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1.0 Introduction

The keynote paper by L. O. Moubarak has provided a comprehensive overview of the

concept and the role of information in economic development at both macro- and micro-

levels with examples from the western world. The Author clearly indicates in the paper

"... that Africa is poor because it cannot easily integrate into the information age". This

poverty is not a new phenomenon since today's "information society" are those that have

had industrial revolution which Africa is yet to experience.

According to the keynote paper, "this is not an insurmountable handicap1, as "the

countries of South-East Asia have demonstrated that it is possible in a matter of decades

to "catch up" in the technological and economic spheres". Our attention was drawn to the

fact that, by adopting the emerging technologies directly, developing countries are able to

skip a few stages and to achieve rapid entry into the paths of global trade.

With this optimism, Mr. Moubarak suggested that "Africa's priority should be to

demonstrate political will, set the process in motion and firmly commit itself to the pursuit

of a development strategy that gives primacy to the dissemination of information,

knowledge and ICTs". To complement this suggestion, information about the African

Information Society Initiative (AISI) in 1996 and the New Partnership for Africa's

Development (NEPAD)was provided in boxes five and six respectively. It should be

noted that the information on AISI and NAPAD does not mention Geo-Information.

The role of ICTs for the production of goods and production of services as well as the

requirements for the final realization of the potential of ICTs were outlined. In the same

vein, the importance of reliable and timely statistical data and information services

(through libraries, archives etc) were highlighted.

Although the paper did not reflect on geographic information as an economic resource, it

provides the measure to be taken at the national and continental levels in order to optimize

the potential contribution of GIS (see Box 1).

1 A paper presented as a response from the Geo-lnformation Perspective to a Keynote Paper on "Information as an

Economic Resource" at the 4* meeting of the Committee on development information (CODI-IV) organized by the
Economic Commission for Africa (ECA), Addis Ababa, Ethiopia, 23-28 April 2005.

1 Professor Peter O. Adeniyi is the Vice-Chance! I or of the Federal University of Technology. Akure, (FUTA),
Nigeria (www.fula.edu.ng). Opinions expressed in this paper are personal, and thus do not represent the views of

FUTA.



BOX 1 (after Moubarak, 2005 pp 21-22)

Measures to Optimize the Potential Contribution ofGIS at National and

continental Levels

• Sensitizing African decision makers to the value and utility of studies

based on geographic information systems

• Formulating national policies for the management of geographical

information with a view to resolving the main problems connected

with the modes of formulation, accessing and the use of this

information, including improved access and sharing; establishment of

rules, standards and protocols on data collecting, storage, labeling,

documentation, integration, ownership, protection and confidentiality

and on the protection of copyrighted data;

• Strengthening local capacities in the area of geographical information

systems, including through support from universities, the private

sector, civil j coiety and government agencies;

• Improving access to geographical information by making the results

of studies conducted through the use of such information (such as

databases, maps and research) available to the public through the

media, the normal public and private information channels and the

internet;

• Conducting studies on the use of geographical information systems in

policy formulation in order to better reflect the interests of the public,

the Government, businesses, non-governmental organizations

(NGOs), universities and all other concerned parties.

Notwithstanding the legitimacy of the prescriptions in Box 1 above, the main objective of

this paper is to respond to the keynote paper from the Geo-Information perspective.

Accordingly, an attempt will be made in the rest of the paper to:

(i) explain briefly Geographic Information and its economic significance

(ii) provide an overview ofthe status ofgeographic information in Africa

(iii) examine the issue of Geo-Information Policy Implementation.

2.0 Geographic Information and Its Economic Significance

Geographic Information can be defined as information that identifies the geographic

location and characteristics of natural or man-made features and boundaries, in, on or

above the earth.* Geographic Information consists locational information and attribute

information. While location is essential in making information geographic, but locational

information without attribution information is of limited economic interest.

Traditionally, a map is a typical Geographic information. However, since most

developments take place over space in time, it has been globally recognized that

geographic information is a critical success factor for all natural resources and

environmental planning and management (including built environment). Although natural

resources and environmental information can be recorded and transmitted by written

language (text), spoken language (voice), use of tables (statistics), only the use of

Other terms with similar meaning are geo-information, geospatial informatior:, spatial data or geospatial data.



geographic information has the greatest ability to record and communicate information

about the spatial distribution, relationship, interaction and processes of natura] resources

and environmental features and their attributes intelligently (see Box 2).

Box 2. Map, A Typical Geographic Information

A large map of small region, depicting its land forms, drainage, vegetation,

settlement patterns roads, geology, or a host ofother detailed distributions, make

available the knowledge of the relationships necessary to plan and carry on

many works intelligently. The ecological complexities of the environment

require maps for their study. The building of a road, a house, a flood-control

system, or almost any other constructive endeavour requires prior mapping.

Smaller maps of larger areas showing things such as flood plan hazards, soil

erosion, land use, population character, climates, income, and so on, are

indispensable to understanding the problems andpotentialities ofan area. Maps

of the whole earth indicate generalization and relationships of broad earth

patterns with which we may intelligently consider the course of past, present,

andfuture events.

Source: Robinson, et al, 1978. Elements of Cartography (4th Ed.) John Wiley &
Sons, New York.

It is equally important to know that the environments in which all developments take place

are multipurpose in nature; hence the choice of the most economic use of an environment

requires geographic information for strategic decision-making (see Box 3).

Box 3. Understanding the Multipurpose Nature of an Environmental and its

Management Implications

"All environments are multipurpose environments. Even though a manager may view an area

as being in "forestry" or as "farmland", these environments serve a wider range of functions

than just wood production or food production. Forest ecosystems are habitats for many

species, source of recreation, groundwater recharge, genetic diversity and carbon sinks. A

farm is also habitat, and may as well he an area of aquifer recharge, or a source of

recreation or aesthetic values. Areas managed or enhanced for the provision of one good or

service are in fact being altered relative to their ability to serve other functions and the

needs of other current or potential users. A farm devoted to continuous monoculture is

frequently destructive of wetland systems and may involve removal of woodlands and

shelter belts. These features are the source of many values, including wind protection,

habitat, ground water recharge and conservation of the soil itself. If we do not understand

the full range of functions, which derive from an area under our management, we will not be

able to include those values into our management plans:

Source: Manning et al, 1991. Measuring the value of Renewable Resources: the case of

Wetlands. Proceedings of he 1st Annual Conference of the International Institute for the

study of Common Property, Resources, Duke University.



Set against the above background, the economic significance of geographic information

lies in the general referencing framework that it provides for integrating large numbers of

different data sets from many application fields in both the public and private sectors. For

this reason, items of geographic information such as topographic maps, standardized

geographic coordinate references such as the National Grid, standardized geographic

referencing systems such as street addresses, and standardized areas such as administrative

subdivisions and postcode sectors are particularly valuable as they make it possible to link

different data sets and thereby to gain additional knowledge from them.3

Topographic maps, for instance, provides the most fundamental base for the integration,

manipulation and analysis of thematic data (e.g. soils, forestry, geology etc). However,

the development of Geo-information Technology such as Remote Sensing, Global

Positioning Systems (GPS) and Geographic Information System (GIS) has provided

unprecedented opportunity, not only for resources and environmental data generation but

also the greatest possibility to integrate digital geographic information from a variety of

different sources to specification designed by users rather than producers.

It is of particular importance to note that those elements of geographic information which

are of special significance are at the same time the ones that require considerable measures

of consistency in order to be used efficiently. Thus, there is always a fundamental need

for a level of standardization without which the potential of linking various data sets

through GIS would be impossible.

Today, there are thousands of beneficial applications of GIS. The intention is not to

discuss all such possible applications but to show that each application has elements of

economic benefit (See Boxes 4 and 5).

Ian Masser, 1998. Governments and Geographic Information, Taylor and Fra.:cis Ltd. U.K. p. 10



Box 4. BUSINESS APPLICATIONS OF GIS

Operational Applications

Operational GIS applications are concerned with managing facilities and assets. For example:

• a utility company may use GIS to identify assets such as pylons and masts in need of routine
maintenance;

• a waste management company may use GfS to route waste collection vehicles; or

• a property management company may maintain hotel buildings and grounds with the help of

maps and plans from its G!S

Management/tactical applications

Management (or tactical) GIS applications are concerned with distributing resources to gain competitive
advantage. For example:

• a ski holiday company may use GIS to identify appropriate potential customers to receive direct
mailings;

• an education department might use GIS to produce options for school closures when deciding
how to distribute limited resources; or

• a telecommunications company might use GIS to identify and evaluate possible communications
mast sites to serve the maximum possible population.

Strategic allocations

Strategic GIS applications are concerned with the creation and implementation of an organization's
strategic business plan. For example:

• a ski equipment retailer may deicide which geographical areas to target over the next five year
after geodemographic analysis using GIS:

• a local government organiztion may decide on budget reallocates after analysis of

population growth or decline in certain areas using modeling and GIS; or

• a catering business may decide to expand a restaurant chain to 100 outlets after analysis
of the location of its competitors with GIS.

Source: Seppe Cassetari, 1993, Introduction to Integrated Geo-Information Management Chapman &
Hall, London., p.202



Box 5:

COSTS AND BENEFITS OF GIS

Direct Costs

1. Hardware/software

i
I

2. Data

3. Human/Admin.

4. Method for choosing

system

Indirect costs

Hardware

Software

Software development

Customizables

Consumables (printer

supplies etc}

Software upgrades

Maintenance and

support contracts

Communications

networks

Database cr^tion

Data conversion

Database

maintenance

Data updating

Insurance

Administration

Training

• Rent

■ Pilot Project

Benchmarking

Cost-benefit analysis

Consultancy

• Increased reliance on computers-

vulnerability to failures, changes in

software/hardware, etc.

• Poorer working environment - noise,

heat, tedious tasks for users

• Higher-skilled workforce required

1. Savings

2. Increased

effectiveness

3. New products

Direct Benefits

Fewer staff

required

Less space

required for, e.g.

map storage

Time savings for

routine and

repetitive tasks

Faster Provision of

information

Greater range of

information

services provided

Information more

readily available

Up-to-date

information

available

New range of

output - maps,

tables, etc.

Better-quality

output

Indirect benefits

• Improved information sharing

and flows

• Better-informed decision

making

• Stronger competitive ability

• Better-motivated workforce -

more

Source: Seppe Cassetari, 1993, Introduction to Integrated Geo-information Management, Chapman &

Hall, London, p.209

At an ad-hoc expert group meeting on Study on thefuture orientation ofgeo-information activities

in Africa held at the ECA headquarters in Addis Ababa between 6-10 November, 2000, a

separate working group (Working Group 4) was established to look at the economic aspects of

Geo-information. The recommendations of that working group shown in Box 6 are robust enough

and are very pertinent to the theme of this conference. The failure to implement these

recommendations in nearly all the African countries has been responsible largely for the low

contribution of geo-information to the socio-economic development of most African States.



Box 6.

Recommendation from Working Group 4: Economic aspects of Geo-information

Two main points:

• Economic justification for investment by government in the collection and management of

fundamental geo-information as component of National Information and communication
Infrastructure (NICI).

• Cost-efficient development of geo-information

A shift in perspective:

• from focusing on the need for mapping and generation of spatial data,

• to the use of information describing the country's assets and potential in terms of its geography'
• in order to gain the attention of policy makers.

Knowledge of the geography of one's country

• Essentia! to government in order to provide services effectively and efficiently

• Needed to attract investment e.g. mining companies will not make investments unless there is
knowledge of the geology of the country

• Wider dissemination of knowledge about one's country constitutes better marketing

More on knowledge

• Unlike other assets, knowledge appreciates in value through use and depreciates in value
through lack of use

• Knowledge cannot be lost through sharing

• New knowledge may be derived through integration of different information from sources

The market place for Geo-information

• In a perfect market, supply and demand determine pricing

• Imperfections in the market lead to higher prices and hence, not as wide a distribution of
knowledge

• Identify supply (i.e. data producers) and demand (i.e. data users)

Suppliers ("data producers")

• Government: at national, provincial, local levels

• Private Sector-data, technology, knowledge transfer

• Donors, foreign government and business

• Suppliers of (high resolution) remotely sensed imagery

• NGOs

Demand: i.e. users of Geo-information

• Government (internal) at national, provincial and local levels

• External governments; donors

• Parastatals, utilities

• NGOs, CBOs

• Private companies

• National

• Foreign

• "Private citizens

Role of government (1)

• Foundation/framework data needed for building national infrastructure as part of NICI-
traditionally, government co-ordinates and funds the development of national infrastructure

Role of government (2)

• The creation of "positive externalities"

• Transparency

• Knowledge of competitive advantage needed for growth

• Provide the base for developing further information products and services



Benefiting from donor participation

• A possible problem

the effect of uncoordinated donor interventions may be to create an artificial demand or

undermine economies of scale by duplicating supply

Recommendations concerning donor contribution

• The co-ordination of donor interventions is needed

• Donors should be encouraged to contribute to building foundation/framework date within the

framework of national policy concerning the systematic building of information infrastructure

(NICI plans)

• Data products emerging from donor-funded projects should be incorporated into the national

information infrastructure

Transaction costs

• These are the costs associated with obtaining and using a product, apart from the actual price

paid, e.g.

cost of finding where to obtain information

cost of turning the data obtained into a product which is fit for intended use

Reducing transaction costs

• Making information more easily accessible, i.e. establishing a clearing house

• Reducing effort needed to ensure that the products is fit for use:

setting standards for geographic information

provision of meta data describing data quality, lineage etc.

• Providing complete information to potential investors

Cost recovery

• Question 1:

If a government is funding the gathering and management of foundation/frame work data,

should there be attempted cost recovery against demand from parties outside government?

• Question 2:

If cost recovery is not attempted, even in the longer term, what mechanisms can be used to

ensure that a data producer is producing products on public money for which there is real

demand?

Factors to consider with respect to embarking on cost recovery

• Higher costs leads to lower demand, i.e. the audience receiving knowledge which could drive

further investments or the creation of information products and services is narrowed

• There are administrative costs associated with cost recovery

• There is little point to this exercise unless revenue returns tog the agency bearing the cost of

generating the information and the dissemination

Frame work data sets

• Def.: geographic data needed by more than one government agency for fulfilling its service

delivery obligations

• Cost effective to have this captured once for use by several government agencies, i.e. economy

of scale

Re-engineering of production process by data producers (e.g. NMAs)

• Technology makes it possible to be able to cerate many different products, customized to the

needs of individual demanders

• A ''just-in-time"(JIT) philosophy can be adopted: i.e. products are produced on demand; don't

stock pile- there is a cost associated with this

Even if production is out sourced, capacity needs to be retained within the out sourcing institution

(avoiding "asymmetric knowledge")



3.0 Overview of the Status of Geographic Information in Africa

In the last five years or so, there has been tremendous progress in the field of Information and

Communication Technologies, exemplified by wide spread of Internet services and the use of

mobile phones across Africa. While this development has somewhat contributed to the

economic development of those African Countries that have bought into this technology, the fact

that we are merely consuming technologies developed elsewhere make such consuming economic

benefit less permanent. However, the status of geo-information in Africa has remained largely

unchanged in the last one decade, except, perhaps in South Africa. In most African countries, the

core geographic information (e.g. topographic and Geological Maps, land registry information

and various administrative maps) have largely remained dated and in analog forms. In Nigeria for

example, the available 1:50,000 topographic maps are over 40 years old and are yet to be

converted to digital form.

The status of thematic resource information is worse in most of the African countries. Many

factors are responsible for this unfortunate situation. Some of these factors are:

(i) The lack of national geographic information strategy involving the technology, policies,

standards and human resources necessary to acquire, process, store, distribute and improve

utilization of geographic information to:

• pomote economic competitiveness;

• improve the quality of decision-making; and

• provide better stewardship of national resources and the environment.

(ii) Arising from (i) above, the mandates of most public organizations at all levels of

government are fundamentally defective with regard to data collection, management

and administration.

(iii) Contemporary technology for resource and environmental data acquisition, analysis

and management (e.g. Remote Sensing and GIS) are generally unknown to most public

organizations. Consequently they all have inadequate expertise in the field of

geoinformation technology as well as adequate infrastructure to make any meaningful

contribution to data collection, organization and management.

(iv) The organizations that were established to acquire and provide core fundamental data

(e.g. survey, geological and meteorological departments) have largely been unable to

meet the data demands of other user organizations. The failure of these organisations

have led to the employment of crude and primitive methods of data collection by the

few proactive user organizations resulting in the increase of disparate data.

(v) In general, nearly all the organizations are internally weak to generate, at the

minimum, the very basic natural resources and environmental baseline data needed for

the beneficial performance of their primary business activities. The result is that no

single Federal and/or State orgnisations could claim to have internally generated any

national or state coverage data on any component of natural resources.



(vi) Arising from the mandate of the organizations and the value attached to data, most of

the organisations rely on outside consultants to collect natural resources and

environmental data for them. While this practice is not unacceptable, the bad side of it

is that most of the organizations are generally unable to either specify the details of the

data they require or how the data should be structured. Compounding the situation is

that the methods used and the data model adopted by the outside consultants are

generally not known by the organizations.

(vii) Coordination within and among organizations is very weak and there is no formal or

legislative arrangement for data sharing among organizations. Any data sharing that

takes place is often on personal bases.

(viii) Uncritical adoption of external development policy models and programmes which are

often uniformly and mechanically implemented mostly by public officials without due

consideration of local environmental conditions, local knowledge systems, and loose

structure and capacity of agencies.

(ix) Overbearing power of the National Governments over resources (including power to

acquire geographic and statistical information over the resources), lack of power at the

lower tiers of government and inadequate involvement of Community leaders and

women.

(x) Lack of accountability, transparency, commitment and opportunity to experiment and

to learn from mistakes.

The overall effect is the persistent accumulation of disparate data which are inconsistently

named, improperly documented; highly fragmented in different locations, very low in

integrity; not organized and cannot be electronically processed or distributed; and generally

are unreliable, incomplete and very difficult to identify, access, use and maintain.

The above factors are merely listed for emphasis as they have been repeatedly mentioned at

various fora in the last 20 years. Again, Box 7 contains some of these issues as listed by the

EGA Expert Group Meeting in 2000.
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Box 7.

Issues Identified at ECA Ad-Hoc Expert Group Meeting on "Study on the future
orientation of Geo-information activities in Africa" 6-10 November 2000

Addis Ababa, Ethiopia.

• Lack of national policy on geo information technology and its development and promotion in
socio-economic development. There is lack of vision and strategy.

• Lack of national and regional mechanism for institutional coordination and development of geo
information

• Inadequate awareness on the importance of geo information technology at decision making and
local level.

• Lack of spatial data standards (foundation or basic data) and mechanism of sharing and marketing
the data sets.

• Definition of mapping scales that are suitable for development needs.

• Lack of user needs assessments prior to the implementation of geo information technology
(customer orientation)

• Lack of experienced and professional human resources and motivation

• Lack of sustainable funding and coordination of donors involved in funding geo information
project

• The role of mapping agencies and other institutions in the geo information technology age need to
be re-defined or re-engineered.

• Lack of mechanism for assessment of the outcome of GIT implementation

• Constraints in data acquisition, accuracy, access and updating

• Lack of information budgeting and implication briefs for all projects

• Lack of national review of available spatial datasets

• Development of web-based self-learning material on spatial data utilization and SDI advantages.

• The need to conduct research and development in the application of geo spatial technology in
sustainable development.

• Need for continuous education and training to keep pace with advances in technology
• Need for Meta data structure

• Lack of cost recovery mechanism (role of private practice participation while NMA coordinates).

• Need to establish efficient network for geoinformation development and information exchange.

• Lack of enabling technologies (electricity, telecommunication, and computer network) for the
implementation of geoinformation.

Given the above situation, our effort, and particularly, that of ECA is to device a new

implementation strategy in Africa. The implementation strategy should be directed at the

following four issues:

(i) development ofnational geographic information strategy

(ii) establishment of coordination between and among the core geo-information

provider organizations and user organizations in both public and private

. i sectors (see Box 8 for example).

II



Box 8.

Membership of Interdepartmental Group on Geographic Information (IGGI)

• ADDAS

• Ministry of Agriculture, Fishers and Food

• British Library

• CCTA (Government Centre for Information Systems)

• Central Statistical Office

• Department for Education and Employment

• English Nature

• Department of the Environment

• English Heritage

• ETSU (Energy Technology Support Unit)

• Forestry Commission

• General Registrar Office for Scotland

• Department of Health

• Home Office

• Hydrographic Office(Ministry of Defence)

• HM Land Registry

• Lord Chancellor's Department

• Meteorological Office (Ministry of Defence)

• Military Survey (Ministry of Defence)

• Department of National Heritage

• National Rivers Authority

• Office of Fair Trading

• Office of Population Censuses and surveys

• Ordnance survey of Northern Ireland

• Ordnance survey

• Scottish Office departments

• Department of Social Security

• Department of Trade and Industry

• Department of Transport

• HM Treasury

• Valuation Office Agency

• Welsh Office

IGGI seeks to:

• Provide a forum for government to consider and develop a common view on issues affecting or

affected by geographic information;

• Facilitate the effective use, both within and outside centra! government, of geographic information

held by government departments;

• Consider barriers to realizing the fullest potential of government held geographic information and

take steps to overcome them.

Source: Oliver A. 1996 "Group Dynamics: Iggi Forges Ahead On Government Gcodata" Mapping

Awareness. 10(3), 26-8

(iii) obtaining the commitment of National Governments for the provision of core

geographic information, including digital topographic database, geodetic

control digital orthoimagery, elevation data, transportation data, hydrography,

administrative boundaries and cadastral information.

12



(iv) The development of national metadata services. The last three issues are the

complement ofthe first (i.e. metadata, core data and coordination).

With regard to the coordination issues, all geoinformation professionals in Africa must close

ranks as the current professional protectionism would not make such coordination possible.

Also, a robust and new partnership arrangement should be established between the public and

private geoinformation organizations and the universities in order to develop environmentally and

culturally suitable strategies for the beneficial development and utilization of geoinformation.

4.0 Concluding Comment on Geoinformation Policy Implementation

Two broad approaches for policy implementation are the programmed implementation and

adaptive implementation. The characteristics of a programmed approach include a well

specified plan with a clearly defined objectives, unambiguous lines of responsibility,

limited participation with tightly coupled institution and minimal discretion. Whereas, an

adaptive implementation approach is the one that allows people to learn by doing rather

than mechanically following a set of guidelines which may not make a lot of sense for

particular situations. As shown in Box 9, the programmed implementation strategy would

be suitable to the structured situation type while an adaptive approach would most likely

be the best choice if the situation had the attributes shown in the unstructured column.

Box 9 Policy

Characteristics

Scope of Change

Certainty of technology or theory

Conflict over policy's goals and means

Structure of institutional settings

Stability of environment

Situations

Situation

Structured

Incremental

Certain within risk

Low conflict

Tightly coupled

Stable

type

Unstructured

Major

Uncertain

High conflict

Loosely coupled

Unstable

Source: Berman P 1980 Thinking aboutprogrammedand adaptive implementation: matching strategies to
situations. In H M Ingram and D E Mann (eds) Why Policies Succeed or Fail. Beverly Hills California
Sage, pp. 205-27

Traditionally, the programmed approach has been favoured, such an approach implies

need for only moderate changes, considerable certainties about means to be used, low

conflict regarding goals, agencies that work collectively, and relative suitability. These

conditions are not currently present in Africa; thus, an adaptive approach should be

adopted in line with the framework for the implementation of policies as listed in Box 10.
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Box 10

Framework for the Implementation of Policies

Context. Attention focuses upon historical, cultural, economic and

institutional dimensions, as well as the state of the biophysical environment.

Legitimation or credibility. If a policy or programme is to be

implemented, it receives legitimation through political commitment, statute,

financial support or administrative support. Legitimation is strengthened

when more than one of these elements is present.

Functions. Decisions must be taken regarding, which management

functions are to be integrated relative to a vision. Functions can be generic

(policy development, data collection, planning, development, regulation,

enforcement) or substantive (water supply, pollution control, flood plain

management, wetland management). It is not automatic that all functions

should be integrated, and indeed there can be good arguments to separate

some of them, such as development and enforcement.

Structures. These involve the number and type of organizations

responsible for management functions. They can be few in number and

centralized, or more in number and decentralized. However they are

crafted, there always will be edge or boundary problems among agencies,

which involve areas of overlapping interest and responsibility.

Processes and mechanisms. No matter how well functions and structures

are designed, there wili be mismatches, or areas of overlap and underlap.

Thus, there is a need for processes and mechanisms, such as

interdepartmental working groups or public participation, to address edge or

boundary issues.

Organizational culture and attitudes. The effectiveness of

implementation will usually be strongly influenced by the people who have

the responsibility for that, as well as the culture of an organization (does it

promote competition or cooperation?) and the attitudes of participants (do

they strive to share and cooperate?)

Source: Mitchell B 1990 Integrated water management. In B Mitchell (ed.) Integrated water

Management: International Experiences and Perspectives. London, Belhaven, pp. 1-21
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