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TERM

Anthropogenic

Arid

Artificial Recharge

Average Incremental
Costs

Base flow

Bed slope

Block Tariff

Bulk water supply

Catchment

GLOSSARY OF TERMS

DEFINITION
Caused by the activities of humans.

An area where mean annual rainfall is less than 250mm:;
rainfall is seasonal and variable, and where evaporation
far exceeds rainfall.

The enhancement of the natural process by which an
aquifer is refilled with water, from the surface.

A unit cost, taking into account the unit costs of
marginal investments and their chronological incidence
in time.

This is the minimum flow in the river when floods have
subsided.

The gradient of the riverbed of a river measured along
the direction of the potential (or in the case of a flowing
river) existing flow.

A tariff schedule which has different volumetric prices
for different volumes of water consumption. E.g. the
first 10m® may cost N$1/m?, the next 10m® may cost
N$2/m?.

The supply of water in large gquantities, usually to a
consumer such as a municipality, a mine or an industrial
complex, for further distribution,

The area from which runoff flows into a river.
Catchments are separated from each other by higher
ground such as mountains or ridges,
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Channel

Climate change

Coefficient of
storage/storativity

Control structures

Dual Pipe System

Economic Efficiency

Ephemeral

Evaporation

Evapotranspiration

Flood frequency

The deepest part of the river through which the main
volurme of water flows,

The alteration in climate {more or less rain, hotter or
colder) that happens over very long periods of time, and

~which has been linked to ozone depletion and an

increase in greenhouse gasses.

The volume of water an aquifer releases from or takes
into storage, per unit surface area of the aquifer per unit
change in head. {This is a dimensionless coefficient —
m*/m?/m).

In the context of discharge measurement these are any
structures built across a river to stabilize the channel
bottom so that discharge can be accurately measured.
NB Controf structures would be defined otherwise in the
context of water supply.

Where two networks of pipes exist for the transport of
different quality water.

The use of resources such that economic net benefits
are maximised. Refers to efficient production,
consumption and allocation of resources.

Lasting for only a short time. When applied to water,
describing a river that only flows for a few days each
yvear after localised rainfall

Water loss to vapour that takes place from open surface

water.

Evaporation from an open water surface plus
transpiration from vegetation. '

How often floods of a certain size can be expected.
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Flow

Hydrograph

lgneous rocks

Indicator

Infiltration rate

Inter-seasonal correlation

Ischyetes

Merit Good

Metamorphic rocks

Opportunity Costs

Perennial

Piezometric surface

Pollution of groundwater

The quantity of water passing a point in a given time.
Usually expressed as cubic metres per second or litres
per second.

A graph representing river flow against time.
Rocks produced by volcanic or magmatic agency.

A measure of the status of a factor, e.g. water, that
assists with discerning changes and trends, provides
an understanding of processes, provides an early
warning of emerging problems and measures the
effectiveness of policies

How rapidly water moves into a particular soil type.

The correlation between data from successive seasons.

A line drawn on a map joining together points of equal
rainfall values.

A good which confers benefits to society in
consumption over and above the benefits to the
individual.

Sedimentary or igneous rocks that have been
transformed by natural agents (e.g. heat and pressure).

The cost of fergone economic opportunities.

When applied to water, refers to a river that has water

flow all year round
An imaginary surface representing the total head of

groundwater in a confined aquifer that is defined by the
level to which the water will rise in a well.

Where the concentration contaminant levels limit or

restrict the potential use of groundwater — {Driscoll
p890}
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Precipitation

Price Elasticity of Demand

Recharge

Rest or static water level

Return interval

Return period

Saturated thickness

Sedimentary rocks

Sentenial Sites

Specific yield

Storm duration

Sustainability,
environmental

In Namibia, this refers to rainfall, hail, dew and fog,
although snow is also water which falls {or
"precipitates”).

The responsiveness of demand {e.g. for water) to
changes in price.

The addition of water to the zone of saturation; also
the amount of water added

The level of water in a well (borehole) that is not being
affected by withdrawal of groundwater.

How often a particular event can be statistically
expected to happen again.

Length of time over which a particular event can be
expected to happen again.

The thickness of saturated material in an aquifer.

Hocks which are formed from water-borne or wind born
sediments.

Reprasentative sites selected for monitoring
phenomena over a widespread region.

The ratio of the volume of water that a given mass of
saturated rock or soil will yield by gravity to the volume
of that mass. This ratio is stated as a percentage.

The length (in time) of a rainfall event.

The non-wasteful use of natural resources for
appropriate reasons that does not jeopardise the
availability of these resources for use by future
generations or does not adversely affect the natural
functioning of water resources



Water Demand:

Water Infrastructure:

Water Supply Capacity:

The quantity of water required to meet the needs of a
Water Demand Centre or other consumer. If either the

yield from the Water Resource, or the supply capacity

of the Water Infrastructure cannot meet the Water
Demand, water consumption will be less than the
demand.

Facilities and equipment used to abstract, purify, store
or convey water from a Water Source to the point of

consumption.

The capacity of the installed Water Infrastructure to
supply water to a Demand Centre.

vi
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Sustainabillity, social The social framework which empowers self-contral
— over resources, at the individual and national level;

goals include population stability, poverty alleviation
and empowerment of women,

Transmissivity The rate at which water is transmitted through a unit
width of an aquifer under a unit hydraulic gradient.
Measured in m*/d through a vertical section 1 m wide
extending the full-saturated thickness of the aquifer
under a hydraulic gradient of 1.

Unaccounted for Water The difference between the water put into a system
and the water that is measured within the system.
o Leakage, inaccurate meters, illegal connections and
o1 administrative errors contribute to unaccounted for
= water. '
,., Value-added The contribution of an ecoenomic activity to Gross
= Domestic Product (GDP).
: Virtual Water Water embedded in imported products, in some cases

freeing domestic water for production of other goods

e:m rather than domestic production of potential imports.
£2 Water Resource: A natural source or occurrence of water which is not
B artificially confined, e.g. river, spring, aquifer.

Water Consumption: The actual quantity of water consumed at a Water
Demand Centre or by any other consumer.

Water Demand Centre: A community, village, town or region identified as
using water from any source.

il

Water Demand The implementation of policies which influence the
Management consumer-demand for water and the demands on

primary sources of water.




FOREWORD

Agenda 21, the programme of action for sustainable development that arose from the

Rio Conference on Environment and Develoment (UNCED), recognised the importance of

protection of the quality and supply of freshwater resources. The highlighted the

conclusions that:

= freshwater resources are an essential component of the Earth’s hydrosphere and an
indispensable part of all terrestrial ecosystems,

e water is needed in all aspects of life,

« the widespread scarcity, gradual destruction and aggravated pollution of freshwater
resources in many world region, along with the progressive encroachment of
incompatible activities, demand integrated water resources planning and
management, and

» transboundary water resources and their use are of great importance to riparian
States.

These concepts have guided the compilation of this State of the Environment Report on
Water in Namibia.

The Water and Environment Team, a joint venture comprising specialists from three
Namibian organisations, compiled this State of the Environment Report on Water in
Namibia. The core of this team was drawn from Windhoek Consulting Engineers, the
Desert Research Foundation of Namibia and Interconsult Namibia (Pty} Ltd.
Contributions were also provided by a number of external specialists who collaborated
on the final compilation. Minor differences in writing style and approach may therefore
be noted between some of the sections. '

Public participation in the process was gained through two workshops, the first to assist
in the selection of appropriate and useful indicators and the second to discuss the Draft
Final Report. In the latter written comments on the Draft were also gathered to
facilitate editing and improvements for inclusion into this Final Report. Critical peer-
review was carried out prior to finalisation of the Report.

This Report is presented as two volumes:
Volume I: An executive summary followed by an introduction to indicators and a
tabulation of each of the Key Indicators identified in the Technical Report
Volume II: The Technical Report in which the water environment is described and
indicators of the State of the Water Environment defined.

During the second workshop it became evident that a number of readers looked upon
the Draft Final Report as a comprehensive review of the water sector in Namibia and as
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such identified certain gaps. It should be noted that although this Report is not intended

e to be a comprehensive review it has been necessary to describe most aspects of the
i water sector.

This Final Report is one of the first documents in which most aspects of water in
Namibia are presented in a single treatise and, as such it is hoped that readers will find
it a useful reference for the foreseeable future.

,,,,,
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EXECUTIVE SUNMMARY .

'INTRODUCTION

The Directorate of Environmental Affairs of Namibia’s Ministry of Environment and
Tourism, with support from the Government of Finland, is undertaking a national
programme entitled ’‘Information and Communication Service for Sustainable
Development in Namibia.” A major component of this programme will be compilation of
State of the Environment Reports addressing all important sectors related to the
environment, This process is mandated by the draft Environmental Management Act
which states that annual reports on the State of the Environment are to be prepared and
communicated. ‘

This report is the first iteration of a State of the Environment Report on Water. This
report attempts to identify important components of the water environment in Namibia,
as viewed from a broad perspective. Secondly, it provides an overview and brief
summary of the state of knowledge concerning these components based on accurate
and reliable information. Lastly, indicators have been elaborated to provide a monitoring
tool for the state of the environment with respect to a selection of those components
originally identified.

The State of the Environment Reports are designed to support sustainable development
in Namibia. Sustainability implies long range planning as well as coordinated planning.
Such planning must be based on a thorough understanding of trends and conditions to
provide a foundation for improved decision making at all levels and to facilitate
measurement of progress towards sustainability.

Use of indicators can contribute toward this understanding by asking questions such as:
= is the environment getting better, worse or holding steady?

» why {what are the causes of change)?

» What can we do about it (do we understand the stressors involved)?

To answer these questions indicators must be efficient, effective, economically and
logistically feasible and reliable. In the water sector, some areas of concern are backed
by long data series so that trends are readily evident. Recognition of other areas of
concern is only now emerging and little or no data are available. These areas must be
tracked by ‘developmental’ indicators.

This State of the Environment Rep'ort on Water follows the guidelines as designed by
the Ministry of Environment and Tourism, Directorate of Environmental Affairs. This
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Figure 1.1 : Namibia; Rivers, Roads, Regions and Towns

Namibia's total surface area of 825 000kmZ is divided up info 13 regions. With a population density of only fwo
people per square kilornetrs, it is the most sparsely populated country in sub-Saharen Affica. i is also the most
arid. The river systems shown in Figure 1.1 belie the fact that there are no perennial rivers within Namibia's infe-
rior. With a populatien of approximaiely 200 000, the capital, Windhoek, is by far the largest seftferment, although
fowns in the Oshana and Oshikoto Regions are growing rapidly. The country is served by a paved road network
of nearly 6 000km, the highest per capita in the Southern African Development Community (SADC), but there

are many small villages which are not connected fo the road network at all

Data Sources : Office of the Surveyor General; Department of Transport; Windhoek Consulting Engineers.
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report provides extensive background material on environment and water covering the
physical and climatic determinants of water gain and loss in Namibia, surface water in
its several forms and groundwater in the varied aquifer types found in the country. it
then describes the water supply and demand situation, focussing on economics as an
information and management tool. The institutional framework for management of
water and the legislative framework are then examined. The final part of the general
overview highlights Namibia's dependency on cooperation with neighbouring countries
to sustain equitable use of shared perennial river resources.

Each of the seven central information chapters provides an introduction followed by up-
to-date, relevant information on the state of the water environment collated for this
report. The last section of each of these chapters is similar and focuses on
environmental health issues related to water:

« relevance to the water sector of the information in the chapter

¢ assessment and evaluation of Namibia’s water secter with respect to the topic

s major themes and concerns for sustainable management

+ potential indicators

s key indicators

This State of the Environment Report on Water is not an 'atlas’ of water in Namibia nor
does it purport to provide comprehensive information on water in the country. Instead,
it is an overview of important components of the water environment highlighting issues,
backed up by available information, relevant to economic, environmental and social
sustainability of this essential but limited resource.

PHYSICAL AND CLIMATIC DETERMINANTS

Consideration of the water environment starts with the hydrological cycle, which shows
how the climatic and physical factors interact to determine the nature of the
environment in which we live. Changes to either or both of these factors affects the
balance of this global cycle. In a predominantly arid environment such as Namibia's the
cycle is distorted and incomplete in that many of the inputs, such as rain and runoff are
scarce and irregular, while many of the outputs, such as aguifer leakage and abstraction
are relatively continuous. Under these precarious circumstances, the need to formulate
strategies and solutions for environmental sustainability cannot be overemphasized.
Ciearly, the influence of man on the physical factors and of climate change on the
climate are key issues which need to be understood and addressed.

Physical determinants are broadly classified as topography, geology, soils and
vegetation. Namibia can be subdivided into three main topographic regions, the narrow
coastal plain, the eroded escarpment and an extensive interior plateau. The geology and
soils associated with these zones are well understood and maps are included in the

report.
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Climatic  determinants include precipitation (rainfall and fog), evaporation,
evapotranspiration, wind, temperature, and humidity. In Namibia, rainfall is the most
important and variable of these and is discussed in some detail with respect to data
collection, long-term mean and median values, annual and monthly variability and
intensity.

The majority of rainfall data is collected by Namibia Meteorological Services and the
Department of Water Affairs. In total, over 350 stations are operated of which nearly
50 are automatic or continuous meaning that they can be used to measure rainfall
intensity and not just daily totals. The number of stations in operation over recent years
has declined, which is cause for concern. in addition, rain gauge coverage of many rural
areas, in particular all of the northern regions, is poor, despite the fact that this is where
the majority of the population live.

Long-term mean and median annual rainfall in Namibia is generally well understood and
maps are included in the report, but ischyets for the coastal belt and south-west of the
country are based on very few data. Variability of rainfall from year to year is extremely
high especially in the particularly arid areas such as the south and the coastal belt. An
analysis of rainfall intensity shows that despite low annual rainfall, individual storms can
be very heavy. For Windhoek a single storm of 50 -~ 60mm, which represents 20% of
the mean annual precipitation, is not unusual.

Evaporation in Namibia is very high. High evaporation and evapotranspiration rates result
in huge losses from open water storage bodies and also make the growing of crops
extremely difficult.

A discussion of the processes involved in infiltration and runoff production resulting
from rainfall illustrates the paradox of “good runofi” and "bad land management”. From
a water supply point of view, regular and high runoff in the rivers is considered a good
thing, but it has been shown that “good runoff” is not only a result of high rainfall, but
also overgrazing and poor vegetative cover. Under these circumstance the high level of
runcff is also accompanied by high levels of soil erosion.

An accurate understanding of Namibia's climate as well as the Interaction between
climatic and physical determinants is relevant to the water sector because it is at the
heart of the water environment. A major effort toimprove data collection, analysis and
research is required to achieve this understanding.

Prioritised considerations for sustainability include:

s+ An improved data collection network for rainfall, especially in the entire north from
west to east, and for evaporation data along the coastal belt.
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=« A holistic approach to catchment management and review of relevant legislation.
= Manitoring of catchment conditions.
« Monitoring of climate in order to track and plan for climate change.

Key indicators relating to data collection and mean annual rainfall have been derived.

SURFACE WATER

Namibia's surface water can broadly be divided into two types, those derived from
ephemeral, and those derived from perennial river systems. Since all surface waters can
also be considered as wetlands, and vice versa, there are also a number of surface
water sources which are derived directly from rainfall or groundwater. These include
pans, vleis and open sinkholes.

With the exception of short lengths of the Okavango and Kwando Rivers in the north-
east of Namibia, all the rivers in Namibia’s interior are ephemeral. Understanding and
quantifying the surface water resources is a difficult but essential task and because of
the large variations from year to year, which typify the arid environment, require many
yvears of data collection.

River flow data are mainly collected by the Department of Water Affairs, which operate
approximately 150 gauging stations throughout the country. While the number of
gauging stations could be usefully increased, the main problems with data collection and
processing relate to large efforts required to carry out flow gaugings during times of
floods and of regular station surveys. The trained manpower required to carry out this
work is lacking.

Of the perennial rivers on Namibia’'s borders, the Zambezi is by far the largest with a
mean annual runoff of more than 40 000Mm?, Both the Okavango and Orange Rivers
have similar virgin mean annual runoffs s[ight[y in excess of 10 O0OMm?®, but heavy
regulation and high consumption of the Orange River in South Africa have reduced the
mean annual runoff along the common Namibia/South Africa border to about a third of
this. Mean annual runoff of the Kunene River is just under 5000Mm?3, but the variation
from year to year is very high. The Kwando River, which is a tributary to the Zambezi
River has not enjoyed a significant seasonal peak in its lower reaches for nearly twenty
years, and for nearly as long, has ceased to contribute to flow in the Zambezi.

Namibia's ephemeral rivers have been divided into five main basin groupings and within
these, many catchments are monitored and have been studied in some detail. in
particular the Kuiseb, Swakop, Omaruru, Ugab, Qanob, Fish, Omatako and Nossob
Rivers have been studied frequently and are gauged at numerous sites. On the other
hand, the Cuvelai System has only been monitored periedically in the past, and only in
recent years have efforts been intensified. The Fish River is the largest of Namibia’'s
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ephemeral systems, with @ mean annual runoff of 480Mm? at its confluence with the
Orange River.

There are two large dams on the Fish River. Around the rest of the country there are an
additional twelve significant state or municipal controlled dams. In addition, there are
thousands of smali farm dams scattered around the ephemeral river basins. The effect
of both the small farm dams and the larger dams on the environment downstream of
them is clearly very significant. This is most evident in the Swakop River where the Von
Bach and Swakopoort Dams are to be found. Regulations require that for dams with a
capacity larger than 20 000m?, approval for construction has to be obtained from the
Department of Water Affairs. For major dams, full environmental assessment studies are

required.

The water quality of all the perennial rivers, except the Orange River, is good. Return
flows from large irrigation schemes along the banks of the QOrange River as well as high
levels of urbanisation in the upper reaches have negatively affected the water quality.

A good understanding of the country’s surface water resources is relevant to the water
sector since this is fundamental to the planning of how resources can be used in a way
that is environmentally, socially and economically sustainable. A key restraint on the
realization of this understanding is a lack of sufficient trained personnel and the
associated resources.

Prioritized considerations for sustainability include :

» Increased resources to ensure that the existing hydrological surface water network
can be operated efficiently.

« More stations, gaugings and field visits are required to the Cuvelai River Basin.

= Attention needs to be paid to updating the water guality databank to make data
more accessible and to ensure that frequent sampling for water quality continues on
both perennial and ephemeral rivers and at dams.

A key indicator relating to surface water storage in key dams was derived.



GROUNDWATER

Groundwater occurs in various types of aquifers and for much of Namibia constitutes
the only viable source of potable water. Aquifer types include formations with

" interconnected, intergranular porosity and zones of fracturing in otherwise impermeable

crystalline rocks. Over the greater part of the country, rural communities and farmers
rely on groundwater for domestic and livestock purposes.

Certain large urban areas are supplied with bulk water from wellfields tapping major
aguifers or aquifer systems. Bulk water supplies to Walvis Bay, Swakopmund, Réssing
Mine, Arandis, Henties Bay, Luderitz, Uis, Karibib, Usakos and Omaruru are all supplied
with water from alluvial aquifers recharged by west-flowing ephemeral rivers. Tsumeb,
Grootfontein and Otjiwarongo rely on fractured and karst type aquifers whereas
Windhoek and Gobabis are supplied from surface water sources {dams) with
considerable standby capacity from groundwater. These schemes are either operated
by individual municipalities or by the Namibia Water Corporation {(NamWater).

Aquifers used to supply large towns or considered as viable for augmenting water
supply to the central areas of Namibia via the Eastern National Water Carrier are of
strategic national value and protection of these resources is considered imperative.
Groundwater control areas have been declared in many such instances and the

- Department of Water Affairs carries out a monitoring and management function.

Groundwater, aithough periodically replenished from rainfall, must be considered a finite
resource. Wise management and control of this resource is therefore imperative to
sustaining the environment and socio-economy of Namibia now and for future
generations. To this end efforts are being made to artificially enhance recharge and to
manage demand.

In order to monitor closely the state of the groundwater environment, four key
indicators have been selected. These include monitaring of pollution of groundwater, of
water levels in non-strategic, regional aquifers, of months of adequate abstraction in
strategic aquifers, and of changes in ambient water quality.

WATER SUPPLY AND DEMAND

in the past, people in Namibia settled where water could be found throughout the year,
on or near the surface, and moved their livestock between places where water was
ternporarily available. Throughout most of the century, these various water sources
have been increasingly exploited to promote development until many have approached
their exploitable limits. More recently, the realisation that water is therrimary timiting
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factor to development in Namibia has led to a number of innovative approaches to
management of water supply with the ultimate goal of increasing the available supply.

Water Supply

A Water Supply and Sanitation Sector Policy {(WASP) for Namibia was approved in 1993
in terms of which affordable water supply and sanitation services should be made
available to all Namibians. The policy stated that the supply of water for domestic
purpases, including livestock watering for both subsistence and commercial farming is
the first priority, followed by the supply of water for economic activities such as mining,
industries and irrigation.

The primary sources of water in Namibia are the perennial rivers in the north and south.
The potential of these is huge compared to the sustainable yield from the other sources.
If water from these rivers could be economically distributed to the major demand
centres such as Windhoek and the coastal towns, the water supply situation in Namibia
would be greatly simplified, but these towns are far removed from any of these rivers
and the transfer of water to these centres can only be done at great cost. The greater
part of the population of Namibia is concentrated in the north of the country where
people live near the northern perennial rivers. However, since this population is mainly
rural, the distribution of water to the widely spread communities is also expensive.

Groundwater sources account for 51% of Namibia’s current water consumption. The
majority of this water is stored in some eight major aquifers but large numbers of
farmers and rural communities in the central and southern areas rely on abstraction of
groundwater from more isolated sources such as voids in rocks and sediments

The potential of the interior surface water sources is limited and the water can only be
used when harnessed in large open water storage dams, which in turn are subject to
high losses through evaporation.

Conjunctive use of water in Namibia is based upon the goal of reducing evaporative
losses of water from the surface of open dams. Surface water, which evaporates
guickly, is used first and groundwater, which cannot evaporate, can be reserved for
when surface water is not available. A more pro-active approach to this principle is to
artificially recharge underground aquifers with surface water from dams. Conjunctive
use principles are fully applied in the supply of water to Windhoek and the Central Area.

Unconventional water sources refer to water supplied through means other than the
traditional supply methods already discussed. These include indirect water re-use and
direct water re-use, treatment of wastewater and reclamation of waste water for direct
potable use, dual pipe systems, desalination, fog and water harvesting and artificial



In the urban areas the local authorities; municipalities, village and town councils, are

responsible for the reticulation of water to the residents and industries and these CoSts
are difficult to ascertain.

The Directorate of Rural Water Supply currently has the responsibility for supplying
water to the communal areas of Namibia and this responsibility is being shifted from the
DWRS to the communities themselves as a policy of Community Based Management,
The current DRWS budget is in the region of N$80 million.

NamWater is implicitly subsidizing water consumption in the interim before full financial
cost recovery is achieved. The extent of the subsidy varies by region with the ratio of
the current tariff to the cost recovery tariff in Omaheke standing at 12% compared to
73% for Khomas. The total subsidy implied by the 1998 tariffs is approximately N$60
million, a significant improvement on N$102.8 million in 1996. The extent to which
water is being subsidised in the urban areas is difficult to ascertain.

The DRWS does not operate on a cost recovery basis and as such the budget of the
DRWS could be considered to be the extent of subsidisation. Cost recovery is planned
for the future but not on the basis of tariffs for water. The movement towards
Community Based Management (CBM) of water points will reduce the extent to which
the government funds rural water supply, and hence the subsidy. However, in the
interim period the DRWS will need to increase the number of water points through
creation and rehabilitation, train water point committees and extension officers and
generally do the groundwork for the future success of CBM.

Water Demand Management

Traditionally, increasing the availability of water has involved augmenting supply
through capital expenditure on dams, pipelines and tapping of further boreholes. Water
demand management {WDM) uses a combination of economic, technological, legislative
and informational policies in order to affect the demand for water by consumers and the
associated pressures on primary water resources.

The combination of these policies and other related policies for Windhoek has meant
that water consumption from primary water resources (e.g. the three dam system and
groundwater} has stayed at 1987 levels despite a 43% increase in population. The
potential for WDM in Namibia is great, but problems include high levels of unaccounted
for water, low levels of maintenance, ineffectual tariff setting, and non-payment of
water bills.

In the mining and commercial sector there are good case examples of efficient water
management. Recycling of water is commeon in the mining sector given the often small
percentage of costs that water makes up. In the brewing industry some of the most
efficient levels of water used to brew beer were noted in Windhoek. Outside of
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political costs that are associated with extracting water from shared water resources
like the perennial border rivers. Unconventional sources and WDM can help to improve
the efficiency of current water use and help to provide the same or greater services
from water inputs whilst delaying expensive investments.

Virtual Water

Namibia imports on average 100 thousand tons of grain every year in order to satisfy
demands. Were this grain to be grown in Namibia 300Mm?¥/a of water would be required
for irrigation. Therefore, grain imports can be considered as imports of 300Mm%a of
water to Namibia, which is now free for use in other sectors. These figures are of
course estimates and as such this notion of virtual water is more ambiguous. However,
it is estimated that the cost of supplying this water for irrigation in Namibia would be in
the region of N$0.55/m®. Imports of virtual water are worth N$170 million to Namibia in
this sense.

The issues of food security and food self-sufficiency are highly related to the issue of
virtual water. Given that in the long term water will be a binding constraint to pursuing
self-sufficiency, policy may look towards virtual water to ensure food security for the
nation whilst promoting other econormic uses for Namibia’'s own water resources,

WATER MANAGEMENT INSTITUTIONS

In Namibia, a number of institutions, ranging from dedicated Government departments
and parastatal institutions through municipalities and community-based Water Point
Committees to private organisations and individuals, are responsible for different
aspects of water supply, management and use. Finding and exploiting sufficient water
to supply an increasing demand has been the main focus of water management until the
present decade. ' Only recently have concepts such as Integrated Water Resource
Management, Water Demand Management and Adaptive Management been recognised .
and the ecological requirements, goods, services and processes of natural water
ecosystemns been acknowledged.

The Constitution of the Republic of Namibia claims State ownership and responsibilities
of the State extend from identification of water sources, development of water sources,
purification of water and bulk distribution to distribution reticulation, quality control and
assessment, conservation and protection of the resource, and research and monitoring.
Responsibility for bulk water supply rests with the parastatal institution, NamWater,
while responsibility for managing the water resource and for rural water supply rests
with the Department of Water Affairs, Ministry of Agriculture, Water and Rural
Development.

With decentralisation as a national policy, responsibility for rural water supply is being
devolved to the regional level where Community Based Management is the basic

14



premise for rural water management. Institutional arrangements for managing the
resource itself have been adapted as responsibilities altered but are not fully adequate.
With the creation of NamWater from DWA, responsibility for data gathering and
management and for research have been split and are currently unclear. Donor agencies
play an important role in supporting integrated water resource management and have
introduced the process of Environmental {Impact} Assessments and their application to
at least sixteen new water supply development projects.

Prioritised considerations for sustainability include:

+ establish overall goals for social, economic and environmental sustainability in
Namibia, including the water sector

+ avoiding the politicising of water sector management and water supply, and water
demand especially

¢ harmonisation of institutional management and oversight responsibilities for
integrated water resource management including catchment management,
groundwater management, shared water management, supply management and
demand management

» human resource development for water management.

Key developmental indicators related to effectiveness of management in rural and urban
situations have been derived.

LEGISLATIVE FRAMEWORK

The Constitution of the Republic of Namibia, the Water Act 54 of 1956 and the Namibia
Water Corporation Act 12 of 1997, together with relevant Amendments and
Regulations, constitute the limited, primary framework for management of the water
sector in Namibia. A major limitation of the existing Water Act, and one that places it
at odds with Namibia’s Constitution, is that it does not recognise the natural
environment as a user of water nor as a provider of essential goods, processes and
services. Moreover, it does not stipulate the sustainable use of water resources in
terms of social, economic or environmental sustainability. Other legislation of concern
to the water sector is derived from various diverse sectors emphasising the need for a
holistic approach. However, the draft Environmental Management Act provides for a
set of environmental management principles to be applied by all government institutions
and private persons in planning and implementing developments likely to have a
significant effect on the environment, including water.

Appropriate legislation to support devolution of components of rural water supply to
communities is needed. This legislation would focus on community ownership of water
points and be harmonised with other legislation concerning communal lands, much of
which is currently missing. Legislation covering sanitation and poliution are two
additional gaps that require attention and synthesis.

15



IS The Water Supply and Sanitation Sector Policy {WASP) represents the only new
E guidelines drafted since Independence for supporting non-bulk water management in
Namibia. The WASP document is the primary guiding principle for supply of water to
previously neglected rural areas. Of particular note for urban water supply is the Water
Demand Management Policy and implementation strategy of the Municipality of
m Windhoek that covers technical issues, policy matters, legislation and a public

campaign. This policy has succeeded in reducing the water demand per capita in
Windhoek in the last decade despite a 43% population increase,

Policies clearly missing to date are a Groundwater Protection Policy, an Ephemeral River
Catchment Policy, a clear Communal Land Policy, a Communal Water Policy, a National
Water Demand Management Policy and a Pollution Control Policy. These policies should
address economic, social and environmental sustainability of the use and management
of Namibia’s water resource. As new policies are drafted, priority should be given to
consideration of ownership of water, ownership of rural water supply facilities and
water for the natural environment. Also requiring attention is provision for the

coordination or harmonisation of existing data or for coliection of new data within the
water sector. As a crucial component of conflict resolution, relevant and
[ comprehensive information must be available to be able to judge if legisiation, policies or
reguiations are being complied with and are effective,

35 Prioritised considerations for sustainability include:

* anew water act in harmony with Namibia's constitution

e a broad based, effective legislation and institutional framewark

* [egislation and institutional framework that is integrated with other sectors and
holistic in approach

» overall goals for social, economical and environmental sustainability

e prioritised entitlements for water use with special reference to the natural
environment

« agreed upon principles and instruments for water regulation and management that
are enforceable and are enforced

+ adequate information gathering, management and dissemination

s human resource development to establish, maintain and enforce the legislative and
regulatory framewaork

A key indicator relating to a white paper and new water act has been derived.

'[— NEIGHBOURING COUNTRIES

Namibia shares water resources with its neighbours. These “shared waters” are mainly

the perennial streams on the northern and southern borders as well as the ephemeral
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Cuvelai System. A number of ephemeral rivers, such as the Auob and Nossob cross into
Botswana and South Africa, but their flows are so irregular that their importance as
shared surface water sources is not significant. Groundwater flow in eastern Namibia is
generally in an eastern direction, but no attempt has been made to quantify this flow
and it has not been raised as an issue of shared resources.

The main shared perennial resources are the Kunene, Zambezi (including Kwando/
Linyanti/ Chobe System), the Okavango and the Orange Rivers. The sources of all of
these systems lie upstream of Namibia, so Namibia is dependent on activities in the
upstream riparian states. [n the cases of the Okavango and Zambezi Rivers, however,
there are riparian states downstream to whom Namibia has a responsibility. The Cuvelai
System is an important lifeline for a large rural population in the Ohangwena, Oshana,
Oshikoto and Omusati Regions in northern Namibia.

It is accepted both world-wide and within the SADC region that there is a need for
responsible use of shared water and other resources. There are a number of
conventions, United Nations and regional protocols that are relevant to the water sector
and in particular, transboundary systems, including

+« the UN Biodiversity Convention

* the UN Framework Cenvention on Climate Change

= the UN Convention to Combat Desertification

» the UN Convention on Ozone Depletion

s RAMSAR Convention on Wetlands

o UN General Assembly Resolution 51/229:

» Convention on the law of the non-navigational uses of international watercourses
* SADC Protocol on Shared Watercourse Systems

With the exception of the UN Resolution 51/229, the Government of the Republic of
Namibia has ratified all of these protocols and/or conventions. This is an important
commitment to environmental sustainability. In addition, Namibia has entered into
various agreements with its riparian neighbours. It is a part of ZACPLAN, and has co-
operated with Botswana on a technical level on the Kwando/ Linyanti/ Chaobe tributary
to the Zambezi since the early 1980s. Namibia has permanent joint technical
commissions with its neighbours for the Kunene, Okavango and Orange Rivers.

Despite generally good co-operation, Namibia has an allocation agreement with its
neighbour for only the Kunene River.

In view of the fact that much of Namibia’'s water demand is provided from the border

perennial rivers, the importance of good co-operation with riparian neighbours should
not be under-estimated. In addition, the scientific groundwork for proper understanding
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of the transboundary water needs to be allowed to proceed unhindered by political
pressures. Only in this way can integrated management strategies be successful.

Frioritised considerations.for sustainability include :

* Full open sharing of all data combined with a joint data collection programme to
avoid unnecessary duplication of effort between riparian states

» Combined data verification and collection exercises between riparian states

* Regular technical and managerial meetings between members of the Joint
Commissions '

» Holistic approach to data collection and analysis. Avoid concentrating on the river

~ only.

» Carrying out of necessary studies to achieve understanding of all environmenta!l and
socio-economic aspects of the basin

* Drawing up of an integrated Management Plan

+ Agreement on Allocations.

Key indicators relating to shared water resources have been derived, one providing an
indication of Namibia’s dependence on resources which are shared with other countries,
and one which provides an indication of the level of agreement and co-operation

obtained with fellow riparian states.
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INDICAT@®RS

The Namibian Government is committed to improving the livelihood of its people and to
sustainable use of the Nation’s natural resources. Meeting this challenge requires an
understanding of the factors governing the distribution and abundance of national
natural resources, the patterns of resource use, and a programme to monitor resource
condition to guide management and policy decisions. Without this adaptive approach to
natural resource management, there is little hope for ensuring sustainable resource use
and the long-term well-being of Namibia’s citizens.

Without some sort of monitoring and information dissemination network in place, policy
makers will continue to be reactive rather than proactive in response to environmental
problems. Hence, some means of measuring the status and usage patterns of
environmental resources such as water is needed. An indicator, a measure of some
variable of interest, whether it be environmental (depth to groundwater table}, economic
(water costl, or social [per capita incidence of water-borne disease), provides such a
means. As the name suggests, indicators are measures, which are symptomatic of
particular situations. The current numerical value of an indicator may be determined by a
simple measurement {i.e. dipping a well to measure the depth to water) or derived from
an equation, which incorporates measurements of several variables.

WHY DO WE NEED INDICATORS?

The value of indicators to the management of natural resources in Namibia becomes
clear when viewed in the context of Namibia’s “Information and Communication Service
for Sustainable Development in Namibia” program, of which this report is a part. This
programme is managed from the Directorate of Envifonmental Affairs, Ministry of
Environment and Tourism and funded by the Government of Finland. If this programme
is to be effective, it must:

* determine the status of resources

» discern changes and trends

« provide an understanding of processes

= provide early warning of emerging problems

» measure the effectiveness of environmental policies.

The measurement and interpretation of key indicators are central to the success of such
a program. Indicators used in a national pragram for monitoring environmental resources
must address the fundamental questions of:

* Is the environment getting better, worse or holding steady?

* Why {(what are the causes of change}?

* What can we do about it {do we understand the stressors involved)?

While the measurement and interpretation of indicators is clearly crucial, which ones
should we use and how should we use them? Two general types of indicators can be
defined: core and developmental. Core indicators are those in which the data collection
and evaluation methodologies are well defined, and existing data series provide a
historic record in support of future analyses. Developmental indicators are those in
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which further testing of sampling and evaluation methods is still needed, and historic
data series do not exist. Both types of indicators are important components of a long-
term monitoring program for Namibia's water sector. Once selected, the overall health
of Namibia's water sector may be determined through a critical evaluation of indicator
scores relative to reference conditions.

DETECTING POLICY-RELEVANT TRENDS

A primary goal of this report is to identify key indicators, which are relevant for
assessing trends at the national level. These trends may affect policy or be affected by
policy at the national, regional or local level. Indicators of trends must have a direct and
easily-recognised relationship to socio-economic or environmental well-being, and have
the social and political impact to catch the attention of and demand action from policy-
makers. The development of appropriate indicators is a key step in addressing questions
about the existence or magnitude of trends in natural resources such as water. What
constitutes a policy-relevant trend and how well can we measure or detect it?

While a trend may be defined as a long-term change in the mean value of a series of
measurements, an equally or more important trend may be a shift in the variance.
Rainfall patterns provide a key example, wherein a small change in the mean over time
could be associated with a significant increase in the variance. The relevant indicator in
this case would not be the mean itself, but rather the variance, as an increase in rainfali
variability could have an enormous impact on the Namibian economy.

Although the concepts of trend and change are familiar to many, the issues associated
with their analysis, and accurate and timely detection, are subtler. First, the term
“trend” is difficult to precisely and objectively define. The term trend describes the
continuing directional change in the value of an indicator over time, generally upwards
or downwards. Effective trend detection is entirely dependent on the availability of data
collected over a period of time in a consistent and reliable manner. Monotonic trends,
continual increases or decreases, are commonly detected in the evaluation of long-term
data series. Such trends may occur gradually over time, or in abrupt “steps.” Step
trends may occur in a data series in direct response to a specific event, such as the
introduction of a contaminant to a water source, resulting in a sudden change in the
variable of interest (Hirsch et al. 1991).

What constitutes long-term, when considering a trend, is subjective and depends upon
the dynamics associated with the system under study. A basic understanding of the
variability of Namibia’s climate only begins to emerge after many decades of study.
Long-term data are essential for detecting environmental trends and for putting the
present into perspective {Magnuson 1980). Data frem a single year, such as rainfall in
Khorixas in 1995, reveal little information. Similarly, only a few years of water table
measurements from the Kuiseb River aquifer tell us little regarding infrequent recharge
events.

In the same way that variation from one year to the next may complicate our
recognition of trends, so too may high levels of variation from one site to another during
any given year, This spatial variation, which typifies Namibia‘s natural resources, adds
another complexity to our definition of trend. What constitutes the appropriate coverage
in a given space, such as a particular region within the country? While groundwater
monitoring may be intensive at a single {sentinel} site, we cannot assume that that site
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is representative of a larger area. Identification of regional trends will probably require
more complete data, sampled across a range of sites. Thus our definition of trends must
include both change over time, as well as change over space in target regions. It shouid
thus be immediately clear that data sets of short duration and limited spatial coverage
are not adequate to recognize trends accurately.

HOW OFTEN DO WE MONITOR?

Determining the optimal frequency and distribution of surveys is a key issue in
effectively monitoring the status of Namibia’s resources. Given the limited resources for
monitoring, the longest survey cycle, which still meets the needs of early and accurate
detection, must be identified. The main goal in achieving this optimal frequency is
avoiding both unnecessary cost and regulation, while preventing the development of any
serious environmental problem. Groundwater dynamics provide a useful example. The
depth to the water table is a simple and useful indicator, which is responsive to a
number of stressors. However, recharge events occur infrequently and are associated
with high-magnitude rainfali and surface flows. What is the optimal frequency for
measurement? The DWA views abstraction rates which, result in a continuous fall aver
a five year period without recovery during periods of reasonable rain as unsustainable.
In such a case, measurement of the water table more frequently than once in five years
is necessary.

Costs and logistical challenges associated with the maintenance of a large number of
monitoring sites dictate that prioritization of site selection will be necessary - we have
neither the time nor money to sample as broadly as we would like. One approach
explored within this report is the use of sentinel sites. The sentinel site approach uses a
relatively small number of , which are chosen for intensive study. Each location is
selected under the assumption that it is representative of a larger region or class of
systems, such as a particular aquifer type or ecosystem. Sentinel sites can be selected
for several reasons, including their perceived sensitivity to environmental change and
their importance to Namibian society as a whole. Negative changes in sentinel sites
may alert us to the urgent need to resample ancillary associated sites to verify long term
changes.

MOVING FROM DETECTION TO CAUSATION

Once detected, determining the cause of a trend Is important so that appropriate policy
changes and management can be instituted. Assigning causality is a key challenge in
environmental monitoring programs. While our chosen indicator may be a reliable
measure of a given resource, in the absence of any measurements of change in
suspected stressors, we may be unable to assign causality and determine wheather the
trends are “natural” or caused by human activities. Natural resource monitoring
programmes commonly emphasize effects-oriented monitoring, which provides a direct
measure of a resource (e.g. groundwater storage}. However, early detection of changes
in resources through stressor-oriented monitoring (e.g. water demand) may be a more
efiective means of ensuring sustainable resource use. Monitoring changes in stressors is
key to successful adaptive management, and the prevention of serious resource
degradation. ’

4
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A key challenge associated with natural resource monitoring programs is to isolate the
effect of interest from noise introduced by natural spatial and temporal variability. If the
size of an impact from a human disturbance is small relative to natural variability, it will
be difficult to detect with any degree of confidence (Osenberg et al. 1994). This
challénge of distinguishing natural from anthropogenic variability is at the heart of
Namibia’s attempts to monitor and ensure the sustainable use and development of its
finite water resources. Namibia's arid climate is highly variable, with large variations in
rainfall and riverflow between years at any given location. For any data series, the
ability to detect trends is a function of three characteristics: (1) the magnitude of the
signal, (2) the variance of the data, and (3) the sample size. In an arid country like
Namibia, where the variance of water-related data may be very high, one fact is thus
readily apparent - only a large change in resource condition is likely to be detected in the
absence of a long-term data set.

This issue of separating natural from human-induced change is of particular significance
in Namibia, given the high levels of variation, both over space and time, in many
resources. Monitoring programs are often piecemeal, intermittent, and short term. They
generally have not provided the continuous long-term information about temporal and
spatial variation necessary to distinguish natural from human-induced change. This
distinction may be best made with a combination of stressor-oriented and effects-
oriented monitoring. Ultimately, monitoring trends in both effects and stressors can
improve the interpretability of observed changes. The status of an aquifer provides a
simple example, in which the effect is a change in the water table in response to
multiple stressors, such as changes in water demand (withdrawals) and recharge. In
such cases, the choice of appropriate response variables (indicators) is dependent upon
our knowledge of the dynamics of the system.

WHAT ARE THE CHARACTERISTICS OF A GOOD INDICATOR?

To be effective, an indicator must be:

« efficient {i.e. easily measured and analyzed using existing data)

« effective (i.e. sensitive to change and clearly linked to causative factors)
» economically and logistically feasible {e.g. already being measured)

« reliable (i.e. accurate and continuous).

A key issue in the development and application of indicators is the feasibility, technical,
financial and environmental, of gathering the information required. While an indicator
may have great potential for monitoring policy-relevant trends, the logistical, technical,
and economic realities of collecting and analyzing the information required for its
determination will dictate its use. While some indicators may have great utility, technical
and financial constraints may preclude their use,
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INDICATOR NAME

Mean Annual Rainfall

Definition

The indicator of mean annual rainfall is defined in two
ways: 1) As the total volume of rain falling on Namibia
divided by the country’s surface area for the season under
review, and 2} the 20 year running mean of the annual
total volume of rain falling on Namibia divided by the
country’'s surface area.

Measurement

The volume of rain falling over the whole couniry is
calculated using the annual rainfall depths recorded at as
many rainfall stations as possible. A surface is fitted over
these depths and the volume under the surface calculated.
This is done for the year under review {for 1} above) and
for each of the last 20 years for 2) above.

SIGNIFICANCE OF THE INDICATOR

Purpose

This indicator gives an indication of 1) how rainfall for the
season under review for the entire country compares with
the long-term mean, and 2} how rainfall over the past
twenty years compares with the long-term mean. In this
way trends may be identified in an objective way.

Relevance

As a key element in the hydrological cycle rainfall is
extremely important. Surface water runoff, groundwater
recharge and the availability of water in general are related
to rainfall.

Underlying Variables And
Definitions

The key underlying variable is the rainfall record as
recorded at the individual rain gauges. The volume of
rainfall falling over the whole country is calculated by
fitting a surface over all the recorded rainfall depths. The
volume of rainfall is expressed as an equivalent depth by
dividing the volume by the area of the country. The result
is expressed in millimetres.

Limitations Of The
Indicator

The limitations of “mean” have been discussed in the
report, and it should be remembered that, although usefut,
the mean is only one way of characterising rainfall. It
would be possible to repeat this exercise using median or
rainfall variability.
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Linkages To Other
Indicators

As a fundamental element of the hydrological cycle
rainfall, and therefore “mean annual rainfall” has links with
any indicators which describe either surface or
groundwater. While good rainfall does not always result
immediately in good runoff and groundwater recharge, in
the long-term, it does.

Calculation And Updating
Of indicator

Once NMS has the individual rain gauge data available, the
values are plotted on @ map and a surface fitted to them
using specialised surface-fitting computer software. This
software is also used to calculate the volume of rainfall
under the surface. For 1} the value is calculated only for
the season just finished. For 2) the value is calculated for
the season just finished and the previous 19 years. The
running mean value for the most recent year is calculated
by adding the volumes for the twenty years and dividing
by 20. Two volumetric results are therefore obtained, one
for 1) and one for 2). These results are each divided by
the surface area of Namibia to obtain and equivalent depth
of rainfall.

Past Performance

The past performance of this indicator has been
summarised in the attached notes.

Interpretation

Care should be taken in the application of this indicator
since the calculation of the rainfall values still relies on
data for the entire country. Certain areas of the country
have very poor rainfall coverage.

INDICATOR DATA

Data Requirements

Rainfall data are collected and archived by Namibia
Meteorological Services; Hydrology Division, DWA; and
Desert Research Foundation. These agencies would be
required to process their data and to make it available for
the volumetric calculation.

Responsibility For
Collecting And
Processing The Data,
And How Frequently

Each of the data collection agencies would be responsible
for providing the necessary data for all functioning
gauges. NMS calculates the volumetric figure from the
aggregated data.
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Reliability And Quality Of
Data

The reliability of the rainfall data and therefore the
indicator should be satisfactory.

Where The Data Are
Lodged And In What
Format

The data are lodged with the three identified agencies.
The NMS would calculate a single figure number for the
volume of rainfall for this and previous years. These
volumes are currently stored on spreadsheet.

Availability Of The Data

The data are available at no cost from the three agencies.
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Additional Notes to Indicator Table

PAST PERFORMANCE

The indicator value for Volumetric depth of rainfall (Namibia Average Precipitation (NAP)
for the 1996/97 season was 241 mm. This compares with the long-term mean of
276mm.

This second indicator simply states the current status of the twenty year running mean
compared with the 1986/97 baseline long-term mean precipitation for the whole
country. The indicator reports the percentage difference by which the 20 year running
mean differs from the long term mean. The value can be either positive or negative. This
idea is illustrated in Figure 1.

Percentage difference

Figure 1: Using the twenty year nunning mean value and comparing it with the baseline (1996/97) long-
term mean provides an indicator which is both meaningful and relatively easy to update. It is clear that the
fndicator value has decreased steadily over the past four years. If this trend were to continue for many
vears there would be reason to suspect that the long-temrn mean precipitation had actually decreased. The
indicator value for 1995/86 was —11.58% and increased slightly to —11.52% after the 1996/97 season. If
climate change were not to have any effect on rainfall, it should be expected that the value will retumn to
zero eventually.
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INDICATOR NAME

Data Collection Effort

Definition The number of rain gauges in Namibia for which useful
rainfall data are being collected.
Measurement This simple indicator measures the level of effort being put

into collection of rainfall data, which is fundamental to
water environment studies.

SIGNIFICANCE OF THE INDICATOR

Purpase To monitor the status of the essential data collection
efforts being rmade by those involved in the collection of
climate data.

Relevance In view of the fact that many scientific and technical

investigations and much research work relies on adeguate
accurate data, and that important decisions are made
based on these investigations and research findings, it is
clear that an indicator of how well data collection is being”
carried out is important.

Rainfall data are used for this indicator since they are
often the most important and extensively collected of
climate data, especially in relation to water sector studies.
Because of the large number of stations involved, a major
effort with respect to logistics and management is
required on the part of the data collection agencies and
this indicator therefore provides a good reflection of this.

Underlying Variables And
Definitions

This indicator simply sums the number of rain gauges,
operated by all data collection agencies, for which
acceptable data have been collected. Only the agencies
are in a position to decide at the end of each year whether
a particular station has operated satisfactorily.
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Limitations Of The
Indicator

This indicator has been calculated using only rainfall
gauges. It does therefore not necessarily provide a true
indication of how well other data collection activities or
data processing are being carried out. The indicator
provides a national figure only. The importance of looking
at how evenly data collection efforts are spread over the
country is not included in the indicator value. However, as
background to the indicator, the number of rain gauges
operating in each region is also drawn up. The values in-
this table could be considered as sub-indicators or regional
data collection indicators.

Linkages To Other
Indicators

Although this indicator is not directly linked to other
indicators, it's value should be borne in mind when using
other indicators. A low value, or a continuous negative
trend may be an indication of generally deteriorating data
collection efforts, which may cast doubt on the usefulness
of other indicators.

Calculation And Updating
Of Indicator

At the end of each hydrologica! season (end September),
each of the data collection agencies will review the rainfall
stations in its network and state whether or not each
station has been operating satisfactorily and whether the
data have been collected successfully, The indicator will
then be calculated by summing the number of operational
stations. This is to be carried out on an annual basis.

Past Performance

The past performance of this indicator has been
summarised in the attached notes. It should be noted that
only for 1997/98 can the data be considered really
accurate since for previous years it has not always been
possible to accurately verify the statistics.

interpretation

Care should be taken in the application of this indicator.
Although it is assumed that the effort that goes into
rainfall data collection may provide an indication of the
effort made on the collection of other parameters, this is
only an indication that would require further investigation.
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INDICATOR DATA

Data Requirements

Rainfall data are collected and archived by Namibia
Meteorological Services; Hydrology Division, DWA: and
Desert Research Foundation. These agencies would be
required to review their stations and indicate the status of
data collected at each station and in which region the
station lies.

Responsibility For
Collecting And
Processing The Data,
And How Frequently

Each of the data collection agencies would be responsible
for providing the necessary data on the status of their rain
gauge networks.

Reliability And Quality Of
Data

The reliability of the rain gauge count should be good,
although it does depend on an honest statement from the
data collection agencies.

Where The Data Are
Lodged And In What
Format

The data are lodged with the three identified agencies.
The values are in the format of a simple integer.

Availability Of The Data

The data are available at no cost from the three agencies.
The counts will be available by April in the following
season.
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Additional Notes to Indicator Table

PAST PERFORMANCE

A series of useful rainfall records were compiled as part of an earlier study using
Namibia Meteorclogical Services records updated by this study. Figure 2 is based on
these records and shows that there were only 315 rainfall stations operating in 1996
down from a maximum of 345 in 1963. WMO standards indicate that there should be
between 500 and 600 rain gauges to provide minimum coverage. Some areas in
Namibia have very few or no rain gauges. The indicator value stands now at 315, and
every effort needs to be made to see that this figure rises as quickly as possible,

particularly in areas that are currently under supplied.

Nurmnber of Gauges
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Figure 2 : Past Performance of Indicator

It is also useful to look at this indicator on a regional basis.

rain gauges operating in each region.

Table 1 : Regional Analysis of Rain Gauge Numbers

Table 1 provides a breakdown of the number of

Region Area of Number of Gauges suggested by Number of gauges operating in
Region {km?} wWmMO Namibia
Caprivi* 19 632 14 1
Okavango* 43 418 31 7
Kunene* 144 255 104 16
Omusati* 13 638 10 4
Oshana®* 5 291 4 2
Oshikoto* 26 607 18 12
Ohangwena 10 582 B o]
Qtjozondjupa 105 328 76 66
Erongo 63 720 45 27
Khomas 36 805 26 486
Omaheke B84 732 87 33
Hardap 109 BBS 79 54
Karas 161 325 118 47
Totals 825 121 598 315
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DATA REQUIREMENTS

Rainfall (precipitation) data in Namibia are collected by a number of organisations, the
most important of which are :

Namibia Meteorological Services (NMS)
Hydrology Division in the Department of Water Affairs (DWA)
Desert Research Foundation of Namibia {DRFN)

In addition to its 15 manned muiti-sensor weather stations {1998 figure}, the NMS
receives daily rainfall data from a large number of volunteer observers. Over the years
data have been collected and stored for more than 1 000 stations. DWA currently
(1998 figure) operates 36 autographic rainfall stations. The DRFN collects precipitation
data for seven {1998 figure) stations in the Namib Desert. It is the sum of these
satisfactorily operating gauges that is used to determine the indicator,
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INDICATOR NAME

Annual Runoff

Definition The percentage of the identified key runoff stations for
which runoff was above or below average for the season
under review.

Measurement Runoff is measured at key runoff stations by the

Hydrology Division in DWA on a continuous basis. These
stations are either surface water storage dams or gauging
weirs.

SIGNIFICANCE OF THE INDICATOR

Purpose To give an indication of whether runoff in the country’s
ephemeral and perennial rivers has been above or below
average for the season under review.

Relevance While the investigation of rainfall parameters such as

mean annual rainfall is fundamental  for all water
resources, it is also important to have an indication of
surface runoff levels. High surface water runoff levels in
the ephemeral rivers is likely to indicate that the country’s
main water supply dams are receiving inflow. Namibia is
dependant on surface water resources for the majority of
its bulk water needs, and it is therefore essential to
monitor their status.

Underlying Variables And
Definitions

Water levels are recorded at Namibia’s major dams and at
more than one hundred river gauging stations
countrywide. From these stations, 15 key stations have
been selected, representative of the main perennial and
ephemeral rivers. These water level data are converted
into volumetric flow data, which are then used to
calculate the indicator.
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Limitations Of The
Indicator

The indicator only covers a selection of Namibia’s river
basins. Due to the great spatial variation of rainfall in
Narnibia, it is very possible for rain to fall heavily causing
floods in ane catchment, but for the adjacent rivers
catchments to receive little or no rain.

Linkages Ta Other
Indicators

Clearly the runoff indicator has linkages with the mean
annual rainfall indicator. However, high levels of runoff in
the ephemeral rivers without high rainfall can occur and
may indicate a deterioration in catchment conditions {e.g.
poor ground cover from over-grazing).

Calculation And Updating
Of Indicator

The majority of the key stations are either storage dams or
perennial river stations for which the proccessing of runoff
data is almost immediate. For the handful of key stations
which are ordinary gauging stations on ephemeral rivers,
processing will normally only be carried out by arocund
December, or three months after the end of the

hydrological season. The indicator should be updated on
an annual basis.

Past Performance

The performance of this for 1997/98 is summarised in the
attached additional notes.

Interpretation

Care should be taken in the application of this indicator.
As already stated, high levels of runofi without unusually

high rainfall may indicate a deterioration in catchment
health.

INDICATOR DATA

Data Requirements

A considerable amount of data have to be collected by the
hydrology Division to calculate this indicator. These data
would be in the form of a single runoff volume per key

station for the year in question, together with a long-term
mean value.
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Responsibility For

1 Collecting And

Processing The Data,
And How Frequently

The Hydrology Division and NamWater (dams) are
responsible for the collection and processing of these
data. Processing of most of the data is carried out on an
ongoing basis. Finalisation of the data would be carried
out during the three months following the end of each
hydrological season.

Reliability And Quality Of
Data

The reliability of the data is generally good.

Where The Data Are
Lodged And In What
Format

The data are lodged with the Hydrology Division {DWA)
and NamWater.

Availability Of The Data

The data are available at no cost from the two.
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INDICATOR NAME

Pollution of groundwater

Definition The number of sites where unacceptable levels of
concentration of contaminants have been measured
expressed as a proporticn of the total number of sites
monitored.

Measurement Analysis for site-specific determinants in groundwater’

samples collected at specific monitoring sites.

SIGNIFICANCE OF THE INDICATOR

Purpose To show whether pollution control is effective in areas of
high contamination risk.
Relevance If monitoring of this indicator shows a steadily worsening

situation a need for stricter control measures will be
evident. Where a balance is maintained and the situation
remains stable this will show that the current measures
are adequate.

Underlying Variables And
Pefinitions

Acceptable levels of concentration for numerous
contaminants are listed by the Department of Water
Affairs. Samples are to be analysed for site-specific
determinants and the acceptability, or compliance of the
results with the given levels of acceptability recorded.
Each sample will thus be recorded as acceptable or not
and the total number of acceptable samples expressed as
a proportion of the whole given as the indicator. This
proportion will be in actual numbers so that the number of
monitoring sites is shown.

Limitations Of The
Indicator

This indicator will be limited by the number of monitoring
sites used and will give no indication of the severity of
pollution at any one site.

Linkages To Other
indicators
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Calculation And Updating
Of Indicator

Annually at the end of each hydrological season (end
September} samples should be collected from each of the
monitoring boreholes and submitted to the .NamWater
laboratory for analysis.

Past Performance

No data are available on which to assess the past
performance of this indicator.

Interpretation

Contaminant levels must be compared to a single set of
standards and uniform analytical techniques must be
applied in the laboratory so that changes measured are
real and not induced.

INDICATOR DATA

Data Requirements

Analyses for site-specific determinants from samples
coliected at sentinel boreholes.

Responsibility For
Collecting And
Processing The Data,
And How Frequently

The Department of Water Affairs should assume
responsibility for the collection of samples and the
processing of data on an annual basis. Analyses should
be carried out at the NamWater laboratory.

Reliability And Quality Of
Data

Analyses for determinants will be reliant on the detection
limitations of the methods applied in the laboratory.
Analytical methods should conform to internationally
accepted standards (eg. 1SO or SABS).

Where The Data Are
Lodged And In What
Format

Copies of the analytical results will be retained by the
laboratory, sent to the originator of the samples and
should be circulated to the office of the Environmental
Commissioner.

Availability Of The Data

Data are currently not available but will involve some cost
for sample collection and analysis.
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INDICATOR NAME

Routine monitoring of water levels in the non-
strategic, regional aquifers

Definition Measurements of changes in rest water levels in non-
strategic aquifers.
iVieasurement The depth from surface to the rest water level is to be

measured in sentinel boreholes designated for this
purpose. As the frequency of this monitoring is to be
annual it is recommended that measurement be carried out
manually.

SIGNIFICANCE OF THE [ND

ICATOR

Purpose

To monitor changes in rest water level that may show
depletion or replenishment of regional aquifers. As these
aquifers  support rural farming communities the
measurements will provide an early indication of resource
stress which will enable decision-makers to proactively
manage usage. :

Relevance

Declining water levels show a reduction in the stored
amount of groundwater in a given area, which may result
from natural causes such as periods of below average
recharge, or from over abstraction. Conversely rising
water levels show an increase in the amount of stored
groundwater.

Underlying Variables And
Definitions

Rest water level is recorded at the time a borehole is
drilled and subsequent measurements are often compared
to this. The only datum level applied is the ground surface
or collar height. Rising or falling water levels are therefore
only a measure of change relative to some previously
recorded level. Measurement of changing levels over time
will thus only provide a qualitative indication of improving
or worsening conditions.

37




Limitations Of The
Indicator

For this indicator to be reliable it is imperative that
monitoring boreholes are far from areas where abstraction
is taking place. The appropriate distance from a producing
borehole should be determined in accordance with the
prevailing aquifer parameters to ensure that it is the
regional water table that is measured, not the effect of
changed water levels in a limited area.

Linkages To Other
Indicatars

Calculation And Updating
Of Indicator

If evidence for annual recharge exists then it is
recommended that rest water levels are measured at the
end of the usual period of recharge. Where no such
evidence exists it is suggested that measurements take
place annually at a regular time.

Past Performance

Insufficient data are available for this indicator ta illustrate
meaningful trends. .

Interpretation

Rest water levels cannot be viewed as absolute but must
be assessed as part of a trend, from a number of years of
data.

INDICATOR DATA

Data Requirements

Rest water level measurements from sentinel monitoring
boreholes.

Responsibility For
Collecting And
Processing The Data,
And How Frequently

Routine collection of this data should be introduced into
the programme of the Rural Water Supply Directorate of
the Department of Water Affairs. When monitoring
boreholes have been selected each extension officer in
whose area they lie should be given specific instruction to
measure and record the rest water level at a pre-
determined time each year. [f this is worked into existing
extension prograrmmes then no significant extra cost is
likely. Data should be sent through to the monitoring
section of the Geohydrology Division for entry into the
existing monitoring database.
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Reliahility And Quality Of | Care should be exercised in the maintenance of water
Data fevel measuring equipment. In the past boreholes have
been replaced and monitoring records are unbroken,
continuing from the previous borehole to the replacement
(e.g. in the Karstland monitoring programme}. It is
essential that the records from individual boreholes do not
become confused in any way.

& Where The Data Are Data is to be entered on the monitoring section of the
- Lodged And In What Groundwater Database maintained by the Geohydrology
Format Division of the Department of Water Affairs.

: Availahility Of The Data Data are freely available from the Department of Water
& Affairs.
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Months of adequate abstraction in strategic aquifers

.....

,,,,,,

Definition Calculation of the number of months it would take, at
current levels of abstraction, to deplete a strategic aquifer
assuming no recharge.

Measurement The geometry and aquifer parameters are known for

strategic aquifers and thus a volume of stored
groundwater that may be abstracted can be calculated
from measurement of rest water levels. Volumes of water
pumped are continually monitored and therefore the rate
of abstraction can be averaged for certain intervals. Using
these two values it is possible to calculate the time it
would take to deplete the aquifer.

SIGNIFICANCE OF THE INDICATOR

Purpose With knowledge of the statistical likelihood of significant

- recharge within a given time (the depletion period) it is

possible to forecast the security of supply to strategic
users.

- Relevance Where months of adequate abstraction indicate likely

depletion, it becomes clear that drastic changes in aquifer
management are required to protect the strategic
resource. Although climate or increased demand may
induce depletion, strict demand management may help
counter it.

Underlying Variables And
Definitions

During the establishment of wellfields for bulk water
supply, geohydrological investigations are aimed at a
comprehensive understanding of aquifers. Data collected
help to assemble a geometric model of the aquifer and
measured hydraulic parameters provide a means of
calculating the stored volume of groundwater. The only
variable used in this calculation is the rest water level,
which is measured periodically in order to re-calculate the
volume. The other variable is the rate of abstraction,
which varies with demand.
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Limitations Of The
Indicator

This indicator is based on the calculated volume of stored
water in individual aquifers. One major limitation to this
indicator is therefore the reliability of calculated volumes
and measured variables. A

Linkages To Other
Indicators

Not Applicable

Calculation And Updating
Of Indicator

Water levels and abstraction data are continually recorded
by NamWater and used to re-calculate stored volumes and
months of adequate abstraction,

Past Performance

Previously the stored volume held in strategic aquifers was
reported but in recent vears this has expanded to yield a
‘months of adequate abstraction’ figure. Thus data exist
for a limited number of years only.

Interpretation

Months of adequate abstraction in each strategic aquifer
are a direct measure of the security of supply at a specific
time. As such this cannot be viewed against a meaningful
datum and time related trends may not be of much use.

INDICATOR DATA

Data Requirements

None (NamWater collect and process the required data)

Responstbility For
Collecting And
Processing The Data,
And How Frequently

NamWater monitor rest water ievels, which are used to re-
calculate stored volumes. These are reported on a
quarterly basis and should be made available to the
Environmental Commissioner on a regular basis.

Reliability And Quality Of
Data

Data collection and recording are carried out accurately
and continually.
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Where The Data Are
Lodged And In What
Format

The Geohydrology section of NamWater compiles a
quarterly aquifer management report. Calculated months
of adequate abstraction may presumably be supplied in
digital format free of charge if requested.

Availability Of The Data

Data are freely available at NamWater
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INDICATOR NAME

Monitoring of ambient chénges in water quality

Definition Changes in ambient water quality are to be monitored
through major ion analyses of samples taken from sentinel
production boreholes in strategic aquifers.

Measurement Samples of water are to be taken from sentinel boreholes

annually at the end of the dry season and analysed at the
NamWater laboratory for major ions.

SIGNIFICANCE OF THE INDICATOR

Purpose To measure changes in groundwater salinity which would
indicate possible deterioration of a resource.
Relevance Early detection of changes in salinity will make it possible

to activate remedial measures to prevent long lasting
deterioration of resources,

Underlying Variables And
Definitions

Original water quality {as shown by TDS) recorded when a
borehole was drilled and tested is taken as the datum.
Subsequent measurements will show the influence of the
quality of water replenishing the aquifer in response to
abstraction.

Limitations Of The
Indicator

In certain alluvial aquifers seasonal variations in water
quality are profound and it might not be possible to detect
more gradual long-term changes,

Linkages To Other
Indicators

Not Applicable

Calculation And Updating
Of Indicator

Not Applicable

Past Performance

Not Applicable

Interpretation

Not Apblicable
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INDICATOR DATA

Data Requirements

Not Applicable

Responsibility For
Collecting And
Processing The Data,
And How Frequently

It will be necessary that samples be collected from
sentinel boreholes and subjected to a standard water
quality analysis (at NamWater laboratories) on an annual
basis at the end of the dry season. It is suggested that
this responsibility be given to NamWater. Sentinel
boreholes are to be selected for this purpose in each of
the strategic aquifers. Changes in TDS level are to be
monitored and where these are noted comparison with
earlier analyses will show which salts are mainly
responsible.

Refiahility And Quality Of
Data

Not Applicable

Where The Data Are
Lodged And In What
Format

Data will be held by the laboratory and circulated to the
Department of Water Affairs and the Environmental
Commissioner. A tabulation of annual TDS levels for each

borehole is to be maintained by the Geohydrology
Division.

Availability Of The Data

NamWater will charge a fee for analyses requested by
outside parties.
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INDICATOR NAME

NamWater Cost Recovery

Definition

The ratio of “full cost” unit tariffs to existing tariffs.

Measurement

The measurement appears as a percentage such that 50%
means that 50% of costs are covered by current
NamWoater tariffs. The range will be from 0-100% where
100% represents full cost recovery. '

SIGNIFICANCE OF THE INDICATOR

Purpose Measures the extent to which NamWater is covering its
costs and its consumers are paying the full cost of water,
and hence the extent of implicit subsidisation.

Relevance With movements towards cost recovery occurring as a

matter of policy, and the WASP recommending economic
tariffs, monitoring compliance with the cost recovery
policy is highly relevant.

Underlying Variables And
Definitions

The "full cost” represents the capital, operations and
maintenance costs incurred by NamWater in supplying
water. The existing tariff is the current level of the tariff.
The indicator could be found as a weighted average
(weighted by water consumption)} for the entire country or
as a weighted average for the different regions, thereby
showing regional variations.

Limitations Of The
Indicator

The definition of “full cost” is important for this indicator.
Currently NamWoater is in the process of changing the
nature of its definition for full costs meaning that the
current indicator could change. It is suggested that new
indicators be backcast replacing the current ones if full
cost definitions change in the future. A national indicator
does not indicate the regional variations, which are large.
Furthermore, the extent of subsidisation from the
government is ignored by this measure as is the extent of
non-payment, currently at around N$40m. Once cost
recovery is achieved, Namwater may make a profit. The
indicator may be greater than 100%, and become more a
measure of profits.
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Linkages To Other
Indicators

Obviously the percentage of full costs represented in the
tariffs, taken from 100% represents the percentage unit
subsidisation.

Calculation And Updating
Of Indicator

The NamWater tariffs for each water point are published
in the government gazette annually. The calculation can
be made from this, weighted by the water production in
each place.

Past Performance

Taking the current definition and value of full cost as the
correct definition, cost recovery has increased steadily
from 40% in 1996 to 67% in 1999,

Interpretation

Full cost recovery is being approached by NamWater.
However, a strict eye must also be kept on the extent of
non-payment. It is apparent for full cost recovery to be
attained by 2000 a 33% rise in tariif is necessary in the
coming year.

INDICATOR DATA

Data Requirements

Full cost and existing tariffs and water production for each
water point.

Responsibility For
Collecting And
Processing The Data,
And How Frequently

NamWater must publish its tariffs every year. The water
production can be obtained from NamWater. Both of these
pieces of data are published in NamWater's annual report.
It is not certain who will process this data.

Reliability And Quality Of
Data

Reliable

Where The Data Are
Lodged And In What
Format

Data from NamWater. In hard form in the Gov't Gazette or
digital form from NamWater.

Availability Of The Data

Available from NamWater free of charge.
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Additional Notes to Indicator Table

Table 1 shows the weighted average NamWater cost recovery tariff and current tariff.

The percentage of costs covered also shown.

Table 1: Weighted Average of Namwater Tariffs and Full Cost Recovery Tariffs.

19985/6 1996/7 1997/8 1298/3 1999/2000
Tariff N$1.20 N$1.50 N$1.63 N$2.26 N$2.47
Full Cost Tariff N$2.36 N$2.36 N$2.96 N$2.41 N$2.65
% Cost Recovery 51% 64% 55% 94% 93%

The regional variations in percentage of costs covered is indicated in Table 2.

Table 2: Regional Variation in percentage of NamWater Costs Recovered.

WATER REGION

% Cost Recovery .

1998/9 1995/2000
Brandherg 79% 86%
Cuvelai 78% 87%
Hardap 95% 102%
Karas 98% 106%
Khomas 91% 87%
Kunene 53% 60%
Namib 111% 123%
Okavange 121% 129%
Omaheke 35% 43%
Waterberg 93% 102%
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INDICATOR NAME

Unaccounted for Water

Definition The amount of unaccounted for water in an urban centre
as a % of total supply to that centre.
A comparison needs to be made between the production
Measurement figures for an urban centre and the level of consumption

therein. The figures should be compared to international
norms, or at least to Windhoek where monitoring of water
is currently of a high standard.

SIGNIFICANCE OF THE INDICATOR

Purpose

Indicates the amount of water lost from the system and

‘therefore gives an indication of the level of management in

urban centres, and the state of repair of the reticulation

~system. It also indicates where significant water saving

can be made.

Relevance

With many water resources being tapped to their full
capacity, and with increased supply options being very
expensive, unaccounted for water can be isolated as one
possible area for management improvement. As a result
unaccounted for water can be a proxy measure of the
success of existing management.

Underlying Variables And
Definitions

The supply of water to an urban centre is the total of bulk
water supplied. The level of consumption in the town is
registered on meters by the local authority for all of the
consumers,

Limitations Of The
Indicator

Unaccounted for water as a % tells us nothing about how
this unaccounted for water arises. Therefore the indicator
alone gives us no guidance an policy prescriptions.

Linkages Ta Other
Indicators

Not Applicable

48




p——

pridimen

e

£

ety
'

Calculation And Updating
Of Indicator

The indicator is calculated by taking the difference
between supply and consumption and relating this as a %
of supply. Updating of the indicator will be sporadic in all
but the major urban centres of Windhoek, Swakopmund
and Walvis Bay. These centres have computerised water
accounts which make the calculation easy. This is not the
case elsewhere and as such comprehensive updating
could be a problem.

Past Performance

Not Applicable

Interpretation

Tells us something about the effectiveness of the water
management regime, maintenance and state of
infrastructure.

INDICATOR DATA

Data Requirements

Water supply and consumption.

Responsibility For
Collecting And
Processing The Data,
And How Frequently

Responsibility for these figures does not lie in specific
institutions. Windhoek municipality will provide the
figures, as may Walvis Bay and Swakopmund, on an
annual basis. The responsibility of data collection in the
other urban centres has previcusly been with research
projects like the IUCN WDM study, slthough it is in the
interests of the population centres to know this
information. it is unciear what will happen in the future.
For this reason it seems reasonable that the data could
only be updated every & years.

Reliability And Quality Of
Data

Unclear. Currently some of the figures are estimated due
to lack of information on consumption levels. Quality of
data will improve with the quality of water management.

Where The Data Are
Lodged And In What
Format

In Windhoek, Swakopmund and Walvis Bay the data are
computerised. The NamWater production figures are
available in hard form from NamWater. The urban
consumption figures elsewheare are available only from the
local authorities, from meter cards.
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Availability Of The Data

Requires looking at meter cards in local authorities which
are open to such investigation. NamWater is also open to
supplying this information.
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im Additional Notes to Indicators

There are some towns which perform badly according to the data. Khorixas and Opuwao

( are the worst performers with 58% and 47% unaccounted for water respectively.
= Windhoek, which currently has a pipe monitoring program and computerised accounts
) has 10% unaccounted for water. This could be seen as a bench mark for Namibia. If
fw Outjo, Otjiwarongo and Omaruru figures are accurate, they too could be considered
L benchmarks.

Table 4. Unaccounted for Water in the Main Urban Centres of Namibia,

Local Authority Area. Unaccounted for water %
Arandis 35.0+

{,, Gobabis 7.7

E Grootfontein 20.9

== Henties Bay 9.0
Karasburg 18.0
Karibib nfa
Katima Mulilo 35.0+
Keetmanshoop 17.0

£ Khorixas 58.0

i Luderitz 22.0

- Mariental 9.4

o Okahandja 16.0

i* Omaruru 7.0

23 Ondangwa 35.0+

Ongwediva 35.0+
COpuwo 47
Oshakati 35.0+
Otjiwarongo 7.5
Outjo 7.7

1 Rehohoth 35.0+

Bt Rundu 38.0
Swakopmund 12.0
Tsumeb 15.0
Usakos 31.1
Walvis Bay 14.5
Windhoek i10.0

b
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INDICATOR NAME

Water Consumption by Resource Type

Water consumed as percentage of sustainable supply

Befinition
potential for each of ephemeral, perennial, ground and
unconventional water resources.

Measurement Measurement is made by summing up national

consumption of water from the four sources and
calculating these totals as a percentage of the established
and accepted sustainable yield.

SIGNIFICANCE OF THE INDICATOR

Purpose To identify whether sources are nearing the maximum
sustainable level of usage.
Relevance This indicator is very relevant in view of the need to avoid

non-sustainable and environmentally unacceptable use of
any water resource.

Underlying Variables And
Definitions

Ephemeral water sources are defined as the storage dams
on the ephemeral rivers which are used for bulk water
supply. They do not include Omdel Dam which is part of a
groundwater supply source. Perennial water supply is
defined as the bulk water abstraction from the perennial
river systems (Zambezi River and tributaries, Okavango
River, Kunene River and Orange River) plus an estimate of
the water abstracted directly for use by riverside
communities. Ground water supply is defined as the total
water abstracted for bulk water supply. Unconventional
water supply is defined as recycled water or other non-
primary sources. The total sustainable potential of the
various sources follows definition use by DWA for hoth
surface water (95% assured vyield) and ground water. The
availability of perennial water is determined by
international agreements between the riparian states.

Limitations Of The
Indicator

The indicator should be used as a broad outline only since
it i1s dependent on source data which is difficult to
calculate accurately both in terms of level of use and
sustainable potential.
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Linkages To Other
Indicators

This indicator is linked to other indicators. The level of
perennial water consumption relates to both the
“dependence on shared resources” and “level of
international co-operation” indicaters. There are also links
with the annual runoff and ground water indicators.

Calculation And Updating
Of Indicator

Sustainable supply estimates are wupdated by both
Hydrology {NamWater and DWA) and Geohydrology-
Divisions (DWA). DWA also has knowledge of agreed
abstraction levels from the perennial rivers. Annual
consumption figures would have to he summed through
consultation with DWA and NamWater.

Past Performance

The value of this indicator for 1997 has been calculated
and details are presented in the additional notes.

Interpretation

As already stated, care should be taken in the application
of this indicator, which is a warning light indicator only.
An increasing value may merely warn that further
investigations and research are reguired to check the
assumed values.

INDICATOR DATA

Data Requirements

Data on water supply and water supply potential are
collected and regularly updated by the Hydrology, Planning
and Geohydrology Divisions in NamWater and DWA. Data
on unconventional water are available from municipalities.

Responsibility For
Collecting And
Processing The Data,
And How Frequently

The Ministry of Environment and Tourism would have to
request that the necessary data are monitored at the
appropriate level of accuracy by both DWA and
NamWater, and any other agencies.

Reliability And Quality Of
Data

The data will in some cases be estimates made by
experienced officials.

Where The Data Are
Lodged And In What
Format

The data are lodged with the already identified agencies.
The values are in the format of two simple numbers for
each of the four souces.
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Availability Of The Data

The data are available at no cost from the three agencies
but for the availability to be timeous it is suggested that
MET discuss the need for the data in advance with DWA
and NamWater.

Additional Notes to Indicator Table

PAST PERFORMANCE

Table 1 shows the calculated percentage values for the indicator for 1997/98. As a new
source, no value has been calculated for unconventional sources.

Tahle 1 : Water Consumption by Resource Type

Resource Type Current Consumption Potenttal Yield Indicator Value (%)}
, Mm*/anonum Mm?*/annum
Groundwater 136 300 45.3
Ephemeral Rivers 53 200 26.5
Unconventional N/a N/a
Perennial 107 600° 17.8

'{Current consumption/Potential sustainable yield) x 100

ZEstimated Long-term agreed quota
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INDICATOR NAME

Value Added

Definition The contribution to GDP per m® of water used in different
economic sectors.
Measurement Measured in N$/m®. The higher the better.

SIGNIFICANCE OF THE INDICATOR

Purpose

Gives an estimate of the value of water in different
economic sectors, indicates something of the ability to
pay for water in these sectors, and gives an idea as to
how economic development should be focussed given
scarce water.

Relevance

Namibia is the most arid country in sub-Saharan Africa.
Water is one of the major constraints to development in
Namibia. in determining government policy it is paramount
that the economic value of water, and the opportunity
costs, are considered. Value-added is a useful indicator in
this sense.

Underlying Variables And
Definitions

The value-added for each of the economic sectors is the
contribution to GDP. Water used in each sector is another
variable which influences this indicator.
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Limitations Of The
Indicator

There are other aspects of economic sectors which are
useful to consider. Employment is one notable factor.
Although strictly value-added incorporates the value added
by labour, the value added per m® emphasises the water
aspect above other aspects. There are constraints to
development in sectors other than water. Furthermore
there are assumptions about water consumption in
unmetered sectors which make the tracking of this
indicator over time potentially meaningless. In the future
however, techniqgues may improve to eliminate this
limitation. Water measurements are influenced by the
unaccounted for water in some instances. Improvements
here will improve the indicator reading. Lastly the spatial
elements to water usage are not represented here. In
some regions of Namibia the potential uses for water are
limited. For example it may not be possible to use water
for increased mining along the Orange River if Haib and
Skorpion Mines do not materialise, whilst irrigation, a low
value use, is possible. The opportunity cost of water is
low here.

Linkages To Other
indicators

Not Applicable

Calculation And Updating
Of Indicator

The value added figures are obiained from the national
accounts. The water usage figures in each sector are
based on a variety of assumptions. These figures and the
value added per m? are updated regularly by the
Department of Environmental Affairs Natural Resource
Accounting Program.

Past Performance

Not Available

Interpretation

Can be interpreted as a measure of the productive
efficiency of water in different sectors.

INDICATOR DATA

Data Requirements

Value added and water consumption in each sector.
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Responsibility Far
Collecting And
Processing The Data,
And How Frequently

The value added data are collected annually by the central
statistical office (CSO}. The water consumption statistics
are calculated by the DEA for the Natural Resource
Accounting program. So far this has been done for 1993
and 1986. The frequency of value added/m® calculations
may be increased.

Reliability And Quality Of
Data

Reliable for most sectors. As'sumptions made for livestock
and human consumption in rural areas are subject to
debate.

Where The Data Are
Lodged And In What
Format

Department of Environmental Affairs.

Availahility Of The Data

Freely available from the DEA and CSO.
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Additional Notes to Indicator Table
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PAST PERFORMANCE

= Over time it may be illustrative to monitor the average value added for the whole
£ ecanomy. In 1996 this was N$51/m°, whilst in 1993 this value was N$47/m’. This

shows an improvement in the productivity of water, which could occur for a variety of
{fm reasons. These figures represent weighted averages for the economy, including
£ household use. Households are excluded from the table since they are incompatible with

the value-added statistics.

" Table 1 : Value added per cubic metre of water by sector 1996

Value added 1996 Water use 1996 Value added per cubic
Economic Sectar {millions of N§) {millions of cubic metre of water 1996
metres {N$/m?)
e Agriculture 1,029 142.9 7.2
%ﬁ Commercial 650 92.9 7.0
24 Subsistence 379 50.0 7.6
£ Mining 1,654 25.2 65.6
g ) Diamend mining 1,169 13.6 86.0
= : Other mining 485 11.6 41.8
Manufacturing 1,652 5.3 292.8
Fish processing 354 0.5 708.0
Other manufacturing 1,188 4.8 249.6
Services 3,215 5.5 574.5
Hotels and 226 1.2 188.3
restaurants
Transportation 252 0.8 315.0
Other services 2737 3.5 782.0
Whole economy 11,786 231.2 51.0
{:'.2
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INDICATOR NAME

Integrated Water Resource Management in population

centres

Definition The level of awareness and level of implementation of
components of integrated water resource management
{IWRM) in centres using water from various sources in
Namibia

Measurement This simple indicator measures the level of effort being put

into basic components of water demand management, as
a part of integrated water resource management, and the
level of awareness of authorities with respect to
components underlying iwrm.

SIGNIFICANCE OF THE IND

ICATOR

Purpose To monitor the level of awareness and the level of
implementation of components of iwrm in population
centres in Namibia.

Relevance Effective and efficient use of water is essential in an arid

country such as Namibia. While supply of water has
taken precedence in the past, more effective and efficient
use of that water currently available will reduce the need
for additional water and the rate at which additional water
must be supplied. This indicator would reflect other
components of iwrm such as appropriate pricing and
policies of NamWater as the bulk water supplier to these
urban centres.

Underlying Variables And
Definitions

Not Applicable.

Limitations Of The
Indicator

Awareness of a component of iwrm or ineffective
application of iwrm need not contribute to effective and
efficient use of water. This assumption must be made,
however, until this developmental indicator can be refined
and quantitative rather than qualitative measures can be
applied.
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INDICATOR NAME

Effectiveness of Community Based Management

Definition The number of times Water Point Committees or other
community based committees require the assistance of
the Directorate of Rural Water Supply to maintain supply
of water.

Measurement This simple indicator measures the effectiveness of the.

Water Point Committees or other community based
committees to maintain the supply of water to the
community for which they are respansible.

SIGNIFICANCE OF THE INDICATOR

Purpose To monitor the abilities of communities to operate and
maintain their own water supply systems.
Relevance The WASP document and the Community Based

Management process are directed toward developing
independence of communities to operate and maintain
their own water supply system. This approach focuses on
reducing or removing the onus and the operational input
from the DRWS and placing it with the communities for
whom water is required.

This indicator is also a measure of the effectiveness of the
training programmes (e.g. for water point caretakers,
water point committees) of the DRWS and of the
appropriateness (e.g. ease of repair, functional simplicity
and robust character of the equipment) of the technical
solutions supplied to communities by the DRWS. It may
also reflect the results of general awareness campaigns as
they address vandalism, theft and prevention of illegal
connections.

Underlying Variables And
Definitions

Not Applicable.
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Limitations Of The
indicator

This indicator will depend on the effectiveness of the MIS
being established by DRWS. In particular, it will rely on
accurate reporting on the part of individuals filling in the
appropriate forms. Requests for assistance from
communities will have to be clearly classified and recorded
to assure an accurate data set.

Linkages To Other
Indicators

This indicator is not directly linked to other indicators
specifically recommended in this SOER.

Calculation And Updating
Of Indicator

On a regular basis, preferably monthly but at the least on
a yearly basis, the number of requests for assistance from
a particular community should be tabulated. Similarly, the
number of requests made to a particular section of DRWS
should be tabulated on a regional basis. If the MIS is
appropriately established, updating of this indicator should
take place without additional effort.

Past Performance

This is a new, developmental indicator suggested as an
addition to the MIS being established by DRWS. There is
no record of past perfermance.

Interpretation

As indicated above, this indicator would represent a
synthesis of the effectiveness of the communities involved
and of the DRWS programme to establish independence of
communities with respect to their own water supply. By
comparing resufts between individual communities and
between sections of DRWS, the roles of communities and
of DRWS could be factored out.

iINDICATOR DATA

Data Requirements

Data will be collected on a routine basis by DRWS through
their newly established MIS. Monthly regional summaries
and an annual naticnal summary would help ensure that
data are being collected, recorded and tabutlated in an
appropriate manner.

Responsibility For
Collecting And
Processing The Data,
And How Frequently

DRWS through their contacts with communities and their
records as entered into the MIS.
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Reliability And Quality Of
Data

This would depend entirely on the reliability and
effectiveness of the MIS currently being established.

Where The Data Are
Lodged And In What
Format

The data are lodged with DRWS on their computerised
MIS. Summary tabulations should be lodged with regional
and national offices of DRWS. '

Availability Of The Data

The data would be collected at no additional cost as they
form a part of the existing MIS. Monthly and annual
tabulations should be readily available from DRWS offices
from their computerised records.
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INDICATOR NAME

White Paper on Water and new Water Act

Definition A White Paper on Water and new Water Act that includes
aliocation of water to an environmental reserve and
focuses on sustainability of water use.

Measurement Measurement of this simple indicator would consist of the

presence of a carefully considered White Paper on water
and a new Water Act.

SIGNIFICANCE OF THE INDICATOR

Purpose To monitor the status of legislation on water and its
compliance with the tenet of sustainability.
Relevance Namibia is still using the Water Act 54 of 1956 that is not

in agreement with the Constitution of the Republic of
Namibia. In particular this Act does not recognise the
water requirements of an ecological reserve nor does it
promote the sustainable use of water in Namibia.

Underlying Variables And
Definitions

Not applicable.

Limitations Of The
Indicator

This indicator has a limited range of values, either the
White Paper and the new Water Act are prepared and
adopted or they are not.

Linkages To Other
Indicators

Although this indicator is not directly linked to other
indicators, it would have an influence on all other
indicators. A White Paper and a new Water Act that
supported sustainability of use of natural resources, and
particularly water, would encourage use of the other
indicators related to sustainable development of Namibia‘s
limited resources. ‘
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Calculation And Updating
Of Indicator

Presence or absence of the policy and the act is all that
would be necessary.

Past Performance

Not applicable.

interpretation

The absence of a White Paper and a new Water Act do
not necessarily mean that water is used in a totally
unsustainable way. The Minister does have powers that
could lead to more: sustainable use of water, but these
have often not yet been invoked.

INDICATOR DATA

Data Requirements

Presence or absence.

Responsibility For
Collecting And
Processing The Data,
And How Frequently

DWA

Reliability And Quality Of
Data

Not applicable.

Where The Data Are
Lodged And In What
format

Not applicable.

Availability Of The Data

Readily available.
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INDICATOR NAME

Dependence on Shared Resources

Definition

Defined in two ways for this indicator. 1) The quantity of
water abstracted from the shared perennial rivers as a
percentage of the total agreed allecation to Namibia and
2} The quantity of water abstracted from the shared
perennial rivers as a percentage of total water consumed
in the country.

Measurement

Measurement is made by summing up the total water
abstracted by bulk water suppliers and abstraction by
riverside dwellers {estimated as accurately as possible).

SIGNIFICANCE OF THE INDICATOR

Purpose

The two ways of calculating the indicator have
significantly different purposes. The purpose of 1) is to
provide an indication of whether Namibia is getting close
to using its full allocation of water from shared resources,
these allocations being the result of agreements with
neighbouring states. The purpose of 2) is to indicate to
what extent Namibia is dependent on the shared
resources. It may be considered inadvisable to be too
dependant upon sources of water originating outside the
borders of the country.

Relevance

The indicator is relevant to decision makers in the water
sector, especially those responsible for co-operating with
and negotiating agreements with neighbouring countries.

Underlying Variables And
Definitions

The definition of shared resources with respect to this
indicator is any of the perennial border rivers (Zambeazi,
Kwando system, Okavango, Kunene and Orange). The
total water consumed in the country is as calculated by
DWA Planning Divisien and other decision-makers. This
value is clearly an estimate only. The term “allocation”
refers to the annual quantity of water that Namibia may
abstract in terms of an agreement with the other riparian
states for each of the perennial rivers.
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Limitations Of The
Indicator

The indicator should be used as a broad outline only, since
it is dependent on source data which is difficult to

| calculate accurately both in terms of level of use and

sustainable potential.

Linkages To Other
Indicators

This indicator links with the indicater on level of
Agreement and Co-operation with Riparian States. It also
links with the Indicator on Water Consumption by
Resource Type.

Calculation And Updating
Of Indicator

At the end of each year, as soon as national consumption
figures are available from the various supply agencies, this
indicator can be calculated. The indicator should be
updated on an annual basis, but it should be borne in mind
that small variations should not be seen as significant in
view of the error margin of the indicator.

Past Performance

Not Applicable

Interpretation

As already stated, care should be taken in the application
of this indicator, which is a warning-light indicator only.
An increasing value of 1) may mean that efforts to
negotiate allocation agreements with neighbouring
countries should be increased.

INDICATOR DATA

Data Requirements

The data required for this indicator are simply three totals
as calculated by DWA and other agencies.

Responsibility For
Collecting And
Processing The Data,
And How Frequently

DWA and NamWater are responsible for keeping records
on the total amount of water supplied to users. Planning,
Rural Water Supply and other Divisions of DWA are tasked
with estimating water consumption figures countrywide.

Reliability And Quality Of
Data

The Data will largely be derived from known supply figures
and estimates made by experienced officials.
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Where The Data Are The data are not lodged with any specific agency. See
Lodged And In What “Responsibility For Collecting And Processing The Data”
& Format above.

& Availability Of The Data The data are available at no cost. Availability will depend
& on whether the agencies are in a position to make the
necessary estimates. This may sometimes be a low
priority task.
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INDICATOR NAME

| Co-operation _w_rit'h': N_éighbpu’ring Riparian States

Definition Co-operation with neighbouring riparian states is defined
by the number of co-operation and allocation agreements
in place between Namibia and the relevant states on a
basin by basin basis.

Measurement Measurment is made by taking each of the six basins and

giving points {a score] if there is a firm or provisional co-
operation agreement in place, and additional points if there
is a firm or provisional allocation agreement in place.

SIGNIFICANCE OF THE INDICATOR

Purpose

The indicator provides an objective way of measuring
progress towards co-operation with riparian states with
which Namibia shares the resource. The purpose is only
met, however, if the agreements are being implemented
and honoured.

Relevance

The indicator is relevant to decision makers in the water
sector, especially those responsible for co-operating with
and negotiating agreements with neighbouring countries.

Underlying Variables And
Definitions

There are two underlying variables for each of the six
shared river basins, with the exception of the Cuvelai
River for which there is only one. The first variable is the
co-operation agreement which usually takes the form of a
Joint Technical Commission. The second variable is the
allocation agreement. This agreement is sometimes only
provisional, dependent on further studies, or it may be a
firm agreement. In both cases it must be approved by all
riparian states.

Limitations Of The
Indicator

Not Applicable.

Linkages To Other
Indicators

This indicator links with the “Dependence on Shared
Resources” Indicator.
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Calculation And Updating
Of Indicator

Of the six river systems co-operation agreements are
possible and useful for all six. For each agreement 2
points are allocated. If a provisional agreement is jn place
then 1 point is allocated. With respect to allocation
agreements, such agreements are only possible for the
perennial, border rivers. It would not be realistic to have
an agreement for the Cuvelai River System. For the five
perennial systems, 2 points are given for each firm
allocation agreement and 1 for each provisional
agreement. The maximum number of points is therefore
22. The indicator is expressed as a percentage of this
possible total.

Past Performance

The current value for this indicator has been calculated
and details are presented in the additional notes.

Interpretation

An increase in the wvalue of this indicator indicates
improved co-operation between Namibia and its fellow
riparian states.

INDICATOR DATA

Data Requirements

Not Applicable.

Responsibility For
Collecting And
Processing The Data,
And How Frequentiy

DWA will normally be the government ministry involved in
the negotiation of agreements and will be fully informed as
to their status.

Reliability And Quality Of
Data

Reliable.

Where The Data Are
Lodged And in What
Format

The information shc_nuld be available from DWA.,

Availability Of The Data

The information should be readily available at no cost.
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Reliability And Quality Of
Data

Care should be exercised in the maintenance of water
fevel measuring equipment. In the past boreholes have
been replaced and monitoring records are unbroken,
continuing from the previous borehole to the replacement
(e.g. in the Karstland menitoring programme), It is
essential that the records from individual boreholes do not
become confused in any way.

Where The Data Are
Lodged And In What
Format

Data is to be entered on the monitoring section of the
Groundwater Database maintained by the Geohydrology
Division of the Department of Water Affairs.

Availability Of The Data

Data are freely available from the Department of Water
Affairs.
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INDICATOR NAME

Months of adequate abstraction in strategic aquifers

Definition Calculation of the number of months it would take, at
current levels of abstraction, to deplete a strategic aguifer
assuming no recharge.

Measurement The geometry and aquifer parameters are known for

strategic aquifers and thus a volume of stored
groundwater that may be abstracted can be calculated
from measurement of rest water levels. Volumes of water
pumped are continually monitored and therefore the rate
of abstraction can be averaged for certain intervals. Using
these two values it Is possible to calculate the time it
would take to deplete the aquifer.

SIGNIFICANCE OF THE INDICATOR

Purpose With knowledge of the statistical likelihood of significant
recharge within a given time (the depletion period) it is
possible to forecast the security of supply to strategic
users.

Relevance Where months of adequate abstraction indicate likely

depletion, it becomes clear that drastic changes in aquifer
management are required to protect the strategic
resource. Although climate or increased demand may
induce depletion, strict demand management may help
counter it,

Underlying Variables And
Definitions

During the establishment of wellfields for bulk water
supply, geohydrological investigations are aimed at a
comprehensive understanding of aquifers. Data collected
help to assemble a geometric model of the aquifer and
measured hydraulic parameters provide a means of
calculating the stored volume of groundwater. The only
variable used in this calculation is the rest water level,
which is measured periedically in order to re-calculate the
volume. The other variable is the rate of abstraction,
which varies with demand.
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Limitations Of The

Indicator

This indicator is based on the calculated volume of stored
water in individual aquifers. One major limitation to this
indicator is therefore the reliability of calculated volumes
and measured variables.

Linkages To Other
Indicators

Not Applicable

Calculation And Updating
Of Indicator

Water levels and abstraction data are continually recorded
by NamWater and used to re-calculate stored volumes and
months of adequate abstraction.

Past Performance

Previously the stored volume held in strategic aquifers was
reported but in recent years this has expanded to yield a
‘'months of adequate abstraction” figure. Thus data exist
for a limited number of years only.

Interpretation

Months of adequate abstraction in each strategic aquifer
are a direct measure of the security of supply at a specific
time. As such this cannot be viewed against a meaningful
datum and time related trends may not be of much use.

INDICATOR DATA

Data Requirements

None {(NamWoater collect and process the required data)

Responsibility For
Collecting And
Processing The Data,
And How Frequently

NamWater monitor rest water |levels, which are used to re-
calculate stored volumes. These are reported on a
guarterly basis and should be made available to the
Environmental Commissioner on a regular basis.

Reliability And Quality Of
Data

Data collection and recording are carried out accurately
and continually.
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INDICATOR NAME

Monitoring of ambient changes in water quality

Definition Changes in ambient water quality are to be monitored
through major ion analyses of samples taken from sentinel
production boreholes in strategic aquifers.

Measurement Samples of water are to be taken from sentine! boreholes

annually at the end of the dry season and analysed at the
NamWater laboratory for major ions.

SIGNIFICANCE OF THE INDICATCR

Purpose To measure changes in groundwater salinity which would
indicate possible deterioration of a resource.
Relevance Early detection of changes in salinity will make it possible

to activate remedial measures to prevent long lasting
deterioration of resources.

Underlying Variables And
Definitions

Original water quality {as shown by TDS) recorded when a
borehole was drilled and tested is taken as the datum.
Subsequent measurements will show the influence of the
quality of water replenishing the aquifer in response t
abstraction,. '

Limitations Of The
Indicator

In certain alluvial aquifers seasonal variations in water
quality are profound and it might not be possible to detect
more gradual long-term changes.

Linkages To Other
Indicators

Not Applicable

Calculation And Updating
Of Indicator

Not Applicable

Past Performance

Not Applicable

Interpretation

Not Applicable
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INDICATOR DATA

Data Requirements

Not Applicable

Responsibility For
Collecting And
Processing The Data,
And How Frequently

It will be necessary that samples be collected from
sentinel boreholes and subjected to a standard water
quality analysis (at NamWater laboratories} on an annual
basis at the end of the dry season. It is suggested that
this responsibility be given to NamWater. Sentinel
boreholes are to be selected for this purpose in each of
the strategic aquifers. Changes in TDS level are to be
monitored and where these are noted comparison with
earlier analyses will show which salts are mainly
responsible,

Reliability And Quality Of
Data

Not Applicable

Where The Data Are
Lodged And In What
Format

Data will be held by the laboratory and circulated to the
Department of Water Affairs and the Environmental
Commissioner. A tabulation of annual TDS levels for each
borehole is to be maintained by the Geohydrology
Division.

Availability Of The Data

NamWater will charge a fee for analyses requested by
outside parties.
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INDICATOR NAME

NamWater Cost Recovery

Definition

The ratio of “full cost” unit tariffs to existing tariffs.

Measurement

The measurement appears as a percentage such that 50%
means that 50% of costs are covered by current
NamWater tariffs. The range will be from 0-100% where
100% represents full cost recovery.

SIGNIFICANCE OF THE INDICATOR

Purpose Measures the extent to which NamWater is covering its
costs and its consumers are paying the full cost of water,
and hence the extent of implicit subsidisation.

Relevance With movements towards cost recovery occurring as a

matter of policy, and the WASP recommending economic
tariffs, monitoring compliance with the cost recovery
policy is highly relevant.

Underlying Variables And
Definitions

The “full cost” represents the capital, operations and
maintenance costs incurred by NamWoater in supplying
water. The existing tariff is the current level of the tariff.
The indicator could be found as a weighted average
{weighted by water consumption) for the entire country or
as a weighted average for the different regions, thereby
showing regional variations.

Limitations Of The
Indicator

The definition of “full cost” is important for this indicator.
Currently NamWater is in the process of changing the
nature of its definition for full costs meaning that the
current indicator could change. It is suggested that new
indicators be backcast replacing the current ones if full
cost definitions change in the future. A national indicator
does not indicate the regional variations, which are large.
Furthermore, the extent of subsidisation from the
government is ignored by this measure as is the extent of
non-payment, currently at around N$40m. Once cost
recovery is achieved, Namwater may make a profit. The
indicator may be greater than 100%, and become more a
measure of profits.
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Linkages To Other
Indicators

Obviously the percentage of full costs represented in the
tariffs, taken from 100% represents the percentage unit
subsidisation.

Calculation And Updating
Of Indicator

The NamWater tariffs for each water point are published
in the government gazette annually. The calculation can
be made from this, weighted by the water production in
each place.

Past Performance

Taking the current definition and value of full cost as the
correct definition, cost recovery has increased steadily
from 40% in 1996 to 67% in 1999.

Interpretation

Full cost recovery is being approached by NamWater.
However, a strict eye must also be kept on the extent of
non-payment. It is apparent for full cost recovery to be
attained by 2000 a 33% rise in tariff is necessary in the
coming year.

INDICATOR DATA

Data Requirements

Full cost and existing tariffs and water production for each
water point.

Responsibility For
Collecting And
Processing The Data,
And How Frequently

NamWater must publish its tariffs every year. The water
production can be obtained from NamWater. Both of these
pieces of data are published in NamWater's annual report,
It is not certain who will process this data.

Reliability And Quality Of
Data

Reliable

Where The Data Are
Lodged And In What
Format

Data from NamWater. In hard form in the Gov't Gazette or
digital form from NamWater.

Availability Of The Data

Available from NamWater free of charge.
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INDICATOR NAME

Unaccounted for Water

Definition The amount of unaccounted for water in an urban centre
as a % of total supply to that centre.
A comparison needs to be made between the production
Measurement figures for an urban centre and the level of consumption

therein. The figures should be compared to international
norms, or at least to Windhoek where monitering of water
is currently of a high standard.

SIGNIFICANCE OF THE INDICATOR

Purpose

Indicates the amount of water lost from the system and
therefore gives an indication of the level of management in
urban centres, and the state of repair of the reticulation
system. It also indicates where significant water saving
can be made,

Relevance

With many water resources being tapped to their full
capacity, and with increased supply options being very
expensive, unaccounted for water can be isolated as one
possible area for management improvement. As a result
unaccounted for water can be a proxy measure of the
success of existing management.

Underlying Variables And
Definitions

The supply of water to an urban centre is the total of bulk
water supplied. The level of consumption in the town is
registered on meters by the local authority for all of the
consumers.

Limitations Of The
Indicator

Unaccounted for water as a % tells us nothing about how
this unaccounted for water arises. Therefore the indicator
alone gives us no guidance on policy prescriptions.

Linkages To Other
Indicators

Not Applicable
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Calculation And Updating
Of Indicator

The indicator is calculated by taking the difference
between supply and consumption and relating this as a %
of supply. Updating of the indicator will be sporadic in all
but the major urban centres of Windhoek, Swakopmund
and Woalvis Bay. These centres have computerised water
accounts which make the calculation easy. This is not the
case elsewhere and as such comprehensive updating
could be a problem.

Past Performance

Not Applicable

Interpretation

Tells us something about the effectiveness of the water
management regime, maintenance and state of
infrastructure.

INDICATOR DATA

Data Requirements

Water supply and consumption.

Responsibility For
Collecting And
Processing The Data,
And How Frequently

Responsibility for these figures does not lie in specific
institutions. Windhoek municipality will provide the
figures, as may Woalvis Bay and Swakopmund, on an
annual basis. The responsibility of data collection in the
other urban centres has previously been with research
projects like the [UCN WDM study, although it is in the
interests of the population centres to know this
information, K is unclear what will happen in the future.
For this reason it seems reasonable that the data could
only be updated every 5 years.

Reliability And Quality Of
Data

Unclear. Currently some of the figures are estimated due
to lack of information on consumption levels. Quality of
data will improve with the quality of water management.

Where The Data Are
Lodged And in What
Format

In Windhoek, Swakopmund and Walvis Bay the data are
computerised. The NamWater production figures are
available in hard form from NamWater. The urban
consumption figures elsewhere are available only from the
local authorities, from meter cards.
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Availability Of The Data

Requires looking at meter cards in local authorities which
are open to such investigation. NamWater is also open to
supplying this information.
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Additional Notes to Indicators

There are some towns which perform badly according to the data. Khorixas and Cpuwo
are the worst performers with 58% and 47% unaccounted for water respectively.
Windhoek, which currently has a pipe monitoring program and computerised accounts
has 10% unaccounted for water. This could be seen as a bench mark for Namibia. If
Outjo, Otjiwarongo and Omaruru figures are accurate, they too could be considered
benchmarks.

Table 4. Unaccounted for Water in the Main Urban Centres of Namibia.

Local Authority Area. Unaccounted for water %
Arandis 35.0+
Gobabls 7.7
Grootfontein 20.8
Henties Bay 8.0
Karashurg 18.0
Karibib n/a
Katima Mulilo 35.0+
Keetmanshoop 17.0
Khorixas 58.0
Luderitz 22.0
Mariental 9.4
Okahandja 16.0
Omaruru 7.0
Ondangwa 35.0+
Ongwediva 35.0+
Opuwo 47
Oshakati 35.0+
Otjiwarongo 7.5
QOutjo - 7.7
Rehoboth 35.0+
Rundu 38.0
Swakopmund 12.0
Tsumeh 15.0
Usakos 31.1
Walvis Bay 14.5
Windhoek 10.0
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INDICATOR NAME

Water Consumption by Resource Type

s,

Definition Water consumed as percentage of sustainable supply
potential for each of ephemeral, perennial, ground and
unconventional water resources.

Measurement Measurement is made by summing up national

consumption of water from the four sources and
calculating these totals as a percentage of the established
and accepted sustainable yield.

SIGNIFICANCE OF THE INDICATOR

Purpose To identify whether sources are nearing the maximum
sustainable level of usage.
Relevance This indicator is very relevant in view of the need to avoid

non-sustainable and environmentally unacceptable use of
any water resource.

Underlying Variables And
Definitions

Ephemeral water sources are defined as the storage dams
on the ephemeral rivers which are used for bulk water
supply. They do not include Omdel Dam which is part of a
groundwater supply source. Perennial water supply is
defined as the bulk water abstraction from the perennial
river systems (Zambezi River and tributaries, Okavango
River, Kunene River and Orange River) plus an estimate of
the water abstracted directly for use by riverside
communities. Ground water supply is defined as the total
water abstracted for bulk water supply. Unconventional
water supply is defined as recycled water or other non-
primary scurces. The total sustainable potential of the
various sources follows definition use by DWA for both
surface water (95% assured vyield) and ground water. The
availability of perennial water is determined by
international agreements between the riparian states.

Limitations Of The
Indicator

The indicator should be used as a bread outline only since
it is dependent on source data which is difficult to
calculate accurately both in terms of level of use and
sustainable potential.
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Linkages To Other
Indicators

This indicator is linked to other indicators. The level of
perennial water consumption relates to both the
“dependence on shared resources” and “level of
international co-operation” indicators. There are also links
with the annual runoff and ground water indicators.

Calculation And Updating
Of Indicator

Sustainable supply estimates are updated by both
Hydrology (NamWater and DWA)} and Geohydrology.
Divisions (DWA). DWA aiso has knowledge of agreed
abstraction levels from the perennial rivers. Annual
consumption figures would have to be summed through
consultation with DWA and NamWater.

Past Performance

The value of this indicator for 1997 has been calculated
and details are presented in the additional notes.

interpretation

As already stated, care should be taken in the application
of this indicator, which is a warning light indicator only.
An increasing value may merely warn that further
investigations and research are required to check the
assumed values.

INDICATOR DATA

Data Requirements

Data on water supply and water supply potential are
collected and regularly updated by the Hydrology, Planning
and Geohydrology Divisions in NamWater and DWA. Data
on unconventional water are available from municipalities.

Responsibility For
Collecting And
Processing The Data,
And How Frequently

The Ministry of Environment and Tourism would have to
request that the necessary data are monitored at the
appropriate level of accuracy by both DWA and
NamWater, and any other agencies.

Reliability And Quality Of
Data

The data will in some cases be estimates made by
experienced officials.

Where The Data Are
Lodged And In What
Format

The data are lodged with the already identified agencies.
The values are in the format of two simple numbers for
each of the four souces.
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The data are available at no cost from the three agencies
but for the availability to be timeous it is suggested that
MET discuss the need for the data in advance with DWA
and NamWater.

Availability Of The Data

Additional Notes to Indicator Table

PAST PERFORMANCE

Table 1 shows the calculated percentage values for the indicator for 1997/98. As a new
source, no value has been calculated for unconventional sources.

Table 1 : Water Consumption by Resource Type

"{Current consumption/Patential sustainable yield) x 100
2Estimated Long-term agreed guota
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_ Resource Type Current Consumption Potential Yield Indicator Value {%)'
_f Mm*/annum Mm?/annum
- Groundwater 136 300 45.3
Ephemeral Rivers 53 200 26.5
B Unconventional N/a N{fa
Perennial 107 6002 17.8




INDICATOR NAME

Value Added

Definition The contribution to GDP per m® of water used in different
economic sectors.

Measurement Measured in N$/m®. The higher the better.

SIGNIFICANCE OF THE INDICATOR

Purpose

Gives an estimate of the value of water in different
economic sectors, indicates something of the ability to
pay for water in these sectors, and gives an idea as to
how economic development should be focussed given
scarce water.

Relevance

Namibia is the most arid country in sub-Saharan Africa.
Water is one of the major constraints to development in
Namibia. In determining government policy it is paramount
that the economic value of water, and the opportunity
costs, are considered. Value-added is a useful indicator in
this sense.

Underlying Variables And
Definitions

The value-added for each of the economic sectors is the
contribution to GDP. Water used in each sector is another
variable which influences this indicator.
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Limitations Of The
Indicator

There are other aspects of economic sectors which are
useful to consider. Employment is one notable factor.
Although strictly value-added incorporates the value added
by labour, the value added per m® emphasises the water
aspect above other aspects. There are constraints to
development in sectors other than water. Furthermore
there are assumptions about water consumption in
unmetered sectors which make the tracking of this
indicator over time potentially meaningless. In the future
however, techniques may improve to eliminate this
imitation, Water measurements are influenced by the
unaccounted for water in some instances. [mprovements
here will improve the indicator reading. Lastly the spatial
elements to water usage are not represented here. In
some regions of Namibia the potential uses for water are
limited. For example it may not be possible to use water
for increased mining along the Orange River if Haib and
Skorpion Mines do not materialise, whilst irrigation, a low
value use, is possible. The opportunity cost of water is
low here.

Linkages To Other
Indicators

Not Applicable

Calculation And Updating
Of Indicator

The value added figures are obtained from the national
accounts. The water usage figures in each sector are
based on a variety of assumptions. These figures and the
value added per m?® are updated regularly by the
Department of Environmental Affairs Natural Resource
Accounting Program.

Past Performance

Not Available

interpretation

Can be interpreted as a measure of the productive
efficiency of water in different sectors.

INDICATOR DATA

Data Requirements

Value added and water consumption in each sector.

56




P

P

Responsibility For
Collecting And
Processing The Data,
And How Frequently

The value added data are collected annually by the central
statistical office (CS0). The water consumption statistics
are calculated by  the DEA for the Natural Resource
Accounting program. So far this has been done for 1993
and 1996. The frequency of value added/m® calculations
may be increased.

Reliability And Quality Of
Data

Reliable for most sectors. Assumptions made for livestock
and human consumption in rural areas are subject to
debate.

Where The Data Are
Lodged And In What
Format

Department of Environmental Affairs,

Availability Of The Data

Freely available from the DEA and CSO.
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Additional Notes to Indicator Tahle

PAST PERFORMANCE

Over time it may be illustrative to monitor the average value added for the whole
economy. In 1996 this was N$51/m’, whilst in 1993 this value was N$47/m’. This
shows an improvement in the productivity of water, which could occur for a variety of
reasons. These figures represent weighted averages for the economy, including
household use. Households are excluded from the table since they are incompatible with
the value-added statistics.

Table 1 : Value added per cubic metre of water by sector 1996

Value added 1996 Water use 1996 Value added per cubic
Economic Sector {millions of N$) {millions of cubic metre of water 1996
metres (NS /m?)
Agriculture 1,029 142.9 7.2
Commercial 650 §2.9 7.0
Subsistence 379 50.0 7.6
Mining 1,654 25.2 65.6
Diamond mining 1,169 13.6 86.0
Other mining 485 11.6 41.8
Manufacturing 1,552 5.3 292.8
Fish processing 354 0.5 708.0
Other manufacturing 1,198 4.8 249.86
Services 3,215 5.5 574.5
Hotels and 226 1.2 188.3
restaurants
Transportation 252 0.8 315.0
Other services 2737 3.5 782.0
Whole economy 11,786 12312 51.0
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INDICATOR NAME

Integrated Water Resource Management in population
centres

Definition The level of awareness and level of implementation of
components of integrated water respurce management
{IWRM) in centres using water from various sources in
Namibia

Measurement This simple indicator measures the level of effort being put

into basic components of water demand management, as
a part of integrated water resource management, and the
level of awareness of authorities with respect to
components underlying iwrm.

SIGNIFICANCE OF THE INDICATOR

Purpose To monitor the level of awareness and the level of
implementation of components of iwrm in population
centres in Namibia.

Relevance Effective and efficient use of water is essential in an arid

country such as Namibia. While supply of water has
taken precedence in the past, more eifective and efficient
use of that water currently available will reduce the need
for additional water and the rate at which additional water
must be supplied. This indicator would reflect other
components of iwrm such as appropriate pricing and
policies of NamWater as the bulk water supplier to these
urban centres.

Underlying Variables And
Definitions

Not Applicable.

Limitations Of The
Indicator

Awareness of a component of iwrm or ineffective
application of iwrm need not contribute to effective and
efficient use of water. This assumption must be made,
however, until this developmental indicator can be refined
and quantitative rather than qualitative measures can be
applied.
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Linkages To Other
Indicators

This indicator is closely linked to the indicator from
chapter 6§ providing a measure of unaccounted for water.
Low values of unaccounted for water could be explained
by aspects included in this indicator or could be explained
by the presence of better quality infrastructure, greater
levels of funding available, better qualified water managers
or more appropriate water pricing.

Calculation And Updating
Of Indicator

The Water Demand Management (WDM)} Study funded by
the IUCN is the basis for this indicator. Updating would
require a regular survey which could be done by post
when urban water managers have been made aware of
the concepts involved. Inclusion of additional areas may
require visits to the population centres in guestion or
other, prelimary awareness raising amongst water
managers.

Past Performance

A baseline study for this indicator was undertaken during
the WDM study funded by the I[UCN. Previous
performance is not available but could be established for
most centres.

Interpretation

Using simple yes and no values provides an indication of
level of awareness but not necessarily level of
effectiveness of iwrm in urban areas. Even when all 'yes’
answers are recorded, this indicator must be combined
with the indicator recording unaccounted for water to
provide a clear indication of overall effectiveness of iwrm
and wdm.

INDICATOR DATA

Data Reguirements

An annual or less frequent survey would be required.

Responsibility For
Collecting And
Processing The Data,
And How Frequently

This information is not collected at present. - Data
collection and processing could be implemented through
the Association of Local Authorities of Namibia (ALAN) or
the bulk supplier, NamWater.
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{ Reliability And Quality Of | The reliability and guality of the data will probably be fairly
Data low. However, collection of this information would raise
awareness of iwrm and improved information and
improved water management can be expected in
combination with other components of iwrm and wdm
such as pricing.

Where The Data Are ALAN, NamWater or DWA should be designated.
Lodged And In What
Format

Availability Of The Data The data are not available unless a special survey is made.

61



Seen)

5
&

ey

Additional Notes to Indicator

PAST PERFORMANCE

During compilation of this State of the Environment Report a parallel study was being
undertaken on Water Demand Management in Namibia by the Municipality of Windhoek
and the Department of Water Affairs. A questionnaire survey of various urban areas
pravided the following information concerning water demand management. The first
three components of the table: Metre Replacement Programme, Pipe Replacement
Programme and Use of Purified effluent reflect the presence of active steps to reduce
water loss and improve water efficiency. The last three components of the table: Water
Regulations Promulgated, Community Awareness Programme and awareness by the
authorities of the WASP Policy reflect awareness of the need for Integrated Water
Resource Management and Water Demand Management even if it is not being
implemented. ' '

Table 1 : Water Demand Management in Urban Areas
(IUCN Water Demand Management Country Study — Namibia 1938, page 4.3)

Town Water Met. Repl. | Pipe Use Water Comm. | Wasp
Saource Prog. Repl. purified Reg. {Dec, | Aware. | Policy
- Prog. effluent 1996)
Gobabis NamWater Yes Yes Yes Yes Yes Yes
Grootfontein Boreholes Yes Yes No No No Yes
Henties Bay NamWater Yes No No No No Yes
Karasburg NamWater Yes No No Yes No No
Karibib NamWater Yes No Yes No No No
Keetmanshoop NamWater/B | Yes No No Ne No No
oreholes
Khorixas NamWater No No No No No No
Luderitz NamWater No No Nao Yes No Yes
Mariental NamWater/B | No Yes Yes No No Yes
oreholes
Okahandja NamWater/B | No No Yes No Yes Yes
oreholes
Omaruru Boreholes No No Ne No No No
Opuwo MamWater No No No No No No
Oranjemund Boreholes Yes Yes Yes No No No
Otavi NamWater Yes No No No Na No
Otjiwarongo NamWater No No Yes No No No
Qutjo Boreholes No Yes No Yes No Yes
Rehoboth NamWater No No No Yes No Na
Rundu NamWater No No No No No No
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Swakopmund NamWater No No Yes Yes Yes Yes

Tsumeb Boreholes Yes Yes Yes Yes No Yes

Usakos NamWoater/B | No No No No No Yes
areholes

Walvis Bay NamWater Yes Yes Yes No No Yes

Windhoek NamWater/B | Yes Yes Yes Yes Yes Yes
oreholes

Pipe Repl. Frog. = Fipe Replacement Programme
Met. Repl. Prog. = Meter Replacement Programme

Water Reg. = Water Supply Regulations

Comm. Aware. = Community Awareness Programmae
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Limitations Of The
Indicator

This indicator will depend on the effectiveness of the MIS
being established by DRWS. In particular, it will rely on
accurate reporting on the part of individuals filling in the
appropriate forms. Requests for assistance from
communities will have to be clearly classified and recorded
to assure an accurate data set.

Linkages To Other
Indicators

This indicator is not directly linked to other indicators
specifically recommended in this SOER.

Calculation And Updating
Of Indicator

On a regular basis, preferably monthly but at the [east on
a yearly basis, the number of requests for assistance from
a particular community should be tabulated. Similarly, the
number of requests made to a particular section of DRWS
should be tabulated on a regional basis. If the MIS is
appropriately established, updating of this indicator should
take place without additional effort.

Past Performance

This is a new, developmental indicator suggested as an
addition to the MIS being established by DRWS. There is
no record of past performance.

Interpretation

As indicated above, this Indicator would represent a
synthesis of the effectiveness of the communities involved
and of the DRWS programme to establish independence of
communities with respect to their own water supply. By
comparing results between individual communities and
between sections of DRWS, the roles of communities and
of DRWS could be factored out.

INDICATOR DATA

Data Requirements

Data will be collected on a routine basis by DRWS through
their newly established MIS, Monthly regional summaries
and an annual national summary wouid help ensure that
data are being collected, recorded and tabulated in an
appropriate manner.

Responsibility For
Collecting And
Processing The Data,
And How Frequently

DRWS through their contacts with communities and their
records as entered into the MIS.
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Reliability And Quality Of
Data

This would depend entirely on the reliability and
effectiveness of the MIS currently being established.

Where The Data Are
Lodged And In What
Format

The data are lodged with DRWS on their computerised
MIS. Summary tabulations should be lodged with regional
and national offices of DRWS.

Availability Of The Data

The data would be collected at no additional cost as they
form a part of the existing MIS. Monthly and annual
tabulations should be readily available from DRWS offices
from their computerised records.
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INDICATOR NAME

White Paper on Water and new Water Act

Definition A White Paper on Water and new Water Act that includes
allocation of water to an environmental reserve and
focuses on sustainability of water use.

Measurement Measurement of this simple indicator would consist of the

presence of a carefully considered White Paper on water -
and a new Water Act,

SIGNIFICANCE OF THE INDICATOR

Purpose To monitor the status of legislation on water and its
compliance with the tenet of sustainability.
Relevance Namibia is still using the Water Act 54 of 1956 that is not

in agreement with the Constitution of the Republic of
Namibia. In particular this Act does not recognise the
water requirements of an ecological reserve nor does it
promote the sustainable use of water in Namibia.

Underlying Variables And
Definitions

Not applicable.

Limitations Of The
Indicator

This indicator has a limited range of values, either the
White Paper and the new Water Act are prepared and
adopted or they are not.

Linkages To Other
Indicators

Although this indicator is not directly linked to other
indicators, it would have an influence on all other
indicators. A White Paper and a new Water Act that
supported sustainability of use of natural resources, and
particularly water, would encourage use of the other
indicators related to sustainable development of Namibia’s
limited resources.
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Calculation And Updating
Of Indicator

Presence or absence of the policy and the act is all that
would be necessary.

Past Performance

Not applicable.

Interpretation

The absence of a White Paper and a new Water Act do
not necessarily mean that water is used in a totally
unsustainable way. The Minister does have powers that
could lead to more sustainable use of water, but these
have often not yet been invoked,

INDICATOR DATA

Data Requirements

Presence or absence.

Responsibility For
Collecting And
Processing The Data,
And How Frequently

DWA

Reliability And Quality Of
Data

Not applicable.

Where The Data Are
Lodged And In What
Format

Not applicable.

Availability Of The Data

Readily available.
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INDICATOR NAME

Dependence on Shared Resources

Definition

Defined in two ways for this indicator. 1) The quantity of
water abstracted from the shared perennial rivers as a
percentage of the total agreed allocation to Namibia and
2) The quantity of water abstracted from the shared
perennial rivers as a percentage of total water consumed
in the country,

Measurement

Measurement is made by summing up the total water
abstracted by bulk water suppliers and abstraction by
riverside dwellers {estimated as accurately as possible}.

SIGNIFICANCE OF THE INDICATOR

Purpose

The two ways of calculating the indicatar have
stgnificantly different purposes. The purpose of 1) is to
provide an indication of whether Namibia is getting close
to using its full allocation of water from shared resources,
these allocations being the result of agreements with
neighbouring states. The purpose of 2) is to indicate to
what extent Namibia is dependent on the shared
resources. |t may be considered inadvisable to be too
dependant upon sources of water originating outside the
borders of the country.

Relevance

The indicator is relevant to decision makers in the water
sector, especially those responsible for co-operating with
and negotiating agreements with neighbouring countries.

Underlying Variables And
Definitions

The definition of shared resources with respect to this
indicator is any of the perennial border rivers (Zambezi,
Kwando system, Okavango, Kunene and Orange). The
total water consumed in the country is as calculated by
DWA Planning Division and other decision-makers. This
value is clearly an estimate only. The term "allocation”
refers to the annual quantity of water that Namibia may
abstract in terms of an agreement with the other riparian
states for each of the perennial rivers.

69




A
biioiadd

Limitations Of The
Indicator

The indicator should be used as a broad outline only, since
it is dependent on source data which is difficult to
calculate accurately both in terms of level of use and
sustainable potential,

Linkages To Other
Indicators

This indicator links with the indicator on level of
Agreement and Co-operation with Riparian States. It also
links with the Indicator on Water Consumption by
Resource Type.

Calculation And Updating
Of Indicator

At the end of each year, as soon as national consumption
figures are available from the various supply agencies, this
indicator can be calculated. The indicator should be
updated on an annual basis, but it should be borne in mind
that small variations should not be seen as significant in
view of the error margin of the indicator.

Past Performance

Not Applicable

Interpretation

As already stated, care should be taken in the application
of this indicator, which is a warning-light indicator only.
An increasing value of 1} may mean that efforts to
negotiate allocation agreements with neighbouring
countries should be increased.

INDICATOR DATA

Data Requirements

The data required for this indicator are simply three totals
as calculated by DWA and other agencies.

Responsibility For
Collecting And
Processing The Data,
And How Frequently

DWA and NamWater are responsible for keeping records
on the total amount of water supplied to users. Planning,
Rural Water Supply and other Divisions of DWA are tasked
with estimating water consumption figures countrywide.

Reliability And Quality Of
Data

The Data will largely be derived from known supply figures
and estimates made by experienced officials.
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Where The Data Are
Lodged And In What
Format

The data are not lodged with any specific agency. See
“"Responsibility For Collecting And Processing The Data”
above.

Availability Of The Data

The data are available at no cost. Availability will depend
on whether the agencies are in a position to make the
necessary estimates. This may sometimes be a fow
priority task.
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INDICATOR NAME

: Co-operation w_i"ch.Neighbouring Riparian States

Definition Co-operation with neighbouring riparian states is defined
by the number of co-operation and allocation agreements
in place between Namibia and the relevant states on a
basin by basin basis,

Measurement Measurment is made by taking each of the six basins and

giving points (a score} if there is a firm or provisional co-
operation agreement in place, and additional points if there
is a firm or provisional aliocation agreement in place.

SIGNIFICANCE OF THE INDICATOR

Purpose

The indicator provides an objective way of measuring
progress towards co-operation with riparian . states with
which Namibia shares the resource. The purpose is anly
met, however, if the agreements are being implemented
and honoured.

Relevance

The indicator is relevant to decision makers in the water
sector, especially those responsible for co-operating with
and negotiating agreements with neighbouring countries.

Underlying Variahles And
Definitions

There are two underlying variables for each of the six
shared river basins, with the exception of the Cuvelai
River for which there is only one. The first variable is the
co-operation agreement which usually takes the form of a
Joint Technical Commission. The second variable is the
allocation agreement. This agreement is sometimes only
provisional, dependent on further studies, or it may be a
firm agreement. In both cases it must be approved by all
riparian states.

Limitations Of The
Indicator

Not Applicable.

Linkages To Other
Indicators

This indicator links with the "Dependence on Shared
Resources” Indicator,
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Calculation And Updating
Of Indicator

Of the six river systems co-operation agreements are
possible and useful for all six. For each agreement 2
points are allocated. If a provisional agreement is in place
then 1 point is allocated. With respect to allocation
agreements, such agreements are anly possible for the
perennial, border rivers. It would not be realistic to have
an agreement for the Cuvelai River System. For the five
perennial systems, 2 points are given for each firm
allocation agreement and 1 for each provisional
agreement. The maximum number of points is therefore
22. The indicator is expressed as a percentage of this
possible total.

Past Performance

The current value for this indicator has been calculated
and details are presented in the additional notes.

Interpretation

An increase in the wvalue of this indicator indicates
improved co-operation between Namibia and its fellow
riparian states.

INDICATOR DATA

Data Requirements

Not Applicable.

Responsibility For
Collecting And
Pracessing The Data,
And How Frequently

DWA will normally be the government ministry involved in
the negotiation of agreements and will be {fully informed as
to their status.

Reliability And Quality Of
Data

Reliable.

Where The Data Are
Lodged And In What
Format

The information should be available from DWA.

Availability Of The Data

The information should be readily available at no cost.
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TERM

Anthropogenic

Arid

Artificial Recharge

Average Incremental
Costs

Base flow

Bed slope

Block Tariff

Bulk water supply

Catchment

GLOSSARY OF TERMS

DEFINITION
Caused by the activities of humans.

An area where mean annual rainfall is less than 250mm;
rainfall is seasonal and variable, and where evaporation
far exceeds rainfall.

The enhancement of the natural process by which an
aquifer is refilled with water, from the surface.

A unit cost, taking into account the unit costs of
marginal investments and their chronolegical incidence
in time.

This is the minimum flow in the river when floods have
subsided.

The gradient of the riverbed of a river measured along
the direction of the potential {or in the case of a flowing
river} existing flow.

A tariff schedule which has different volumetric prices
for different volumes of water consumption. E.g. the
first 10m® may cost N$1/m?, the next 10m?® may cost
N$2/m°.

The supply of water in large quantitiés, usually to a
consumer such as a municipality, a mine or an industrial
complex, for further distribution.

The area from which runoff flows into a river.
Catchments are separated from each other by higher
ground such as mountains or ridges.
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Channel

Climate change

Coefficient of
storage/storativity

Contro! structures

Dual Pipe System

Economic Efficiency

Ephemeral

Evaporation

Evapotranspiration

Flood frequency

The deepest part of the river through which the main
volume of water flows.

The alteration in climate {more or less rain, hotter or
colder) that happens over very long periods of time, and

-which has been linked to ozone depletion and an

increase in greenhouse gasses.

The volume of water an aquifer releases from or takes
into storage, per unit surface area of the aquifer per unit
change in head. (This is a dimensionless coefficient —
m®/m?/m},

[n the context of discharge measurement these are any
structures built across a river to stabilize the channel
bottom so that discharge can be accurately measured.
NB Contraol structures would be defined otherwise in the
context of water supply.

Where two networks of pipes exist for the transport of
different quality water.

The use of resources such that economic net benefits
are maximised. Refers to efficient production,
consumption and allocation of resources.

Lasting for only a short time. When applied to water,
describing a river that only flows for a few days each
year after localised rainfall

Water loss to vapour that takes place from open surface

water.

Evaporation from an open water surface plus
transpiration from vegetation. '

How often floods of a certain size can be expected.



Flow

Hydrograph

lgneous rocks

Indicator

Infiltration rate

Inter-seasonal correlation

Isohyetes

Merit Good

Metamorphic rocks

Opportunity Costs

Perennial

Piezometric surface

Pollution of groundwater

The gquantity of water passing a point in a given time.
Usually expressed as cubic metres per second or litres
per second.

A graph representing river flow against time.
Rocks produced by volcanic or magmatic agency.

A measure of the status of a factor, e.g. water, that
assists with discerning changes and trends, provides
an understanding of processes, provides an early
warning of emerging problems and measures the
effectiveness of policies

How rapidly water moves into a particular soil type.

The correlation between data from successive seasons.

A line drawn on a map joining together points of equal
rainfall values.

A good which confers benefits to society in
consumption over and above the benefits to the
individual.

Sedimentary or igneous rocks that have been
transformed by natural agents (e.g. heat and pressure).

The cost of forgone economic opportunities.

When applied to water, refers to a river that has water
flow all year round '
An imaginary surface representing the total head of

groundwater in a confined aquifer that is defined by the
level to which the water will rise in a well.

Where the concentration contaminant levels limit or

restrict the potential use of groundwater — (Driscoll
p890)
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Precipitation

Price Elasticity of Demand

Recharge

Rest or static water level

Return interva!l

Return period

Saturated thickness

Sedimentary rocks

Sentenial Sites

Specific yleld

Storm duration

Sustainability,
environmental

In Namibia, this refers to rainfall, hail, dew and fog,
although snow is also water which falls {or
“orecipitates”).

The responsiveness of demand {e.g. for water) to
changes in price.

The addition of water to the zone of saturation: also
the amount of water added

The level of water in a well {borehole) that is not being
affected by withdrawal of groundwater.

How often a particular event can be statistically
expected to happen again.

Length of time over which a particular event can be
expected 1o happen again.

The thickness of saturated material in an aquifer.

Rocks which are formed from water-borne or wind born
sediments.

Representative sites selected for monitoring
phenomena over a widespread region.

The ratic of the volume of water that a given mass of
saturated rock or soil will yield by gravity to the volume
of that mass. This ratio is stated as a percentage.

The [ength {in time} of a rainfall event.

The non-wasteful use of natural resources for
appropriate reasons that does not jeopardise the
availability of these resources for use by future
generations or does not adversely affect the natural
functioning of water resources



Sustainability, social The social framework which empowers self-control
over resources, at the individual and national level;
goals include population stability, poverty alleviation
and empowerment of women.

Transmissivity The rate at which water is transmitted through a unit
© width of an aquifer under a unit hydraulic gradient.

Measured in m®d through a vertical section 1 m wide
extending the full-saturated thickness of the aguifer
under a hydraulic gradient of 1.

Unaccounted for Water The difference between the water put into a system
and the water that is measured within the system:,

Leakage, inaccurate meters, illegal connections and
o administrative errors contribute to unaccounted for
¥ water. ‘

Value-added The contribution of an economic activity to Gross
Domestic Product (GDP).

= Virtual Water Water embedded in imported products, in some cases
freeing domestic water for production of other goods
rather than domestic production of potential imports.

5“ Water Resource: A natural source or occurrence of water which is not
= ' artificially confined, e.g. river, spring, aquifer.
i Water Consumption: The actual quantity of water consumed at a Water

Demand Centre or by any other consumer.

Water Demand Centre: A community, village, town or region identified as
using water from any source.

Water Demand The implementation of policies which influence the
i‘ Management consumer-demand for water and the demands on
= primary sources of water.
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Water Demand:

Woater Infrastructure:

Water Supply Capacity:

The guantity of water required to meet the needs of a
Water Demand Centre or other consumer. If either the
yield from the Water Resource, or the supply capacity
of the Water Infrastructure cannot meet the Water
Demand, water consumption will be less than the
demand.

Facilities and equipment used to abstract, purify, store
or convey water from a Water Source to the point of

consumption.

The capacity of the installed Water Infrastructure to
supply water to a Demand Centre.
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