
Resource Management Information Systems:
Remote Sensing, GIS and Modelling

second 
edition

McCloy TF1304

Resource Management Information Systems: Remote Sensing, GIS 
and Modelling, Second Edition provides you with the knowledge and 
skill necessary to design, build, implement, and operate spatial resource 
management information systems for the management of physical resources. 
This volume promotes the use of these technologies in a spatial context, 
enabling you to apply information systems toward the management of 
resources in agriculture, forestry, land use planning, valuation, engineering, 
and many additional fields.

A follow-up to the first edition, Resource Management Information Systems: 
Process and Practice, this book offers extensive revisions, reflecting the rapidly 
evolving nature of the technologies needed to manage spatial resources.  

Features:
• Explores how to integrate remote sensing, GIS, and modelling 

technologies into information systems and apply these systems in the 
management of resources

• Enables you to choose a spatial analysis software system that best 
supports your needs

• Covers visual interpretation and map reading, the analysis and 
interpretation of vegetation, and image processing

• Investigates the collection of field data, and its use in visual interpretation 
and the classification of digital image data

• Discusses geographic information systems (GIS) topics including 
Raster and Vector data analysis, data management, modelling, and 
uncertainty

• Details how to use spatial technologies as decision support tools
• Contains a CD-ROM that includes data, notes on applications, and 

Web addresses for data analysis software

 

Environmental Engineering

TF1304_cover.indd   1 11/21/05   10:19:21 AM



CLOY “TF1304_C000” — 2005/11/17 — 17:50 — page ii — #2



Resource Management Information Systems:
Remote Sensing, GIS and Modelling

Second Edition



CLOY “TF1304_C000” — 2005/11/17 — 17:50 — page ii — #2



Resource Management Information Systems:
Remote Sensing, GIS and Modelling

Second Edition

Keith R. McCloy



CRC Press
Taylor & Francis Group
6000 Broken Sound Parkway NW, Suite 300
Boca Raton, FL 33487-2742

© 2013 by Taylor & Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works
Version Date: 20140728

International Standard Book Number-13: 978-1-4200-5595-5 (eBook - PDF)

This book contains information obtained from authentic and highly regarded sources. Reasonable efforts have been made to 
publish reliable data and information, but the author and publisher cannot assume responsibility for the validity of all materi-
als or the consequences of their use. The authors and publishers have attempted to trace the copyright holders of all material 
reproduced in this publication and apologize to copyright holders if permission to publish in this form has not been obtained. 
If any copyright material has not been acknowledged please write and let us know so we may rectify in any future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, transmitted, or utilized in 
any form by any electronic, mechanical, or other means, now known or hereafter invented, including photocopying, micro-
filming, and recording, or in any information storage or retrieval system, without written permission from the publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright.com (http://www.
copyright.com/) or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood Drive, Danvers, MA 01923, 978-750-
8400. CCC is a not-for-profit organization that provides licenses and registration for a variety of users. For organizations that 
have been granted a photocopy license by the CCC, a separate system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used only for identifi-
cation and explanation without intent to infringe.

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com



CLOY “TF1304_C000” — 2005/11/17 — 17:50 — page v — #5

To Anny.
And to

Sarah, Sophia and Simon,
With love and appreciation



CLOY “TF1304_C000” — 2005/11/17 — 17:50 — page vi — #6



CLOY “TF1304_C000” — 2005/11/17 — 17:50 — page vii — #7

Preface

The purpose of this book is to provide the reader with the knowledge and skills necessary to
design, build, implement, operate and use spatial resource management information systems for the
management of the physical resources of a region. Spatial resource management information systems
are based on the technologies of remote sensing, geographic information systems and modelling.
The integration of these technologies with appropriate field data provides the basis of these systems.
Accordingly, this book provides the reader with the skills necessary to use these technologies in a
spatial context, and provides the reader with the skills to integrate them into, and then to operate,
such information systems.

This book is the second edition of a text by the same author, Resource Management Information
Systems: Process and Practice. That title reflected the end goals of the material given in the book,
but did not reflect the contents of the book, which are the material necessary to reach this end goal.
The new title, Resource Management Information Systems: Remote Sensing, GIS and Modelling
in Resource Management, better reflects the contents of the book, and hence the end goal. This
edition offers extensive revisions of the material offered in most chapters of the book, reflecting
the rapidly evolving nature of the technologies that underlay the management tools needed for the
management of spatial resources. The authors believe that this edition reflects the current status of
these technologies and their evolving role in the management of spatial resources.

The management of the physical resources of a region is increasingly becoming a balance between
the competing needs to both optimise productivity and to meet community demands for the mainten-
ance of resources. The competition for scarce resources is driving the need for better management
information systems designed to provide decision support tools to resource managers. One such
tool is spatial resource information systems. This type of decision support system can be used
to support the management of a farm or park, through regional management to global resource
management. They have the characteristic of providing up-to-date spatially extensive yet consistent
information on aspects of the resources of interest to the manager. There are many issues where
such spatial decision support systems become crucial including dealing with most forms of environ-
mental degradation and pollution since the source of the damage or pollution is separated in time and
space from the effects. There are many situations where productivity gains can also be made from
the use of spatial information systems, such as the case where agricultural industries collaborate in
the construction of harvesting, processing and packaging factories and where there are advantages to
be gained from the careful scheduling of the harvest so as to minimise waiting time and storage costs
after harvest and to minimise the deterioration of produce prior to processing and packaging. As
there becomes increasing competition for the use of scarce land resources, the potential for conflict
increases. Resource managers will face an increasing need to resolve such conflicts and spatial
decision support tools are critical in providing resource managers with this type of support.

In providing a text that is meant for resource managers, or for those closely connected to the
management of resources, it has been necessary to think very carefully about the level of depth and
breadth that should be covered as well as the theoretical and practical treatment that should be given
to the material in the book. Some readers will want to go further in the study of these topics; the
treatment has also been designed so as to provide sufficient foundations for them to do so. Thus, some
mathematical treatment is included for some of the more important methods, but the reader should
be able to understand the use of the material and its implementation without getting into too much
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Preface

mathematical development if that is his or her wish. In addition, it was recognised that a book like
this cannot do justice to its task without some real data to deal with. Accordingly, the text contains a
CD that includes data, notes on applications and various Web addresses so that the interested reader
can access software to analyse the data in various ways. The CD holds text material to guide the
user through the application material and in that sense it stands on its own. But it is meant to be used
as an adjunct to the learning that is done by reading the text. Many software systems also provide
learning material, and this material is also worth using.

There are a number of different software systems that can be used in the analysis of spatial data.
What is needed are software systems that seamlessly include image processing, GIS, modelling and
statistical tools and decision support tools. Of the various software systems around only IDRISI has
implemented a conscious plan to do this, and they should be complimented for having this vision. I
look forward to seeing other systems going down a similar route in the future. All software systems
involved in the spatial analysis of data are different and thus cater for different needs. No system is
best for everyone. Accordingly, no one system is recommended in this text. By the time that you get
to the end of this text, you should know what to look for in selecting a software system to meet your
needs.

The importance of information in the management of resources, and the importance of having
sets of information of equivalent resolution, timeliness and accuracy for the different managers so as
to minimise conflicts arising out of differences in perception of the nature of the problem, cannot be
overestimated. These spatial resource management types of information are an important component
in meeting these needs. Thus, this text is an important resource for all of those concerned with the
management of physical resources, including those involved in agriculture, forestry, marine and
aquatic resources, environmental science, landuse planning, valuation, engineering and geography.

A number of people have assisted in the preparation of this book and their assistance is greatly
appreciated. Professors Steven De Jong, David Atkinson and Henning Skriver as well as Drs. Jurgen
Boehner, Thomas Selige, Niels Broge and James Toledano have all very carefully reviewed various
chapters and provided greatly appreciated comments and corrections. Dr. Susanne Kickner has gone
much further and contributed valuable sections to the Chapter 6 on GIS. The support of the publishers
has been greatly appreciated. Very special thanks must go to Anny for her support throughout the
revision of this text.

Keith McCloy
Tørring

Denmark
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Supplementary Resources Disclaimer 
Additional resources were previously made available for this title on CD. However, as CD has 
become a less accessible format, all resources have been moved to a more convenient online 
download option.   

You can find these resources available here: https://www.routledge.com/9780415263405

Please note: Where this title mentions the associated disc, please use the downloadable 
resources instead.  
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1 Introduction

1.1 THE GOALS OF THIS BOOK

There is clear, readily accepted evidence of resource degradation in many parts of the globe, and
there are many other examples of claimed resource degradation that have yet to receive general
acceptance. What are the cause or causes of this degradation? The underlying causes are to do with
the shear level of pressure that is being placed on the resources of the globe by the combination of
the number of people, their expectations in terms of goods and services and our technical capacity to
utilise those resources to meet this demand. The level of degradation is also to do with our levels of
consumption and wastage associated with production, distribution and sale of products. Some of this
degradation results from inappropriate land use practices both in the use of the land for appropriate
purposes and the use of inappropriate practices on the land. Thus, lands with steep slopes continue
to be used for cropping even though extensive erosion results, and even moderately sloped land
is cultivated with furrows down the slope by some farmers, again exacerbating the soil erosion
problem. Our land use allocations and the practices adopted on those lands continue to be the major
factors in exacerbating land degradation. It follows that improved land allocation and improved land
using practices will significantly reduce land degradation. Changing land allocations and land using
practices are management activities and so the way that we manage our rural lands is a major factor
in the fight to reduce land degradation and to strive to achieve the goal of sustainable land using
practices.

The title of this book was chosen to convey its dominant theme: to understand the role of, as well
as to develop and use, spatial information systems for the proper management of physical resources.
There are a number of critical components to such Resource Management Systems including remote
sensing, geographic information systems (GIS), modelling resource management and decision sup-
port. This text covers the principles and practices associated with these components as well as their
integration into a system so as to emphasise the holistic way in which the management of resources
is going to evolve, if we are to achieve the twin goals of maximising productivity and maintaining
the resource base.

In some way these physical resources may be managed adequately using current tools and tech-
niques; however, this is rarely the case if the second criterion of resource maintenance is adopted. How
much does resource degradation have to do with resource management? Does our method of man-
agement, the quality of that management, the nature of the resource management tools and how they
are used to influence the level of resource degradation? This chapter explores some of these issues:

• Exploring the status of physical resources, specifically, “Is there a reason to be concerned?”
• Moving on to the reasons why this situation exists, or “What is the nature of this concern?”
• Considering which types of these concerns can be addressed by the use of better manage-

ment tools or techniques, or “How can better tools and techniques help deal with these
issues?”

• Addressing the question of how can resource management use these tools and techniques,
or “What are the characteristics of resource management that may be part of the problem
and how can these tools and techniques address some of these imitations?”

The chapter then moves on to consider the nature of the information that is required for good resource
management, and how geographic information fits into this role. It finishes with a description of how
the book is structured to assist the reader in understanding the need and role of Resource Management

1
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2 Resource Management Information Systems

Information Systems (RMIS) and then in developing the skills that they need to meet the goal of
developing and implementing these systems.

1.2 THE CURRENT STATUS OF RESOURCES

There is widespread recognition that the finite resources that constitute the Earth — its soils and
land covers, its oceans and its atmosphere — are being consumed at such alarming rates that they
have already become or will become seriously depleted in the foreseeable future. While at the same
time, we are also producing wastes faster than they can be absorbed and broken down by the natural
ecosystems upon which we depend, and that supply many of the resources we use. There are many
examples of this situation and current responses to them. Three of them will be considered here.

1.2.1 THE OZONE HOLE

One of the most notable examples of degradation and response at the global level concerns the
identification and response to the existence of the ozone hole. The British Antarctic Survey first
noticed the dramatic losses of ozone over the Antarctic in the 1970s. When the first instruments were
set up to take accurate readings of the ozone levels over the Antarctic in 1985, the readings were so
low that the scientists thought that there must be something wrong with their instruments. They sent
them back to be replaced, and it was only when the replacement instruments gave similar readings
that the results were accepted.

Ozone forms a layer in the stratosphere that is naturally thinnest at the equator and thickest
over the poles. It is formed when ultraviolet light from the sun strikes the atmosphere. Some of the
ultraviolet light strikes oxygen molecules in the atmosphere, splitting them into two oxygen atoms.

O2 � O+ O

The oxygen atoms are unstable in the atmosphere and will quickly combine with other chemicals
that they come in contact with. They are most likely to either combine with another oxygen atom,
thereby just reversing the equation, or to combine with an oxygen molecule to form ozone.

O+ O2 → O3

Ozone absorbs ultraviolet light and so the ozone in the atmosphere filters out most of the ultraviolet
light before it reaches the surface of the Earth. All plants and animals are vulnerable to high levels
of ultraviolet light, and so the absence of ozone will create very dangerous conditions for all plants
and animals. The dramatic reductions in ozone that were occurring were soon recognised as being a
serious threat to life on Earth. As a consequence, global agreement on a response was achieved at the
Montreal Accords in 1987 that planned to halve the production of the offending chemicals the were
causing the loss of ozone by 2000. In fact this commitment has been exceeded with most countries
stopping production of the chemicals, except for minor medical needs, by 1995. Currently, it is
expected that the ozone hole will have disappeared by about 2045.

Man-made chemicals that contain chlorine or bromine can, when released into the atmosphere
and under certain conditions, decompose releasing the chlorine or bromine that reacts with the ozone
to form oxygen. These atmospheric conditions are much more likely to occur over the Antarctic
continent than other parts of the globe and hence the appearance of the ozone hole over Antarctica.

It could be said that the ozone issue has been a successful environmental fight. However, it was
a very simple fight; there was an obvious culprit, the solution was clearly identifiable and those
dependent on this industry were sufficiently small in number so that stopping production did not
have significant economic implications for national budgets.
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Most environmental issues are not this clear cut. There are often a number of causes. Some of
those causes are man induced and some may be due to natural processes. It is often difficult to identify
all the actions by man and the natural processes which are contributing to the degradation, particularly
where the degradation is due, at least in part, to complex loop and interconnection mechanisms. As
a consequence it is often difficult to identify all the culprits and allocate responsibility. There are
often a number of potential solutions, many of which are partially or even totally in conflict, either
amongst themselves or with solutions to other issues. Finally, it is often the case that some of the
interested parties have a large investment, of one form or another, that may be at risk of being
lost or degraded depending on the solutions that are adopted. When this occurs, then the economic
implications need to be taken into account in developing a solution.

1.2.2 WATER-BORNE SOIL EROSION

The basic principles of water-borne soil erosion are conceptually well understood by most land
managers. Rainfall, hitting the Earth’s surface either directly or as drops from leaves, tends to
dislodge small amounts of soil from the surface and mobilise them into the surface flow. The rain
accumulates into runoff, and this water tends to both carry the water-borne sediment down slope,
as well as collecting more sediment from the soil surface. The size, density and volume of soil
particles that are dislodged from the soil surface and then carried away in the surface water depend
on the energy in the water droplets in the rain and in the surface flow. By far, the greatest impact
is due to the droplets hitting the surface of the Earth, hence the greatest single factor in dislodging
and mobilising soil particles is the impact of the rain on the surface. The effect of this energy is
reduced by vegetation and any other matter that absorbs most of the impact energy of the rain that
it intercepts, so that vegetative cover and mulch are important factors in reducing soil erosion. The
energy in the surface water affects the capacity of the flow to carry the particles away from the site
of displacement. As the volume and the velocity of the water increase, the capacity of the water to
hold the sediment increases. The net result is an increasing load of sediment being carried by the
water as its volume and/or velocity increases. Once the water starts to loose energy, most typically
when it starts to slow down as the slope decreases or it is resisted by denser vegetation, it will loose
the capacity to carry sediment. The heavier sediments, such as gravel and sand, are deposited first,
followed by the finer sediments such as clay and silt.

Despite this well-established understanding of the process, water-borne soil erosion still contin-
ues at a very high rate. The International Soil Reference and Information Centre (http://www.isric.nl/)
in Holland conducted a global mapping of soil degradation in 1991 and concluded that water-borne
soil erosion is the single most important factor affecting the soils of the globe. They estim-
ated that 56% of the global soil degradation was due to soil erosion. It has been estimated that
200 years of farming in the United States has meant that most of the lands in the United States
(http://www.seafriends.org.nz/enviro/soil/erosion.htm) have had 25–75% of the topsoil lost. Some
have lost so much as to be unproductive. They have further estimated that soil formation takes place
at about 25 mm every 1000 years or about 0.6 tons/ha/year. This compares to the 10–40 tons/ha/year
that is lost from the so-called sustainable agricultural production systems that do not use soil tillage at
all, the amount depending on the soil slope. Clearly agriculture, in all the forms currently practised,
causes levels of soil erosion that are not sustainable in the long term.

One of the problems with soil erosion is that it appears to be happening very slowly. The effects
may be difficult to see over a period of 30 years or so. This slowness is exacerbated by the way that
the application of fertiliser tends to mask the impacts of soil erosion on productivity. Thus, farmers,
faced with a competitive market situation, unable to see the significant impact of erosion and having
this impact masked by the use of fertiliser, are often reluctant to take appropriate remedial and
preventative actions. Soil erosion has always occurred. It is part of the natural weathering processes
that wear down landforms as they are created. What is critical is the significantly higher rates of soil
erosion that have been introduced by agriculture and other land using activities.
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It should be pointed out that this amount of soil may be lost, but some of it is recovered as deposits
on flood plains and some of it ends up as nutrients in the sea. The deposits on flood plains may well
be more productive than the areas that lost the soil, due to our capacity to irrigate flood plains at
lower costs than most other areas, the suitability of flood plains for agriculture and the concentration
of fertile soils in the flood plains. But only a small percentage of that which is caught in this way can
be used for agriculture since most of the alluvium is too deep to be of use. The sediment that goes
into the sea provides nutrients to the coastal zone, but again, too much of it can destroy many forms
of marine life, as well as being buried under subsequent layers of silt.

Even though the processes of soil erosion have been well understood for more than 50 years, soil
erosion is clearly a continuing source of soil degradation. Why is this the case? Are the problems
technical, economic, social or political? In the sense that agricultural research has not found an
alternative to cultivation that is sustainable and is acceptable to most farmers around the globe, the
problem is technical. That the process is slow so that the farmers are only partially aware of the
scale of the problem, and how its impact varies considerably with management practices, primarily
because of the differences in landcover with the different practices, the problem is technical. There are
alternatives to cultivation including no-tillage cultivation and stepping away from the monoculture
ethic that dominates agriculture. But neither alternative has been widely adopted because they are,
for many situations more expensive than cultivation. So, in this sense the problem is economic and
political.

Sustainable means that the process to which it refers can be continued in the same way and at
the same level into the foreseeable future. Sustainable agriculture has been defined (Ikerd, 1990),
as resource conserving, socially supportive, commercially competitive and environmentally sound.
Sustainable agriculture thus has three main foci:

• Ecological sustainability
• Economically sound
• Socially supportive

Ecological Sustainability. This requires that it be resource conserving, in harmony with the environ-
mental processes that operate in the area and maintains biodiversity. If it is resource conserving then
it will be at lower economic and environmental cost, it will not result in wastes that cannot be used
and consumed within the ecological cycles that are in operation and it will not remove resources
permanently from the environment. If it is in harmony then the processes involved in production
are harmonised with the ecological processes in the environment and the wastes become part of the
food chain in a way that contributes to those ecological processes. If it supports biodiversity then it
supports the maintenance of a rich complexity of life.

Economic viability. Capitalism has been shown to be a good, but incomplete or inadequate mechanism
for the conduct of normal trading business in our society. Its strengths include its resource conserving
nature, its independence of political power and its traceability through society. It tends to be resource
conserving because all resources have a cost and one of the main goals of capitalist processes is
to minimise the costs of production. Independence of political power means that the market is
freer of political manipulation and corruption than most alternative systems that have been tried. Its
traceability means that efficient and equitable taxation systems can be established that ensure that
all members of society can carry their correct proportion of the taxation burden and it provides the
basis of accurate quantifiable information on cash flows throughout society that can form the basis
of more sound financial management than is possible without this information.

However, it is inadequate because it does not adequately value resources that are not owned by
individuals or by organisations in the commercial system (the problem of the commons), it does not
take into account future implications of proposed or actual actions and often it does not properly
address the costs and benefits of an action to parties outside of the trading, particularly where the
relationship between these parties and the trading has non-commercial aspects.
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One of the fundamental characteristics of capitalism is its need to grow. The bottom line for
every business is to show that it has grown over the last reporting period. Yet we are striving towards
sustainable land using practices and systems. The need to find a balance between the aggressive
growth goals of capitalism on the one hand and the goals of balance and continuity implicit in
sustainability on the other is one of the big challenges that our society is facing.

Socially supportive. Sustainable systems should treat all livings things with reasonable respect and
care. Animals should not be kept or slaughtered under conditions that are cruel in any way. Sustainable
practices should not be ethically or morally reprehensible. Thus, many practices in agriculture that
cause pain and anguish to the animals do not have a place in sustainable agricultural systems.

1.2.3 LOSS OF BIODIVERSITY

The third aspect of modern resource management to which I wish to refer is biodiversity. Diversity is
defined as the variety of conditions that can exist within the object of attention. High diversity means
great variety. The biological scientific community currently recognises three types of biodiversity:
habitat, genetic and species (http://www.defenders.org/).

Habitat diversity refers to the variety of places where life exists — coral reefs, old-growth forests in
the Pacific Northwest, tall grass prairie, coastal wetlands and many others. Each broad type of habitat
is the home for numerous species, many of which are utterly dependent on that habitat. When a type
of habitat is reduced in extent or disappears, a vast number of species are placed under pressure and
may disappear.

Genetic diversity is the variety in the genetic pool of the species, and this is related to the number of
populations that exist in the species. Species live in population clusters. Generally, the individuals
in one population will breed with another individual in the same population, simply because of the
distance between populations, although they can, and will mate with individuals in other populations.
Populations only diverge into different species when individuals will no longer mate across the
population boundaries, because of genetic differences between the individuals. The genetic diversity
within a species is primarily the variety of populations that comprises it. Species reduced to a
single population (like the California condor) generally contain less genetic diversity than those
consisting of many populations. Song sparrows, found over much of North America, occur in
numerous populations and thus maintain considerable genetic diversity within the species.

Species diversity refers to the diversity of species that exist. Thus, one can consider the species
diversity within a habitat, a continent or the globe. There are about one and a half million identified
and classified species on Earth, but we know that many unnamed species exist. It is estimated that
the total number of species is probably between 5 and 15 million. Most of the evidence for numerous
unnamed species comes from studies of insects in tropical forests: when the canopy of a tropical tree
is fumigated and all the dead insects are collected, large numbers of hitherto unknown insects are
frequently collected.

Species are categorised as variety: species: genus: family: order: class: phylum: kingdom. Thus
the categories for humans are

Species Homo sapiens
Genus Homo
Family Hominidae (Man and apes)
Order Primates
Class Mammalia
Phylum Chordata (vertebrates)
Kingdom Animal
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The relatively small percentage of the species that are actually known, estimated to be between
10 and 30% of the total number of species, means that it is impossible to accurately estimate the
decimation that is actually occurring. Biologists estimate that about 20% of the birds species have
become extinct over the last 2000 years and that about 11% of the remaining known 9040 species are
threatened with extinction. But these estimates cannot start to take into account the vast majority of
species that we do not know about. Since these species are unknown, they are likely to be animals of
very small size, to be either in very small populations or to exist in small numbers, or to exist in unique
habitats such as the deep ocean. Some of these conditions mean that many of these unknown species
could be very vulnerable, particularly those that exist in small numbers and live in unique habitats
if these habitats are limited in scope, as many of them will be. As a consequence, the extinction rate
among the unknown species may well be higher than amongst the known species.

In 1992 the World Resources Institute (http://www.wri.org/index.html) proposed that there are
seven causes for the loss of biodiversity:

1. Population growth
2. Increased resource consumption
3. Ignorance of species and ecosystems
4. Poorly conceived policies and poor resource management
5. Global trading systems
6. Inequities in resource distribution
7. Low valuation of biodiversity in economic systems

What are the implications of loss of biodiversity? Whilst it is far from clear what all of the implications
are, and the significance of these impacts, some are understood:

1. Higher levels of Ecological instability. The lower the biodiversity in an area, the more
vulnerable the area is to predation or attack by invasive plants or animals, and the less
likely that the area can adapt to these attacks and to changes in environmental conditions.
Areas of low biodiversity are agricultural cropping areas and cities, where, in both cases,
the environment is dominated by one species. The presence of large numbers of a species
in one location is attractive to other species that can use that species for food, as a host, or
for some other reason. This is clearly shown in the responses of specific insect populations
to the existence of monocultures in their vicinity that are beneficial to them in some way.
Nature, of itself, promotes or encourages biodiversity, as can be seen by the growth of
biodiversity after mass species destructions in the past. But man, with his significant
capacity to influence the biosphere, is often inhibiting this process.

2. The loss of species of benefit to man, including the possibility of new drugs and medicines,
and better food sources.

It is generally accepted that high levels of biodiversity usually indicate complex ecological systems.
Complex ecological systems contain species that overlap in the domains of influence, so that the
destruction of one species leaves others that can step in, albeit at not quite the same level of efficiency
and effectiveness. Thus, complex ecological systems with high levels of biodiversity represent sys-
tems that are capable of high levels of adaptation to and absorption of forces of change. Such systems
are inherently stable over a wide range of conditions of the forcing functions that are affecting that
ecological system. However, even such stable systems will degrade and eventually collapse if the
level of force applied to the ecological system exceeds that capacity for absorption of the ecological
system for long enough. Any debate on biodiversity adequacy or inadequacy must therefore hinge
on the sustainable level of adaptation of the system. The sustainable level of adaptation does not
imply no change, and so it allows for changes in the species composition of an ecological system,
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but it does imply that these changes are occurring through sustainable adaptation and not due to
unsustainable destruction of species.

Monocultures are ecological systems with very low biodiversity. Stability is only maintained in
man-made monocultures by the application of significant levels of resources in the form of insect-
icides, herbicides and physical management. Agriculture and forestry are thus major factors in
reducing biodiversity, but they are not the only factors. Many other activities of man affect the biod-
iversity of an area. Hunting and the introduction of new species also affect biodiversity, certainly
in the short term, but whether they do in the long term depends very much on the nature of the
environments being dealt with and the other pressures being exerted on those environments. The
Australian Aboriginals are thought to have introduced both fire and the dog into Australia. They
used both in their hunting of animals for food, clothing, utensils and shelter. Both had a significant
impact on the ecology on the Australian environment, however, the rate of impact was not too great
for the communities to adapt, although it may have been too great for specific species to adjust and
they have subsequently become extinct. This is the fundamental difference between the impact of the
Aboriginals and white man on the Australian environment. In the former case the impact was not too
large for the environment to adapt and change, even though some species could not adapt and became
extinct in the process. In the latter case the level of pressure is far too high for the environment to
adapt in the time available.

Thus, evaluation of the significance for the loss of biodiversity can be very complex. There are
usually a variety of causes, where these causes can vary in significance over time and space, and there
are usually a variety of solutions, where the more obvious solutions that may include reestablishment
of the status quo prior to the impact, may not be the best solution, nor even viable. Often the solutions
will be in conflict, so consideration and choice between solutions involve taking into account the
impacts on others who are not directly involved in the processes being considered.

There are many forms of resource degradation, with only three being briefly considered here.
All of them are, in some way, created or exacerbated by man. Often there are multiple causes where
the influence of a cause on the degradation can vary spatially and temporally. It is often difficult to
properly assess all the causes of degradation and their relative significance. The impact of degradation
usually occurs at different locations and times to the initiation of the degradation. Degradation thus
often affects different communities to those causing the degradation. It can thus be difficult to evaluate
the effects of degradation on an individual or a community. Finally, the proposed solutions can have
impacts on both these groups, as well as other groups in society, where these impacts may not be
exactly in proportion to their involvement with the degradation. Thus, the development of solutions
that are satisfactory within society can also be very difficult and complex.

The range, level of severity and ongoing nature of many forms of degradation indicate that
there is a significant cause for concern. With many, but not all forms of degradation, the basic
principles underlying the degradation are well understood. However, the interdependencies between
the degradation and the broader environment are often not well understood, just as the detailed
understanding that is often necessary for good management is often not yet available.

1.3 THE IMPACT OF RESOURCE DEGRADATION

As resources decline, more resources, albeit of different kinds are used to maintain production. There
are many examples of this process. In agriculture and forestry, if production declines, then more
fertiliser, herbicide or pesticides are used, depending on the cause of the loss in productivity. In
mining, when the ore becomes very deep, or of low quality, then production can only be maintained
by the use of bigger machines, longer lines of production or more miners, or combinations of all
three. As these inputs increase, so do the costs of production. However, if the resulting production is
the same, then this means that productivity decreases, where productivity is defined as the amount
of output for one unit of input.
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Increasing inputs often masks the decline in production, so that the decline in productivity
may not be obvious outside of the units of production. Even within the units of production, the
decline may be gradual over time and may be masked by changes in management practices. As
a consequence the implications of declining productivity are often very subtle, and may be well
advanced before these implications are well understood. However, the units of production that are
suffering degradation continue to suffer declining productivity relative to units of production that are
not suffering a degrading resource base. This means that the units of production with a degrading
resource base are becoming poorer compared to those not affected. They are becoming poorer in
two ways:

• Reduced wealth or loss of assets. Low or declining productivity is reflected in the budgets
of the affected units of production. As a result these units of production cannot sell their
resource base at the same value as those units with higher productivity. This means that
these units of production have a low or declining capital asset base, reducing the wealth of
the owner, and reducing their capacity to borrow money, using the asset base as security.

• Reduced income. Lower productivity reduces the profit margins and hence the income.
A lower income reduces the investment capacity of the business, further exacerbating the
problem.

The same principles apply to the nation as to the individual unit of production within the nation,
but the effects have historically been quite different. When a unit of production declines, then the
owners become progressively poorer until such time as the unit is sold. Historically, with nations,
when one became weak (or poor), then it becomes vulnerable to forced takeover or invasion. The
degradation will have reduced national productivity. The ruling class are usually in the best position
to resist this loss in productivity, shifting the burden for carrying it onto the poorer members of
society. The result is a growing disparity between the rich and the poor, with the percentage of
those in poverty increasing, and the level of poverty declining. This leads to frustration, anger and
desperation when conditions become very bad. This weakening of the fabric of society, on top of
the weakening economic conditions, makes the country vulnerable to internal or external takeover.
This is one of the various causes for revolution or invasion.

History has shown that degradation of the resource base of a society can be a cause of the decline
of that society. The Mayan society was a flourishing society in the central Yucatan Peninsular of
Mexico from about 400 a.d. until about 900 a.d. At about this time the society suffered a serious
and permanent decline. There is no evidence of massive destruction by invasion, as is the case
with the Aztec civilisation in the valley of Mexico City. It is known that the Mayan civilisation
was very dependent on irrigated agriculture. The Yucatan Peninsular is a limestone formation, so
that the limestone would have allowed rainfall to permeate through the stone and away from the
topsoil. Areas with these characteristics will have limited agricultural capacity without irrigation
if rainfall is insufficient to maintain soil moisture in the root zone. However, the water that has
drained down to the water table is accessible across most of the Yucatan Peninsula through bores
since it is not too deep to remove in this way. The water is thus stored, ready for use for irrigation
and for human and animal consumption. The same characteristic that makes the area unsuitable
for non-irrigated agriculture makes it very suitable for irrigated agriculture. However, such lime-
stone systems can have another disadvantage. If the surface water is polluted for some reason,
then this pollution is readily carried down into the water table. If the groundwater becomes pol-
luted then it cannot be used for any activity where the pollution in the water has a deleterious
effect.

Whilst the actual reasons for the decline are not known, historians have ruled out the conventional
ones of warfare and invasion. It seems reasonable to suggest that the Mayan society declined and then
collapsed because of some form of environmental and institutional degradation, where these may well
have been related. The irrigated agricultural system may have collapsed because of the inability of
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the Mayan society to maintain the monocultures on which their agriculture was based. Alternatively,
the groundwater may have become polluted in ways that were harmful to the crops, to the people of
society or to both. Either of these situations could have brought on institutional decline, which may
have resulted in a decline in maintenance of the irrigation system, contributing to further declines in
the production base of society.

The ancient societies of the Mesopotamian valleys were also dependent on irrigated agriculture.
Extensive areas in these valleys are now salinised in the root zone or at the surface. If irrigation
caused excessive salinisation in the root zone or on the surface, then the resulting decline may have
been a factor in the decline and fall of these societies. When these lands started to become salinised,
their productivity may have started to decline.

Most soils contain some sodic salts, and all plants can accept some sodic salts in their water.
Many animals, including man, need some salt in their diet. Soils that have been beneath the sea can
contain more sodic salt from this source. Another source of sodic salt is the atmosphere. When water
is evaporated from the sea, some salt is carried aloft in this process. This salt is then carried on by
the wind, and will eventually fall back to Earth. If it falls on the land, then it is deposited on the
surface. Sodic salts are highly soluble, and so rainfall will dissolve the salt and carry it down into the
soil. Some of it will be deposited within the soil layers, and some will end up in the groundwater.
Eventually, a balance is achieved between the salt being deposited, the amount that is held in the soil
profile and the amount that is being lost from transport within the groundwater or removal from the
overland water flow. The higher the rainfall and the lower the evaporation in the area, the lower the
amount of salt that is retained in the soil profiles in this balance and vice versa. As the level of salt
increases, it favours species that are salt tolerant; as it increases further even these species cannot
tolerate the levels of salt, and all vegetation dies.

Irrigation usually deposits water into the groundwater, because more water is applied than is
used by the plants. This particularly applies to flood irrigation because of the difficulty fine tuning
water allocations by means of flood irrigation, and to permanently flooded irrigation as is used with
rice. In these situations the groundwater level rises, mobilising the salt in the soil horizons that
have been saturated, making the groundwater more saline. If the groundwater approaches or breaks
the surface, then this salt is carried into the root zone and to the surface. If there is sufficient salt
in the groundwater, then the result is toxic levels of salt in the root zone and on the surface. This
process may well have happened in Mesopotamia.

Currently, there are no realistic methods available for the removal of salt from the soil horizon
of salinised soils other than for the relatively slow process of the natural flushing of the salt out of
the soil horizons by rainwater. Clearly, this process is much faster in areas of high rainfall and low
evapo-transpiration than it is in areas of low rainfall and high evapo-transpiration. It is no surprise
that most of the salinisation problems are in those parts of the globe that experience low rainfall and
high evapo-transpiration, such as Australia and Mesopotamia.

There are, of course, major differences between conditions as they now apply and those that
were applied in earlier times. These differences take three forms. The first is the shear numbers of
people right around the globe, and the pressure that this applies to the natural resources of the globe.
Whereas with fewer people, there is the possibility of leaving some of the land to lie fallow for long
periods, as the numbers increase, so the opportunities to leave the fallow land deceases. Thus, land
has less and less opportunity to be left unused and for it to recover during this period. Population
densities would have been as high, or higher, in some areas in the past than what they are now.
However in the past, if these areas could not sustain their population, then the opportunity existed to
migrate to other, less populous areas. This would have been the basis of some of the mass migrations
in the past. However, this safety valve mechanism no longer exists since there are few areas that are
significantly under-populated. This could be one of the reasons for resistance to immigration that
exists in some countries around the globe.

The second major dimension is the advent of technologies that enable us to place much greater
demands on the land. In both agriculture and forestry the advent of modern machinery has allowed
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fewer people to plant, manage and harvest larger areas in less time than in the past. Other advances
have increased the yield per plant or per area, but with the costs of this being the withdrawal of more
resources from the soil. This cost is partially offset by the use of other technologies that allow the
application of nutrients to the soil, where these nutrients have been taken from other places around
the globe. Still other technologies have improved our mobility, consuming resources in the process
and requiring packaging in the case of foodstuffs, where that packaging then ends up as a waste
product from our society.

The third major dimension is the advent of modern forms of information dissemination and
transmission. Conditions on the land are not now exclusively the knowledge of those directly affected
and a small elite who may have been aware of the problem. These conditions are now known
throughout the society. One effect of this dissemination of information on the extent and degree of
resource degradation is that society as a whole becomes involved in the issue, and society often takes
on the responsibility for the maintenance of the resource base of the society. Thus, modern media
is an active participant in the process of societies rising concern for and action in relation to the
environment. Not only does this have implications for the protection of resources, but also for the
way resources are viewed and managed in our society.

1.4 THE NATURE OF RESOURCE DEGRADATION

Resource degradation can be considered at least at two levels — at the process or regional and the
local levels.

1. At the regional or process level. The region is defined as the area covered by the cause and the
effects of the degradation. Most forms of degradation have a cause at one spatial and temporal set of
coordinates and the effects are imposed at other spatial and temporal coordinates. Clearly, the size
of the region is a function of the spatial extent of the cause and effect coordinates, and the temporal
duration is a function of the time that it takes for the processes to occur. Thus, in the first example
discussed above, the causes of the ozone hole come from the release of the chemical at all latitudes
lower than about 75◦, on the basis that there are negligible populations at higher latitudes. The effects
are global, but are focused on latitudes higher than 75◦. The temporal dimension is continuous due
to the nature of the release. Remove the release of gases containing chlorine and bromine into the
atmosphere and the hole will gradually disappear.

For water-borne soil erosion, the normal source of the erosion is cultivation within a watershed,
and the deposition is within that watershed or the sea. So, watersheds would be reasonable regions
to consider for water-borne soil erosion. It should be noted in passing that all other forms of soil
degradation including wind-borne soil erosion and chemical pollution of the soil and groundwater
cannot usually be dealt within watersheds, since the areas of the process for these other forms of
degradation are not the watershed.

The complexity of the issue of biodiversity loss has been discussed above. If individual issues
of biodiversity loss are addressed, then the process regions may be a habitat, or a cluster of habitats,
where these can vary significantly in size depending on the characteristics of the species of interest.
The issue of region of impact depends very much on the migratory patterns of the species of interest
and their dependencies.

2. At the unit of management or the local level. While most forms of degradation have to be con-
sidered at the process or regional level, implementation will have to be at the unit of management
or local level. If the process or regional level is smaller than the unit of management level, then
the source and the effects of the pollution or degradation are contained within units of management
and the individual manager holds the power to both introduce remedies and to reap the benefits.
Unfortunately, this is not usually the case. Usually, the cause of the degradation are removed from
the jurisdiction that has to deal with the effects, so that the manager who introduces the degradation
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may not suffer all, or even some of the consequences of his or her actions. Sometimes the region
or process area is larger than an administrative area within a country, or may even cross national
boundaries. The difficulties of dealing with this situation has meant that many forms of degradation
have taken a long time to be accepted by all parties, and then a solution found that is acceptable to
all parties.

The community concern for natural resources and consequent pressure to implement sustainable
practices requires responses at a number of levels:

• The adoption of more sustainable tools, techniques and practices at the field or the
farm. Clearly significant savings in degradation can occur with the adoption of more
resource conserving practices. However these, on their own, are likely to be insuffi-
cient, particularly if they are costly relative to the alternatives. It has, for example, been
estimated (http://www.seafriends.org.nz/enviro/soil/erosion.htm) that no tillage agricul-
ture still incurs losses of 10 to 40 tons/ha/year of soil compared to the 0.6 tons/ha/year
of soil creation in the United States. This represents the technological component of the
solution.

• Placing more realistic values on many resources and recognising both the fragility of the
environment and its transitory nature. Many of our attitudes to natural resources arise
from assumptions about their permanence and pervasiveness, neither of which is correct
under the levels of resource use and demand that is occurring with current population and
technology pressures. This represents the attitudinal component of the solution.

• Improving the way we allocate and use resources in a region so as to provide the most
sustainable use of resources as possible within the region. Thus, some areas are suitable for
some activities, and less suitable for other activities. A simple case is that tillage should
not be practised on steep slopes, and not even on slight slopes with downhill furrows.
So, practices that are acceptable under certain conditions are not acceptable under other
conditions. In addition, the degraded resources from one unit of production may well be a
valued input for another unit, and so these units need to be managed in a symbiotic manner.
This is the resource management component of the solution.

A system designed to sustainably manage the physical resources of an area has to function at the
regional or process level, yet be capable of providing information at the local level so as to contribute
to local resource management decisions. Such a system needs to cover the spatial extent of the region
and derive and supply information at a resolution that can be used at the local level. The nature of the
process region has been discussed. Clearly, their extent varies with the issue being addressed. Such
areas will usually be different to the areas of local government, even if local government is structured
so as to have boundaries that are compatible with the more common forms of resource degradation.
Fortunately, these differences do not cause significant problems if the resource management system
is based on GIS as these systems can easily join together sets of information and then repartition that
information into new areas. Thus, geographic information can be structured so that it is stored in a
way that is readily manageable and understood by all users, and it can then be readily merged and
partitioned into new areas of interest from a point of view of resource management. It is likely that
the most effective way to store digital geographic data is in the form of map sheet layers, that can
then be readily merged to cover the extent of the area of interest, and that area masked out from the
map data outside the area, so that all the analysis deals just with the information within the area of
interest.

Since resource management typically occurs at the field level, those dealing with the process
regions need to supply information at the field level, and of sufficient accuracy for it to be of use at
the local management level. For example, information on landuse, may supply one landuse class for
a field, but the bounds of the field, and the area of the field, will need to be supplied at much higher
resolution and accuracy.
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1.5 THE NATURE OF RESOURCE MANAGEMENT

Once upon a time, a long time ago, or so it seems these days, resource management was very simple.
It meant simply the management of resources so as to make the best return on your investment.
To put it more simply, it meant making the largest possible profit from the resources that you had
at your disposal. This was how it would have been stated in those days. This is not to say that
the average landowner did not care about the resources that he was using; quite the contrary most
landowners cared quite a lot. But the stated aims were to maximise profit. The unstated aims usually
included maintaining the farm or the resource for future generations of their family. But something
has happened over the last 50 years or so to change that perspective, in fact to turn that perspective
on its head.

I can still remember, when, in Australia, a farmer would view his farm as his castle. When he got
home he was away from, safe from, protected from all those pernicious things that the average farmer
typically considered plagued those who live in cities — to many people, no privacy, controlled by
too many rules, told what to do by too many people, in a few words, no freedom. When the farmer
got home he could forget all those details and he was free to just get on with his struggle against
nature and the markets to “make a quid.”

But no longer do farmers; at least in Australia and Denmark, think that way. No longer does a
farmer view the farm as his castle to which he could flee from the complexities of modern living.
These days farmers think much more like most other people making a living in a society — they
have to deal with intrusions into their life, with more rules on what they can and cannot do, with
the need to supply more information to diverse bureaucracies, all of which have some form of life
or death hold over them. So, now many of them do not view their farm as their own, but rather as a
business in which they have a major stake, even though their children may not do so.

These attitudes have changed in a revolutionary way since the middle of the 20th century. This
change in attitudes has largely come about due to an increasingly wider societal recognition that
we are consuming increasingly large quantities on non-renewable resources, and creating significant
pollution in the process. This recognition has been brought about primarily by the revolution in
information and communication that has occurred since the middle of the 20th century. This revolu-
tion has provided stronger evidence of the effects of societies on the environment on the one hand,
and enabled pressure groups to more rapidly and extensively mobilise support for action against
significant environmental damage and impact.

Increasingly, resource managers cannot ignore the environmental and sustainability implications
of their actions, and this trend will increase as the information tools available to resource managers,
and society, provide more up to date and accurate information on the environmental and sustainability
implications of management actions. Thus, society is now becoming much more involved in the way
all resources are being managed, and this involvement will increase.

Given this trend, there is a need to understand the nature of resource management, so as to ensure
that the tools available to the resource manager, and to the society, are the best that can be built,
in terms of their usability and economy. To design and develop such tools requires that we first
analyse the nature of resource management, the information that resource managers require for the
management of resources, how the decisions get implemented and finally how to best support such
a process.

All resource management can be seen to fit into one of three broad categories, which I will call
strategic, process or regional and local management.

1.5.1 STRATEGIC MANAGEMENT

Strategic planning is defined as planning the future directions for the corporation through
establishing the corporations long-term objectives and mobilising its resources so as to achieve
these objectives.
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Developing corporate objectives or goals will normally do this, establishing the structure appro-
priate to the achievement of these goals, and then setting the goals of the units within the corporation.
This type of activity is the primary concern of the board of directors and senior managers.

Strategic planning activities are concerned with the environments (physical, economic, social
and political) within which the corporation operates. It involves assessing how these may change in
the future, the potential impact of these changes on the corporation, and how the corporation needs
to respond and operate under evolving conditions. Strategic planning requires extensive information
about environments that are external to the corporation. Strategic planning, in considering these
external environments, will need to consider many factors over which the corporation has no con-
trol, and many of which are quite unpredictable since the corporation will usually have incomplete
information on the factors and their environments. Strategic planning requires the use of models that
can accommodate the impact of unexpected and unpredictable factors. It generally requires the use
of unstructured models.

Generally, the information that is used in strategic planning will be of low spatial resolution,
generalised and qualitative because of the way that the information is to be used, and the extensive
range of information that has to be considered.

Typical information used in strategic planning includes:

1. Statistical information as collected by central Statistical Bureaus providing national and
regional level information on different aspects of the society and the economy. Remote
sensing and GIS can improve the collection and accuracy of this information by providing
sampling strata appropriate to the information being collected, and in some cases by the
actual collection of the sampled information itself.

2. Broad-scale monitoring information as collected by satellite at the global and regional
level. Remote sensing with field data is the basis of most of these monitoring programmes,
such as with weather prediction.

3. Institutional information as collected from documents and publications including eco-
nomic, social and political information about the institution and its relationships with
other institutions, including governments.

1.5.2 PROCESS OR REGIONAL MANAGEMENT

Process or regional management is concerned with translating strategic plans and programmes
into action plans whilst ensuring the maintenance or improvement of the productivity of the
units of production in the region.

Strategic policies and programmes will often include implementation of environmental and social
policies. Such policies may have to do with the sustainability of production systems, maintenance
of biodiversity and social equity. As has been discussed earlier, the sources of degradation are often
removed spatially and temporally from the effects. A major component of process management is to
ameliorate the effects of degradation. Often the best way to achieve this, and ensure the long-term
viability of the resource base is to reduce degradation at the source. One of the main foci of resource
management at the process level will thus be to reduce the degradation of resources.

Regional management is also concerned with optimising productivity within the corporation or
region. It will achieve these goals by influencing all the units of production. Regional management
is not concerned with the over arching focus of strategic planning, but with a more direct focus on
the corporation as a whole, and its interactions with its immediate environment.

Regional management is concerned with more localised external and internal information on all
aspects of the physical, economic and sociological environments within which the corporation
operates.
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Regional management is concerned with predicting future effects of proposed actions so as
to assess decision options for the region or corporation. This prediction must come from the use
of quantitative models of processes, requiring quantitative information to drive these models. The
resolution of the information must be compatible with assessing the impacts of decisions on the
individual units of production. The resolution required in this information is a function of the size of
the local management units.

Regional management requires that the quantitative and qualitative information that it uses has a
resolution sufficient to provide information about, or within, the smallest units of management
within the corporation.

At present only Australia has attempted to seriously develop this level of resource management.
Landcare Australia (http://www.landcareaustralia.com.au/) is the umbrella organisation formed for
the many landcare groups that have been established across the country. This concept has taken off
in Australia with wide political and financial support. The general modus operandi of a landcare
group is that the group itself is community based, with representatives from the major economic and
resource using groups in the community. They identify resource degradation issues that are of concern
in the community. They access scientific and technical assistance from government, academic and
scientific institutions to formulate action plans designed to address the individual degradation issues.
They then implement the plan of action. The general method of implementation is to identify the
main causes of the problem and then help those managers to find solutions that are less destructive of
resources. The community pressure is the main form of influence that such groups have on the actions
of individual land managers.

The landcare groups themselves are voluntary organisations, and the members are not paid for
their participation. Whilst this approach has gained a very significant level of community support in
Australia, it also raises the issue of how will it deal with declining membership should that occur in
the future, and it does not properly reflect the costs of this level of management. It may thus work for
some considerable time in Australia where the dominant forms of resource degradation of the land
are very obvious on the surface. However, the degradation in resources in other areas can be subtler,
resulting in declining quality or quantity of the groundwater and slow reductions in the fertility of
the soil. Will there be the political and community will, in these situations, to implement this type
of system?

An alternate approach could be developed along the lines of a taxation and incentives system.
Regional management assesses the costs of production, including the costs of the use of all resources
and the costs of the degradation, less the benefits of using degradation coming from other sites and
sets a tax on these costs. The goal of such a system would be to provide a financial incentive to local
managers to adopt sustainable practices. Such a system will require similar information systems as
those properly required in the first approach, but they will be used in a different way. In this approach
the information systems would be used to assess the taxation owed by the individual local manager.
A significant disadvantage of the taxation approach is the general attitude of the community towards
taxation and those responsible for implementing it. The information systems that are developed for
such a purpose could, and should, be used to provide advice to individual land managers on the
alternatives open to them.

The European Union (EU) is slowly moving towards an incentive form of this approach. The EU
decides on the criteria that it will set for environmentally friendly resource use and management, and
then provides financial incentives to resource managers to implement methods that abide by these
criteria. The rationale behind this approach being that society as a whole requires that the natural
resources be used in a sustainable manner, so the society as a whole should pay for the costs of
implementation. Such an approach requires that adequate monitoring systems be established so as
to verify that the system is not being abused. Information system used to verify claims for incentive
payment should be constructed so that they can also be used to support resource management activities
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and thus have their costs distributed across both the community, in terms of resource maintenance,
and resource management in terms of production.

Two broad approaches to the implementation of regional management have been described.
Other approaches may evolve or adapt these ideas. However, the information systems required by
both approaches are similar, even if they are used in quite different ways. These information systems
will need to have the following characteristics:

• Resolution in the information content down to the unit of management (the field in
agriculture) or better, and to each period or season of management.

• Accuracy to be compatible with the information used at the field level by the local manager.
• Spatially extensive, so that it covers the area of both cause and effect in relation to the

resources being managed.
• Predictive, so that it can provide information on the likely effects of proposed actions.
• Neutral in its display of information and predictions, so that it cannot be interpreted as

being critical of, or negative about, individual resource managers, except in terms of the
sustainability of the proposed management.

• Provides alternatives, that is to show the costs and benefits of various options that are
available to the resource manager. Many agricultural areas use rotation practices, where
the high costs of one rotation are offset, to some extent, by mitigation in other rotations.
The advice provided needs to cover a period long enough to consider this strategy as part
of the advice.

The information used in such systems will need to be of two main forms:

• Stable information, or information that does not change during the process being invest-
igated. Such information may include digital elevation models, some soil chemical
characteristics, administrative data on field and farm boundaries, and navigation data.

• Dynamic information, such as weather data, landuse and land condition data, soil moisture
and humus content, and so forth.

1.5.3 OPERATIONAL MANAGEMENT

To control and direct the current operations of individual units of production so as to achieve
maximum productivity within the constraints and guidelines set by regional action plans and
programmes.

Operational control involves the direction of staff in activities directly involved in managing the
resources of the unit of production, whether it be a farm, a factory or a shop. Operational control is
concerned with day-to-day decisions. It requires quick decisions, often on site, using primarily on
site or internal information. It requires models that can be implemented by the manager on site, and
that can respond to events as they occur. Information requirements at this level are for high resolution,
yet simple, information since the decisions are usually made quickly using empirical models.

1.5.4 RELATIONSHIP BETWEEN THESE LEVELS OF MANAGEMENT

The characteristics of these three levels of resource management and their relationship are discussed
in more detail in Chapter 8, and shown in Figure 1.1. The figure is meant to emphasise the differences
between the management decisions that are being taken and the information needs of each level of
management, yet show that there are very fuzzy boundaries between the levels of management, and
that there is an interdependence between these levels of management.
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FIGURE 1.1 The relationship of management levels, the types of information used and the activities conducted
by management.

Thus, even though the information systems needed at each level of management are quite dif-
ferent, there none the less needs to be an extensive communication among these different levels and
there needs to be a consistency in the information provided to and used by each level of management.
It is important that the local manager uses, in field management, information that is consistent with
the information on the status of that field that is being used by the regional manager, just as it is also
important that the information being used by the regional managers is consistent with that used by
the policy-makers in establishing the policies that the regional managers will need to implement.

Thus, regional resource management systems need to provide information down to the unit of
production, and this information needs to be accurate enough to be consistent with that used by the
local resource manager. It also needs to be extensive enough to provide evidence that it is compatible
with the information used by policy-makers for the construction and monitoring of the effectiveness
of those policies.

1.6 THE NATURE OF REGIONAL RESOURCE
MANAGEMENT INFORMATION SYSTEMS

Section 1.5 identified and discussed the three broad levels of resource management that can be found
in all countries, albeit with some significant differences in their relative significance and impact.
The section showed that the information needs of each form of management are quite different.
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It is clear from this discussion that the key level of management in terms of resource sustainability
is the regional level. If a form of degradation is to be brought under control, then controlling the
degradation has to be done at its source. However, the local resource managers at the source may be
unaware of the impact of their actions on other managers, and they may have little incentive to control
the degradation if its impacts are exported elsewhere. This is where they need to see themselves as
part of a community, where they may have responsibilities towards others in the community, but
where the community also has responsibilities towards them. If regional management is to be able
to have this impact on the individual resource managers, then they require information systems that
provide information down to the individual unit of production, typically the field. If this information
is to have credibility with the local managers, then it needs to be accurate enough to be credible to
the local manager, it needs to be up to date and it needs to be detailed enough to tell the regional
managers about the general conditions in the field. It does not have to be detailed enough to show the
local manager how to better manage his field, but detailed enough to show whether his management
is having the desired effect.

However, another critical characteristic of regional resource management information systems
(RMISs) is that they must contain a predictive capacity. This is not meant to suggest the creation of
long-term projections that are the focus of the strategic manager, but rather short-term predictions
of the effects of proposed actions. What are the impacts of different forms of regional resource
management on the resources over a season? Such predictive information also needs to be of adequate
accuracy to earn the respect of the local managers, if they are to take them into account in the
development of their resource management plans. The only way to achieve these goals is by the
establishment of rigorous, quantitative information systems that contain embedded models and spatial
information systems when dealing with spatially distributed resources. An RMIS must also be capable
of providing options to the regional managers, that they can suggest for implementation by the local
resource managers. Thus, faced with problems arising from current land using practices, the regional
and local resource managers can work together to consider alternative management options that are
available to the local resource manager.

An important component of these activities have to do with the resolution of conflict. In attempting
to resolve conflicts among community desires, as reflected in policies, and local managers, or among
local managers in terms of land uses, the first response should be to consider those alternative options
that are available to the local managers. It may, for example, be possible to adopt other practices that
remove or significantly reduce the causes of the conflict of interest.

The functions of an RMIS are thus to:

1. Be able to display information on the status of resources across an area as the basis for
information, discussion, decisions and further analysis.

2. Show or predict the effects of degradation under different scenarios of variations in weather
conditions and management across the area of interest.

3. Show or predict the effects of different proposed actions or management decisions, under
different scenarios.

4. Provide option advice on the options available to the manager, their expected costs and
benefits.

5. Optimise specific criteria, given constraints on physical conditions, weather, management,
legal and economic constraints or conditions.

To be able to implement these functions, an RMIS needs to have the characteristics of:

1. Providing spatial and temporal context across the region of interest for the information
being analysed in the system. The RMIS thus needs to be able to analyse and display
temporal geographical information.

2. It needs to be able to provide information down to the level of resource management so as
to link to the local managers. It thus has to have spatial information that has a resolution
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down to the unit of management, or smaller. The unit of management is usually the field in
agriculture or forestry, but may be some other form of area for other land using activities.

3. It needs to have a temporal resolution that is also compatible with the local management,
so that typically it would need to provide information within the season.

4. It needs to be able to record decisions as a layer that is retained in the system so that it can
be subsequently used to influence the analysis tools implemented within the RMIS.

5. The RMIS will require a suite of physical, economical and sociological models, all of
which can be implemented individually or together, responding to the data in the system
in the construction of predictions based on that data and other parameters as are necessary
to drive the models.

6. Provide estimates of the reliability of the derived information.

RMIS are defined as systems that use temporal geographic data and information, with associ-
ated ancillary data and information, to derive information required by resource managers in a
cost-effective manner.

An RMIS is intended to provide information to regional resource managers, presenting that
information in a way that allows the manager to understand the information and its implications
so as to construct a tactical knowledge model before making a management decision. An RMIS
is therefore a decision support system for the regional resource manager and does not in any way
take the actual decision making process away from that manager, nor his responsibilities in the
management of resources. Since the RMIS is providing a comprehensive set of relevant information
to the manager, it should facilitate the implementation of more timely decisions, and should be
accompanied by an improvement in the quality of the decisions made by the manager. However, an
RMIS is not a panacea that will relieve the manager of his responsibilities, nor the challenges, in
making management decisions.

Since an RMIS is a management decision support system, it is essential that the system interface
to the manager be easy for the manager to learn, use and understand. Clearly, the more that this
language mimics the language of the manager the more convenient it will be, and so it is important to
phase questions in the RMIS in terms used by the resource manager. The current trend in computer
interfaces, using the concepts of windows and pointers or a mouse, improves the convenience of the
interface, requiring minimum training by those who are not familiar with computers. The RMIS must
also communicate its information to the manager in a manner that reflects their concerns and priorities
if it is to be of most economic use to those managers. An RMIS is often based on sophisticated
technology; it often requires sophisticated technological skills to implement, in consequence the
workshop component of an RMIS may contain staff with highly specialised technical skills. Whilst
this workshop component must be accessible to the manager, it will not be through the workshop that
the manager will communicate with the RMIS. It is more likely that he will communicate directly
with the RMIS. In consequence the interface in the RMIS to the manager must be suitable for use
by the manager.

An RMIS will consist of at least four parts:

• Input
• Analysis
• Estimation, prediction, option evaluation and optimisation
• Decision support

Input includes acceptance by the system of all of the data and information used by the system to
derive management information. These inputs can include aerial photographs, field data, maps and
remotely sensed images. The maps can include topographic, property or cadastral (land ownership),
geologic, soil, landuse and other relevant maps in either analog or digital forms. If the system is to
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use analog data then the input is likely to include the facilities necessary to convert analog data into
digital data, as well as the facilities necessary to store both the analog and digital data.

Input must also consider error checking and validation of the data that is being entered into the
RMIS. The adage, “garbage in, garbage out,” is quite correct. Users may be more nervous about
digital data than analog data because they cannot “see” the digital data and hence they cannot assess
the quality of the information for themselves, as they can with an analog document. In consequence,
if they come across errors in the information given to them by an RMIS then they are likely to be
less forgiving of the system; they will place less reliance on the system when making management
decisions. The ongoing viability of an RMIS depends on its credibility with its users, and this in turn
depends on users understanding the accuracies that they can both expect and are actually getting, in
the information provided by the system.

Analysis involves the derivation of raw information from the input data and information, as well as the
derivation of management information from the raw information. The derivation of raw information
is usually done from the analysis of remotely sensed images, derived from maps or from field data.
The derivation of this raw information is likely to be done by image analysis specialists, sometimes
using advanced image processing and analysis techniques. Whilst this raw information can be used
on its own, it is more frequently used in conjunction with other information. The processing of sets
of raw information to derive management information is usually done within a GIS environment.
The resource manager or his assistants may derive the management information, so that this is where
a user-friendly interface is essential.

One goal of an RMIS would be to create raw information that can be used by a range of different
resource managers. Once the raw information is supplied to the individual managers, they integrate
it with their other raw information layers to derive the management information that they require.
Such an approach minimises the costs of data acquisition and analysis, and spreads this cost across
a number of users. It also means that the different managers have consistent information sets in the
management of the resources in a region. This is critical when resolving conflicts in resource use or
allocation.

Typical types of management information that might be derived using a GIS could be to answer
questions of the form, “What fields in County Alpha have been cropped in each of the last four years
and what is the average yield of these fields relative to the average for the county,” or “Show me all
areas that have been cropped at least twice over the last five years and are within x Km of railhead
Beta. What is the area involved in cropping each year and the average production.”

The raw information for both of these questions is the cropping history, yield information and land
administration information. The cropping history information can be readily taken from remotely
sensed images. The yield information may come from remotely sensed data or from field data in the
form of annual returns. The administrative information will have come from digitisation of maps
that may be maintained as a digital database. Each layer of raw information described for the above
example can be used on its own, but they become capable of being used to provide much more
powerful and useful information when they are combined with the other layers of raw information.
These same layers can be used to address many other management questions, either on their own or
in conjunction with other layers of raw information such as soil or slope information. The manager
is the person who is in the best position to define clearly the questions that he wants addressed,
he will also want the system to be responsive to his needs; to provide the requested information
when required. This component of an RMIS must therefore be very accessible to, and usable by, the
resource manager himself.

Estimation and prediction are defined as the extrapolation from data or information on specific
resource attributes to derive estimates of those or other attributes by making assumptions about the
behaviour of parameters that affect the estimation or prediction. Estimation is the extrapolation from
a specific set of attributes to another set at the same time. It thus involves models that estimate the
second set of parameters from values given to the model for the parameters in the first set. Prediction


