations ot out isallrent

kIdoAle4c.

mil in,

the most important . at aux
eterrittnt t ;tolls% I, qt. 


ability. In order lot any kud sigh as the Water 6IS
Poverty Index to become widely accepted. it is 619
important that It IS deseloped in collabm MOM (CO
with those who me hkely 10 Else II lo thl  cnd.
it is important thdt a Colltalllation 111ticeS, 622
should be mitimed, and this process should try 61 :

to bc as inclusive ;is possible, not only to term. 624
of who is consulted where, but „ilso to tei ins 01 625
the types ot people or organizations involved in 6'6
the conceptualization process

(II) The m-oblcm of Acale

Scale issues ate a imuor challenge. as up 629
scaling and down-scaling can be subieet to se- 630
nous errors (Gibson. Ostroin. & Alm, 2000, (31
Schulze, 11)99). In relation to the development 6112
ol a Water Poverty Index in particular. con- 63-,
sitter:Mon needs to be gIven to the problem ot 634
how far physical and socioeconomic informa- 635
non can be expressed at comparable scales to 636
lorm a meaningful management tool. The wil- 637
ter environment is naturally hetet ogeneous. o3S
with the physical availability of water varying 639

csen over very short distances In on index 640
addressing water poverty, the heterogeneat of 641
water's physic-al availability will be Lom- 642
pounded by heterogeneity in actless 1(1 WalCr 64;
tvithm 1 community, or etch iii access Wahl!' 644

family groups. Indeed such variability is per- 645
haps the essence of water poverty. lance given 646
sufficient financial resources. adequate w ltdi 647
supphes can be provided almost anywheie, al- 648
ben by import Or desalination 649

The extent to which indict:, will EieenizitH% htifl
ittliect actual variations will depend on thc 651
m:ales at which they orc applied, and thi poliet. (CC
purposes, policy ohieetives will determine the 65  
most itppropriate and relevant se:tIc Within 654
lily coll1111111111) end household. substantial 65s
teriations In flees's', ;Ind EINSIllablIlly la water 636
IllsOurees can 0021.1r, hut thesc may be ob.cin c/1 65
by indices tk liicti Operalc ElI Illappi Orli la lie 65S

scales These vanzitions may be physical. bu 659
nstange 5 here poi tions ot a connnuars ill6o0
above the command level ol exastic: wale] hid
distribution nctwork, or economic. where w mei 662

„ivadable bm a household cannot :Mold :lc.„ 66;
cost of access or dell\ CI N' Intik:es can. er 6h4

ie derived that .eek io de,chlte ate c3teht
1 el lablint, 11"r-ranee Li Measles' ill 1.

vater agd Is a 11 Inch:talc: : i-
htiiiy 011 lthiltir.cr +LAIC

f urthermore ante at the :--anon
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WAFER I'WeE,Itll INDIA

708 accountability in water management and use
710 makes the effort worthwhile.
710 In the conceptualization phase, the structure
711 or the Water Poverty Index would be deter-
712 mined, possibly Ils a definition or a "water
71$ poverty line.- perhaps as a calculation of "the
714 water poverty gap,- even as a G1S-based deci-
71lJJ 'don tool, or perhaps a combination of all or
716 these. While this still is an issue which needs to
717 be determined by Consensus. some suggest. irm.N
718 are provided here as to how the Water Poverty
719 Index can bc brought into heiug.

(a the conrentional rofitfiomfc !wk.\ approudi

721 In this approach. the index itself would he
722 constructed from a series of variables which
723 capture the essence of what is being measured.
724 This can bc done using national scale data (a
725 top-down approach), or at a local level, using
726 locally determined values and parameters (a
727 bottom-up approach). Using the composite
728 index approach, the WPI could comprise vari-
72 9 ous elements such as:

m water avadabilits„,
In) access to sale watei.
(lip clean sanitation, iin(1
tiv) tune taken to collect domestic water.

714 I his would result in the WPI Formula as
735 follows.

\VPI tv„V 100 - t (11

W here

fi adjusted water .ivailability (AWA) as-
sessment as H. Calculated on the basis of
giound and surface water availability related
to ecological water requirements and a basic
human requirement. plus all other domestic
demands,. as well :is the demand From agri-
culture and industry (The value of -I should
,ilso IL:cognize the seasonal variabikty at Wa
lel aV.H.1111t1I \

.5 the population With LletteSs to sate Water
.i:Jd sanitation (

the index ice. rictw,ien II and 11)16 to
izpiesent Itille .md edoit takcn to collect wia
6,T toi the household Ie . Iiom propoment

oopuldtion hat no tuee.“, nz or ne,n the
11..tt:L„el. 11.:i-. could he modtned to Idke de-

nt gezdet and ild lat,ot PeInest
H tl',etttictuie Ilse.: to take iv 


the time taken to get water. and the 1111:11le-
vel of the WPI)

tt.o, II, and 11, die the WelIehltS glx ell to Caell
component of the index tko (hat

—

Since S and I ate all defined to be be- 762
tweet, I and 100. and•„ IL,. and It, ale FICIWeel
0 und I, Io produce a WI'l \aloe betw den o
and PM, the tarmula needs to be modthed i, 2lo
follows:

•Ila use this method etleetively, it would be 768
necessary to define and iclentil the "base rate- 769
on which to calibrate the index values, and ta 770
provide an explanation of what exactly the re- 771
sultant scores meant. These would be unpin-- 772
tant research questions in the development or 77k
the WPI. 774

The problem of mconimensm ability does not 775
arise in this method as the index is composed ol 776
parts which can be compared as they are all 777
expressed as .1 percentage (or Index numbei ) I n 775
addition, by using water access and time spew 779
to collect water as a proxy ijor SOCRIee01101111e 780
gull-being (the two can be shown ta be highly 751
correlated), the problems associated with cal- 782
calating monetary incomes, exchange rates. etc. 783
can be avoided 784

witrieritif/ 6x:cairn/is: To illustrate, consider 785
two dfflerent regions Cr ColltarteS, 711;lt
Ruguth A. 'Tile 1.alucs S and T ate 60. 2n 757
and 30, aud the weights ;Ind 6, :it e 788

5. 0 25 and 0.25 respectively. 759
Referring to Eq. (2). WI'l A - ,5 - 790

100 Tic so 791

WPI 1.3(60 tt . 1125.

IOU In

IT indds points

In the example here. ihd :1111c '.,trtao ,e•
expl esscd is a pemeent.i:le I Rat Ha
stetlIa tic ot pet capita axadakle ii

Th,r / ale eti
and 4H. md the LLeIght.

ca Y2 ,und 25 resHeettx

Retet1 ale t. , 3 
r t
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lIns compai 15011 shows Mat. ;thhough the
physical assessment ol water in the reeions is
the weldlts Ppreferences) used are Me
c.anic, in region Id fewer people liave access to

aml fliole time IS spent by peop1e
collecting water

On the basis oi such ‘i calculation. it is pos-
sible to show that En legion A. water poverty IS

leSs ot a problem than in region B, ilthougli it

is still a problem which needs to he addressed
Nevertheless. policy Ind kers can see that in
both regions A and 13. their priority for tditure
water 111,111aIlelllent may be to increase the
number of people who have access to sale wa-
ter, and to reduce tune spent on water collec-
tion. QuantifyinL  the issues in this way should

I able If trialc  I rd m;• (ftrupti,rh. "/

\‘',Ori Access In Index ol WP1
,Rd:1.11,11.1  ISiiiCl tune spent

I", I in ;voter

Lollection

Weighs ri • 0 2' II 25
Reelon A (41 30 17 5
Itoonoll Fl 40

' the. mei hod Inghel 111e :due ol die lowel

the degree of wdlci SHINN,. licuton Is Ins o

derree 01 \valet ',melts Ilion A

I

help to dettd mine w 11 e,1 I,1“2:, 11101c lI.,

es-ing problems in waft] pi o%u-don I he c- 519
-a.dis at IL: excicise ized m ble ; 82(1

(0) cut  Illernaln (,«( Ii bile :511,

	

Anodic:1 wa.) to dc‘clop NIVPI oleo.tne

Could be te consider the a,,-dddsment al by how 5 2:

much wale] plovg-aon iiitl LIsc MICS 110111 -24
medetermined stimdard. I his standard could 825
he an :issesmient made up ol com-adei;it ions ot 526

lie Iollowtifil: -17

0) ecosystem health,
01) community well-bmg,
(in) human health.
0v) economic welfare

In this approach, each or these components 832
:ire assigned a standard aloe. which may he 833
quantitative (scientifically defined) or qualmt- 534
live (identified through participation). This $35
standard or target value reflects that level which $36
would exist if the resomecs were managed in a $37
a]stainahle way The WM is determined by 835
comparing the actual current empirical situa- 839
lion (as identified from data), with this preset 840
standaid. Such ;t methodology has already 841
been used as a framework for estnuating indi- 842
cators of sustainability (Simon. 1999), ;Ind as a 843
measure of poverty (Gillis, Perkins, Roemer. & 544
Snodgrass, 1987); in the eIlse or the \VP!.  thilc 545
of the same principles applv. This approach P., 546
summarized in Fable 4. 547

Fable4. Ode lthilleffithy II '1'1 )3,1)11
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In older to keep the WM simple unci easy is)

understand, the main characteristics of water
uess and human welfare could he combined

into .1 two-chmensional iilLitiiX Thils Woldd in-

ohs.: the identification oh key indicatois, telt-
resenting a suite of appropriate characteristics,
and these would then he combined on a suitable
scale It is possible that this could be developed

hrom the analysis discussed in the composite
index approach. With this method, the char-
acteristics nodei lying the WPI could be ex-
pressed in a two-dimensional matrix, as shown

ii higure 2. In this diagram. the (hypothetical)
!dative positions are shown of cotuuries with
different levels of water availability and access.
and eapacits tin] use.
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PoNelly index. While some of this may relate to
Cintnneerinn and technical skills. most of this
lack of capacity may be in lower and middle
management and administration, and in the
inovisuin and anaivsis or data. To develop an
effective national water management strategy,
these gaps in local expertise need to be ad-

essed.
boi the Water Poverty Index to be consistent

across countries, there is a need for interna-
tional co-ordination. so that the surveys would
dsk the same sets or questions on water avail-
ability and access In most cases this would
require an adjustment to existing question-
mOres. In countries where such surveys were
not eMIIMOn. hoWeVel it would require estab-
lishing them on some regular basis (perhaps
biennially, or every live years), inevitably hay-
ing implications f'01- resource allocation to sta-
tistical agencies Some international effort in
capacity building would be required in these
cases, both in terms of assistance to conduct or
extend initial slinVeys. and also tor training to
build up local capacity to continue the surveys
without external support. As Sehmin puts it,
- capacity building encompasses the variety of
methods that assist local communities to par-
ticipate in. or even take responsibility for de-
cisions which affect then- neighborhoods-
(Sehuan, 1996, p. 29). If the Water Poverty
Index were to become widely used, such initial
implementation support would be essential,
and from the outset, communities would be
empowered with information relevant their
own water management needs.

- Framing programs for capacity budding
would need to cover the Following:

-designing household survey questionnaires
and training interviewers,

sampling methods,

data inputting. processing md analysis.
publication of findings.

Nlanuals or Tools roe Managers or New
Norrey, are zivadable from the World Bank's
website. These, in conjunction with the stan-
dard literature on these issues, could form the
basis of training courses, in those developing
countries where needs assessment showed this
was necessary to upgrade the skills of existing
statistical agency stall and to train new staff to
manage these surveys. Miens is potential for
these to be designed as, to-country or regional
short coltrse):, and to be supplenlented by dis-
tance learning. In addition. "on the job'. 


difficult task of project priorilizattom Over
tune, these geo-referenced databases can Lae
enriched by additional data as they becomes
available, and tf the database is developed wdli
an object-orientated structure (Load & Your-
don, 1990), it will remain flexible and adaptable
in the future. New attributes. such as better
details on water quality, can be incorporated
into the data structure, ensuring that the rele
vance or the WPI is sustained Oyer time.

Effective water management requires an ex-
plicit link to be made between %Yam iivailability
and water demand. \Vhile improvements max'
continue to be made in the accuracy of water
resource modeling, it is also important to ac-
knowledge that ninell more needs to be known
about patterns Owater demand, and how these
can be influenced to ensuie mote efficient use ol
any given rcsollree. As in other areas of envi-
ronmental policy. changing 11111-Ilan behavior is
often a prerequisite to the achiesement or a
more sustainable way of lite, and in order to
achieve this, much more needs to be kmyvn
about the consumption behavior of those see-

n inning as participants in the pilot studies ii 271

subsequent surveys is (in ellecil‘e 11/ 2
transferring skills. 6-

6 ()NCI I. SION

I here has been a eonsidei Male 0111091111 (d '775

data collected ;tbout both water and 105ei 07()
One of the key features of the Watei Pos ci iv 977
Index is that it will make use of some of these el 978
a practical way. Exatnples of the type of so- 9'79
cioeconomie clatasets becoming available for 980
numerous countries around the woi Id is plc- 981
vided by the work or the World Bank's Large 982
Scale Monitoring System (World Bank, 1996b), 983
and the Joint Monitoring Program (WI 10/ 984
UNICEF, 1997), which has generated consid- 055
crable data relating to the links among samta- 086
tion, health ;mei poverty. Other such damsels 987
exist, and one of the objectives of this research 988
is to add value to these by making use or some 089
or it as a component in the calculation of the 990
Water Poverty Index. 091

By geo-relerencing the various WPI yam- 992
ahles. the link can be made between macro- 993
level hydrological data reflecting regional in 994
catchment-level water availability. and micro- 995
level data on household water stress. Using GIS 006
technology (Gurnell Se.Montgomery, 1099), the 997
WPI values can be used to develop estimates at 998
different scales, assisting water managers in the 999
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tors or the economy which have the glcatest
impact on oveiall water demand. If such in-
formation can be collected in 1 participatory
Mariner at the community level, local people
will be empowered. both through a better un-
derstanding of their water needs, and of how to
communicate this information to policy mak-
ers. By providing information about household
wenre, and water stress at the household and
community level, this locally generated data
can form the core of the WPI.

To become tin acceptable tool, the WPI
should be calculated using an appropriate

methodology. determined through consultation
:Ind participation. Scientific issues (such as
linking data from different sources and scales)
arc likely to be resolved in the near future, and
so in reality, the most important challenge is to
develop the appropriate decree of political will
and institutional acceptance which will allow
the index to be used as an objective criterion
addressing water poverty. Along with this ac-
ceptance, the necessary human capacity must
be put in place to ensure that individual coun-
tries will be enabled to produce their own in-
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tegrated assessments of water innerly. It Ins 1049


Can be done, the development al the Witei 1050
Poverty Index will deliver a compichcns»C 11151

to help ut water management ;0 a lailut  10s"

levels, and, in particular, make d clii evt in] Ills)
Ninon to the process of poverty elimination in 11)54

poor c01.111( 105s
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The Potential for Calculating a

Meaningful Water PovertyIndex

Dr. Caroline Sullivan, Centre _Thr Ecology and Hydrolog•. WallingfOrd •11 tcd kinudam

Abstract: One of- the most significant failures in the development process has beco malnlin

inatc.h water demand w its supply. For a large portion of the world 's population. this has meani I ha
provision of adequate water for domestic use, resulting in a significant loss of tone and ettort. espec rani

on the part of women While science can now provide us with detailed assessments of water resO10

availabilay. little to (late has been done to link this to our knowledge ol human res I VC e s 411111 rhea

geographical distributions In order to manage these resources lw//er It It f '35en nal that the  he ad
dressed in a more holisOC ii UV This paper provides a prehmmary dm:n3.'1011 of possible ways in which

an interdisciplinary approach can he taken to produce a more holistic assessment of water stress. in
Such a wax as to link phIsical estimates of water availability with the .socio-economic drivers nf poverty

ro this end. sonic approaches creating Wther Poverty hales are discussed. and it is hoped that this

paper will generate nnere.st and debate among a wide range ol readers

Keywords: Pravern water iruhces, development targets

Introduction

A large number of people in the world today Inc in
conditions of extreme hardship. lacking adequate food and
water resources to meet their basic needs. It is. of course.
not correct to imply that there is any global shortage of
water. Over 7.000 rw' of freshwater per capita enters n v-
ers and aquifers each year (World Bank. 1992). but the
problem arises when this water does not arrive wherc and
when it is needed. In recognition of the hardship suffered
by so many people, and the need to address it, poverty
alien 'anon has been identified as one of the key develop-
ment targets set for 2015 (DFID, 2000), and this has con-
sequently become an important part of the agenda for
international donor agencies. Recognizing the role of wa-
ter. ses eral governments, including those from the United
Kingdom. The Netherlands, and Japan have pledged to
significantly increase their expenditure on development aid
for water projects. with a view to achieving more equi-
table and sustainable strategies of water management.

The development of a better understanding of the re-
lationship between the physical extent of water availabil-
ity, its ease olabstraction and use, and the level of household
and community welfare. will allow water policy makers to
make more rational and equitable decisions about water
allocation. Set in the context of the ecological constraints
required by sustainability . and the possible effects of cli-
mate change, there arc strong arguments for an interdisci-
plinan approach to address this complex problem. By
identiP mg and tracking the physical. economic, and social
drivers which link water and nos erty . a Water Poverty In-




dex (WPI) could enable decision-makers to target cross-
cutting issues in a holistic way, as recommended at the
DublinConference in 1991, where it was concluded that.
"since water sustains all life. effective management of
water resources demands a holistic approach, linking so-
cial and economic development with protection of natural
ecosystems- (ICW E. 1992).

Water inequities most acutely influence the lives of
women and children, and in developing regions, they bear
most of the burden of domestic water provision (Curtis.
1986). In some areas, as much as 25 percent of women's
productive time can be spent in water collection, and this
clearly has a significant opportunity cost in terms of house-
hold human capital entitlements. At present, national and
regional policy-makers seldom consider the time spent by
women in subsistence households, and indeed, within the
structure of the United Nations System of National Ac-
counts (UNSO. 1993 ), women's housework is never in-
cluded. By clarifying explicitly the water management
needs of this group, women and children will become major
beneficiaries of any work to develop a \Vater Poverty
Index.

Empirical attempts to understand the causes of pot -

erty date back to the pioneering work of Rowntree and
others who studied poverty in English cities at the turn of
thc 211thcentury (Maxwell. 1999). Rowntree developed
the first composite poverty standard based on nutritional
requirements and designed for application at the house-
hold let el. Now recognized as a widely variable concept.
poverty has been defined in many ways, and many meth-
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OdS 01 a ssess 11_ !,,, e beer €ie,, eI, Ted V1 b •4

still connnue, tt,L 1de dtfteren., ,

ot absolinc d relative pot ei

'there 1:,.Ln nreducible absolutist cot

env Inhere is starvation and hungrt . Men n't

the relative picture looks like there cearl tsp tt ci

akmg this further. i ownsend 1 I 9S5 t highlights the 1171pUt -
lance of social standard, and values. and Row son (200 ;
stresse, the ;iced for noyerts measures to be much broader

than hat rum tded 11) a simple income- tocused measure
Iii suagestme 1 solution to the condos ersies surroundmg

pus ell, !-elballbes. O'Boyle 1999) argues that the terms
- mini mom Its ing standard- and -Income distnbution stan-

dard'. could he used to capture both the depth ot income
poser!) ANit hiii a society. and the breadth of the distrihe

non of that poverty across the households within it

As part of this holistic approach to understanding hos)

to manage water, the ecological needs of the envtronment

have to be addressed. otheny Ise the concept of gestalt

able w ater management is flawed t ilobal security itsefi

may depend on this recognition of the ens donment 01:7-

re support system and the des elonment 01 policies and
tools that recognize this are essential In b cL., Asla and
Latin America, some 70 percent 0; bileban pop

currently live in fragile ecosystem,: st hut,: sigittni. an* dt•

motion to ecological service, could nu boa: st.

teens ely would be irreversible con,equen, I car

already be seen globally in terms it incre,ned rates ,tt

desertification. sod salinity, and delorestation and in case-

like the Aral Sea and certain countries of the Mtddie Ea.:

(Allan and Karshenas. 1995). the impact of human a, tivi

ties has already disrupted the hie support function 01 that
system Since the ss ill to survive is an es olutionarv dns ei

for the human species. n is Inevitable that as resouna as ail-

ability shrinks, conflictsabout their lise-oAer sy ill arise_ and

indeed this can already be observed in many maces t ileick

(2000) examined many aspects of water resourees and

entitlements, especially with respect to global seem its and

indeed, as highlighted in the keynote speeches at thc

Pugwash (these conferences. noss in their 50th year pro
vide a forum for international discusslon on key issues ar

fecting global secunty. Natural resources. including water

are noss considered to he part of this debate) conference

in Cambridge (August 2000), the Issue of poverty and in

dris ens is now attracting considerable attention from a

secunty point of view. The widespread publication of glo

bal disparities in water accessibility in such meetings as

the 2" World Water Forum and the associated ministeria:

conference have also emphasized the need to addres, ilk

problem of water management more effectively. both at a

local and international scale.

At the international level. the PN Sustainable I icy,.

opmem Commission has called tor better coordination and

harmonization of indicator indianses 1 he Director ot nic

Statistical Dis ision of DESA (Dept. or Economic and so

cial Affairs) has advised the Commission ol the need lot

l‘VR, \ plluo„, 


dr, Los d s lopment indicators. and of

IL' ''Ipinta dies, both w ithin the tIN sys-
n r, 1.t• ali,10,monal and national institu-

	

\ I dc  elopment ola Water Poverty

l'It v,; b It1st bit:ornament within that agenda.

s e,opt .11mo icitra tors manlier, can, like other
tti.n.(  WI( \ •ti mans countries

	

Hie PurpoNi ..t awl l'o't't'ts Index

..n.tx IndexI he consort, •

will contribute to a in, r 11()11 01 Al Ate) re -

sources. by constdering water issues Loin the perspec-

tivesof hoth the suppls to wale! . _ow! the demand fin n iii

order to identity ssho needs ssdiet . V1hen. and where. A

more comprehensive understand1142 of the factors which

influence the relationshipbetween ecosystems, water and

poverty. and the time dependent nature of this relation-

ship. w di enable decision-makers to make better informed

(incisions about how financial resources can he used to

most effectively and equitably deal with water allocation
problems In a numher of countries, a body of appropriate

data ma) already exist, and this can he extended by col-

lecting a relatively small amount of supplementary house-

hold data (Suitt% an. 2000). At present. this is being

attempted in a number of pilot sites in South Africa, Sri

anka. and Tanzania, and these sites will be used to lest
the possible frameworks for the construction of the WPI.
It Is honed that in the longer term, this supplementary house-

hold data can be collected in any country, simply by add-

ing a le \ kes quesmins into ex isting household surveys

carried out Mr national censuses, health surveys, etc
(Dea ton. I 99'n In i his way. the WPI can become a dy-

nantie index, lent:cling changes over time, and enabling
people and then gos ernments to address more explicitly

the links between household welfare and water stress.
Jose or the complexity of the problem, and the

need 1.ti transparency in the political process, it is sug-

ge,ted that the link between water and poverty cannot be

:ethic id to a simple single number. Furthermore, seasonal

t.a itallt111 in water availability' is another issue which needs

rt. he considered, as some areas may be much more sub-

, atei stress (and the consequent impact on house-




hold welfare) during certain months of the year than others.

\ its index designed to idennfy this relationship must there-

to? c he a composite one. made up of the numerous van-

ables s) hich can link the 'anions key factors together. The

put pose of the WPI is therefore to product. a set of per-

:01111.111,xindicators. which directs policy towards particular

w el iIare goals, with respect to water provision. Since wa-
ler is a kcy component of the natural capital entitlements

of households, and of healthy ecosystems, improved den-

imion or water data, and it, miegranon. is an important

;,es ci sustainability I'M, can be addressed in a holistic

management tool by including ecosystem water require-

ments 2, a component or ow Jodi> ical framework used

21'. Number 4 IteLgoille, mot
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for the calculation ot the Water I'm cry i. lit twat
structure of the WP1 framework will be tim ett).cti)ek
developed through both collaboration het'ecii e.earch
ers, and in consultation with practitioners and stakehold
ers. This will ensure general acceptance of the WPI tool
and more widespread application of ds uses

The Pre - requisites for a Water Poverty Index

In the early part of the 20' centur  the most pressing
problem raced by policy makers and economists was how
to deal with rising rates of inflation, and huge le) els ot
unemployment. At that time, the development of the Re-
tail Price Index (RPI) allowed decision makers to monitor
changes in price levels and enabled policies to he devel-
oped which addressed these serious problems more el-
fectively. At the beginning of the 21" centum . the problems
facing policy makers are more often to do v. ith resource
allocation, and in many pans of the world wa ter resources
are those which are most under sties, As policy tools
indices can be used to present comply. set ot informa-
tion in a simple way. being used 1-1)ilL” makers b;
form policy choices, and by politicians a-, a measure ot
performance.

The use of indices as policy took ocgan 1 nc 92( is
(Fisher, 1922; Edgeworth, 1925), and t hal on ie. ;Lc
value of "the opinion of representati)c housewn
(Bowley, 1919) has been the foundation on x hr h hoitse.
hold survey data has been based. Edgew orth (1)25
fined an index number as "a numbel adapted bv its

variations to indicate the increase or decrease oil a magni-
tude not susceptible of accurate measurement This !s
more than a simple ratio of two particular quantities. and
later this definition was extended by adding the idea ol
time (Allen. 1964). This means that an index number is a
measure or a quantity relative to a base period. Indices
are a statistical concept. providing an indirect way of mea-
suring a given quantity or state. effectively providing J

measure that allows for comparison over time. Key issues
that ha. e to be addressed in the construction of anv index
are:

choice of components
sources of data
choice of formula
choice of base period

How ever. apart from these empirical issues, the main
point of an index is to quantify something that cannot he
measured directly (e.g.. how water stressed a household
is)and to measure chanees. (e.g.. the impac ts of develop-
ment promessi Fhe proposed Water Po). ert\ hide tits
this concept of an index that measures something indi.
reed> and that is made up ot clearly de bned components
The existence of an index. •xhich captures ohm a‘ ail-
abiltt takiniz account of the distribution ot asallakiiit`:

across the population anti thiough lune. would allow for
monitoring and comparisons of progress to be made and
lin in essay io be put on gos ernments. which were not
making progress Furthermore. the advantage of a mea-
sure that Ad,. internationalk accepted would make the
in dex clinicalt to manipulate im domestic political purposes.

In the creation ot a \A Mel Index, however, there
are a number of issues that ixoind uced hi be addressed.

The Need to E xarnint the I inks

between Wa ter and PoN en.)

In spite of the vast literainic that Ihe uhj cut

of poverty, little of it makes an explicit link between water

and poverty, and little acknowledgement is given to the

elthood support provided by ecosystems and their asso-
ciated services While it is recognized that poor people
(Men have to rely on such environmental goods and ser-
). ices for their everyday survival, their poverty, worsened
due to population pressure, is often a driver of environ-
mental degradation (Redclift. 1996: Pearce et al., 1990)
As a core component of every ecosystem, water is the
ke) to all fOrms of life. hut at the same time, water use is
an essential prerequisite to human activity, and its con-
sumption tends to increase with economic development.
:is illustrated by the figures in Table 1.

this suggests that as economic development takes
place and human populations rise, there may be increased
competition for water resources, in spite of increases
achie)ed in water use efficiency. While there is no doubt
that demographic patterns are changing as a result of the
impact of HIV Awls. thel IN population program currently
estimates (November 2001) that human populations will
exceed nine billion by 2050. As a result, likely increases in
demand Mr both water and food highlight the pressing need
for more efficient tools of water management (Fallenmark,
1990). Today it is recognized that modern water manage-
ment strategies must address water not only as an eco-
nomic resource, but also as a basic human requirement,
and a key component in the structure of our life support
system. fhe emphasis placed on this latter issue was high-
milted during the discussions at the Second World Water

Forum in The Hague. in March 2000, when it became
c‘ident that, in spite of the fact that over half of the world's
population lack adequate access to safe water and sanita-
tion, there is nevertheless some conflict between the de-
mands of "water for nature- and "water for food.-

Addressing the Constraints Imposed by

Sustainability

commitnynt ;o sustainabilit. in water management
require: the incorporation of ecological issues with the
more usual dimensions associated with resource manage-
ment and pm env alles moon Diftei cot ecosystems per-
form chili:rent functionsil)ickenson and Murphy. 1989

I \1/412.A. hot Hunle \ umbci 4, Druernbci 2001
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each having their own role to Ma.. m ehthal ceoloe ftc

hydrological processes. Natural eco:ysterns can ocriorn.
valuable hydrological function, inan or w nen.
to reduce both water stress ano omen I hese
tern functions would inciudi rs puri

provision, waste assimilath,c gi, ainow Lue: roi 712k (yid
the maintenance of season a. w awn denser.

an important prerequisite 10 th, .L Par, — rem •• 
sustainable \staler managemem !!1,- cli. ht me idea -
tffication of the differing water iiElifeinci. is it 1f.k r

ous t>pes of ecosystems

urrently. there is no simp." mcasui,
health in terms °reflective h
little Is known about how mia ii tu ier di rtereni Licw.
tents need In a recent study ...arrIed out by IWNI I. a fie
ure of 25 pereeent ot available iatcr ssas t.sed as a pro‘v
for this ens uonmenta I demand (Sec k ler. 2000i Mic this
approach emphasiies the need to Include ern umuliculal
demand. it does not go far enough toexamInc the tact that
di fkrem ecosystems ss ill have different nater require-
ments and these of course will he ,iihiect to seasonal ‘ai

An example of one attempt to use such an Inteldisci.
plmary. holistic approach !: prw tdedh \ the Comparan
Research Programme on Pm v it ROP, of the Inter
national Social Science (-owl, Based in Norway a., -
program is founded on the idea that the application 01 solind
theories to reliable data will mi)' ide basic tool IM pits
erty reduction, and the colleen; LI!. Pl fits V1di ssinli
this principle. CROP is an evample of the many inter na-
tional initiatives, which are ,:urrenik being undertaketi ii

address the problem of pm env de c amplcs ot o;
being undertaken to addres. walei ed issues include

the WI-10 UNIChl: Joint Monitoring Pmgi amine 'Y
tempts lune been made to link physical assessoteols oil
watet ss ith 'human adapt is capac In. • through

the I 'N DP Human Des elopmeni lndes. to Cicale a lot ,al
Water Stress Scarcity Index (Ohlsson. 199s, Mother

example ()fan interdisciplinary approach Is the t tli ahivia
live ( ouncil's basic water, sanitation. and lin eleile icoidre-

Ind !he I ni ironmen; I ,,toL 2.rill

went PChattergee et al.. 1999 ), which defines the mini-
mum requirement to meet basic human needs as 40 per
capita per day. While this is by no means a high figure. in
many parts of the world, millions of people do not have
read \ access to even this amount.

ner attempts to link water with socio-economic vari-
ables tend to invoke large-scale models such as the LUC

. nornie model. and Threshold 21 model produced by the
Millennium Institute, and the Asian-Pacific Integrated
Model While these sophisticated models can be of great
,Ise to not icy makers and planners and do incorporate both
is drological and econonue parameters, there is. to date.

WI single model or technique which explicitly links poverty
aler in an easily. used policy tool. There is. however,

one striking example of how commitment to sustainability
and me kibl in principles have been incorporated into na-
ininal n a ter polic as illustrated by the new water law of
'south •frica Principle 9 of that country's national water
;Iola.. states that: "the quantity, quality, and reliability of
s atm required to maintain the ecological functions on

numans depend shall he reserved so that the human
atcr does not Individually or cumulatively com-

promise the long term sustamability of aquatic and associ-
it'd ecosystems.— 1 his shows how the national

!overnmem of South Africa is working towards the adop-
t ion of the principles of sustainable water management as
“udined m Agenda 21. and as such, are in theory at least.
Lather advanced in this respect than most other countries

the w orld.

Building on Conventional Water Resource

‘ssessments

I toe ot the hest-knossn natter resource assessments

is the work done by the Stockholm Environment Institute
Shiklomanos et al., 1997i. -Hie key concept in this ap-

proat h h: the assessment of total water resources at the
country le \ el in terms of the mean annual runoff. The
runol \aloes are based on observed data from river How
measurement stations, supplemented by estimates based

2ss
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ciii 411n1414:T1H. storage and deli et y cost ream er
:cc,'ilc11.e:IH 101 C1:11110111,11de eloprPril: L:5 '

I hc extent oi the iocation speeibe -Water Pm erty I iap

hots- tin shin: ot-Hasic needs is the curTent sitaatiot

Ihe potentiat to :educe that gap an indicator ot how

welt the appropriate authorities hai c addressed the

int evtit.c ot mot iding :ate water supplies rar all

Ito io pi:dormancy indicators to be most use

7-/t1 L111,,itied IT transparetn manner.

Ii c1t5 14111el.rand. and cheap to generate,

HcecTici Jima locally. and

has:. Inc potential to be ,Lided up to the regtonai and

nanonal les el.

1! the inelhodologr ot ilc‘ elimment earl be stall

dardmed (and accepted tot uise in all countries las ‘.%tO

othet indices) then thm ssiit 11111:111(nal 1he NATI ssH he

uscral both (or natamal and in situations sshete
international comparisons need to he made ti the ulure,

as technological improvements help in the resolution and

storage it datra the WPI can He I rained .11,d improved. 601
at present. Irs inaking a start ut the ;cocci. oi; des erarang

such a holism nianagement tool. the deyeiooment to The
W PI is ill cow, Wide to the process tit mitre equitahie and

sustainable water management

'The Structure of the NT%ater Poverty Index

!lulu di, iTiiithet olditrarent approaches that Call

he taken To in ocracc a Wat1.11 Fos CH% hides [hese is Ill
N.at:. in complesit  arid ma  haw ddlgrent theoretical toun-
dations l- oi such a tool to he ss [del% accepted and adopted_
it would need to tie dens cd a participatory and ine luso. c

mannet. Its aateulanon would need to be transparent and

tt   •/111L111CL:111.11he a tool that could he !Tech and easily
used by all countries. at sartous scales. As such. its imple-

mentation would need to be preceded h. a period ot eon-
sultato e conceptualization. hollowed by a period oh ph a

tesung and Lapaeity building WE4e this may be secn h)

some as a J41111111111challenge, It is clear that the potential

01 its ai.1lics umen: to Iiiong fat tit a nety era of accountabil-
ity in ti atcl 11,C.1.• III make that effort worths% hile.

Insi tasks. is tiara ould be required in the
creation ola Water Povetty Index. aould be the deselop-

mew or an integrated database of 111tbrmation relating both
to crater asaiiahiitt and to \later demand A major prob-

lem or combining data trom the physical and social set-

ence - and a nit time t, one associated ty ith scale (Schulze,
19991 Phy s,cal water assessments tend to use large scales.

based Iii yy hole riser catchments, 01 on grid squares, the

best icsoludon ot1 luch Is mma usuall) I Km squat e.

1 1114 L11114hom the social soences tend, to He at the house-

unummt) le) el Her) .ire tour main scaling -

N(4. TeIatinu anumpb to aliegrate the social and physi

'enc4r5 :tato) I hese aic-

it, Csicti7 I 1. rrect the identitica -

!Rip to pattern,

5t,1• InercTI cxpiam dimetert socia

phenomena.

,lo)) Meorcs.a; Tinemi oilonc

spatial. temporal. , 1.0 icy c I d ale ma •,

he ecvcraiicd iii ai .u.-mcaling

and

him prtaces;es may nptnnmzet: at part ular Hasts


or regions on a scale

In addition to these difficulties ot integrating data at

different scales, there will also he a need to integrate data
))hich may be both quantitative and qualitative, and one of

the challenges m the development of a Water Posen); I n -

LLeS is to link all of these data types in a meann-10111 and

understandable way

Ihe development o r computer-based geographical in-

fot mation systems (01S1 does provide one wav in which

such an integrated database can be constructed (Gurnell

and Montgomery-. 1999), and the use of an Object orien-

tated approach to database construction can provide a than-

dation thr future change (Load and Yourdon, 1990). By
cnsunng that household and community information is iden-

tified by its grid reference. a can be linked exactly to the

physical data relating to that location, thus nuihrnizing the

need to use averages which so otIten can be very mislead-

mg hiding the heterogeneity of household water access

resulting From physical oreconomic factors, or both. Once

an integrated database is 'traduced in thus manner. it be-

comes more leastble to produce an integrated manage-

ment tool that could have appheability for policy issues at

the local, regional and global scales.

Attempts have been made by a number of 11N agen-

cies. and the World Resources Institute, to integrate exist-

ing survey data to generate poverty maps (Henninger,

19984 While tras kmd of top-down approach can generate
ht oad coverage of specific information. it fails to capture

;he diversity that characterizes most countries today. If,

hou ever, a standardized set of household survey ques-

tions could be generated. to capture key issues relating to

skater stress and human welfare, the household data gen-

erated could reflect this heterogeneity, and allow it to be

integrated into the policy process, This is what may be

post-able. if an appropriate framework for a Water Pov-

erty Index can be devised. The specific structure of how

this can be done would be best determined through a con-

sultative process. drawing on a •Aide range of expertise,

and representing a wide ranue oh views. To facilitate the

inclusion of this variety of data from different sources and

of different scales, a geographical Information system can

be used, as shown in Figure 1

11,`,111AU m./ / l7T LILti,J Volume 26. Number 4 December 2)1101
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Capacit):.Awarene.s urn atm users

association
' it

Access: lint( to t el ett water
(minutes)

•••."C.-st:' •

A tcess: Water (tonna

Community map:

kettle's Drift

('atchment map

Figure I. HO\ layers of data can he .1,, ket) o. tett:re/1:e al at ItS

Using GIS to integrate data for asst.. •,t A PI not at tual
data)

Some Possible Frameworks for the De%elopmen t

of the Water Poverty Index

There are a aridly of di fkrent possible method; that
could be used to develop a Water Povert.v Index. hut foi
comparison, three different approaches are presented
here.

An Example of a Possible Water Poserty index

Using the Composite Index Approach

The Iluman Development Index has been an impor-
tant tool by which the process of development has been
re-evaluated to take account of factors other than simple
assessments of economic growth in monetary terms In-
corporating life expectancy. eduval tonal attainment, and
income le \ els adjusted for purchasing power. the 1-11)1is a
composite index, which enables more meaningful com-
parisons to be made both betw een countries and w 'thin
countries o \ er time. While some er: leisin has been made
of this approach Streeter), 1996). I-, generally perceived
as being an impros ernent in how development is measured.
Along the same lines as the Human Development Index.
the WPI could he a composite index. comprising Nanous
elements such as v,ater avadabilit  . :Acce•:!,to safe water
and clean sanitation, and time and c i-fon required collect-
ing domestic water

.1his would result in a h wmula ir the Water Poven  
Index as tolmw

HP/ - i .4 • It •S ) f 


where A is the Adjusted \), ater Availability assessment as
percent. (AW A) calculated on Ihe basis of ground and sur-
face water availability related to ecological water require-
ments and a basic human requirement, plus all other
dome \ nidnds ell as the demand from agricul-
ture and :nth& The \ alue of -I should also recognize
the seasonal .1Tur as ailahtlit> n Is popula-




tion with access to Sale water and ,:an dation (percent). /

is the index heTw HO, to represent time
and effort taken to yolk,. o the household (e.g..

from proportion of popul ,alion H.. mg in or near the
home, etc. This could be moditied to take account of gen-
der and child labour Issues:, 1-is the structure used
to take account of the negato c relationship between the
time taken to get water and the final le \ el id Ihe WPI

iv, and ter arc the weights given to each component of
the index (so that ie, tu4-

Since :E.'s. and Tare all defined to be between I and
100, and wr, and w, are between 0 and I. to produce a
WPI value ofbetween 0 and 100, the formula needs to be
modified as follows:

WPf - - (w A 1 w S + w,(1 00 - I 2 I
1 '

louse this method effectively. it would be necessary
to define and identify the "base rate- on which to cali-
brate the index values, and to provide an explanation of
w hat met ly the resultant scores meant The problem of
incommensurability does not arise as the index is COM-

posed of parts that are all expressed as a percent (or in-
dex number). In addition. by using water access and time
spentto collect water as a proxy for socio-economic well-
being (the two can be shown to be highly correlated), the
problems associated with calculating monetary incomes,
exchange rates etc can be avoided

A Numerical Example

Man illustration, consider two hypothetical regions:

Region A
The values S. and n m thc example here, the time

variable 7' is expressed as a percentage -- perhaps per-
cent olper capita a\ adable labor time are 80, 50, and 30.
and the weights : and it, are 0.5. 0 25. and 0.25.
tespectively. Referring to Equation 2

WPI ( w A - • w (100 - T)) ' so "It
3

I WOO 5, . (50 v 25) 4 0 25000-301/ -

23 3 tincle.x ponii%1 3)


Region B

Ehe values A. N. and / are kh. 20. and 50. and the
weights it is andi are 0 .1.) 25. and 0 25. respectively
Referring to Equation 2

Iume 2(t. \ umber 4. 1)o.cmhct 2001
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19 1 (index paints) 4,

'this comparison shows that although the physical as-
sessment of water in the regions is the same. and weights
(preferences) used are the same. in Region H. fewer people
hav c access to sale water and more time is spent by people
collecting water. On the basis of this calculation, it is pos-
sible to show that in region A. M..ater poverty is less of a
problem than in region B. although it is still a problem that
needs to be addressed. Nevertheless. policy makers can
see that in both Regions A and B. their priority for wade,
management may be to increase the numbers of people
who have access to safe water and to reduce time spent
on \cater collection Quantit ine the issues in this wai.
should help to determine which area faces more pressing
problems in water provision I hese results are summa-
rized in Table 2.


ahead. used di a it estimating indicators of

.md measure ofpoverty

	

et al UP' lit' Lase of the \VPI. some of
;‘IC PTHICHC' Ad!:oc applied Ihis approach is sum-




IL ,11i/cd ;n I aide

smg IOC.dim . ime atei •dress IS highest
w hen The w ate: ail- al 1.-!aruest. and ifthe situa-
tion improve, • < Inti.t also be noted
that Ihe measure ! le:,Th shouid reflect some
assessment ot litv of water. a.
well as recognmon id Hi hi, .ieosvstems have
already been modi : !undo ALI!, ii es. and as sut

are no longer natio al. A- a result. lie ck I iiiton ot I I I W.ill
nai.e to be based on loci; interprLtations 01 d bat aspects
ol the ecosystem are impon ant and need lo he preserved

	

.1-ably3 Th at the \ATI Bused on the "Gap-Method

1. o il ste rn

//condi Ila411,4 id re

tVP!
s
AW A •wS• . ( - IH

P3/780 vliii 4 (20 A' 0 "5) 0 25(10o 5/0:

mild be bused Could hr oased ould be based ( 'ould bc based
nil hirldi crsit‘ on MI anl ,iioria- till Oulu: rates. per capita

Table 2. A Summary at the ‘A PI t ask: I ates. martial Meal.- incomes,

the Composite Indei prow. !ion. and invidencetu dou II, education, income distrr-
resOUI cc selected disease political path- Iribution.rc-

depletion and life ,ipation investment

1" [4M, \pselll especialsi fates, unem-
ilattobtlin 10if I It If ployment, etc

AV:t/h bi)
mhol r

IS‘ lobo!

EH- H ch

`A,lithoi WI(itsymbol CW

(Symbol AltO tSymbol A('W

WI-AI-IIIW

(Symbol EW)
(SymbolAEW)
1W-A1W-lo,

\\ eights

Region A

Region t3

I I A
Ail

NI/

:/ 2S

5112;

11119 i

In this method, the higher the ...due of \VPI. the mei- iho degree al
u..ater ;tress, co Region 13hasa greater degree at s'aler pm ens than A

An Alternative Approach - A Gap Method
Another way to develop a WPI measure could he

consider the assessment of hy how much water provision
and use deviates from a pre-determined standard I his
standard could he an assessment made up of comilder
ations of the following:

ecosystem health
community well-being
human health

economic welfare

In this appmach, each of these components are as
signed a standard value..N het ma  „ he quantitative i sci-
entifically defined) or qualitative. (identified anough
participation) This standard or target value reflects that
level w hich would exist if the resources were managed in
a sustainable way. The WPI is determined h) comparing
the actual current empirical situation (as identified from
data), with this pre-set standard Such a methodology is

A Simple Time-analysis Approach

third possible wa of addressing the methodology
vonstructing a W PI is to use a time analysis approach.

w here time is used as a numeraire for the purpose of as-
sessing water poverty. In this method, the WPI is deter-
mined by the time required (per capita) to gain access of a
particular quantity of water As such. thc WPI would he
as follows:

If PI 1'1 000A1' (.5)

Here. fn ime required per person to collect a quan-
id. of water LIM Mi. In cases where the water was
plovided by infrastructure, the labor time required by resi-

dents to pav the appropriate fee for that quantity of water
would be. equiv &cm to the value of the WPI for them
While this method is apparently ery simple, n does have
a number of weaknesses: notably, the single figure simply
reflects domestic issues, and, by tailing to include ecosys-
tem needs and conimere till nte, ests. it does not really ad-
dress the water assessment issue in an interdisciplinary.
holistic wa‘.. In this method. it is also difficult to evaluate

IWRA, Watt', Internummal. Volume 20. \ umbel 4. I leceother 211111
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the means Itw \A hint: water ma). ;

e ance of istues such :Pi access :0 trrigattag' atm tt.

impact on food production, since it fails to atithcss

supply side of ‘‘. ater provision. On the other hand how

ever. it does produce a measure which is !Han ck cats% to

calculate and unnersally easy to understand

Thol 'ne poihienis iii. en%onuental management

- makinc aunt tit -ciphiguic,1111  "I math:spa cch

at.

Rule relives

Conclusion

The a; plum-late methodology to calculate a \V PI


be that w hich is determined through consultation and par-




ticipation While scientific issues (such as linking data at

different scales, or identifying a meaningful value of eco-




system water demand) may have to be resolved in the

process of deriving the WPI, the most tni portant challenge


is to develop the appropriate degree or political and ta,ti-




nitional -lilts will then allow technical difficulties (such


as data varahilitv etc) to he mercome along vt nh the nec-




essary capacity building to ensure that mdi  idual countries


will be enabled to produce theu - tIllegitated assess-

ments 01w ater and its impact on no .ert t !hts cau

done. (and it is most likeh, t.0 ae an Item' protc!ss I die

development of the Water Potter tt ridct tili cv emu,:

delivera comprehensive, ecologicall‘ neIp


in water manauement. and as a result ,nakt: a threi t 1/4.'at-
tribution to the process of povert) eh Intl:anon in Door c.•

hies by mecung t he needs of the current atenerations CPe

at the Same time securing \later aai iahriir 0 lie tie,


of future gynerattons
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Appendix 6.6
World Water Development Report Contribution

The nature of the WPI makes it extremely relevant to the work being carried out to
produce a World Water Development Report. This UN initiative is being coordinated
by UNESCO, and they have confirmed that the WPI project has produced something
which they feel is very appropriate for inclusion in the WWDR, and we are preparing
some summary material for that purpose for inclusion in that document. Such material
will focus on the composite approach, and will include something on both the micro
and macro approaches. It is hoped that some of the controversial characteristics of the
findings from the macro approach will provoke debate on the subject, and that the
work will highlight the need for and value of improved and standardised water data.

The WWDR will be launched at the Kyoto World Water Forum, and it is hoped that
some opportunity will be provided to present the WPI method and results to the wider
international community at that time. If a Phase 2 of the project does come into effect,
this will provide a means by which the methods presented here can be improved and
refined in time for that meeting.
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Appendix 6.7
Future Dissemination of the Water Poverty

Index
Considerable interest in the WPI work has been generated during the life of the
project and as a result, the dissemination process will be continuing after Phase 1 has
been completed. Presentations on the work will be given at the following meetings:

I. Commonwealth Science Council coordinated one-day workshop to
disseminate WPI to the International Community in London. June 2002.

Climate Change Workshop at Snowmass, Colorado, USA, August, 2002.

HELP meeting, Sweden, August 2002.

It is also likely that the work will be disseminated elsewhere, and in fact many people
consulted in South Africa thought the work should be presented somehow at the
Johannesburg summit, August 2002.

In addition, following the indicators workshop held for the World Water Development
Report team, enquiries have been made by the representatives from thc Bolivia,
Thailand and Senegal case studies, and each of these groups would like to implement
the WPI in their cases. While time will not permit this for the first volume, the
possibility of extending those case studies through the application of the WPI, has
been suggested for the second volume in 2005. .

The following documents give details of a future meeting to disseminate the WPI to
members of the international community:

WORKSHOP TO PRESENT THE WATER POVERTY INDEX TO

THE INTERNATIONAL COMMUNITY IN THE UK


Marlborough House, 26 June 2002

Invitation list

High Commissions - CSC London Contacts

Mr Frank Davis
Second Secretary
High Commission of the Bahamas

Mr Sikder Md Zahidur Rahman
Counsellor & Head of Chancery
Bangladesh High Commission

Mr Ricardo Browne
Minister Counsellor
Barbados High Commission

Ms Florence Molefe
Second Secretary
Botswana High Commission

Mrs Krtini Tahir
Second Secretary
Brunei Darussalam High Commission

Mr Martin Agbor Mbeng
Deputy High Commissioner
(Common-

wealth Liaison Officer)

OCEH Wallingford. 2002
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Cameroon High Commission

Mr Christos Christys
Second Secretary
Cyprus High Commission

H E Mr George E Williams
High Commissioner
Dominica High Commission

Mr Anani Demuyakar
Minister Counsellor, Education
Ghana High Commission

HE Ms Ruth Elizabeth Rouse
High Commissioner
Grenada High Commission

Mrs Marion Herbert
First Secrctary
High Commission for Guyana

His Excellency Shri Nareshwar Dayal
High Commissioner
High Commission of India

Mr Audley Rodrigues
Deputy High Commissioner

Jamaican High Commission

Mrs Rebecca Nabutola
Counsellor
Kenya High Commission

Miss Teboho Mapetla
First Secretary
High Commission for the
Kingdom of Lesotho

Mrs Veronica Tasosa
First Secretary (Political)
Malawi High Commission

Mr Mohamad Muda
Second Secretary (Political)
Malaysian High Commission

Mr Jonathan Galea

Commonwealth Desk Officer
M alta High Commission

Mr 1 lsaack
M inister Counsellor
First Secretary
High Commission of Namibia

Commonwealth Desk Officer
New Zealand High Commission

Mr S 0 Omoigiade
Minister Counsellor
Nigeria High Commission

Mr Raja Ali Ajaz
Second Secretary, Political
High Commission for Pakistan

HE Sir Kina Bona KBE
High Commissioner
High Commission for Papua Ncw
Guinea 14 Waterloo Place

Mrs Colletta Arouma
Counsellor
High Commission for St Lucia

H E Mr Bertrand Rassool
High Commissioner
Seychelles High Commission

Mr S B Daramy
Commonwealth Desk Officer
Sierra Leone High Commission

Miss Reita G Toussaint
First Secretary
Trinidad & Tobago High
Commission

Mr JamesPaterson
First Secretary
South Africa High Commission

Mr W Hettiarachchi
Minister (Political)
Sri Lanka High Commission

©CD I Walliwzford. 2002
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Mr Clement T Mabuza
Counsellor
Kingdom of Swaziland High
Commission

Miss Reita G Toussaint
First Secretary
Trinidad & Tobago High
Commission

Ms Elizabeth Kanyogonya
Minister Counsellor
Uganda High Commission

Mr Rajab H Gamalia
Deputy High Commissioner

Tanzania High Commission

Mr G P Alikipo
Deputy High Commissioner
Zambia High Commission

Mr N Mutizwa
First Secretary, Political
High Commission for the Republic

of Zimbabwe

Members of the Diplomatic Science
Club

Prof. Salvarore Aloj - Italian Embassy

Mrs Vera Balint - Hungarian Embassy

Dr Michel Bernier - French Embassy

Mr Martin Bloom -Emblem Technology
parners

Mr Arthur Bourne - European Union of
Science Journalists Associations

Dr Leonard Bovey -

Mr Wolgang Bruellant - Swiss
Embassy

Mr James H. Chang - Tapei Rep. Office

Mr Han Peter Christophersen - Royal
Norwegian Embassy

Mr Wlfgang Drautz GermanEmbassy

Dr Alice Tidball - U S Embassy

Prof. Ming Yi Fan - ChineseEmbassy

Prof. Arthur Finch - Universityof
London

Dr Wayne Garrett - AustralianHigh
Commission

Mr Peter Healey - SciencePolicy
Support Group

Prof. Phillip Hills - Universityof
Manchester

Dr Frederick Hotchner- US Embassy

Mr Lee-Hwan Kim - KoreanEmbassy

Dr Marcel Kilmo - Embassyof the
Slovak Republic

Mr Stanley Langer - TheRoyal Society
of Chemistry

Ms. A Monika Lawacz - Embassy of
the Republic of Poland

Dr Peter Lee - Office of Science and
Technology

Dr Caroline Martin - CanadianHigh
Commission

Mr Hiroshi Masuko - Embassyof
Japan

Dr John Mckenzie - WorldFederation
of Engineering Organisations

Prof. Samuel Okoye - NigerianHigh
Commission
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Mr Miles Parker — Office of Science Dr PeterWarren CBE —World
and Technology I lumanity Action Trust

Dr Edward Robson - Teaching Dr Nicholas Watts —University of North
Company Scheme London

Dr George C Stifling - CLRC Dr Austin Woods —European Centre for
Medium Range forecasting

Mr Arne Tonning - Royal Norwegian
Embassy Senior C Cunyong Xu —Chinese

Embassy
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Workshop to Present the Water Poverty Indexto the
International Community

Commonwealth Secretariat, Marlborough House
Pall Mall, London

Wednesday 26thJune 2002

Draft Agenda

	

09.00 Arrive. Tea and Coffee

	

9.30 Introduction Siyan Malomo

	

9.45 Welcome Mrs F Mugasha,
Deputy Secretary

General

	

10.00 Presentations

Overview —Water and Poverty Caroline Sullivan

CSC Contribution 	 Siyan Malomo and

Silencer Mapuranga

Developing the Water Poverty index CEH

How to use the Water Poverty Index

Assistance required from governments

	

12.00Group Discussion Sessions

	

13.00 Lunch

	

14.00Group Discussion Sessions

	

15.00 Tea and Coffee

	

15.30Feedback from Group Discussions

	

16.00End of meeting

CEH

CEH and CSC
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Appendix 7
Feedback from the consultation process

7.1 Summary
The consultation process has been very successful and a very large number of people

have been involved. The responses have been almost unanimously positive, and those

consulted have repeatedly expressed the desire to see the WPI implemented in the

future in their countries. A summary of some of the general feedback is given below,

and copies of the appraisal sheets arc attached to the main report documentation.
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Appendix 7.2
Feedback Documentation

7.2.1 WPI Management Primer, Comments

Participants at WPI workshops in South Africa, Tanzania and Sri Lanka were asked to
give feedback on a draft copy of the primer, by way of a simple form. Copies of these
forms are attached37.

In South Africa, 50% of respondents said that the primer was overall very useful.
20% said it was useful as a WPI reference and a reference in general and 20% said it
was a useful general reference for water managers

In Tanzania, 20% of respondents said that the primer was overall very useful, with
60% saying it was useful as a WPI and general reference. 10% believed it to be
beneficial as a reference for water managers.

36% of respondents in Sri Lanka found the primer very useful, Half of respondents
thought it was useful as a general reference and 7%, as a reference for water
managers.

37 DFID copy only. If not attached. please sec separate document Derivation and Testing of the Water
Poverty Index. Feedback fann workshop pathetpants.
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7.2.2 Comments on WPI Workshops

Participants at WP1 workshops in Tanzania and Sri Lanka were asked to give
feedback on thc workshops, by way of a simple form. Copies of these forms are
attached38.

In Tanzania, 100% of respondents said that the workshops were interesting. Of those
who commented, everyone believed the workshop waspitched at the right level.

77% of respondents in Sri Lanka found the workshops interesting, with only I
respondent (8%) saying that they were too simple. Most respondents felt that the
workshops were pitched at the right level.

38 DAD copy only. If not attached. please see separate document Derivation and Testing of the Water
Poverty Wet. Feedback front workshop participants.
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7.2.3: Short Report on Annual Water Experts Conference (AWEC)-
Arusha, January 2002

Steven D. M. Mlote
Tanzania Commission for Science and Technology
Introduction

This report gives a brief summary of the AWEC workshop, which was held in Arusha
from 21' to 25th January 2002..The theme of the workshop was "Water and Poverty
Eradication".

The workshop was attended by about 300 water experts from the ministry of water
and livestock development and experts from all corners of the country. Others in the
workshop were Dr. Andy Bullock from World Water Assessment program (WWAP)
focal point for Africa, Permanent secretaries from vice president's office, and
Ministry of water and Livestock development. The guest of honour was the minister
of water and livestock development hon. Edward Lowasa. During this workshop I
presented a paper entitled "Calculating Water Poverty Index for Tanzania" which was
written by Dr. Caroline Sullivan, Dr. Jeremy Meigh and Steven Mlote.

1: SPEECH BY THE MINISTER

The minister in his speech started by pointing out that African countries needs to
improve their policies in order to improve poverty levels. Also he stressed that
international communities and donors must allocate more aid to poor Africa. The
minister noted that poor water supply and sanitation to the communities have
detrimental impact to education (reduced school attendance), health and increased
poverty.

The minister observed that in most cases the poor pay more for water than the rich. He
sited examples that in Morogoro town, people getting water from kiosks pay more
than those with house hold connections. In his words he said, " In this case the poor
subsidize the rich- it is not proper it must be reversed".

The minister challenged the water experts to
identify linkages between poverty eradication and water supply and
sanitation and suggest interventions.
Reverse the trend where the poor pay for the rich in terms of water supply

OCEII Wallingtind. 2002
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2: SPEECH BY THE PERMANENT SECRETARY —VICE PRESIDENT'S
OFFICE

The permanent secretary — vice president's office is responsible for poverty
eradication and environmental issues in the country. In his speech he pointed out that
water was important to life because water is needed for;

Food security

Sanitation

Ecosystem sustenance

Income generation

Health life for both human and animals

He challenged the water experts to find a sustainable way of providing water for the
points above without affecting the environment (ecosystems).

He noted that, although water is a necessity for life, people should be prepared to pay
the water service charges (conveyance and delivery costs).

The permanent secretary also noted that, the poor urban water supply and sanitation is
not a scarcity crisis, rather it is a governance crisis. He pointed out that more than
50% of the water drawn at the intake is lost during conveyance through leakage, and it
is a habit that industries do not recycle/reuse their water and do not treat waste water
before they dispose of it. He stressed that fresh water bodies' degradation from cities
and towns effluents was rather a governance crisis.

The permanent secretary concluded his speech by challenging the water experts to
develop indicators of performance of both water supply and sanitation and poverty
eradication. He also urged thc water managers to allocate development resources
equitably basing on needs and demands.

3: OTHER PAPERS

There werc several other papers, which generally discussed water and poverty
eradication.

The papers noted that there arc two categories of poverty
Income poverty: people earn much less than is required to enable them to

acquire enough basic goods and services.
Non-income poverty: people have a bit of money but have no access to good

schooling or safe water

The papers also discussed the linkages between poverty and water supply and
sanitation. The tables below show the linkages.Table 1: Linkages between poverty and
water supply and sanitation

Lack of water supply

and poor sanitation and

Povert Dimension

Health
Ke effects

Water and sanitation related illnesses
Stunting from diarrhea and malnutrition
Reduced life expectance
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Table 2 Effect of water supply and sanitation intervention health

EFFECT (Output) HEALTH (Outcome)

Better Hygiene

(hand washing,


etc. )
Reduced ingestion of
pathogens
Reduced number of
pathogens in the environment

INTERVENTION (Input)

Increasing the quantity
of water
Improving the quality
of water
Providing means of
safe excreta disposal

Reduced
orbidity and

mortality rates

4: Paper on Water Poverty Index

The paper on calculating the water poverty index highlighted the following

What is Water Poverty Index (WPI)
Why WPI is needed?

WPI Pilot project

Approach to derive and test WPI
Example of WPI calculation using different approaches

Wh WPI?

DCEH Wallingford. 2002
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hygiene EducationReduced school attendance by children

(especially girls), due to ill health, lack of
available sanitation, and water collection
duties (Time and effort to ather water

GenderandsocialBurdens borne disproportionately by
inclusion	 women, limiting their entry into cash


econom .

High proportion of budget used on water

Reduced income earnings potentials due
to poor health, time spcnt on collecting

Income/consumption	 water or lack of opportunity for businesses

requiring water input

High consumption risk due to seasonal
or other factors

CCEH Wallingford. 2002
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Thc majority of the w/s participants were impressed by the exercise of developing the
WPI, they said this is going to be the only development and water management
indicator/tool which considers many variables in its development, Most of them said
they were looking forward to see it developed and would be glad to use it as a yard
stick for human development as far as the water sector is concerned.

Generally those who got a chance to discuss it observed that the composite index
approach is likely to produce a more realistic WP1 because it uses several variables
which arc related to water availability and usc, and considers water for ecological
sustenance.

Most of the participants agreed that there was a need for adding a question in the
national census that asks about distance and timc spent to gather water. However, it
was said to be rather late for this year's census because the census materials have
already been taken to the regions and districts.

rOCEIIWallingford. 2002
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7.2.4: Letters of support for the WPI

OW E

3EPARTMENT WATER AFFAIRS AND FORFST. •
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t !Med Kingdom

Barham Schreiner
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©CEI-1 Wallingford. 2002



Appendix 7.2

HILlEl [dud luch. IFFFc .IIII It I

Ir -\li in SccLIl. ( alchment NhIp1di2CMCI11. K/7:. And \ Ihlaihu/c ( ow; Id A

LiccoFFaFFF2 Pilot Projecd.Lcader 031 336 2743 7771111,ocialla 0 1111,11 F./nil F,Fax fl

DIA Graham rgniti. Ific School of 13i1) Resourcg... 1:ngincerInt: AIDA I

IN1010!: ,no coco ol Natal. 031 -WI 5490 icodad IF aqua cco I dc

\ IF \ ndrco rod \\ aka_ Vonsuhancv \volkiny. Fni Mulnolc FIFIcn,. 0,0 H.FFF

\ Fd-, It till NII- dadm/c Catchment. IF33 347 37:3. audit'« a crIlo..tha.com

Nir .11.1[1:111C.icon011111e. 111111StieRd 'chi I

1 11•IIII./111 Natal. OC 772 7344. eLaaa ci F.aol eon)

\ 111100  ;in Ro(oF2n Ikpailnlent Inter .31.111m4 nod I oreFdr‘ Prdoria. \\ aka

I<C101.11A.C. Pluning. 01 I 336 K114. ro LI‘  atuo‘

NIt aton. Department It \Vale! \ and 1 orcF-Ftr.  Prcknia

Sittranon and Nsseasment Model. 017 336 8359. R-E.a.d,uir.,10  ./i)

MS Balhari \ all Klippen. \\ crl  and Gender speciaInd. 1\\ NII.
st. 9109. 11A1111kop9c11a eiar

1to ra tho ‘1111"c ol 1,1I1Ce 1111011

I.

1011ECTOR—GENERAL

©CBI Wallingford. 2002



Appendix 7.2

p5m0a2.3
3 2 6 23

Telephone

*Deeded
000sa FINMIN CE 21 4 0 9
Telex

loved
ova. 4 4 8 0 6 3
Fax

(5)630 qsaiermas) ti(tnIstbeasitpD
bcd ton geoteacin q8boweao

at4A11.1 LLL9Lâ fiewmiseià
/A ALL ESL:, alma&


DEPARTMENT OF NATIONAL PLANNING
'Artistry al Finance and Planning

Sad ire.

nes I-

My No

rib
rYou'si:

esajne owonv51/433.

loam leeri. 001.1.4 1


00000000 n• .100I*1

Canepay 01

TnesecnnandeOlt Fban

Colo/mt.:I Di
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N0111/1/121

Dr. Caroline Sullivan,
Head of Water Policy & Management.
Center for Ecology & Hydrology,
United Kingdom.

Dear Dr. Sullivan

Development and Thsting of the Water Poverty Index

We would like to thank you first for the groundwork that you have done in Sri Lanka on
the development of the above Index.

Our long-term goal is to provide access to safe water for all by 2010. III achieving that we
consider that it is no longer adequate to deal only with technical solutions and
hydrological directions. Therefore, we consider developing of such an Index Mat
incorporates physical, social as well as economic factors and addresses dill erent
dimensions such as the shortage of water as well as the social and economic adaptive
capacity is necessary and useful to Sri Lanka. At present a Concept Paper/ Project Paper
tor this is being prepared by the National Water Supply & Drainage Board identifying
Hambantota District as a pilot area for the development of the Index. It is expected to
iequest the necessary assistance thereafter.

We look forward again to your valuable cooperation Thank you.

Yours sincerely.

Dr (Mrs.) P. Alailima
Director General

( 1.1I \\ all in2ford 2002
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Dr Caroline Sullivan
Hrad of Water Polies and Management

Centre [or Ecology and Hydrology
Crowmarch Gifford, Wallingford
0 X 10 MB England

Dear Br Sullivan

THE WATER POVERTY INDEX

has(' um% had a chance to read the material you left l'or me on the subject of the Water
Poverty Index. I found it useful and informative. As you suggested, I am writing to give
you some feedback on this work. It seems to me to be something, which could be relevant
here in Sri I anka in a number of ways.

It is possibly fla example that we could use this tool to help us to determine the location of
those areas next selected to be included in a number of water supply projects, which are
going to be carried out with loans from the World Bank and the Asian Development Bank.
This means that we can make better use of Our loans and ensure that the money reaches
those areas where it is most needed.

Anoiher way the Water Poverty Index tool could be used is as a way of helping us to
decide how to deal with the situation wy are currently facing where a drought is forcing us
to ration water supplies, especially in urban areas. Using this tool will help to identify
those areas where a lack or basic water supplies will have a severe effect on poor people.
Also we will be able to investigate how some re-distribution of water from other sectors in
industry or agriculture can influence poor people in our country.

Many people are involved in water management in our country and many of them are
young and less experienced than before. These people sometimes find it difficult to make
decisions on how water should be allocated between different users, and this WPI can help
with this by giving them a clear structure to follow. As we discussed, we will by happy to
send a representative to thy consultative workshop on the WPI that yl Ill are planning to
hold here in April. I am sure that rnanv others w ould like to attend to lind out more about
this interesting development.

MINISTRY OF URBAN DEVELOPMENT, PUBLIC UTILITIES, HOUSING AND SPORTS


"Water - Every Drop Is Precious"
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National Water Supply & Drainage Board
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WATER RESEARCH COMMISSION

NEW POSTAL ADDRESS
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have done and to ensure you of our support and wiliingness to be irhiolveei in
future initiatives.
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UNIVERSITY OF MORATUWA
Department of civil Engineering
Moratuwa, Sri Lanka

fri ft lead ot Department - iit5422

I.General- 6475C. b4'70.ti

cr : 647b22

117 1h 71)in 1

C'Ell Wallingford (Attention Dr. C. Stith an)

\laelean (hon. OKI t K

Dear Sir,

W a ter Poverh Index

Reference to the article on the I mei-of Di ID

Wc at this department are  iorking On the poicrii of i'arIllerl under the minor irrigation

schemes of Sri Lanka. I l'eei that a de 21011111011 al in indicator such as the Pm env IndeN
could be  er role ant for our   ork.

Please be kind enough to send us informal 11111and material iegaid iniit which
could be incorporated to our research \\ork

Yours sincerely.

cii-t ,\,,L L.,
-

Dr. N.T.S. Whese era.

Course Coordinator,

Environmental Water resources

Engineering and Management
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TANZANIA COMMISSION FOR SCIENCE AND

TECHNOLOGY

Telegrams: COSTECII
Telephones: (255 - 022) 275155 - 6, 2700745-6
Director General: (255 - 022) 2700750 &
/75315

Fax: (255 - 022) 275313

Telex: 41177 UTAFITI
In reply please quote:

Dear Dr. Caroline Sullivan

Ali Hassan Mwinyi Roa
P.O.Box 4302
Dar es Salaam
Tanzania

I am writing to you to recommend the job you are doing with your team to develop
Water poverty Index using Tanzania as a pilot country.

I assure you that Tanzania will d efinitely need and use Water Poverty Index in its
planning and decision making on priority setting regarding water development
projects. In brief Tanzania will need Water Poverty Index to facilitate the followiniz:

More equitable water allocations, basing on needs and availability;
Better understanding of links between water, human welfare and the
ecosystem - This needs more integrated water management approach;
An assessment of progress towards development targets;
Prioritization in resource allocation and monitoring the effectiveness of
development projects;

Therefore the Index being developed is expected to be used for:
Policy making in the water sector;
Decision making for water project development at all levels (Village - District
-National and Global);
Forecast future trends in water management and;
Water development planning, Monitoring and Evaluation to achieve poverty
eradication strategies (vision 2025 for the case of Tanzania)

The Index will reflect the change in level of poverty, and therefore indicate whether
we are progressing or becoming poorer.

The pilot sites in Tanzania are based in Arusha, but we have the filling that the testing
in phase II should extend to other regions to get more realistic results.

Lastly but not the least, I would like to thank DFID for funding the project and many
other projects in Tanzania. I hope they will be able to continue funding till the Water
Poverty Index gets developed and adopted by the international community.

Yours truly,

Dr. Rose Kingamkono
For Director General

©CE1-1 Wallingford. 2002
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Appendix 8

Appendix 8
WPI Contract Deliverables

8.1 Deliverable Table

Contract Deliverables are shown below;

Completion
V.

Deliverable

Reports to DFID and journal ublications

Communities at pilot sites enabled to assess their WPI values.

WPI Component Report received by DFIID by July 2001, with

preliminary data on component inputs.

WPI Framework Re rt received by DAD by July 2001

Copy of documentation received by DFID by July 2001.

Training worksho s held in 3 pilot sites

Data collected and compiled in GIS framework, and included in

Phase I final report submitted to DAD by Jan, 2002.

Community WPI values from pilot sites included in Phase 1 Final

report delivered to DF1D by Jan 2002.

Contribution on WPI published in 1st WWDR

Copy of policy briefing notc and general WPI dissemination

booklet delivered to DFID by Jan 2002
Copy of training module included in Phase 1 final report delivered to
DAD bv Jan 2002

V.

V.

V.

Vt

Vt

V.


V.

8.2 Evaluation of deliverables

An evaluation of much of the work done during this phase of the project is given in
the main report. All of the contracted deliverables have been completed and delivered.
The capacity building materials produced have been tested, and in the next phase of
the project, these will bc modified according to the recommendations of those who
have appraised them.

Many of those consulted thought that the primer document, 'Evaluating your water'
was an excellent source of information and could be of much use to water managers
generally, as well as being of use for the WPI. Many people commented on the fact
that this booklet addressed the issues contained within Integrated Water Resource
Management (IWRM), and that it should be widely distributed for this purpose also. It
is planned to modify and improve this booklet with a view to being able to do this.
There is also some scope for producing a book from the Final Technical Report
documentation.

We have made great efforts to disseminate this work widely, to promote its uptake,
and we feel that we have made some success in this, which is indicated by the letters
of support we have received for the work. (Sec Appendix 7.2.4) It is very clear from
these letters that thc governments in the Pilot study countries are keen to take the
work forward.

0' CEA! Wallingford. 2002
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The Centre for Ecology and Hydrology has 600 staff, and well-equipped laboratories and field

facilities at nine sites throughout the United Kingdom.The Centre's administrative headquarters

is at Monks Wood in Cambridgeshire.

This report is an official document


prepared under contract between the


customer and the Natural Environment


Research Council. It should not be


quoted without the permission of both


the Centre for Ecology and Hydrology and


the customer.

CEH Sites

CEH Directorate

Monks Wood,Abbots Ripton.

Huntingdon,

Cambridgeshire PE28 2LS
Telephone +44 (0) 1487 772400
Main Fax +44 (0) 1487 773590

CEH Oxford

Mansfield Road.

Oxford,

Oxfordshire OX1 3SR
Telephone +44 (0) 1865 281630
Main Fax +44 (0) 1865 281696

CEH Merlewood

Windermere Road.

Grange-over-Sands.

Cumbria LA I I 6JU

Telephone +44 (0) 15395 32264
Main Fax +44 (0) 15395 34705

CEH Wallingford

Maclean Building, Crowmarsh Gifford.

Wallingford.

Oxfordshire OX 10 8BB
Telephone +44 (0) 1491838800
Main Fax +44 (0) 1491 692424

CEH Dorset

Winfrith Technology Centre,

Winfrith Newburgh. Dorchester.

Dorset DT2 8ZD
Telephone +44 (0) 1305213500
Main Fax +44 (0) 1305 213600

CEH Edinburgh

Bush Estate.

Pen icuik,

Midlothian EH26 OQB

Telephone +44 (0) 1314454343
Main Fax +44 (0) 131 4453943

CEH Windermere

The Ferry House. Far Sawrey.

Ambleside.

Cumbria LA22 OLP
Telephone +44 (0) 15394 42468
Main Fax +44 (0) 15394 46914

CEH Monks Wood

Abbots Ripton,

Huntingdon.

Cambridgeshire PE28 2LS
Telephone +44 (0) 1487 772400
Main Fax +44 (0) 1487 773467

CEH Banchory

Hill of Brathens.

Banchory.

Aberdeenshire AB3 I 4BY

Telephone +44 (0) 1330 826300
Main Fax +44 (0) 1330 823303

CEH Bangor

University of Wales, Bangor,

Deiniol Road.

Bangor. Gwynedd LLS7 2UP

Telephone +44 (0) 1248 370045
Main Fax +44 (0) 1248 355365

Further information about CEH is available on the World Wide Web

at www.ceh.ac.uk
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