
European Commission - DG Environment

Analysis of Selected Concepts on
Resource Management
A Study to Support the Development of a
Thematic Community Strategy on the
Sustainable Use of Resources

March 2002



C:\temp\IECache\OLK29\DG env_nat res concepts_final version.doc

i

Executive Summary

Background and aim For many years, environmental policy has focused on resolving the most urgent
problems as regards environmental pollution, to a large extent by focusing on
end-of-pipe technologies. More and more, the public and policy makers are also
directing attention to the need for reducing resource use and its impact on the
environment. This is inter alia reflected in the 6th EU Environmental Action
Programme, which identifies improved "Resource efficiency and management"
as one of its key objectives.

Within this context, a Community Strategy on Sustainable Use of Natural Re-
sources is foreseen to be developed. The aim of this report is to investigate to
what extent various concepts on natural resource management may inform the
development of such a community strategy, particularly in relation to defining
priorities, setting targets and identifying policy options.

The Club of Rome drew attention to the finiteness of non-renewable resources
in the start of the 1970's and predicted exhaustion of several major resources
within decades. These claims proved to be wrong, among other things, because
well-functioning markets for such resources appear to be well suited to respond
to expected scarcity. For example, in terms of expanding the search for new
discoveries, promoting technological change that increases resource efficiency
and the developing substitute materials. Today, societal concerns have increas-
ingly shifted toward the degradation of environmental resources. Increased lev-
els of consumption and growing population put these environmental resources
under pressure. This is generally perceived to be of more pressing concern than
the possible exhaustion of non-renewable resources.

Different schools on natural resource management have developed and pro-
posed a variety of concepts, approaches and strategies to guide society towards
a sustainable use of natural resources, in this report commonly referred to as
"concepts on natural resource management".

The concepts The report aims to provide a relatively short and concise presentation of the key
features of a number of commonly proposed concepts on resource management.
The selection of concepts that are covered in this report was, among other
things, based on a previous study prepared by GUA to the DG Environment
(GUA, 2000) and on invited contributions from selected experts in connection
with that study.

This report reviews the following concepts:

� Ecological Footprints is an accounting measure that seeks to illustrate
humanity's use of, or claims on, nature. By comparing this with the avail-
ability of bio-productive land, both measured in hectares, the concept pro-
vides an indication of the sustainability of the present level of consump-
tion.

� Environmental Space The environmental space concept seeks to define
maximum use rates on a global scale for a number of key resources. Based
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on such global limits, country specific targets for resource use are deter-
mined based on the size of the population, reflecting also a goal of equal
access to resources.

� Factor 4/10, Material Intensity per Service Unit (MIPS), Total Mate-
rial Requirements are all concepts that are based on the measurement of
total material flows expressed in tonnes of material. These concepts aim at
a dematerialisation of the economy. For example, Factor 4 represents a tar-
get of increasing resource efficiency by a Factor 4 through doubling wealth
and halving resource use.

� Exergy is an energy-related concept that has been proposed as an alterna-
tive to the aggregating resource and waste flows in tonnes, as the exergy of
e.g. waste emissions would be better correlated with e.g. environmental
harmfulness than a pure weight based measure.

� Compound savings rule seeks to define maximum extraction rates for key
non-renewable resources, primarily hydrocarbons. These extraction rates
have been determined so as the resource would newer be fully depleted.

� Natural resource economics provide a consistent framework for analysis
of policies and interventions related to extraction and use of non-renewable
and renewable resources. This includes determination of optimal extraction
rates for various types of resources as well as analysis of the causes of in-
efficient management of natural resources.

� Genuine Savings (and the related Green National Product) are indicators
of weak sustainability. The basis for human welfare is not only natural re-
sources but rather the aggregate level of capital. The concept aims to pro-
vide means for tracking that the total level of capital (natural, human-
made, human and social capital) of society is non-declining.

The various concepts approach the issue of resource management from differ-
ent angles and at different levels of aggregation. The aim of this overview has
been to provide a condensed and concise description of the key features of each
concept, e.g. what is the main idea and recommendations brought forward by
the concepts, which resources and activities are covered, and what are the key
assumptions underlying the prescriptions of the concept. The aim of this over-
view has not been to make any judgement on the relative merits of the con-
cepts. The concept descriptions form the basis for the discussion of the possible
contribution to the tasks of identifying priorities, targets, and suitable policy
measures in connection with the planned Community strategy.

Defining priorities The setting of priorities is concerned with the question of which issues should
most urgently be addressed in the Community strategy. This should obviously
reflect the major threats or problems we are facing in regard to resource use and
management. However, the definition of these problems and which action that
needs to be taken will, among other things, depend on how the definition of
target population (e.g. is it the EU the whole world) and which overall goals
that are to be pursued.
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The concepts may be broadly divided into two main categories of approaches:
1) concepts based on a physical/biological measurement of resource use that
seeks to define the targets or guidelines for sustainable use of resource, and 2)
concepts based on economic approaches to resource management that provides
an analytical framework that can assist the determination the levels of resource
use that are consistent with a desired development in overall human welfare.

Typically, the concepts that are based on bio-physical measure of resource use
do not reflect the impacts on overall human welfare as such. These concepts
will thus in general be less suited to guide the trade-offs between competing
goals, for example between protection of the environment and economic devel-
opment that will have to be made in connection with the elaboration of a Com-
munity Strategy. Nevertheless, the concepts may provide useful and relevant
indicators of resource use and of environmental pressure, and such indicators
may inform the process of identification of key challenges related to resource
use and management.

The concepts that are based on economic approaches do reflect such trade-offs
between different types of goals in the sense that the evaluation of alternatives
are based on the overall impact on human welfare. This is done by quantifying
all effects in monetary terms. Economic evaluation of large scale environmental
problems have, however, often been criticized for relying on uncertain and in-
complete economic valuation of changes in environmental assets.

Several of the concepts present priorities for key issues to address. For exam-
ple, the concept of Ecological Footprints appears to consider CO2 to be the
most important issue, whereas the concept of Factor 4/10 focuses on the physi-
cal flows of material in general, and the concept of Environmental Space identi-
fies a large number of key resources. However, these priorities do not emerge
from the application of the concepts. Rather, they reflect the set of underlying
priorities that have originally shaped the design of these concepts.

Setting targets A further issue to address is whether the concepts can contribute to the
definition of concrete targets in a Community Policy on Sustainable Resource
Use. Several of the concepts propose concrete targets for resource management
in more or less aggregated forms. Compared to the present level of resource use
in the EU, the implication of these targets range from requirements of drastic
reductions in resource use (e.g. the Environmental Space Concepts states fossil
fuel use must be reduced by about 75% compared with 1990 levels) to assess-
ments that EU has significantly positive genuine savings, indicating that the EU
economy currently is not on an unsustainable path.

A key issue in the operational use of the various concepts is the question of the
degree to which various types of resources and capital may be substituted for
each other and how broad these concepts are in terms of taking all or only a
number of these into account. Part of the differences and disagreements among
the concepts are caused by uncertainty in regard to the underlying physical
limits or effects, e.g. we do not know what the minimum viable level of biodi-
versity is and we do no not know what an "acceptable" level of climate change
is. This underlying uncertainty cannot be solved by the concepts.
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These differences among targets proposed by the concepts reflect, among other
things, different underlying notions on what constitute a sustainable level of
resources use and how the issue of equality should be addressed. The proposed
targets could thus not just be adopted in a Community Strategy without ad-
dressing these underlying assumptions.

The various concepts propose, however, a wide variety of targets at different
levels, which could provide a good starting point for considering possible
Community targets. The key types of targets proposed by the concepts may be
organised as follows:

� Targets for increased resource productivity. The importance of improv-
ing the efficiency of resource use is recognised in all concepts.

� Defining absolute use rates for certain resources. Increasing efficiency
may not be sufficient nor may it be a relevant option for all types of re-
sources.

� The above targets at resource level may have to be supplemented with an
overall target for achieving sustainability, e.g. of maintaining an overall
level of capital intact.

Policy measures The report also briefly discusses the types of measures that would be relevant to
achieve the above types of targets. In this regard, the disagreement among the
concepts is much less pronounced than the disagreements on what to achieve.

Most concepts suggest the use of market based instruments and price mecha-
nisms. In this, the concepts emphasise the relevance of phasing out environ-
mentally harmful subsidies and the relevance of tax reforms. Other general
propositions include the development of suitable environmental indicators and
measures to improve the information on problems and possible solutions.

The relevant policy measures may also depend on the timeframe for the Com-
munity strategy. The first step could be to address the present causes of ineffi-
cient resources management and use. This would include traditional prescrip-
tion such as "get the prices and institutions right".
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1 Introduction

1.1 Background and aim of the study
For many years, environmental policy has focused on resolving the most urgent
problems as regards environmental pollution, to a large extent by focusing on
end-of-pipe technologies. More and more, the public and policy makers are also
directing attention to the need for reducing resource use and its impact on the
environment. This is inter alia reflected in the 6th EU Environmental Action
Programme, which identifies improved "Resource efficiency and management"
as one of its key objectives.

COWI A/S has been engaged to undertake the present study, which aims at
supporting the development of a Community Strategy on Sustainable Resource
Use, by:

� providing a clear overview of the main concepts on resource management
and waste prevention, including a review of the key assumptions behind
the concepts;

� discussing the various targets and objectives that could be identified on the
basis of these concepts;

� making proposals on how these concepts could be used to set priorities for
action in a Community strategy on the sustainable use of resources; and

� describing and analysing available policy options to attain given targets.

1.2 Approach for the study
The aim of the study is, as mentioned, to support the development of a Com-
munity strategy on sustainable natural resource use. In regard to sustainable
development and sustainable use of natural resources there is little agreement
among experts on the exact definition of the problems and what needs to be
done. In recent decades, a multitude of approaches, concepts and strategies1

                                                  
1 In the following, concepts will be used as a common heading to avoid a semantic discus-
sion of what an approach, a strategy, an indicator or a concept actually covers.
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have been proposed to guide society towards a more sustainable use of natural
resources.

The approach taken in this study, as outlined in the Terms of Reference, is to
present the different views on what should/could be done to promote sustain-
able resources use as expressed in these different concepts. This review should
serve as a basis for discussion of how these concepts may inform and support
the formulation of a Community Strategy.

The key questions that should be addressed in the development of a Commu-
nity strategy on sustainable resource use include the following:

� Which priorities could be defined for such a strategy and to what extent
may the various concepts be applicable for establishing such priorities. Can
specific resources be identified and interventions targeted towards these or
should resource use in general be targeted? To what extent can such pri-
orities be derived from the different concepts for natural resource man-
agement and could this identification of key resource problems and issues
form the basis for an EU policy?

� Targets to be set for an EU strategy. Which types of targets are proposed
by the different concepts on natural resource management and which as-
sumptions are underlying these targets?

� Which policy instruments would be relevant to use to achieve the pro-
posed targets? Some of the concepts propose ambitious targets and a key
question is which types of measures and how drastic these measures will
have to be to achieve such targets?

The report will not attempt to resolve the disagreement among the various con-
cepts but rather to present the contributions from the concepts to the above key
policy question.

1.2.1 Concepts covered in the study
In the selection of concepts, the aim has been to represent and analyse the main
views or approaches to sustainable resource use as expressed in a few repre-
sentative concepts, rather than to present a comprehensive overview. The se-
lection of concepts that are covered in this report was, among other things,
based on a previous study prepared by GUA to the DG Environment (GUA,
2000) and on invited contributions from selected experts in connection with
that study.

1.3 Outline of the report
Chapter 2 briefly reviews the concept of sustainability and the key issues in re-
lation to sustainable resource use. In chapter 3, the main concepts for natural
resource management and use are reviewed and discussed. The aim is not to
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evaluate the concepts but rather to present their key features, application and
main assumptions behind the concepts.

In chapter 4, 5 and 6 discusses the priorities implied by the concepts, the targets
proposed by the concepts and the type of policy options that would be relevant
for achieving the various targets.
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2 Natural Resource Use and Sustainability
This chapter seek to provide the basic background information for the follow-
ing discussion of possible approaches to sustainable natural resource manage-
ment. The chapter includes a review of the types of resources included in the
term "natural resources" and a brief outline of the principal problems in relation
to sustainability and natural resource use.

2.1 Definition and classification of natural resources
Traditionally, literature on natural resource management distinguishes between
renewable and non-renewable resources. However, in a sense most natural re-
sources are renewable. They are only distinguished by the length of time it
takes for them to be reproduced. While shrimps can be reproduced by millions
each year, oil takes billions of years to be reproduced by geological processes.
Hence, time is a crucial factor in the analysis of natural resources. For practical
purposes it is therefore appropriate to use a classification of natural resources to
distinguish between different types of resources. A common classification of
natural resources includes the following types of resources (de Zeeuw, 2000):

� non-renewable and non-recyclable resources, such as fossil fuels
� non-renewable but recyclable resources, such as minerals
� quickly renewable resources, such as fish
� slowly renewable resources, such as forests
� environmental resources, such as air, water and soil
� flow resources, such as solar and wind energy

Land, in the sense of space, is sometimes considered as a resource in itself, as
space is a prerequisite for all human activities. Most biological resources will
require land to be sustained, e.g. bio-diversity and conservation of landscape.

Non-renewable resources will, when extracted, be depleted in the long run. Re-
newable resources may however also be depleted if the extraction rate exceeds
the renewal rate. To sustain a renewable resource, the consumption rate should
therefore be maintained within the natural system's capacity to regenerate.

Some non-renewable resources like minerals are recyclable while others, like
fossil fuels, are not. This difference is relevant because of the issues of deple-
tion.
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Flow resources, such as solar and wind energy, are resources that have an ap-
proximately permanent character. Solar energy is roughly constant and contin-
ues to exist for billions of years. Geothermal energy may, due to its abundance,
also be considered a flow resource.

Environmental resources such as air, water and soil also have a permanent
character in the sense that they cannot be destroyed. However, these resources
can be degraded by pollution and become useless for mankind.

2.2 The issue
Natural resources provide the all-important basis for human existence and ac-
tivities. The basic functions of natural resources are often divided into two main
functions. First of all, natural resources provide important raw materials for the
production of goods and services as well as various environmental services.
This is often referred to as the source function.

In addition, natural resources or the environment functions can be a receiving
medium for the waste originating from production and consumption - the waste
being assimilated or accumulated in nature. This is often referred to as the sink
function.

If natural resources are depleted or degraded, these physical and environmental
services will diminish and thus a lower a level of consumption may be the re-
sult. When looking at resource management, two effects are thus of interest:

� Depletion of resources. This concerns in the first instance non-renewable
resources, where use by definition will reduce the total stock, and it may be
a result of over exploitation of renewable resources.

� Degradation of resources. The waste or side-effects of consumption and
production processes may degrade natural resources. As a result, a reduc-
tion in the level of physical and environmental services will result.

The Club of Rome drew of attention to the finiteness of non-renewable re-
sources in the start of the 1970's and predicted exhaustion of several major re-
sources within decades. These claims have proven to be wrong for a number of
reasons. Firstly, the actual reserves of these resources have proven to be much
larger than the original estimates. Exploration and production technology has
improved and thereby increasing recoverable reserves and new reserves are
continually found. Secondly, the use of resources has not grown as fast as was
originally predicted. Technological development leading to increasing resource
efficiency, the development of substitutes and increased levels of recycling has
all contributed to this. If a resource becomes scarcer, the price will tend to rise
promoting search for new discoveries and inducing reductions in demand.

Today societal concern has increasingly shifted towards the degradation of en-
vironmental resources. Due to increased human consumption and population
pressure, these resources are becoming increasingly scarce and degradation of
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environmental resources is generally seen as the major threat to mankind. This
concerns e.g. loss of biodiversity and the possible impairment of life-supporting
eco-systems.

Mankind has altered the environment since the dawn of time and much of this
conversion of original nature into productive assets is the cause of our present
wealth, e.g. the conversion of forests into agricultural land. The development
process could thus be seen as a conversion of natural assets to various forms of
products and goods that has increased the human welfare tremendously, al-
though the distribution of these gains is fairly unequal with wide disparities
among countries.

The question of resource depletion must therefore be seen in the context of im-
pacts on overall human welfare. Resource depletion and degradation that does
not entail a similar increase in human welfare should obviously be addressed.
There are many cases where poor policies induce unnecessary degradation of
resources. To the extent, the depletion of resources is a part of the ongoing pro-
cess of converting these into more productive man-made assets, we are faced
with a more complex trade-off. One of the major uncertainties in this regard is
that we have insufficient knowledge regarding the real constraints for the con-
version of natural assets. This is one of the reasons that some kind of precau-
tionary principle should be guiding decision regarding resource use policies.

During the years numerous approaches have been proposed to promote a better
management of natural resources. The aim of this paper is to analyse a number
of these concepts with a view to investigate whether they could contribute to
the development of an EU policy on the sustainable use of natural resources.
Before turning to the above question, the concept sustainability will briefly be
discussed.

2.3 Interpreting sustainable development2

The most widely quoted definition of sustainable development is the definition
from the Brundtland Report. There, sustainable development is defined as "de-
velopment that meets the needs of the present without compromising the ability
of future generations to meet their own needs". In essence, ensuring a better
quality of life now and for future generations.

There are many alternative interpretations of sustainable development, and even
with the definition above it is clear that different views are possible on what is
meant by the term "needs". Nevertheless, there is a broad consensus that at a
minimum sustainable development captures two important ideas:

                                                  
2 The first part of this section corresponds to a chapter in the Commission Staff Working
Paper: Consultation paper for the preparation of a European Union Strategy for Sustainable
Development, SEC(2001) 517
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� That development has an economic, a social and an environmental dimen-
sion. Development will only be sustainable if a balance is struck between
the different factors that contribute to the overall quality of life.

� That this generation has an obligation to future generations to leave suffi-
cient stocks of social, environmental and economic resources for them to
enjoy levels of welfare at least as high as our own.

Sustainable development is thus much more than a purely environmental con-
cept - it poses the fundamental challenge of combining a dynamic economy
with a society offering opportunities to all, while improving resource produc-
tivity and de-coupling growth from environmental degradation.

2.3.1 Sustainability and natural resources
The present paper deals mainly with the natural resource aspect of sustainable
development. As mentioned above, a common feature of most interpretations of
sustainable development is that each generation has an obligation to leave suf-
ficient stocks of social, environmental and economic resources for future gen-
erations. This is often expressed as a requirement to hold capital stocks con-
stant. However, capital stock consists of several different types, notably:

� Man-made capital. This concerns physical capital such as machines, fac-
tories and roads.

� As determinants of economic output, human capital and social capital are
also of key importance. The former reflects resources such as the stock of
knowledge, skills and health and social capital reflects aspects such as
formal and informal institutions in society.

� Natural capital - the stock of natural or environmental assets, such as soil
fertility, forests, fisheries, biodiversity, waste assimilation capacity, as well
as energy and mineral resources

A point of considerable debate in regard to sustainability is the degree to which
various forms of capital can be substituted, in particular the substitution of hu-
man made capital for natural capital. Two viewpoints regarding sustainability
are often distinguished; referred to as weak and strong sustainability or some-
times referred to as the economic versus the ecological paradigm.

Weak and strong sustainability have been defined in terms of whether man-
made and natural capital are to be kept intact together (weak sustainability) or
separately (strong sustainability), see e.g. van Kooten (2000). Weak
sustainability requires a high degree of substitutability between man-made and
natural capital, whereas strong sustainability assumes that these two forms of
capital are complements rather than substitutes in most production functions.

The disagreement between weak and strong sustainability on substitutability
between forms of capital may, however, be less pronounced as often stated. The
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disagreements are rather a reflection of disagreements on the underlying un-
certainty in regard to how environmental limits are determined and whether
they are binding constraints for economic development.

Weak sustainability Weak sustainability does not imply that all natural capital could or should be
run down. In order to uphold sustainability it is essential that an adequate share
of the benefits of exploiting the natural resources is reinvested in man-made
capital.

The fact that it is assumed that man-made capital can substitute natural capital
does not mean that all natural capital can be replaced by man-made capital.
Substitution is at the margin and as resources become more and more scarce the
marginal rate of substitution would increase. This means that the benefits of
further use of this resource would have to be greater and greater to justify this
use. Furthermore, essential natural capital would have very low rates of substi-
tution, which means the benefits by running down such forms of capital would
have to be very high to justify it.

Strong sustainability The maintenance of the total quantity of natural capital may require further
qualifications. First of all some substitution among various forms of natural
capital must be allowed - otherwise the non-renewable resource cannot be util-
ised at all, as that would diminishing the remaining stocks.

It has been proposed that certain types of natural service should be identified
and considered as essential and not be subject to substitution (Ekins, 2000).
This raises the question of determining the required level of such services from
the stock of natural capital.

The notion of strong sustainability focuses typically only on the need to main-
tain critical levels of environmental services. However, the maintenance of the
level of physical, human and social capital as key determinants of future wel-
fare should of course still be a key concern for society.
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3 Review of key concepts on resource
management

Numerous approaches, strategies, methods and concepts have been proposed
over the years to assist the analysis, monitoring and management of natural re-
source. The aim of this chapter is to review and analyse a number of selected
concepts pertaining to the analysis and promotion of the sustainable use of re-
sources. The selection of such a set of concepts and the delimitation of the indi-
vidual concepts will always be subject to discussion. This chapter selects a set
of representative concepts that reflect the main approaches to resource man-
agement rather than to attempt to give a comprehensive overview of concepts
for resource management.

Various concepts have approached the issue of natural resource management
and/or sustainable use of resources from different angles. In the presentation
below, the concepts have been organised around these different approaches to
resource management as follows:

� Certain concepts focus on the notion of a carrying capacity where our use
of natural resource services is compared with defined bio-physical limits
for the supply of such services.

� The primary focus of a number of concepts is on physical measures of
resource use aiming at a dematerialization of the economy.

� In concepts inspired by thermodynamics, material flows and use are ag-
gregated in some form of energy-related measure.

� In economics approaches to resource management, the common denomi-
nator is typically some form of measurement that can be related to individ-
ual welfare.

The concepts covered in this chapter are summarised in the table below.
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Table 3.1: Overview of the selected concepts for resource management

Main orientation towards resource
management

Concepts covered in this paper

Carrying capacity •  Ecological footprints

•  Environmental space

Physical measures of resource
use/resource efficiency

•  Dematerialization

� Factor 4/factor 10

� MIPS/ecological rucksack/TMR

•  Compound savings rule

Thermodynamics •  Exergy

Economics (natural resource and envi-
ronmental economics)

•  Management of non-renewable resources

•  Management of renewable resources

•  Green GNP and Genuine savings

The individual concepts will be presented below. For each of the concepts, the
review will include a brief presentation of the main idea that is expressed in the
concept. Secondly, a detailing and review of the main aspects will seek to out-
line how key targets or indicators proposed by the concept are established,
which areas the concept covers, and which assumption are underlying the pre-
scriptions brought forward by the concept.

3.1 Concepts related to a notion of carrying capacity
Carrying capacity is a well-defined concept within population biology and indi-
cates the maximum number of individuals of a given species that can be sus-
tained within a defined area. It has been argued that such a concept has limited
direct relevance to humans. Technological changes have historically increased
the carrying capacity, which means that there is no easily identifiable fixed
biological limit. Secondly, for animals, carrying capacity is a survivability con-
cept where the largest possible population is living at a minimum requirement
level. This would not be in accordance with typical definitions of sustainable
development.

However, various concepts for resource management seek to compare the
availability of goods and services from nature with the requirement for such
goods and services for a given population and standard of living. Such an ap-
proach has principal similarities to the concept of carrying capacity. Below, the
concepts of Ecological Footprints and Environmental Space are reviewed.
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3.1.1 Ecological Footprint
Ecological Footprint is an accounting measure that seeks to illustrate human-
ity's use of, or claims on, nature. This use of nature is expressed in the corre-
sponding land area that is deemed to be required for production of the goods
that are consumed and for the assimilation of the generated waste. This calcu-
lated land area is said to represent a population's ecological footprint. If this
ecological footprint at a global scale exceeds the global availability of biologi-
cally productive space, also measured in ha, then the population is said to be in
overshoot and deemed to be unsustainable. In order to identify who is contrib-
uting to global overshoot, or which biomes are most threatened by human over-
shoot, the accounts can compare a population�s ecological footprint to their
available biological capacity.

The ecological footprint can be calculated for different levels of aggregation,
e.g. the world, regional, national or for individuals. Ecological footprints have
been determined for the world and for a large number of countries. Based on
1996 data, it was found that eco-footprint for the world on average amounts to
2.8 ha/person compared to a bio capacity of 2.2 ha/person, i.e. indicating an
"overshoot" of about 25% (Wackernagel, 2000), see also textbox 1.

Detailing of the concept
The ecological footprint methodology requires the determination of the demand
for natural resource goods and services as well as the supply of these; both ex-
pressed in the corresponding hectare bio-productive land (per person).

The demand side is calculated for six different uses of "ecological productive
land"; these are land required for energy consumption, buildings, gardens,
cropland, pasture and forests. Moreover, the land use can be divided into five
categorises of consumption such as food, housing, transportation, consumer
goods and services.

The calculation of the ecological footprint only takes account of the use of non-
renewable resources to the extent that their use damages the biosphere, e.g.
mining, processing and consumption. Currently, only the embodied energy in
the non-renewable resources is taken into account.

The supply side is given by the quantitative size of an area that is ecological
productive land or sea by a given year. The total supply side is usually divided
per capita in order to estimate a particular country's bio-capacity. Due to the
fact that the area of productive land is to be measured for a specific year, the
supply side can vary over time, as it may, for example, increase due to techno-
logical innovations or improved management.

The ecological footprints concept builds on a notion of strong sustainability as
it assumes that sustainability requires that the bio-productive capacity of the
world be maintained. The use of non-renewable resources is not directly re-
flected in the calculation of ecological footprints but only the embodied energy
in such resources.

Notion of
sustainability
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Targets: The natural target implied by the concept of ecological footprints is that the
global ecological footprint should not exceed the availability of bio-productive
land. A similar target could be established at country level. However, the bal-
ance between the bio-productive land and the appropriation of land at country
level would not have the same interpretation, as the biological capacity can be
imported and exported.

Strategies Inherent in the way that the ecological footprints are calculated, three overall
strategies are identified that may bring about a balance demand and supply of
biological capacity. The three strategies are:

� To increase nature's productivity, i.e. increase the supply of nature's serv-
ices

� To increase efficiency in production, which would reduce the size of the
footprint

� To reduce overall consumption by consuming less per person and through
lowering population, e.g. by encouraging lower fertility.

The concept does not prescribe any particular mechanisms to promote the sus-
tainable use of natural resources. Rather, it is stated that it could serve to as an
account to verify whether how various policy instruments, including eco-tax
reform, market based instruments, etc. affects the size of ecological footprint.

Key aspects of and assumptions behind the concept
Ecological footprints provide easily communicable results at a highly aggre-
gated level, which may serve to raise awareness towards possible ecological
imbalances. The main aim is to provide a measure that seeks to check whether
human demand on nature exceeds its ability to regenerate. When interpreting
the results, a number of aspects should be noted:

� A very important factor in the determination of the ecological footprint is
the area required for sequestering carbon from fossil fuel combustion, as it
is assumed that all the anthropogenic CO2 emissions not absorbed by
oceans must be sequestered. If more efficient ways were developed to deal
with the CO2 issue in the future, the corresponding footprint would shrink.

� The measure does not take account of the use of non-renewable resources,
i.e. the concept cannot detect scarcities of such resources. A similar point
can be made in regard to environmental degradation due to toxic pollution
- this would not affect the ecological footprint. The concept assumes that
such practises are phased out.

� On the supply side, the biological capacity depends on the actual technol-
ogy and production levels, i.e. the concept does not reflect the possible fu-
ture improvements in technology and land management. Improvements
that in many instances may be adopted exactly as a result of the increased
pressure on the land, as detected by the ecological footprint concept.

Implementation
measures
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Textbox 1: Calculating the Ecological Footprint

The Ecological Footprint seeks to express the human appropriation of carrying capacity expressed in hectares and
by comparing this demand with the availability of bio-productive land, to indicate whether humans are living
"within the means of nature".

The calculation of the Ecological Footprint is based on six land-use types for human activities: Cropland, grazing
land, forest, fishing ground, carbon dioxide and built-up land. For each type the area units required to produce the
good consumed by an individual is calculated and  aggregated into the total ecological footprint. The Ecological
Footprint is measured in area units per person. The cropland footprint, for example, is calculated by multiplying the
area required to produce all the crops individuals consume by an equivalence factor adjusting for the productivity of
the area.

Ecological Footprint in area units per person (adjusted hectares)

Cropland
footprint

Grazing land
footprint

Forest
footprint

Fishing ground
footprint

CO2

footprint
Built-up land

footprint
Ecological
Footprint

World 0.69 0.31 0.28 0.04 1.41 0.12 2.85

Western Europe 1.20 0.85 0.47 0.08 3.30 0.37 6.28

Source: Living Planet Report 2000, WWF 2000.

The biological capacity (the supply) expresses the available space per person and the calculation is based on the
following five land-use types: Cropland, grazing land, forest land, fishing grounds and built-up land. The figure be-
low shows the Ecological Footprint, biological capacity and the ecological deficit for the World, Western Europe,
Denmark, Portugal, United Kingdom and Finland.
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The figure shows the variation among countries within Western Europe in regard to the size of the Ecological Foot-
print and ecological deficits. Denmark and Portugal have the largest and smallest Ecological Footprint respectively,
while United Kingdom and Finland have the largest and smallest biological capacity and ecological deficit respec-
tively; the difference reflects to a large extent differences in population density.
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� The concept has, on the other hand, been criticised for basing the supply of
bio-capacity on the actual production levels without taking into account
whether such production levels were sustainable or not.

3.1.2 Environmental Space
The concept of environmental space3 is based on the fact that at any given point
in time, there are limits to the amount of environmental pressure that the
Earth�s ecosystem can handle without causing irreversible damage to these
systems. The environmental space concept seeks to define such maximum use
rates for key resources on a global scale - or regional if appropriate, e.g. for
water. Having defined such global maximum rates of resource use, the concept
seek to promote a more equal distribution of resource use by allocating the
global use rates among countries based on the size of the population. The envi-
ronmental space is thus typically expressed as a maximum use of fossil energy
per capita, a maximum use of fresh water per capita, etc.

Detailing of the concept
Key questions in regard to the concept include selecting the resources for which
maximum use rates should be defined and how to determine these maximum
use rates for various resources or environmental pressures. Various authors
have presented different approaches. The aim here is not to review such differ-
ences but rather to present the basic functions and implications of the concept.
The review below is mainly based on the environmental space concept as used
by Hille (1997).

Whereas the environmental space concept originally focussed on environmental
pressures, Hille argues for defining the environmental space only from the re-
source input side, i.e. �The maximum amounts of natural resources that we can
use sustainably and without violating global equity�. This is not to say that the
resulting environmental pressures do not matter but these are assumed to be
reflected in the determination of maximum use rates for the key resources, e.g.
the use of fossil fuels is a fairly good proxy for emissions of carbon dioxide.
Furthermore, it is assumed that the more toxic forms of pollution should be
phased out within a short time-span and therefore does not need to be reflected
in the environmental space.

The key resources for which maximum use rates are typically defined include
energy and in particular fossil fuels, agricultural land, fresh water, and materi-
als. Some of the assumptions for determining the maximum use rates are briefly
reviewed below:

•  In regard to fossil fuels, the key constraint for their use is the resulting
emission of carbon dioxide. The maximum use of fossil fuels on a global
scale has been determined based on data from IPCC assuming that emis-

                                                  
3 The concept Environmental Space is used by e.g. Hille (1997), Opschoor and Weterings
(199X). An intertwined concept is Environmental Capacity, which is used by e.g. Friends
of the Earth.

Determination of
maximum use rates
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sions are reduced to a level where the global temperature does not increase
by more than 0.1 degree per decade.

•  For non-fuel minerals the key issue has not been the availability of specific
raw materials - the limiting factor has been seen to be related to the aggre-
gate material input to the economy. Based on work from the Wuppertal In-
stitute, it has been assumed that the total material input to the global econ-
omy should be halved.

•  The availability of agricultural land is limited by the requirement that 10%
of the total land should be set aside for nature conservation. The production
of agricultural products is further limited by the requirement that all pro-
duction should be based on organic principles.

Equity Another key issue in regard to the concept is the question of global equity. The
basic premise for allocating the global environmental space is that this alloca-
tion should be based on the country�s share of the global population. To take
population growth into account, the allocation could also be based on an ex-
pected future share of the global population. For certain resources, such as wa-
ter and agricultural land, the environmental space may more adequately be de-
termined based on regional or continental resources.

The environmental space concept defines sustainability in physical terms by
defining the maximum environmental pressure that the Earth�s ecosystem can
handle without irreversible damage. It is recognised that the use rates of re-
sources, for example, may be increased through technological improvements,
but these possibilities should not be seen as infinite. The concept also stresses
global equity as an important element of sustainability.

 The concept specifies targets for the maximum use rates for each key resource
as discussed above. These targets can best be illustrated by a concrete example.

A study at the EU level shows the quantitative measurements concerning the
sustainable levels of consumption of these resources, and indicates the reduc-
tions in consumption rates that are deemed to be necessary. Due to scientific
uncertainty, there are some reservations concerning the figures. Nevertheless
they aim to indicate the level of required reductions. The table below illustrates
a selection of targets for the environmental space, as established in a study for
the EU.

Notion of
sustainability

Concrete targets
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Table 3.2: Environmental Space for the EU

Resource

Current
consumption
(per capita 1990)

Sustainable
consumption
(per capita per year)

Percentage
reduction
(by 2050)

Energy use 123 GJ 60 GJ 50

Fossil fuels 100 GJ 25 GJ 75

CO2 emissions 7.3 t 1.7 t 77

Agricultural land 0.441 ha 0.190 ha 57

Productive forest 0.164 ha 0.138 16

Protected area 0.003 ha 0.061 +1933

Source: Friends of the Earth, 1995

Strategies To achieve these targets, two main directions for change are required. Resource
efficiency must be improved drastically and the level of final consumption of
goods and services must be reduced.

The environmental space concept as such implies no judgement about the pos-
sibilities for continued growth in GDP or for that sake just maintaining the pre-
sent levels in the now rich countries. However, there are several options for
getting more welfare out of a given mix of consumption. This can be done by
e.g. increasing the lifetime of goods or by more people sharing goods that oth-
erwise only are used few hours per day, week or year.

Proposed measures The concept does not as such specify measures that are required to implement
the defined targets. However, the concept subscribes to action related to more
general measures in order to consume fewer resources. A suggestion is to de-
sign products which use less material, with less packaging and longer lifetime.
The products should be made so they are easier to repair and reuse. Finally,
products should be recyclable and made of recyclable materials. It is mentioned
that the industry needs to take greater responsibility for its products.

In addition, political institutions can influence the resource consumption, e.g.
through an ecological tax reform that would change the relative prices of natu-
ral resource and labour and thus promoting reduced resource use. Furthermore,
it is seen as essential to shift from natural resources intensive production to
more labour intensive production and an ecological tax reform could promote
such a change.

Key aspects and assumptions behind the concept
The defining elements of the environmental space concept is on the one hand
its definition of maximum use rates for key resources and on the other hand the
prescription that such resources must be allocated equally among all people on
the earth. The concept may in this regard point towards a number of imbalances
both regarding total resource use and towards the unequal distribution of such



Analysis of Selected Concepts on Resource Management

C:\temp\IECache\OLK29\DG env_nat res concepts_final version.doc

19

resource use among countries. When interpreting these results a number of is-
sues should be taken into account, some of which are reviewed below.

� Determination of the environmental space
A key assumption behind the concept is that absolute limits for the use of
nature may be defined in a meaningful way for a number of individual or
groups of resources.

� The policy goal of global equity
The goal of global equity is central for concept and the national targets
have been defined according to a principle of equity based on each person
in principle should have right to equal amounts of resources.

� Measures required to achieve the targets
The environmental space concept is in general very vague on which meas-
ures will be required to achieve the defined targets for resource use. The
targeted levels of resource use will in most case require drastic changes in
behaviour and possible also reduced levels of welfare for the inhabitants in
the EU.

3.2 Concepts based on physical measures of
resource use

This section concerns mainly the concept of dematerialization and its various
targets (factor 4/10) and indicators (MIPS, TMR, ecological rucksacks) as de-
veloped by the Wuppertal Institute. An unrelated concept called the compound
savings rule, which seeks to establish physical targets for extraction of non-
renewable resources, is also included in this section.

3.2.1 Dematerialization
The dematerialization approach to sustainability reflects the stated need to re-
duce the throughput of resources in the economy to promote sustainability. It
represents a physical view of the environment-economy relationship. The aim
of dematerialization is to delink the use of resources and resulting environ-
mental pressures from economic development. The strategy is to reduce the
material needs and consumption of resources without compromising global
welfare. A related concept is eco-efficiency, which aims at increasing resource
use efficiency.

Within the dematerialization/eco-efficiency framework, a great number of con-
cepts, strategies and indicators have been developed to support the development
towards lower resource use. This includes concepts such as MIPS, TMR, Factor
4 and Factor 10. Although dematerialization as such is not linked to measure-
ments of physical flows in tonnes, the common factor for most of the above
concepts and indicators is that they are based on material flow measurements.

Eco-efficiency, in the form of increasing resource productivity, is a concept that
is in the core of most strategies to promote sustainability. The underlying no-
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tion of sustainability is related to the physical resource use and reflects a view
that the limits for the interactions with nature should be formulated in maxi-
mum level of tolerable material throughput.

3.2.2 Factor 4/ factor 10
Factor 4 and factor 10 are concrete targets for resource consumption and re-
source productivity aimed at achieving a dematerialization of the economy:

� Factor 4 states that resource productivity should/could be quadrupled,
which would enable a doubling of wealth while at the same time halving
the current resource use world-wide.

� Factor 10 is a target for the absolute use of resources stating that resource
use in the industrialised world should be reduced by a factor of 10. This
would allow an increase in resource use in the developing countries while
still attaining the factor 4 target on a global scale.

Detailing of the concepts
Both factor 4 and factor 10 are based on measures of total throughput of re-
sources in the economy. These targets are based on the contention that the re-
duction in throughput (or scale) measured in total mass of the materials is es-
sential to achieve sustainable development (Hinterberger, 1998). The focus on
total resource throughput (e.g. instead of identifying the most harmful or un-
sustainable forms of resource use) is based on the contention that it will not be
possible to foresee all negative environmental effects of economic activities and
resources use. As a precautionary measure, the concepts therefore prescribe that
all forms for resource use, as measured by material throughput, should be ad-
dressed.

Factor 4 The factor four concept suggests to decrease the material intensity by a factor 4,
which is equal to a 75 percent reduction compared to the present situation. The
approach is to a large extent technologically driven due to its emphasis on the
technological progress - resource productivity. The target on resource produc-
tivity is calculated by GDP divided by the use of natural resources.

Apart from the technological dimension, another focus point is the consumption
trends, which essentially have to change. However, it is argued that these
changes will not take place unless communicators such as politicians, NGOs,
and industries inform and educate the public. The public does not respond on
their own initiative (Weizsäcker et al., 1997: xix).

The proposed strategies about progress or efficiency "revolution" should occur
at the global scale. In contrast to factor ten, there is here an explicit strategy to
include larger developing countries such as Brazil, India or China in the
changes in order to meet the global target of factor four (Weizsäcker et al.,
1997: xviii-xix).
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A date has not yet been set for the implementation of factor four target (EEA,
1999: 31).

The main factor four document (Weizsäcker et al., 1997), describes fifty exam-
ples of factor four to illustrate the kinds of concrete measures which need to be
taken, and moreover, to indicate that the changes towards resource productivity
can happen within the present economic set-up.

Factor 10 The concept of factor ten concerns the absolute quantities of natural resources
utilised in the developed world.

It is argued that it is the OECD that should reduce the material flows per capita
by a factor ten or more if the global utilisation is to be halved (Schmidt-Bleek,
1999: 5; www.iisd.ca). The target is, likewise factor four, to quadruple resource
productivity, however, it is seen necessary to introduce a factor ten or more in
the developed countries in order to secure the appropriate development. Factor
ten will provide the space for the developing countries to increase their share of
the resource consumption without having essential effects on the global target
of factor four.

Strategy The key strategies for implementing the stated levels of reduction in resource
use are centred on improved resource efficiency. Therefore, it is claimed that to
some extent it will be profitable for nations and industries to be engaged in
factor four or factor ten developments (Weizsäcker et al., 1997: xviii).

Textbox 2: Factor 4

The factor 4 concept is based on doubling wealth and at the same time halving resource use. The
book, by Weizäccker et al, in which the factor 4 concept was introduced includes 50 examples of
how to quadruple resource productivity,. The following two examples are from the book.

Example 1: Hypercars
The hypercar is an example of how a factor 4 decrease in productivity can be possible in the trans-
port sector. In 1991 General Motors showed a 4-passenger carbon-fibre ultralight concept car with
doubled efficiency still including great comfort and driving ability. Meanwhile experiments in
Europe proved it possible to build a hybrid car driven on energy by burning any convenient liquid or
gaseous fuel in a tiny onboard power plant of any kind. An analysis made by Rocky Mountain In-
stitute showed that the ultralight car combined with the hybrid car would make a fivefold efficiency
improvement possible.

Example 2: The Darmstadt �Passivhaus�
The Passivhaus uses passive solar energy and almost no active heating. This is primarily because of
an efficient insulation of both walls and windows and some innovations made in the heating of the
incoming fresh air. The energy conservation house is supposed to be a standard for the houses built
in Germany.
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Nevertheless, in accordance to factor four or ten, the dematerialization of a so-
ciety requires intensive changes in regards to (Schmidt-Bleek, 1999; 5):
� "culture, legitimating nature and volume of societal needs to be fulfilled,

expressed in consumption patterns dependant on ease and status (suffi-
ciency)

� structures/ institutions, the economic and institutional organisation to fulfil
legitimated needs (effectiveness)

� technology, providing the technical means by which needs are (to be) ful-
filled (efficiency and productivity)."

The progress concerning the technical innovation is regarded as feasible within
the next 30 to 50 years. But it depends on people's willingness to support the
development of know-how to generate new products and services, as well as
new methods of manufacturing.

Concrete measures The overall framework of concrete measures are connected to the ideas of least
cost planning, correction of prices and ecological tax reform (Weizsäcker et al.,
1997: 143-212). For example, an ecological tax reform would be a means to
change the relative prices between labour and natural resource towards a re-
duction of the price on labour and an increase of the price on natural resources.

Factors 4 and 10 present clear statements on the possibilities of drastically in-
creasing the resource efficiency and reducing total resource use. Such targets -
if they can be achieved without major impacts on welfare - must be expected to
enjoy broad support, as few would question the benefits and desirability of in-
creased resource efficiency. Factor 4/10 has also been adopted as indicative tar-
gets in a number of countries, e.g. Austria and the Nordic countries.

3.2.3 Material Flow Indicators
A number of concepts have been developed to measure the material flows re-
lated to production of goods and services. The basic idea is to 'reveal' the total
amounts of material that have been used - from the cradle to the grave - in order
to produce a certain service, product or economy. This concerns not only the
materials that have been used directly but also all other material flows from the
earth that are moved to mine the minerals used in the final disposal of the prod-
uct.

This material requirement may be expressed in a number of ways, e.g. as the
Material Input Per unit Service (MIPS), Ecological Rucksack (which is the total
material requirements in excess of what is included in the actual product) and
Total Material Requirements (TMR) for a whole economy. These indicators
may be used to monitor dematerialization as such or to raise awareness regard-
ing the large hidden resource flows and use involved in the production of goods
and services.

Detailing of the concepts
The concepts seek to estimate the removal of materials from nature to provide a
particular service, product or economy and the waste that has to be absorbed in
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the environment. The input covers both the material functions of nature as a
source and as sink.

The concepts take all the material that has been used during the entire product
life cycle into account. This 'cradle to grave' approach comprises the factors of;
e.g. resource extraction, manufacturing, transport, packaging, operating, re-use
and re-manufacturing, and waste disposal (Schmidt-Bleek, 1999: 7). In so do-
ing, they seek to include resource functions, which the economic concepts re-
gard as externalities. The strategy is to visualise costs of nature that humans
utilise, which otherwise would not have been acknowledged.

The concepts apply the same methodology, based on a material input approach.
MIPS and Ecological operate at the service and product level whereas TMR
seeks to aggregate the material inputs to a societal level. All material flows are
aggregated in tonnes of material. Similar concepts have been used in relation to
energy use where cumulative energy requirements is a pendant to MIPS and
total energy requirements an analogy to TMR.

MIPS The measurement of MIPS comprises two elements; the material input (MI)
and the service (S). The above factors make up the material input (MI). The
service (utility e.g. service or product) (S) is the total number of unit services
delivered by a product or which the product may supply during its life cycle
(Schmidt-Bleek, 1999: 8). There is no commonly agreed method of aggregating
services (S), meaning comparisons can only be made for similar services.

Ecological Rucksack The image of the Ecological Rucksack is part of MIPS concept and it highlights
the "invisible" material inputs, which a product "carries". The rucksack is the
material inputs (MI) minus the weight of the service/ product itself (EEA, 1999:
30). It is measured in kg.

The material utilised in service or production can be categorised into five kinds
of resources or in regards to the concept of Ecological Rucksack five different
rucksacks (EEA, 1999: 30; Schmidt-Bleek, 1999: 9); abiotic (non-renewable)
materials, biotic (renewable) materials, soil/ erosion, water, and air. In so doing,
the different rucksacks fit into the main environmental policies and sciences.

Textbox 3: Ecological Rucksacks

Ecological Rucksack has been applied to a number of products such as gold rings,
newspapers, drinks and cars etc. In doing so, it illustrates the huge difference of mate-
rial inputs in order to deliver various products. Gold, for example, requires tonnes of
material (350,000 kilograms) to be moved and processed before an end product of
one kilogram is made (Weizsäcker et al., 1997: 242-243). On the average, industrial
products carry non-renewable rucksacks that are about 30 times their own weight
(Schmidt-Bleek, 1999:9)
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TMR Another similar concept is the Total Material Requirement (TMR), which uses
the same methodology. However, it is applied at societal level. TMR seeks to
provide an indication of a total community's (economy's) use of resources for
economic activities by aggregating all the used resources into one figure (EEA,
1999: 30). TMR considers both the inputs extracted within the community and
the inputs of material from outside the community.

As is the case with the GDP, it has been measured per capita per year in order
to make international comparisons. Studies have shown that the average EU
capita requires 50 tonnes per year (in 1997). However, in Germany and the
Netherlands, the natural resource use appears to be about 75 to 85 tonnes per
capita per year.

The core concepts themselves are measurements and in that sense they do not
necessarily subscribe to a particular notion of sustainability, albeit the concepts
are embedded in an ecological understanding. Their task is to visualise the hid-
den flows in the production.

Strategies The core strategy of the three concepts is to raise awareness of the utilisation of
resources. The concepts aim to visualise the hidden materials flow that is used
in the production of services. In so doing, the concepts seek to become alterna-
tive measurements.

Key assumptions behind the concept
A critical assumption is the single focus on quantitative measurements rather
than qualitative ones. As a result, it does not make the essential distinction be-
tween the environmental impact among different forms or resource use.

The measurement of material input itself is a difficult task, therefore it often
has to rely on vague estimations. Producers of services are rarely able to meas-
ure all the steps in a material input process. However, the ambition of the con-
cepts is not to provide complete scientifically valid measurements but reflec-
tions of the environmental stress considering the extraction of materials.

3.2.4 Compound savings rule for non-renewable resources
The compound savings rule, as developed by Binswanger and Chakraborty
(2000), presents a simple mathematical formula, based on a geometric series,
for determining an extraction path for non-renewable resources that should en-
sure that the stock of resources is never fully depleted. If the initial stock of the
resource is known and the annual extraction is reduced by a constant percentage
each year, the stock may never be depleted, provided that the percentage reduc-
tion in the annual extraction is set at the right level. Ultimately, the annual ex-
traction will still approach zero, as the total stock of the resource is finite.
Figure 3.1 shows possible exhaustion paths, which result from different rates of
changes in the annual extraction (see also Binswanger, 1997).

Notion of
sustainability
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Detailing of the concept
The basic rationale behind the concept seems to be based on the contention that
market mechanisms may not ensure that resources are extracted and used in an
efficient way. Although resource prices in a competitive market ultimately will
rise as the resource gets scarcer - and thus promote savings and substitution to-
wards other resources - this price increase may come too late and too fast for an
economy to adjust smoothly. This could - prima facie - constitute a reason for
intervening in the market.

Figure 3.1: illustration of the compound savings rule

The notion of sustainability behind the compound savings rule is expressed as
follows: "Non-renewable resources are used sustainably if their extraction is
continuously reduced to the extent that they are never fully depleted" (Bins-
wanger and Chakraborty, 2000).

The proposed notion of sustainable use of non-renewable resources appears,
however, to be slightly at odds with typical views on sustainable development.
First of all, sustainable use is defined solely in terms of extraction rates and
does not relate to the resulting welfare. Secondly, sustainable use is defined for
individual resources without reference to substitution possibilities.

Notion of
sustainability
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Strategies/targets The concepts aim at promoting a gradual decrease in consumption of critical
non-renewable resources. In particular, interventions should be directed to-
wards hydrocarbons. Targets could be determined in the form of targets for
maximum annual extraction of given resources.

Measures The decrease in consumption should in the first instance be brought about
through proper pricing of resources, e.g. removal of subsidies combined with
ecological tax reform and selective promotion of renewable energy.

If such mechanisms do not bring about the desired changes in consumption, the
authors also foresee some form of least-cost planning for the whole economy to
promote the most energy efficient products and processes.

3.3 Concepts inspired by thermodynamics
The idea of linking economic processes to the laws of thermodynamics goes
back to Georgescu-Roegen's publication "The Entropy Law and the Economic
Process" from 1971. The second law of Thermodynamics is used as to illustrate
the idea that the economic activities could be seen as a process, which in a
closed system uni-directionally converts high value energy (low entropy) to
low value energy (high entropy).

Closely related to the measure of entropy, is the measure of exergy which by
certain authors have been proposed to be used for measurement and monitoring
of physical flows and stocks of natural resources and pollution. The concept of
exergy is elaborated below.

3.3.1 Exergy
Exergy is defined as the maximum work that can be extracted from a material
by reversible processes as it approaches a thermodynamic equilibrium with its
surroundings. Exergy is thus not defined in absolute terms but can only be de-
fined in relation to a reference state, namely the environment. For traditional
fossil fuels, the amount of exergy they contain will be nearly the same as their
energy content.

Exergy may in a very general way be used to keep track of physical availability
of mineral resources on the one hand, and the difficulty of separation and puri-
fication of environmental disturbances on the other hand.

Minerals and metal ores have characteristic exergy values which really are
measures for their distance" from the average mix of their thermodynamic
equilibrium as defined by the average mix of the lithosphere". According to
Ayres (2000), these exergy values would for individual minerals and metal ores
be correlated with the grade of the ore and different ores could meaningfully be
compared in terms of their exergy values.

In a similar vein, exergy contents of different waste streams would express how
far from the thermodynamic equilibrium of the receiving media a waste stream
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is. This could thus be taken to be somewhat correlated with how disruptive a
given waste stream would be. The exergy content would, however, not measure
the eco- or human toxicity of the waste stream.

Based on the above properties of exergy measures, Ayres proposes that such
measures inter alia could be used for the following purposes in relation to natu-
ral resource management:

� All kind of resource reserves could be measured in exergy terms both for
international and inter-temporal comparisons. This could provide a better
measure of developments in resource availability for individual resource
than if only measured in tonnes. Exergy is measured in energy terms, e.g.
mega or tera joules.

� By measuring the exergy content of waste flows, comparisons among vari-
ous products or services could be expressed in exergy embodied in waste
per unit of service (XEWPS). The contention is that such a measure would
be a better indicator of the environmental pressure than if the resulting
wastes were measured in kg.

The key aim of the above mentioned indicators would be to improve the quality
of information on aggregated physical resource availability and waste genera-
tion in order to inform and monitor policies on resource use. This could be used
to track e.g. whether the dematerialization in exergy terms would take place. In
relation to defining concrete policies and targets, it still seems to be an open
question which levels of exergy flows that would be sustainable/desirable.

3.4 Economic Approaches to Resource Management
Economics provides a comprehensive framework for analysing most aspects of
natural resource and environmental issues. A definition of a set of concepts for
natural resource managements is therefore less straightforward than for some of
the previously presented concepts. The following themes will be reviewed:

� Optimal extraction and use of non-renewable resources, in particular as
analysed by the Hotelling's rule

� Management of renewable resources and in particular the consequences
and problems related to absence of markets and/or open access resources

� Economic indicators of sustainability derived from the weak sustainability
view that the total amount of capital must be maintained. This concerns the
concepts of Green GDP and Genuine savings.

3.4.1 Management of non-renewable resources
A key question within natural resource economics concerns the optimal extrac-
tion of and price developments for non-renewable resources such as fossil fuels
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and minerals. Hotelling's Rule presents a simple model for analysing such op-
timal extraction paths.

One of the key findings, put very simply, states that as non-renewable resources
become scarcer, prices tend to increase. This finding has two main implica-
tions. Firstly, such price increases will induce substitution away from the re-
source and promote savings in resource use, thus alleviating scarcity. Secondly,
the (increasing) prices of the resource may be seen as an indicator of relative
scarcity.

Looking at price trends for non-renewable resources, e.g. over the last 30 years,
prices have generally not increased and no scarcity can be observed, see text-
box below and Krautkraemer (1998). The total stock of non-renewable resource
which by definition is finite will of course decrease when the resource is used.
However, discoveries of new deposits, recycling, substitution and technological
progress have mitigated the impacts of finite availability on the relative scarcity
of resources.
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Detailing of the concept
Hotelling's formal analysis of non-renewable resource depletion generates some
basic implications for how the finite availability of a non-renewable resource
affects the resource price and the extraction paths.

A key aspect of pricing and extraction of non-renewable resources is that the
total availability will be limited by the size of the stocks. This implies that soci-
ety faces an opportunity cost of the current extraction and consumption, as the
present rate of consumption means that there will be less to consume in the fu-
ture. A resource owner that seeks to maximise profits will take this opportunity
cost into account when selling the extracted resources. This opportunity costs
have many names, e.g. in-situ value or Hotelling rent.

Textbox 4: Price development for selected minerals

Economic theory implies that increasing scarcity will result in higher prices. The figure below illustrates the devel-
opment in the prices of some of the worlds most traded metals.

Price development for selected metals measured in real USD (1998) indexed by the year 1988 = 100
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There is no unambiguous tendency of increasing metal prices and therefore increasing relative scarcity cannot be
observed.
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The holding of the non-renewable resources may be compared to any other as-
sets and market equilibrium would imply that the in-situ value must increase at
the rate of interest. This is known as the Hotelling Rule.

The basic Hotelling Rule is based on a number of simplifying assumptions. The
total stock of resources is assumed to be known and of equal quality, and all the
market players are assumed to have full knowledge. For the most part, the basic
Hotelling rule has not been consistent with empirical studies of prices and in-
situ values for non-renewable resources (Krautkraemer, 1998). This is caused
by a combination of a number of factors, including new discoveries, reduction
in costs of extraction, recycling and substitution to other materials.

In recent years there have been a greater emphasis on the environmental im-
pacts of non-renewable resource consumption and extraction and for certain
resources the environmental issues may be more important than the question of
depletion. This may for example be the case for coal where the main pressure
for reducing consumption stems from the risk of climate change rather than de-
pletion of reserves.

Basically, the concept of management of non-renewable resources is not con-
cerned with sustainability, it is mainly concerned with how a resource stock
should be used optimally.

The key finding emerging from natural resource economics in relation to non-
renewable resources that are traded in well-functioning markets would be that
there is no reason to intervene in such markets out of concerns for imminent
depletion of resources. Strategies should rather be concerned with improv-
ing/correcting the functioning of factor and product markets. This could include
a number of different issues:

� Phasing out subsidies for resource extraction

� Promoting full reflection of environmental impacts from resource extrac-
tion and use  in resource prices

� Measures to promote adoption of resource saving technologies, which may
be lower than socially desirable for a number of reason (lack of informa-
tion, higher required returns on investments)

� Public support to basic research that may lead to greater resource effi-
ciency.

Key issues in relation to the concept
The key conclusion appears to be that well-functioning markets will promote
proper use and extraction of non-renewable resources. In face of scarcity, there
will be incentives to develop new resources, increase recycling, save and sub-
stitute away from the resource. However, in relation to the broader question of
sustainability, a number of issues should be noted:

Externalities

Notion of
sustainability

Strategies
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� The Hotelling Rule concerns only one type of resource. In regard to sus-
tainable resource use, society's total use of resources and possibilities for
substitution among different forms of resources is crucial.

� The Hotelling Rule is concerned with the extraction of resources. As men-
tioned, for many resources, the negative environmental impacts resulting
from consumption, e.g. CO2 emissions and waste products, may be more
important in determining a strategy on sustainable use of resources.

� A key assumption behind the Hotelling rule is that there are well-
functioning markets for resources. A more pressing concern appears to be
the protection of non-renewable and renewable environmental resources
that provide basic life support services. Markets for such resources are of-
ten poorly functioning or absent, and market interventions will typically be
required, cf. next section.

3.4.2 Management of renewable resources
Renewable resources typically pose a different set of management issues and
problems than non-renewable resources. First of all, renewable resources may
in principle be utilised indefinitely as long as the use does not exceed the re-
generation rate.

However, renewable resources are often characterised by some form of open
access and/or poorly defined property rights which in most cases lead to over-
exploitation of the resources. In case of open access to resources, the result will
be that no one will have an interest in conserving the resource, e.g. through
protective investments or a reduction in the level of utilisation.

The absence of property rights, open access or other forms of externalities are,
prima facie, justifications for some form of government intervention to promote
a more socially desirable use of these resources.

Detailing of the concept
The economic analysis of how to manage natural resources will depend on the
type of resource but the basic principles are very similar. For fish stocks, the
focal point is the harvest rate whereas for timber it is the optimal duration (ro-
tation). For environmental resource, the degradation could be related to the
level of pollution compared with the assimilative capacity of the resource.

An important benchmark in utilisation of natural resources is the so-called
maximum sustainable yield, which is the maximum harvest that can be main-
tained indefinitely without decreasing the stock. The economic optimal harvest
from a social point of view, e.g. for fish, will be lower than the maximum sus-
tainable yield, as there are costs associated with catching the fish. With a single
owner of the resource, one would expect the social optimal level of utilisation
would be chosen.
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However, fish resources are mobile and the property rights to these resources
are typically not defined. This gives each fisher an incentive to continue fishing
as long as it is profitable for the individual fisher. Such unmanaged resource
exploitation results in inefficient use of the resource and possible extinction.
The previous overexploitation of whales and the present problems with stur-
geon in the Caspian Sea are cases in point.

Under the concept of optimal utilisation of a renewable resource, sustainability
can be measured as the possibility to make perpetual repetitions. A renewable
resource is then sustained if the stock is always kept at a level above the critical
minimum size4.

Since renewable resources are most threatened by overuse under conditions of
open access and ill-defined property rights, various forms of government inter-
vention are called for in such situations. Often it will not be possible or in the
general interest to promote the management of environmental and natural re-
sources under private property regimes, and regulation of access or utilisation
as well as various market based instruments may be used to promote a more
socially desirable utilisation of resources.

Key issues in relation to the concept
Natural resource economics have developed a number of models for the opti-
mal management of different renewable resources which on the one hand may
provide insight into the proper management and on the other hand assist in de-
veloping appropriate interventions to promote a proper management. A number
of assumptions or caveats musts be noted in that regard:

� Models for management of resources typically deal with one resource, e.g.
fish or timber. For a broader view on sustainability it is society's total use
of resources that is of importance.

� The basis for any economic model on natural and biological assets is typi-
cally some form of biological reproduction model. Although such models
may provide important insights into the management options and their ef-
fects, the complexity of natural processes and accurate knowledge of actual
sizes of stock is a major source of uncertainty in regard to concrete man-
agement recommendations.

� A central issue in relation to economic analysis of non-marketed environ-
mental resources is that costs and benefits are valued in monetary values to
enable a comparison of various effects. The methods and principles for
valuation of environmental resources are in many cases uncertain.

                                                  
4 Similarly for natural resources, if economic activities do not entail levels of pollution that
exceed the natural assimilation rate, resource use could be said to be sustainable.

Notion of
sustainability

Strategies
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3.4.3 Modified National Accounts
Conventional national accounts do not provide the information necessary to see
if an economy's growth is sustainable or not. Firstly, the measures of income
and output in the accounts exclude many of the services derived from natural
resources. Secondly, the accounts do not incorporate changes in the stocks of
natural and environmental resources.

Large efforts have gone into devising national accounts that better reflects the
importance of the natural resource base for generating and sustaining welfare.
Two concepts are of particular interest here: Green GNP which is a measure of
income that seek to better reflect the use of natural resources and Genuine
Savings which seek to measures the net change in total amount of capital
(physical, human, and natural capital). The two concepts are closely related.

The genuine savings measure can be used as an indicator of weak sustainability
in the sense that if genuine savings are positive, it is likely that the country is on
a sustainable path whereas negative genuine savings would indicate the country
is on an unsustainable development path.

Detailing of the concept
Green GNP The idea behind green GNP is to include changes in environmental assets in

monetary terms in a revised GNP measure to get a better measure of society�s
true income.

Also central for the idea behind the concept is the concept of Hicksian income
which denotes the proportion of income that is left for consumption after al-
lowances have been made for maintaining capital stocks. This is also called the
sustainable product in the conventional accounting system. After extending the
GNP measure with environmental assets, the Hicksian income measure can be
modified to include depreciation of natural capital. This modified measure is
interesting in respect to sustainability because it denotes what is left for con-
sumption after allowances for maintaining the value of the total capital stocks
including natural capital.

While GNP measures the sum of all incomes in the economy as incomes spent
on goods or saved, the Net National Product (NNP) measures GNP minus the
depreciation of man-made capital (machines).

NNP = GNP - depreciation on man-made assets

Now Green GNP merely includes deduction of depreciation of natural assets
from GNP. Thus

Green GNP* = GNP - depreciation on man-made assets - depreciation on natu-
ral assets

In accounting for green GNP the costs of natural resource extraction are explic-
itly integrated by deducting the value of depletion of the underlying resource
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assets and pollution damage from the traditional estimate of net national prod-
uct (gross national product minus depreciation on man-made capital).

Genuine savings "Genuine" saving as a concept is derived from the simple philosophy of wealth
as the foundation for generating welfare. The idea behind the concept is that
national wealth takes on a broad definition and is embodied in human resources
(education, raw labour, social capital), produced assets (machinery, equipment,
buildings) and natural capital.

Genuine saving is defined as the amount that is saved in the economy minus
depreciation on man-made and natural capital. Thus, in accounting for genuine
savings the "costs" of natural resource use are explicitly integrated by deduct-
ing the value of depletion of the underlying resource assets and pollution dam-
age from the traditional estimate of true savings (savings minus depreciation on
man-made capital).

It should be noted that the concept of genuine savings is often expanded to in-
clude appreciation of human capital. Increasing the amount of human capital is
valuable for society and that accumulating human knowledge can generate
wealth. Furthermore, sometimes technology and social capital5 are also ac-
counted for in the calculation of genuine capital (See Pearce, 2000).

Now, the idea is that an economy needs to run like a company in order to be
profitable (sustainable). When a company fails to put aside resources at least
equal to the depreciation of assets, then the day will come when the assets (ma-
chines etc.) need replacing and there will not be sufficient funds to finance their
replacement. If the company fails to save, it will go bankrupt. Following this
line of comparison, an economy failing to keep a proper level of saving will be
unsustainable.

The textbox below provides an overview of the development in Genuine sav-
ings as calculated by the World Bank for various regions of the world. The ar-
eas with low or negative Genuine savings are the resource dependent Middle
East and the Sub-Saharan Africa, which typically have low levels of invest-
ments.

                                                  
5 Social capital comprises certain features of social organisation - norms of behaviour, net-
works and trust between people.
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The concept is based on a notion of weak sustainability, i.e. that man-made
capital may substitute for natural capital. The key behind the concepts as indi-
cators or sustainable development is that the requirement of non-declining wel-
fare may be transformed into a requirement of non-declining total capital
(physical, human, social and natural) provided the capital is valued in a proper
way and that certain assumptions regarding substitutability among types of
capital hold.

Green GNP does not provide an immediate, natural target which may be used
for judging whether the economy is on sustainable path or not. One of the ad-
vantages of genuine savings as an indicator of sustainability is that it provides
such an immediate target.

Negative genuine savings rates imply that the total wealth is declining and that
the economy is on an unsustainable path. When the genuine savings rate is
negative, the economy is consuming capital, and persistent negative genuine
savings rates over any reasonable period of time will not be sustainable. Con-
versely, based on the notion above, positive genuine savings rates would be an
indication of a sustainable path.

Notion of
sustainability

Textbox 5: Genuine savings rates as estimated by the World Bank

World Region Estimates of Genuine savings (percentage of GNP)
Region Average

1970-1979
Average

1980-1989
1993 1997

Sub-Saharan Africa 7.3 -3.2 -1.1 3.4
Latin America and Caribbean 10.4 5.5 6.1 12.1
East Asia and Pacific 15.1 18.6 21.3 29.7
Middle East/North Africa -8.9 -8.8 -1.8 -0.3
South Asia 7.2 7.6 6.4 7.1
OECD 15.7 15.7 13.9 13.5

The table shows that the regions of sub-Saharan Africa and Middle East/North Africa have negative genuine
savings. Deducting depreciating from Africa's low gross savings rates pushes it into unsustainability. The out-
comes in the Middle East countries are highly influenced by the fact that these countries have large oil re-
serves. At least some of the countries have failed to reinvest the revenues from oil extraction in other forms of
capital and have instead consumed large parts of the proceeds of oil wealth.

Source: World Bank (1997) and Hamilton (2000)
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A key point to note is that it is not inherently unsustainable to reduce the
amount natural capital. Our present wealth has been created by converting for-
est to agricultural land, extracting energy and minerals from the ground etc.
The key to sustainability is that the reductions or depreciation of natural capital
is compensated by investments into other forms of capital. In regard to natural
resource management, this seems to suggest two key strategies:

� Ensure that resources are used efficiently. If natural resources are squan-
dered due to poor policies, lack of property rights or similar, there would in
principle be no rents that could be used for investing in other forms of hu-
man capital to compensate for the decrease in the value of natural capital.

� Promote that investments are made in other forms of capital to compensate
for the reduction in natural capital. This would include measure to induce
investment in physical and human capital. Social capital is more intangible
and it less clear what may be done to "invest" in social capital.

Advocates of green GNP have argued that if we changed from the traditional
GNP measure in our financial and economic report to green GNP, people
would start changing their minds and would pay as much attention to what is
happening to the environment as to what is happening with the economy. How-
ever, there is not much to support that modified measures of national products
in itself would lead to any change. There is simply not much in the modified
measures to induce behavioural change at the appropriate levels (Pearce and
Barbier, 2000).

Key issues in relation to the concept
The Green GNP and the Genuine savings may be used as indicators of weak
sustainability. Estimations of Genuine savings are regularly prepared by the
World Bank for more than 100 countries. The corrections that are made to tra-
ditional national accounts are fairly simple and based on available data. A few
points should be noted in connection with the concepts:

A key assumption behind the concept is that the measurement of genuine sav-
ings depends on a proper valuation of all forms of capital. Some of these prices
may be deduced by market but the valuation of changes in human, social and
certain forms of natural capital is by no means an exact science.

Prices of environmental quality are not directly observable in the market. How-
ever, the monetary values need to be known in order to calculate genuine sav-
ings. Theoretically the value of environmental quality can be inferred from
what people would be willing to pay to improve or restore it, using various
valuation techniques that measure people's preferences. Thus, the value of an
environmental good can be derived by measuring people's willingness to pay
(WTP) for the good, i.e. how much they would forego in income to obtain an
increase in environmental quality.

Strategies for
achieving sustainable
resource use
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3.5 Overview of the concepts
The table overleaf seeks to summarise certain key issues for each of the pre-
sented concepts, e.g.

� which resources are covered;
� which types of activities are covered (extraction/utilisation of the resource,

consumption/use of the resource and disposal of waste related to the ex-
traction and use of the resource);

� how is resource use aggregated (e.g. in land units, tonnes or monetary
measures);

� Key resource management problems as identified in the concept;
� Proposed targets for resource use and management.
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Table 3.3: Overview of selected aspects of the presented concepts

Concept Types of resource cov-
ered

Resource activities
covered

Aggregation of re-
source use

Identification of key
problems

Targets proposed by the concept

Ecological footprint Renewable and environ-
mental resources

Consumption and
waste disposal

in land equivalents CO2 emissions plus
other forms of land
appropriation

Attain an ecological footprint equal to
the biological capacity

Environmental space Key identified resources
(fossil fuels, water, land, ..)

Resource consumption
(waste disposal re-
flected in use rates)

No aggregation - Excessive consumption
of resources

Ceiling for use rates for key resources
defined based on what nature can sus-
tain

Dematerialization (factor
4/10, MIPS, TMS, Ruck-
sack)

All material flows Resource extraction,
consumption and dis-
posal

Tonnes of material Total material through-
put

Half world resource use and double
welfare. For industrialised countries
reduce resource use by a factor of 10

Compound savings rule Non-renewable resources,
primarily hydrocarbons

Extraction No aggregation Inefficient extraction
paths for key resources

specifies an extraction path that ensures
stocks will never be depleted

Exergy - Non-renewable resource
- Waste disposal

Extraction and waste
disposal

Exergy content - -

Management of non-
renewable resources

non-renewable Extraction No aggregation Market imperfections Well-functioning markets: remove sub-
sidies, price reflects social costs

Management of renewable
resources

Renewable and environ-
mental

Utilisation No aggregation Open access Proper management schemes in place

Economic indicators of
sustainability (green GNP,
Genuine savings)

All All Monetary values - Maintain total capital stock (natural plus
man-made)
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4 Contribution from the concepts to priority
setting for a strategy on sustainable use
of resources

A key question for a Community Strategy on sustainable natural resources will
be whether an EU strategy on natural resource use should target specific prior-
ity resources and if so how such priority resource could be identified. The dif-
ferent concepts provide to varying degrees input to this question of how to set
priorities.

The present chapter seeks to outline the key points on prioritisation among re-
sources that can be deduced from the various concepts on natural resource
management. This concerns both which types of resources, the concepts im-
plicitly or explicitly indicate are the most important or critical and it concerns
the issue of whether the concepts can be used for setting priorities in a strategy
on natural resource use.

4.1 General on priority setting
Priority setting concerns the determination of which outcomes or actions are
most important in relation to a set of objectives. Such priorities will inter alia
depend on how the target population is defined and according to which criteria
it is should be decided if alternative outcomes are more or less desirable. Be-
fore discussing the priorities implied by the concepts, these two issues will
briefly be reviewed.

Target population
The priorities for an EU natural resource policy will inter alia depend on how
the target population for such a policy is defined. The question of target popu-
lation can be viewed according to a number of different dimensions, e.g.:

� Geographical dimension, i.e. is the focus of the policy EU, regions of EU,
the World or some other group;

� Time dimension which concerns the importance attached to the present
versus future generations.

The question of whose preferences that counts cannot be answered objectively.
Ultimately it is a political question. The various concepts for resource man-
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agement have in many instances made implicit or explicit assumptions in re-
gard to these issues.

Overall goals
Approaches to priority setting concern the methods or rules that should guide
the evaluation of whether one outcome should be judged better than an alterna-
tive outcome.

Individual concepts may not be explicit on the underlying approach to how pri-
orities should be set or on how to judge the social desirability of two different
outcome. However, differences in regard to such criteria will of course affect
the evaluation of alternative outcomes. There are large differences among the
concepts in regard to such criteria for priority setting, e.g. in regard to whether
human welfare is taken into account or not and in relation to how equity is fac-
tored into the priorities.

4.2 Priorities implied by the various concepts

4.2.1 Ecological footprint
The concept of ecological footprints seeks to measure the human demand for
nature and by comparing this demand with the biological capacity the concept
provides a specific, measurable criterion for what it calls the ecological bottom-
line condition for sustainability. The overall goal for natural resource manage-
ment as proposed by the concept is to achieve an ecological footprint that does
not exceed the total world biological capacity.

The factor that has the largest impact on the size of the ecological footprint is
the emission of CO2. CO2 emissions for the EU as well as for the world repre-
sent about 50% of the calculated ecological footprints. For the EU, the calcu-
lated CO2 footprint is deemed to appropriate a land area that exceeds that of the
EU (see Table 4.1).

Food consumption (the main part of cropland and grazing land) is the second
largest source of land appropriation representing about 35% of the total foot-
print both in EU and the World. For the EU, it is calculated that food consump-
tion appropriates about 75% of the available biological capacity.
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Table 4.1: Components of the Ecological Footprint for the EU and the World,
1996 (in area units per person)

EU ecological footprint World Ecological footprint

CO2 footprint 3.30 (52%) 1.41 (49%)

Cropland footprint 1.20 (19%) 0.69 (24%)

Grazing land footprint 0.85 (14%) 0.31 (11%)

Forest footprint 0.47  (7%) 0.28 (10%)

Built-up land footprint 0.37  (6%) 0.12  (4%)

Fishing ground footprint 0.08  (1%) 0.04  (1%)

Total footprint 6.28 2.85

Existing biological capacity 2.93 2.18

Ecological deficit -3.35 -0.67

Source: Living Plant Report 2000, WWF

Applicability of the concept for priority setting
The ecological footprint methodology provides a natural capital account that
can determine at each scale, from the global down to the household, how much
of nature's services are deemed to be appropriated for supporting these entities.
These biophysical accounts are said to show the relative contribution of differ-
ent resource consumption/waste production to an aggregated measure of
sustainability. It is stated that the accounts should help recognise re-
source/waste areas for which reduction would have the optimal effect on
sustainability and thus could function as a purely ecological prioritisation tool.

The pertinent question in regard and EU natural resource strategy is whether
such a methodology could assist in defining priorities for action.

The very important role of the CO2 footprint imply that that the methodology
in many ways will be more or less tantamount to a measure of CO2 reductions
as guide for prioritisation. If one, for example, assumes that human food con-
sumption in the EU should not be reduced (which accounts for the major share
of the grazing land footprint and the cropland footprint), then the only option
for making any significant reductions in the footprint will be to reduce the
CO2-footprint.

The ranking of outcome in terms of ecological footprint would also be indiffer-
ent with whether a reduction in the footprint have been brought about through
increased energy efficiency, and thus lower CO2 emissions, or through a re-
duction in human consumption. The former options would clearly be beneficial
whereas a reduction in consumption would most likely reduce human welfare.

Apart from these issues, the goal itself of balance between the ecological foot-
print and the biological capacity may also be difficult to apply in practise.
While the goal may have an intuitive appeal at the global level, it is less clear
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how this goal should be used at a country or regional level. In textbox 1, for
example, it can be seen that UK has a substantial ecological deficit while Fin-
land has a minor surplus; the difference mainly resulting from different popula-
tion densities. It seems unreasonable that the conclusions would be that these
two countries should pursue total different natural resource policies. A similar
question could be asked on a regional basis.

All in all, the concept may provide a broad-brush view of the overall challenges
but does not appear to be a suitable for defining actual priorities for an EU
natural resource policy.

4.2.2 Total material requirements and dematerialization
The key focus of the TMR and dematerialization concepts is the total flow of
materials through the economy including the so-called hidden flows, all meas-
ured in tonnes.

The focus on total material flows reflects the assumption that the quantity of
material flows may be taken as a very rough indicator human/societal/economic
intervention in nature and that it is this intervention that must be reduced (Hin-
terberger and Luks, 1998).

The total material flow does not point to which resources are of greatest im-
portance or most critical. The aim is to qualitatively reduce the overall material
throughput. The precautionary rationale is that reducing the material through-
put, automatically reduced the material outputs (releases of pollutants, wastes
etc.) as well as resource extractions harmful to the environment (Barthelmus
2000).

Applicability for priority setting
The detailed mass flow balances that are used to calculate the Total Material
Flows may be used for determining the material flows related to individual
products, activities or sectors.

The question is whether a country is better off if its total material requirements
(TMR) are reduced. The answer will depend on the composition of the changes.
If all material flows have been reduced (without reduction in consumption), the
economy is doubtless better of, but if the some mass flows have been reduced
and other increased the answer is less certain. The problem is still that a pure
aggregation of tonnes will reveal little of the environmental issues.

Dematerialization, i.e. the de-coupling of the environmental impact and re-
source use from economic growth will be an important goal in some way or
another in any strategy on sustainable resource use. Material flow balances may
also be tools for analysing waste flows and identifying possible options for tar-
geted action. However, the concept of Total Material Requirements have little
direct relevance for policy evaluation and priority setting, as it does not reflect
environmental harmfulness or scarcity of materials.
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4.2.3 Environmental space
The environmental space concept is defined as the quantity of a number of key
resources, such as energy, water, land, non-renewable materials and wood that
we can use in a sustainable fashion (Hille, 1997). It is also a part of the concept
that "sustainability", at least in regard to energy and material resources, must
reflect a notion of global equity. This means that for each of these key re-
sources, maximum use rates have been defined and that these use rates are allo-
cated to countries based on a measure of population.

Applicability for priority setting
The concept provides thus a set of targets for maximum use per person for a
number of key resources. If compared to actual consumption, the concept could
provide a measure of relative imbalances.

The concept does not allow any trade-off among the various targets nor indica-
tions of which resources are of greatest importance. The concept provides thus
little guidance for prioritising among alternative options in the natural resource
policy field.

4.2.4 Economics of resource management
Resource management from an economic perspective provides an analytical
framework for judging whether individual resources are used efficiently. These
tools do not as such provide any priorities but economic analysis may assist in
identifying resources that are used inefficiently and suggest policies to promote
a proper use.

For marketable non-renewable resources, such fossil fuels and minerals, eco-
nomic indicators of scarcity do not provide evidence that such resources are
becoming significant more scarce (Krautkraemer, 1998). Discovery of new de-
posits, substitution and technological progress have mitigated the impacts of
finite availability on the relative scarcity of resources. These trends are all
likely to continue but the future is, obviously, uncertain and whether or not
these mitigating factors will keep pace with increased demand for non-
renewable resources from a growing population and economic development
remains to be seen.

In any case, a more pressing problem is the protection the non-renewable and
renewable environmental resources that provide basic life support services and
generate a wide variety of amenity services. Given the open access and public
good nature of these resources and services, market interventions are necessary
to prevent inefficient use of these resources.

The fact that such environmental resources are likely to be used inefficiently in
the absence of market intervention does not automatically suggest that the re-
sources are used inefficiently today. A host of regulation and management
schemes are in place for most environmental resources. The question is of
course whether such interventions are adequate. No general answer can be
given to this question.
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Applicability for priority setting
Economic analysis builds on a consistent theoretical framework that may assist
in setting priorities for natural resource management.

The main tool for such prioritising is Cost-Benefit Analysis (CBA) which may
be used to judge the societal desirability of alternative options for natural re-
source policies. CBA involves the comparison of costs and benefits of defined
alternatives. The method requires thus that monetary values be assigned to the
various changes in environmental quality and natural resources. There are large
uncertainties in relation to evaluation of e.g. costs of CO2 emissions or loss of
biodiversity. The main uncertainty, however, stems from an uncertainty of the
actual effects e.g. of climate change.

CBA does not automatically reflect distributional concern but this may be in-
corporated in such analysis or addressed separately.

CBA of individual natural resource policy options provides no immediate in-
formation on the overall sustainability of natural resource use

4.2.5 Genuine Savings
Concepts related to green national accounts, e.g. genuine savings and Green
GNP, may be used as indicators of weak sustainability.

The overall objective for natural resource management as indicated by these
concepts is that the key to sustainable resource use is that the total value of all
forms of capital is at least maintained. The question of sustainable resource use
can thus not be seen isolated from how other forms of capital develop, as a re-
duction in natural assets may be compensated through investment in man-made
or human capital.

Looking at the composition of the genuine savings as calculated by the World
Bank (Hamilton, 2000) one can see the relative changes in various forms of
capital.

Figure 4.1: Components of the Genuine Savings as %-age of GDP, 1997

Net do-
mestic
savings

Educa-
tion ex-
pendi-
ture

Energy
depletion

Mineral
depletion

net for-
est de-
pletion

carbon
dioxide
damage

Genuine
domestic
savings

World 10.5 5.0 -1.2 -0.1 -0.1 -0.4 13.6

High
income

9.0 5.3 -0.5 -0.0 0.0 -0.3 13.5

Middle
income

17.0 3.5 -3.8 -0.5 -0.2 -1.1 15.0

Low
income

9.1 3.4 -4.2 -0.6 -1.8 -1.2 4.8

Source: Hamilton, 2000
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The calculation of genuine savings as shown in the table above is only covering
one year (1997) but may anyway serve to illustrate some relative contributions
from various sources to the genuine savings.

� Investment in physical and human capital far exceeds the reduction in
natural capital - less so for low-income countries.

� Depletion of energy resources represents the largest reduction in natural
capital.

� Carbon dioxide damage, estimated through the application of a shadow
price on carbon dioxide emissions, is estimated to reduce the value of natu-
ral capital by an amount of 0.4% of total GDP

� The calculation of genuine savings does not include other forms of envi-
ronmental damage than CO2.

Applicability for priority setting
Genuine savings is primarily an indicator for weak sustainability and due to its
aggregated nature it provides little direct input for assessment of alternative
policy options in regard to natural resource management.

The concept may inform decisions by analysing how various policies will con-
tribute to the genuine savings, i.e. increasing investments in physical and hu-
man capital and building up social capital. This will, however, mainly involve
decisions that are outside the narrow field of natural resource management, but
important for the overall sustainable development.

Positive genuine savings will indicate that the economy is overall sustainable,
in the sense of maintaining total wealth. However, if the investments in physi-
cal and human capital are high, it can easily mask an inefficient use and exces-
sive draw down of natural resources. In the World Bank calculations presented
in the table above, for example, the shadow price of CO2 emission has been
assumed at USD 20 per ton. However, this price is seldom paid by actual emit-
ters of CO2 and consequently one would expect that the emission of CO2 is
higher than would be economically efficient.

4.3 Main findings on priority setting
The setting of priorities is concerned with the question of which issues should
most urgently be addressed in the Community strategy. This should obviously
reflect the major threats or problems we are facing in regard to resource use and
management. However, the definition of these problems and which action that
needs to be taken will, among other things, depend on how the definition of
target population (e.g. is it the EU the whole world) and which overall goals
that are to be pursued.

The concepts may be broadly divided into two main categories of approaches:
1) concepts based on a physical/biological measurement of resource use that
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seeks to define the targets or guidelines for sustainable use of resource, and 2)
concepts based on economic approaches to resource management that provides
an analytical framework that can assist the determination the levels of resource
use that are consistent with a desired development in overall human welfare.

Typically, the concepts that are based on bio-physical measure of resource use
do not include the possible impacts on overall human welfare as such. These
concepts will thus in general be less suited to guide the trade-offs between
competing goals, for example between protection of the environment and eco-
nomic development that will have to be made in connection with the elabora-
tion of a Community Strategy. Nevertheless, the concepts may provide useful
and relevant indicators of resource use and of environmental pressure, and such
indicators may be used to guide policy development.

The concepts that are based on economic approaches do reflect such trade-offs
between different types of goals in the sense that the evaluation of alternatives
are based on the overall impact on human welfare. This is done by quantifying
all effects in monetary terms. Economic evaluations of large scale environ-
mental problems have, however, often been criticized for relying on uncertain
and incomplete economic valuation of changes in environmental assets.

Several of the concepts present priorities for key issues to address. For exam-
ple, the concept of Ecological Footprints appears to consider CO2 to be the
most important issue, whereas the concept of Factor 4/10 focuses on the physi-
cal flows of material in general, and the concept of Environmental Space identi-
fies a large number of key resources. However, these priorities do not emerge
from the application of the concepts. Rather, they reflect the set of underlying
priorities that have originally shaped the design of these concepts.
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5 Targets for resource management
proposed by the concepts

The review of the concepts reveals a number of different strategies for attaining
more sustainable use of resources. The question of promoting a proper level of
resource use needs to be addressed at different levels and targets or goals could
be defined for EU at such different levels. The central question is whether and
how the various concepts for natural resource management may inform the de-
termining of such targets.

The present chapter will approach the question of what contribution the con-
cepts may provide to the definition of a Community strategy by first discussing
the principal types of targets proposed by the concepts and secondly to briefly
analyse the difference in the targets proposed by selected concepts.

5.1 Types of targets
Based on the review of the concepts, a number of generic strategies for which
targets could be relevant may be identified:

� Promote increases in resource productivity. The importance of improving
the efficiency of resource use is recognised in all concepts.

� Set absolute use rates for certain resources. Increasing efficiency may not
be sufficient and not a relevant option for all types of resources.

� Maintain the overall level of capital. To attain sustainable development, it
is not enough to look at the use of natural resources

A strategy on sustainable use of natural resources would presumably have to
address the question of targets on all three levels.

5.1.1 Resource productivity
Increasing resource productivity will be central for any strategy on achieving
sustainable use of resources. Increased resource productivity means that a
smaller amount of resources may be used to generate the same level of output.
This will simultaneously achieve two key aims:
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� Conserve scarce energy and material resources

� Conserve the natural environments which acts as the receiving sinks for the
resulting when they are converted to wastes

In that sense everybody can agree to increasing resource productivity would be
a key aim of any strategy on resource use. The key point, however, is how
much that needs to be spent to achieve an increase in resource efficiency. If the
benefits of the increases in resource efficiency do not exceed the costs of rais-
ing it, then it would not be an attractive from a societal point of view (and a
private persons or enterprise would not pursue such options for increased re-
source efficiency barring e.g. specific subsidies).

Resource productivity is typically defined as the ratio of output, normally
measured as GDP, to some measures of resource input. Such measures of re-
source productivity have been produced for many years, e.g. for energy where
the GDP/unit of energy input is a commonly used to track the development in
energy intensities of countries. Similar measures of productivity can be made
for other resources as well for environmental resources, e.g. CO2 emissions.

A key problem in relation to more comprehensive resource productivity in-
dexes is how to aggregate resources.

Key issues
In relation to a target setting in the field of resource efficiency, a number of key
issues should be addressed:

� Is an explicit target for resource productivity required. Raising resource
productivity is a central strategy and there will typically be several barriers
for an efficient use of resources. A first strategy could, however, be to ad-
dress these barriers without having defined an overall goal for which re-
source efficiency to achieve.

� If a target is to be defined, then which resources should be covered and in
particular whether aggregate measures of resource productivity versus fo-
cus on key resources are to be preferred.

� How much should be done to raise resource productivity. There is a men-
tioned a difference between what technically can be achieved in regard to
resource productivity and what would be desirable from the point of soci-
ety.

Targets proposed by the concepts
The only of the reviewed concepts that presents explicit targets for resource
productivity is factor 4 which advocates increases in resource productivity of
factor of 4 compared to the present level.

The measure of resource productivity proposed by this concept is GDP per unit
of total material requirement, i.e. the measures of resource use is total material
flows aggregated in tonnes. This provides, as previously discussed, a single
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number for resource productivity, which does not reflect the relative scarcity or
environmental harmfulness of the resources.

5.1.2 Absolute limits for resource use
Although increasing resource efficiency will be a key of any strategy on natural
resource use, resource efficiency may not alone ensure that that desired levels
of resource use is achieved. If the economy grow faster than the improvement
in resource efficiency, the absolute levels of resource use will still be increas-
ing.

Many other resources, in particular environmental resources, are not priced and
it may not be feasible to price such resources. For many environmental re-
sources targets for absolute use may have to be defined. The crucial point is
still how to determine such targets. The concepts cannot as such provide direct
answers to such question but it must be based on analysis of the environmental
problems coupled with assessment of the relative costs and benefits of achiev-
ing such targets. For critical natural resources, absolute targets for sustainable
should be defined.

The limits for emissions of CO2 for the EU as defined in the Kyoto Agreement
would be an example of such maximum use rate.

Key issues
For marketed non-renewable resources such as metals and fossil fuels, there
does not seem to be any particular need for absolute targets based on some no-
tion of impending scarcity.

For most environmental resources such limits must be defined as the market
cannot promote a proper use. The actual limits would require careful analysis
before setting. The key problem is of course related to determining which levels
of use or minimum stocks that is critical.

Another issue of key concern in relation to targets for resource use is the allo-
cation of such rights among countries in the case of global resources. This con-
cerns the question of equity in relation to access to critical resources.

Targets proposed by the concepts
Several of the reviewed concepts propose absolute targets for the use of key
resources:

� Environmental space defines maximum use rates for a number of key re-
sources. These are targets for the total world use based on what is deemed
to be sustainable. National targets are then determined based on the size of
the population.

� Factor 4/10 couples the targets on resource productivity with absolute tar-
gets for total resource flows in the developed world. In order to achieve a
factor 4 worldwide and allow developing countries to increase their level
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of resource use, a target of an absolute decrease in resource use of a factor
10 has been proposed for the developed world.

� Ecological footprints provides a form of absolute target on an aggregate
level, i.e. the human use of nature should not exceed the world's biological
capacity. The target is not fixed, as improvements in technology could in-
crease the world's biological capacity as determined by the concept.

Common for all the above targets are that their achievement most likely would
require that the consumption level in EU would have to be reduced.

5.1.3 Maintenance of capital
Sustainable use of natural resources should not only been seen as an isolated
question of resource use but also in the context of the ultimate aim of sustaining
human welfare. The weak sustainability paradigm indicate that this condition
may be ensured through the maintenance of the total value of capital per capita,
where the total capital comprise man-made, human social and natural capital.

This requirement of non-declining capital has been operationalised in the form
of e.g. genuine savings and the natural target would be a genuine savings rate
that would ensure that total capital per capita to be non-declining. With no
population growth that would translate into a requirement of genuine savings of
zero or positive.

The requirement of maintaining the total stock of capital (physical, human, so-
cial and natural) will be relevant as an overall monitoring of the sustainability
strategy.

5.2 Level of targets proposed by the concepts
The various concepts propose targets with very different implications for the
EU if these targets were to be adopted. Table 5.1 presents the targets indicated
for the EU by selected concepts.
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Table 5.1: Comparison of targets indicated for the EU by various concepts

Concept Indicative target for the EU Situation today in the EU compared with
the proposed targets

Ecological Footprints An ecological footprint equal to the
availability of bio-productive land in
the EU1)

For EU the Ecological Footprint was, in 1996,
2.14 times higher than the calculated biologi-
cal capacity, i.e. the footprint should be re-
duced by 53%.

Environmental Space Targets are specified as a maximum
use rates for a large number of key
resources

Compared to 1990 levels, for example:
Energy use should be reduced by 50%
Fossil fuel use to be reduced by 75%

Material flow concepts (Fac-
tor 4/10)

Material flows should be reduced by a
factor 10, i.e. by 90%

Reduction by 90% of the total material flows
in the economy, measured in tonnes.

Genuine savings The genuine savings should be posi-
tive

Genuine savings as calculated by the World
Bank amounted to 13.5% of GDP for the
OECD countries in 1997, i.e. the EU seems to
comply with the target.

1) The concept states that the Ecological Footprint on a global scale should not exceed the bio-
capacity but the concept does not explicitly state that this target also must apply for each region and
country; the problem being that biological capacity may be imported and exported among countries.
However, the concept appears to suggest that it would still be a natural target for regions.

As the table above illustrates, the targets proposed by the various concepts
would have very different implications for the EU if adopted; with the bio-
physical concepts implying large reductions in resource use, and presumably
also consumption, whereas the Genuine Savings concept indicate that the crite-
ria for weak sustainability appears to be met for the EU.

The reasons for these large differences among targets proposed by the concepts
are, among other things, caused by different assumptions on what sustainable
resource use would require as well as different underlying views or goals in
regard to how the question of equity should be addressed.

Notion of sustainability The various concepts have different notions or assumptions on how to
determine the level of sustainable resource use. These differences will affect the
determination of the actual targets; for example:

� In the calculation of the Ecological Footprints, it is assumed that all the
anthropogenic CO2 emissions that are not absorbed by the oceans must be
sequestered.

� The Environmental Space concept, defines the maximum allowable global
emission of CO2 based on IPCC data with the assumption that global tem-
perature should not be expected to increase by more than 0.1 degree per
decade.
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� The Factor 4 concept has identified a global target of quadrupling the re-
source use efficiency, mainly based on what has been considered to be
technically feasible.

� Genuine savings is an indicator of weak sustainability where the aim is to
maintain the aggregate stocks of the total capital (natural, physical, human
and social). At the margin, reductions in natural assets (e.g. caused by in-
creased emission of CO2) may be offset if commensurate investments are
made in other form of capital. In the World Bank calculation referred to
above, the marginal costs of CO2 emission was estimated to be 20 USD
per ton and the calculations show that the estimated costs of EU emissions
of CO2 was more than compensated for by investments in other forms of
productive assets.

A key issue in the operational use of the various concepts is the question of the
degree to which various types of resources and capital may be substituted for
each other and how broad these concepts are in terms of taking all or only a
number of these into account.

Part of the differences and disagreements among the concepts are caused by
uncertainty in regard to the underlying physical limits or effects, e.g. we do not
know what the minimum viable level of biodiversity is and we do no not know
what an "acceptable" level of climate change is. This underlying uncertainty
cannot be solved by the concepts.

Notion of equity The question of how global equity is factored into the concepts has also a major
impact on the targets that the various concepts indicate as applicable for the
EU.

The three bio-physical concepts (Ecological Footprints, Environmental Space
and Factor 4/10) all employ an approach where some global level of resource
use has been determined and this maximum level are then allocated among
countries reflecting some notion of equity; e.g.:

� In Environmental space concept, the defined maximum rates for global use
of selected resources are explicitly allocated among countries based on the
size of the population.

� Factor 4/10 reflects the equity issue by stating that global resource use ef-
ficiency should be increased by a factor four (through halving of resource
use and doubling wealth). But to allow the developing countries to expand,
the developed countries must reduce total material flows in absolute terms
by a factor 10.

The Genuine Savings concepts does not include specific notion of equity or
mechanism for allocation of resource use among countries. The weak
sustainability criteria may be applied on country, regional or global scale test-
ing whether the total stock of capital is non-declining.
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5.3 Main findings on targets
Several of the concepts propose concrete targets for resource management in
more or less aggregated forms. Compared to the present level of resource use in
the EU, the implication of these targets range from requirements of drastic re-
ductions in resource use (e.g. the Environmental Space Concepts states fossil
fuel use must be reduced by about 75% compared with 1990 levels) to assess-
ments that EU has significantly positive genuine savings, indicating that the EU
economy currently is not on an unsustainable path.

These differences among targets reflect, among other things, different underly-
ing notions on what constitute a sustainable level of resources use and how the
issue of equality should be addressed. The proposed targets could thus not just
be adopted in a Community Strategy without addressing these underlying as-
sumptions.

The various concepts propose, however, a wide variety of targets at different
levels, which could provide a good starting point for considering possible
Community targets. The key types of targets proposed by the concepts may be
organised as follows:

� Targets for increased resource productivity. The importance of improv-
ing the efficiency of resource use is recognised in all concepts.

� Defining absolute use rates for certain resources. Increasing efficiency
may not be sufficient nor may it be a relevant option for all types of re-
sources.

� The above targets at resource level may have to be supplemented with an
overall target for achieving sustainability, e.g. of maintaining an overall
level of capital intact.
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6 Policy Options for Promoting Sustainable
Use of Resources

The policy options for promoting more sustainable use of resources will depend
on the actual resources and the level and nature of change in use that one would
seek to bring about.

The various concepts are to a large extent putting forward the same general
proposals on necessary measures to promote sustainable resource use: proper
pricing, green tax reforms, changes in attitudes, greater environmental aware-
ness. However, the stringency of such measures will of course be very depend-
ent on the level of targets that are to be achieved.

The present chapter will review the main types of policy options available for
affecting the use of natural resources. This discussion will not as such be tied to
the individual concepts, as the link between the type of instruments and the
concepts is not particularly relevant.

6.1 Main types of measures

6.1.1 Types of measures to promote increased resource
productivity

Efforts to promote increased resource productivity would typically involve a
number of mutually supportive policy measures:

� Development of appropriate indicators of resource use and resource effi-
ciency;

� Development of proper resource accounts
Natural resource accounts may assist in tracking whether policies deliver
the intended effect on reductions in resource consumption.

� Proper pricing of energy and other resources
Increased resource productivity should be promoted through sending
proper price signals to the consumers and industry. This will involve a
number of measures such as removal of environmental harmful taxes and
resource/energy taxation, possibly as a part of a green tax reform.
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� Support to research, innovation, and adoption
Increased resource prices e.g. in the form of taxes may not be sufficiently
to proper level on innovation and various forms of support to adoption of
new technologies and research will be needed.

� Promoting changes in attitudes
Information, education and labelling schemes may support the necessary
changes in behaviour from all agents.

6.1.2 Measures related to absolute targets for resource use
The measures needed to achieve an absolute target for resource use will obvi-
ously depend on the type of resource in question. The type of instruments and
options will be similar to the above but as the aim is to achieve an absolute tar-
get a greater reliance on e.g. marketable permits may be relevant.

However, there is no reason why an absolute target for a particular resource
should lead to less reliance on market based instruments, if these present a fea-
sible option. The Kyoto Agreement defines national targets for CO2 emissions
but the fulfilment of such national targets will vary much rely on the use of tra-
ditional market based instruments such as energy taxation, support to energy
savings etc.

6.1.3 Measures related to the maintenance of capital
The same measures to promote an efficient use of resources are also central to
maintaining the level of the aggregate value of capital.

However, at the same time a broader set of policy measures and evaluation will
be relevant. This would include measures to promote a proper level of invest-
ment in physical and human capital. Social capital is more intangible and it is
less obvious which policies that actually increase the social capital and how to
"invest" in social capital.

However, these measures are rather a part of an overall strategy on the eco-
nomic development of the Community where obviously, the natural resource
strategy will be one component.

6.2 Main finding on policy instruments
The disagreement among the concepts on the type of measures that are relevant
for addressing resource management issues is much less pronounced than dis-
agreements on what to achieve.

Most concepts suggest the use of market based instruments and price mecha-
nisms. In this, the concepts emphasise the relevance of phasing out environ-
mentally harmful subsidies and the relevance of tax reforms. Other general
propositions include the development of suitable environmental indicators and
measures to improve the information on problems and possible solutions.
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The relevant policy measures may also depend on the timeframe for the Com-
munity strategy. The first step could be to address the present causes of ineffi-
cient resources management and use. This would include traditional prescrip-
tion such as "get the prices and institutions right".
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