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Preface

“Indicators to assess ecological sustainability in the urban water sec-
tor” is written as part of the Sustainable Urban Water Programme funded 
by the Swedish Foundation for Strategic Environmental Research (MIS-
TRA). The report is the result of a co-operation between Stockholm 
Vatten (Daniel Hellström), The University of Linköping (Mattias Hjerpe) 
and Ramböll Sweden (Denis Van Moeffaert).
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Summary

The main question for the research programme Sustainable Urban Water 
Management (UW), funded by the Swedish Foundation for Strategic En-
vironmental Research (MISTRA) is whether existing urban water man-
agement is sustainable and what measures that may be undertaken if it is 
not. This paper focuses on the ecological dimension of sustainability. The 
objective is to examine different approaches to define ecological sustain-
ability. Guiding principles approach politically set environmental quality 
criteria, and scientifically derived critical loads and carrying capacities 
are the three methods this report investigates to assess sustainability in 
the urban water sector. The implication for the assessment of urban water 
management is discussed. The different approaches are used to measure 
the fulfilment of goals/targets for urban water supply and wastewater man-
agement for six different environmental criteria, namely water preserva-
tion, eutrophication, contribution to acidification, contribution to global 
warming, spreading of toxic compounds, and use of natural resources.
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To improve and raise the knowledge of sustainable water and wastewa-
ter management, the Swedish Foundation for Strategic Environmental 
Research (MISTRA) initiated in 1999 a six-year Swedish research pro-
gramme entitled “Sustainable Urban Water Management” (Malmqvist, 
1999). A systems analysis is the core of the urban water programme, with 
the aim to synthesise results from other research projects and analyse the 
results with respect to the overall visions and goals of the research pro-
gramme. The framework for the system analysis has been described by 
Hellström et al. (2000). The main question for the urban water programme 
is if existing urban water management is sustainable and what measures 
should be undertaken if it is not.

Hence, to enable systematic assessment of the above question there is 
a need to define, or at least elaborate upon the meaning of the concept of 
sustainability. The debate about sustainability and sustainable develop-
ment has resulted in an enormous flora of texts and approaches.

The most commonly used and cited definition of sustainable develop-
ment is probably from the World Commission on Environment and Devel-
opment (WCED) report ‘Our Common Future’: “development that meets 
the needs of the present generation without compromising the ability of 
future generations to meet their own needs” (WCED, 1987). Another defi-
nition of sustainable development was given in the 1990 IUCN, UNEP 
and WWF follow-up of the World Conservation Strategy Caring for Earth: 
“improving the quality of human life while living within the carrying ca-
pacity of supporting ecosystems” (IUCN, 1990).

A lot of effort is given to define the meaning of sustainability. There 
is an ongoing debate about criteria deemed necessary and sufficient for 
reaching sustainability. There is no consensus about the meaning of sus-
tainability, and numerous are the definitions, reports and texts produced 
about this issue. Sustainability is, by some, said to have three dimensions: 
ecological, economic and social (Berkes and Folke, 1998). By others, as 
Valentin and Spangenberg (1999), four: environmental, institutional, so-
cial and economic.

Munasinghe and Swart (1999) relate three major objectives of develop-
ment - material production, improve income distribution and protection 
of the environment - to the three dimensions of sustainability. Butler and 
Parkinson (1997) rank three objectives of urban drainage systems – health 

1 Introduction
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and safety, environmental protection and sustainability – after increasing 
extent of spatial and temporal effects. Sustainability issues are then said to 
be global in context and with a time horizon counted in years.

There seems to be a consensus about the necessity of using an integrat-
ed approach, taking into consideration the different demands to be met in 
order to assess if a system is sustainable. An urban water infrastructure is 
an example of such a system arising the question of sustainability. Rijsber-
man and van de Ven (1999) point out the necessity of clearing out theoreti-
cal foundations for sustainable urban water management. People interpret 
sustainability in different ways, leading to different conclusions. 

1.2 Aim of the report
In this report we are concerned about the ecological or environmental di-
mension of sustainability. What is ecologically sustainable water supply 
and wastewater management? 

Firstly, as part of this introduction, a conceptual framework of urban 
water supply and wastewater management is presented, with the ecologi-
cal dimension in focus. 

Secondly, we examine three different approaches about ecological as-
pects of sustainability. 

Thirdly, we relate the environmental criteria and indicators for urban 
water supply and wastewater management proposed by Hellström et al 
(2000) to each of the three interpretations of ecological sustainability. 
These are ecological sustainability based on the Swedish political envi-
ronmental objectives, critical loads and Guiding Principles. A proposal for 
environmental assessment of urban water systems is presented to interpret 
the results from the systems analysis in the Urban Water programme.

In this report a criterion is understood as a demand to be met by urban 
water supply and wastewater management, whereas an indicator is under-
stood as the degree of fulfilment of the criterion.

1.3 The urban water system
A description of the urban water system is presented in figure 1.1. The 
surrounding environment is affected in several ways by the urban water 
system. Important aspects that are considered in this paper are: 

• Withdrawal of raw water for production of clean (high quality) water;

• Use of natural resources for production of usable energy, chemicals and 
other products;

• Discharges of treated wastewater and urban run-off to recipients; 

• Use of residues such as biosolids in agriculture; and 

• Emissions to air from various activities directly or indirectly related to 
water supply and wastewater treatment.
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Urban water supply and wastewater systems should 

1. provide clean water for a variety of uses

2. remove wastewater from users in order to prevent unhygienic condi-
tions 

3. remove stormwater in order to avoid damage from flooding 

Existing urban water systems can fulfil these fundamental requirements 
to a high degree. Over the last ten years, however, the existing systems 
have been increasingly criticised not to fulfil the demands of ecological 
sustainability (e.g. Harremoës 1997, Otterpohl et al 1997, Butler and Par-
kinson 1997). 

Figure 1.1: A representation 
of the urban water system as 
a subsystem of the environ-
ment and society.
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2.1 Definitions of ecological sustainability
Opinions about the possibility or desirability to define sustainability dif-
fer. In order to get a clear picture about the environmental dimension of 
sustainability, different approaches to define environmental sustainability 
are examined and their implications for the proposed criteria of sustain-
able urban water management are discussed. The following approaches to 
define ecological sustainability are examined: 

1. Ecological sustainability defined as compliance with politically set en-
vironmental quality criteria.

2. Ecological sustainability defined by using scientifically derived critical 
loads and carrying capacities.

3. Ecological sustainability defined by using a Guiding Principle ap-
proach.

The first approach takes a more pragmatic stance and means that an 
activity could be said to be sustainable if it is in full compliance with 
politically set environmental criteria. In this case, we use the 15 Swedish 
national environmental quality objectives. The second approach is based 
on the conception that there is some kind of limit or critical load as to 
the maximum amount of pollution or withdrawal a certain ecosystem can 
manage without causing any harmful or adverse effects. The rationale 
behind the third approach is that some kind of criteria or Guiding Princi-
ples can be formulated as to enable assessments of the sustainability of a 
certain activity or system. 

In reality the different approaches are hard to separate from one anoth-
er. Often, the Politically Set Criteria are the result of Guiding Principles 
and carrying capacity and critical load studies, as figure 2.1 shows. While 
the approach critical load is dependent on scientific results, the Politically 
Set Criteria are more influenced by the economy, technical limitations 
and different opinions. Figure 2.2 shows the relationship between Guid-
ing Principles and critical loads. Guiding Principles are more related to 
the activity taking place, while the critical loads relate to the effects of a 
certain activity. 

2 Three interpretations
of ecological sustainability
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There are numerous other attempts to define ecological sustainability. 
For analytical purposes we try to keep the three approaches separated. 
Ekins and Simon (2000) use a similar approach to determine the gap be-
tween current emission levels and sustainable emission levels based on 
either scientifically derived estimates (sustainability standards) or policy 
targets.

When defining ecological sustainability with a politically set approach, 
one has to keep in mind that the political criteria often are the result of 
Guiding Principles or carrying capacity/critical load studies (see figure 
2.1). However, political objectives suggest legitimate amounts of pollu-
tion. While the Guiding Principle and the carrying capacity/critical loads 
approach seem to be independent of the development of societies, then the 
Politically Set Criteria are definitely not.

The critical load approach is based on the maximum amount of sub-
stances emitted under which no negative impact on the ecosystem occurs. 
These maximum amounts rely to the total impact of the society to the 
ecosystem. However, it gets more complicated when setting maximum 
amounts for individual sectors, for example the urban water sector. Is the 
urban water sector allowed to take its full share of the critical load while 
it could perform better? The problem arises of dividing the ‘space’ sug-
gested by the carrying capacity/critical load approach to the different sec-
tors of society.

The Guiding Principles are general ethical rules. These principles give 
an idea of what sustainability is about, but this approach might be experi-
enced too theoretical to define ecological sustainability of complex urban 
water systems.

Figure 2.1: Relation be-
tween the three approaches 
to assess sustainability

Figure 2.2: Relation be-
tween Guiding Principles 
and critical loads

Guiding principles

Critical loads/carrying 
capacity

Politically set critera

Economy

Opinions

Technical limitations

Critical loads/carrying 
capacity

Effects

Critical loadsGuiding principles
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2.2  Ecological sustainability based on 
       Politically Set Criteria: The 15 Swedish
 Environmental Objectives
In order to enhance the work towards ecologically sustainable develop-
ment, the Swedish parliament adopted 15 national environmental quality 
objectives in April 1999. The environmental quality objectives articulate, 
in a normative way, future states of the environment deemed desirable. 
The focus is set on consequences for human health, biological diversity, 
cultural environment and nature. The environmental objectives deemed 
most relevant for urban water supply and wastewater are: natural acidi-
fication only, no eutrophication, a non-toxic environment, high-quality 
groundwater, sustainable lakes and watercourses, a balanced marine en-
vironment, sustainable coastal areas and archipelagos and a good urban 
environment. The criterion ʻglobal warming  ̓is appropriate to include as 
the contributions from some urban water systems cannot be discarded. 
Moreover, global warming is an actual problem when it comes to critical 
loads. Another political document of current interest for urban water sup-
ply and wastewater management is the European Union Water Framework 
Directive. It contains detailed guidelines about what ecological and chem-
ical statuses for different kinds of waters to be achieved. If one adopts a 
Politically Set Criteria approach, the environmental objectives could be 
seen as criteria or demands to be met for a certain activity, e.g. water and 
wastewater management, in order to be ecologically sustainable.

2.3  Ecological sustainability based on critical  
 loads/carrying capacity
The concept of critical load (CL) was first elaborated as a basis for future 
environmental assessments in the 1988 UN-ECE Nitrogen Protocol and 
was put into practise in the 1994 Sulphur Protocol of the Convention on 
Long-Range Transboundary Air-Pollution. The essential point was to use 
scientific knowledge about effects on certain vulnerable elements instead 
on focussing on emission levels. The CL can thus be defined as a load be-
low which no significant harmful effects on a certain species occur. 

Bell and Morse (1999) define carrying capacity as the maximum 
number of individuals of a species that an ecosystem can sustain. The 
underlying rationale is that there is some kind of limit, which could be 
defined, based on scientific knowledge, under which there would not be 
any adverse effects. Both approaches are dependent on the characteristics 
of the ecosystem and on the human activities within this system. 

2.4  Ecological sustainability based on Guiding  
 Principles
Many definitions of ecological sustainability based on Guiding Principles 
are proposed in the literature. One set of principles for an ecologically 
sustainable society is proposed by “The Natural Step” (TNS). The TNS 
principles are: 
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1. The ecosphere is not subject to systematically increasing concentra-
tions of compounds extracted from the lithosphere;

2. The ecosphere is not subject to systematically increasing concentra-
tions of substances produced by society;

3. The functions and diversity of the ecosphere are not subject to system-
atic degradation by physical means, such as over-harvesting or other 
forms of ecosystem manipulation (e.g. Azar et al. 1996; Lundqvist, 
2000). 

Similar principles have been suggested by inter alia Krotscheck and 
Narodoslawsky (1996) and Ayres (1996). Slightly different Guiding 
Principles have been suggested by e.g. Daly (1990) and Ekins and Simon 
(2000). Different principles have been compared by Upham (2000) and 
the principles proposed by TNS were criticised for not being based on 
consensually accepted evidence, being ambiguous in its approach to risk 
assessment, and controversial in its implied proposal for zero growth in 
the physical parameters of the human economy, biodegradable material 
excepted. However, the principles proposed by TNS are rather typical for 
the Guiding Principle Approach and could be regarded as “general ethical 
rules” for environmental behaviour, which need to be interpreted for spe-
cific situations or choices to be made. Furthermore, the idea behind TNS 
is to make precautions without having every detail in the causal chain 
scrutinised waiting for potential irreversible effects. From a Swedish per-
spective, the TNS principles are interesting since they have been widely 
used in the Agenda 21 in many municipalities and in the development of 
environmental strategies for different companies. Hence, the TNS princi-
ples are used in this work since they are rather typical, rather simple (at 
least in theory) and have been widely accepted (at least in Sweden). 

“Factor 10” has been proposed as an environmental goal. The basic 
principle of Factor 10 is that, to achieve sustainable development, the use 
of resources by the industrialised countries must be reduced by a factor of 
10, or roughly 90 percent, within the next half century.

It is not entirely clear if proponents of Factor 10 interpret this as a 
tenfold increase in resource efficiency, or a 90 percent reduction in total 
resource use. This distinction is an important one, since the total use of 
resources may increase even if efficiency is improved (if consumption 
increases at a faster rate than efficiency). Factor 10 is based on an esti-
mated tolerable impact on the biosphere from human activities. Resource 
utilisation should then be reduced by 50 % on a global scale, which could 
be used as a material target for sustainability. However, then consumption 
must be reduced by 10 times in developed countries, due to large differ-
ences in resource utilisation between developed and developing countries 
(Schmidt-Bleek 1994).
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In this section the environmental criteria of the Urban Water programme 
proposed by Hellström et al (2000) are related to the three interpretations 
of ecological sustainability presented above and possible indicators are 
suggested. The criteria within the Urban Water programme include: 

• groundwater preservation

• eutrophication 

• acidification 

• global warming

• spreading of toxic compounds 

• use of natural resources

These criteria reflect the influence of the urban water sector on the 
environment. The criteria are partly selected from the 15 Swedish En-
vironmental Objectives. Global warming is included because of the pos-
sible contribution of certain urban water systems and the actual problems 
concerning critical loads. See also chapter 5 for the motivation behind the 
choice of these criteria.

3.1 Groundwater preservation

3.1.1  Politically Set Criteria
The EC Water Directive gives a framework for the implementation of the 
environmental objectives. There it is stated that the quality of water should 
not be adversely affected by human activity.

Using the 15 national environmental objectives as a basis for the analy-
sis of ecologically sustainable urban water management puts the focus on 
protecting valuable water resources, e.g. reducing discharges of harmful 
substances and protection of geological formations important for ground-
water supply. 

This section of this report deals mainly with the quantitative status 
of the groundwater. A qualitative assessment is included in the criterion 
‘spreading of toxic compounds’.

3 Environmental assessment
of urban water systems
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The EC Water Framework Directive: 

Box 3.1 shows the situation in Europe, outlined by the European Environ-
mental Agency. Overextraction of groundwater has caused problems in 
Europe affecting both quality and quantity. 

“The extraction of groundwater for use in the urban water sector in 
Europe is the following: 

In Austria, Denmark, Portugal, Iceland and Switzerland over 75 % 
of the water for public water supply is abstracted from groundwater, 
between 50-75 % in Belgium (Flanders), Finland, France, Germany, 
Ireland, Luxembourg and the Netherlands, and less than 50 % in Nor-
way, Spain, Sweden, United Kingdom, Belgium (Brussels) and Czech 
Republic (Eurostat, 1997). As groundwater is generally of superior 
quality to surface water and requires less treatment, groundwater re-
serves are increasingly being exploited in preference to surface water 
sources. In many parts of Europe this has led to over-abstraction and a 
lowering of the groundwater table resulting in the drying up of spring 
fed rivers, destruction of wetlands and, in coastal areas, saline intru-
sion of aquifers.” 

Consequently, the European Community has conducted the EC Water 
Framework Directive. 

This directive states that:

1. “Member States shall implement the necessary measures to prevent or 
limit the input of pollutants into groundwater and to prevent the dete-
rioration of the status of all bodies of groundwater”

2. “Member States shall protect, enhance and restore all bodies of ground-
water, ensure a balance between abstraction and recharge of groundwa-
ter, with the aim of achieving good groundwater status at the latest 15 
years after the date of entry into force of this Directive.”

3. “Member States shall implement the necessary measures to reverse 
any significant and sustained upward trend in the concentration of any 
pollutant resulting from the impact of human activity in order progres-
sively to reduce pollution of groundwater.”

The EC Water Framework Directive relates to two aspects of ground-
water preservation:

1. The groundwater quantitative status

2. The groundwater qualitative status

As mentioned above, the groundwater’s qualitative status is described 
in the criterion ‘spreading of toxic compounds’. 

The quantitative status of groundwater as described in the EC Water 
Framework Directive is outlined in box 3.2.

Box 3.1: Extraction of 
groundwater, from ‘Sustain-
able Urban Water Use in 
Europe, Part 1: Sectoral 
use of water – Environ-
mental Assessment report 
number 1.’a
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Element Good status

Groundwater level “The level of the groundwater is such that 
the available groundwater resource is not 
exceeded by the long-term annual rate of 
abstraction.”

“Accordingly, the level of groundwater is 
not subject to anthropogenic alterations 
such as would result in”:

- “failure to achieve the environmental ob-
jectives specified in the Water Directive”

- “any significant diminution in the status 
of such waters”

- “any significant damage to terrestrial 
ecosystems which depend directly on the 
groundwater body”

“Alterations to flow direction resulting 
from level changes may occur temporarily, 
or continuously in spatially limited area, 
but such reversals do not cause saltwater or 
other intrusion, and do not indicate a sus-
tained and clearly identified anthropogeni-
cal induced trend in flow direction likely to 
result in such intrusions.”

The Swedish Environmental Protection Agency (SEPA): 

The Swedish Environmental Protection Agency is “a central environmental 
authority under the Swedish Government (SEPA, 2002).” Their tasks 
are laid down by the Government, and include the co-ordination and 
promotion of environmental work on both a national and international 
level.

The Swedish Parliament has established 15 environmental quality 
objectives to guide Sweden towards a sustainable society. The 15 
environmental objectives function as benchmarks for all environment-
related development in Sweden. One of those 15 objectives is ‘good 
quality groundwater’.

The main goal of the Swedish Environmental Protection Agency is 
”Groundwater must provide safe and sustainable supplies of drinking 
water and contribute to viable habitats for flora and fauna in lakes and 
watercourses” (SEPA, 2002). Specifically, the environmental quality 
objective implies that (SEPA, 2002): 

Box 3.2: A description of 
the qualitative groundwater 
status according to the EC 
Water Framework Direc-
tive.
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1. “The quality of groundwater must not be adversely affected by human 
activities such as land use, gravel extraction, discharges of pollutants 
etc.” 

2. “The quality of leaking groundwater must not be conducive to a viable 
habitat for flora and fauna in lakes and watercourses.”

3. “Consumption and other human activities affecting groundwater must 
not lower the water table so as to jeopardise supplies and quality.” 

The sub-goals of the Swedish Environmental Protection Agency are: 
“pollution levels should be so low that groundwater meets the requirement 
for high-quality drinking water as defined in the drinking water regula-
tions of the Swedish National Food Administration and the requirements 
regarding high-quality groundwater status in the EC Water Framework 
Directive.” Intermediate targets (met by 2010 at the latest):

1. “Geological formations containing groundwater of importance for 
present and future water supplies will have acquired long-term protec-
tion against forms of exploitation that limit the use of the water.”

2. “Long-term changes in the water table will not affect water supply, 
ground stability or flora and fauna in adjoining ecosystems in the year 
2010.”

3. “Groundwater supplying more than 50 people or distributed in quanti-
ties of more than 10 m3 per day will meet the drinking water require-
ments of the Swedish National Food Administration.”

The Swedish Environmental Protection Agency stresses more to the 
quality of groundwater and refers to the drinking water requirements of 
the Swedish National Food Administration. These requirements can be 
found in appendix 1.

Above, general guidelines have been stated from the EU Water Direc-
tive and the Swedish Environmental Protection Agency on the groundwa-
ter levels. However, some variation in groundwater level is natural. How 
can we interpret variations in groundwater level when monitoring?

Due to the varying characteristics of earth layers and bedrock, the 
natural level of groundwater varies significantly from place to place in 
Sweden. There are also changes over time. This means that it is difficult to 
determine from isolated measurements whether or not the water table has 
been influenced by human activity (SEPA, 2002). 

Despite such difficulties, there is a source of information that can assist 
in the cautious interpretation of isolated measurements. The Geological 
Survey of Sweden’s (SGU) monthly chart of natural water table levels in 
different parts of the country shows groundwater levels in Sweden. 

There are two different types of chart - one for smaller aquifers (e.g. in 
moraines or bedrock), and the other type for larger aquifers (primarily in 
glacial meltwater deposits). In smaller aquifers, the water table’s natural 
variation is usually 1–3 metres per year, while the level in larger aquifers 
usually changes by no more than a few decimetres. Each chart also indi-
cates deviations from the annual average. 

As an example, the groundwater levels of March 2003 are shown in 



Indicators to assess ecological sustainability in the Urban Water sector

22

Indicators to assess ecological sustainability in the Urban Water sector

23

figure 3.1. The Geological Survey of Sweden states that “the groundwater 
levels in Norrland are continuing to decrease. In Svealand and Götaland, 
levels has risen 5 to 20 centimetres.” 

The Swedish Environmental Protection Agency suggests the values of 
table 3.1 when evaluating differences in a groundwater table. These values 
can be interpreted as the limit values, which are not to be exceeded when 
extracting groundwater.

Water table level 
(SGU monthly survey)

Deviation from
annual average 
(metres)

Far above normal > 0.5

Above normal 0.2 – 0.5

Normal range -0.2 – 0.2

Below normal -0.5 – -0.2

Far below normal < -0.5

Some reference values and theoretical background is given by the 
Swedish Environmental Protection Agency, outlined in box 3.3.

Figure 3.1: The Geological 
Survey of Sweden monitor-
ing the groundwater levels 
in Sweden. Example of 
March 2003. 

Table 3.1: Deviation in 
groundwater level.



Indicators to assess ecological sustainability in the Urban Water sector

22

Indicators to assess ecological sustainability in the Urban Water sector

23

The Swedish Environmental Protection Agency describes the differ-
ent geological formations in Sweden relating to possible yields. SEPA 
declares that in Sweden there are two main types of aquifers: 

1. Bedrock without primary porosity but with water bearing joints 
and fractures 

2. Quaternary superficial deposits with primary porosity. 

“Compared with continental Europe, groundwater resources in Swed-
ish bedrock are limited. Only in the county of Skåne in southernmost 
Sweden and sporadically in other parts of the country there are fa-
vourable conditions for large-scale groundwater abstraction. The 
water in these younger sedimentary bedrock aquifers in limestone and 
sandstone appears in pores as well as in fractures and joints. Normal 
yields are 5 - 15 l/s.” 

“The Precambrian crystalline bedrock covering most of Sweden 
is considered low-yielding aquifer. Yields are normally 0.1 - 1 l/s, 
enough for individual households. Exceptionally 10 -15 l/s can be 
obtained in larger fracture zones. 

Glacio-fluvial eskers and ice-margin deltas are the most important 
aquifers of the quaternary superficial deposits. Yields vary greatly, but 
are normally between 1 and 25 l/s. However, there are glacio-fluvial 
deposits hydraulically connected with surface water which yield up 
to 250 l/s. Glacial till, which is the most common Quaternary deposit 
in Sweden, usually has low permeability, but can provide individual 
households with drinking water.

The turnover time of groundwater in glacio-fluvial deposits is normal-
ly around 10 years, while it is usually less in glacial till. The turnover 
time of groundwater in the deeper bedrock aquifers may vary from 
two to three years to more than 10,000 years. “

3.1.2  Critical loads/carrying capacity
The critical load of the quantity of groundwater deals with the amount 
of groundwater that can be extracted. It is only allowed to extract such 
amounts, which do not cause negative effects, such as salt intrusion or loss 
of vegetation.

For the critical load of the quality of groundwater, this report refers to 
the Politically Set Criteria and the Guiding Principles.

3.1.3  Guiding Principles
Following a Guiding Principle approach natural resources should be used 
without any risks of continuous depletion in quantity or quality, e.g. water 
resources must be protected from discharges of substances that accumu-
lates and the use of water should not result in long-term depletion of water 
reservoirs.

Box 3.3: Some reference 
values and practical infor-
mation given by the Swed-
ish Environmental Protec-
tion Agency concerning 
variations in groundwater 
tables.
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3.1.4  Comparison of the approaches
The Guiding Principles and the political goals seem to be similar. How-
ever, there are some important differences. Firstly, the Guiding Principle 
approach includes all water resources, whereas the Politically Set Criteria 
referring to groundwater only refer to valuable groundwater resources. 
Hence, the valuable resources must be defined. Moreover, using a Guid-
ing Principle approach implies no depletion of quality or quantity whereas 
the political environmental quality objective states that water resources 
should not be adversely affected. Hence, “adversely affected” must be 
defined.

Figure 3.2 presents a scheme of three approaches towards ecological 
sustainability for groundwater preservation.

Figure 3.2: Schematic 
presentation of the three 
approaches towards eco-
logical sustainability for 
the criterion groundwater 
preservation.
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without any risks of continuous depletion in quantity or quality, e.g. water 
resources must be protected from discharges of substances that accumu-
lates and the use of water should not result in long-term depletion of water 
reservoirs.

3.1.4 Comparison of the approaches

The Guiding Principles and the political goals seem to be similar. However, 
there are some important differences. Firstly, the Guiding Principle approach 
includes all water resources, whereas the Politically Set Criteria referring 
to groundwater only refer to valuable groundwater resources. Hence, the 
valuable resources must be deýned. Moreover, using a Guiding Principle 
approach implies no depletion of quality or quantity whereas the political 
environmental quality objective states that water resources should not be 
adversely affected. Hence, ñadversely affectedò must be deýned.

Figure 3.2 presents a scheme of three approaches towards ecological 
sustainability for groundwater preservation.

Critical loads/
carrying capacity 
(CL)

Guiding              
Principles         
(GP)

Politically         
Set Criteria 
(PSC)

Groundwater 
preservation

Groundwater         
quantity

Groundwater         
quality

Groundwater         
quantity

Groundwater         
quality

Monitoring        
groundwater
table 3.1

-  > 10 m3/day?
-  > 50 pers

See: PSC
and GP

No depletion 
in quantity or 
quality

-  EC good status
   Box 3.2     
-  SEPA: p.14 

App. 1

- abstract < recharge 
- no negative impact

Figure 3.2: Schematic presentation of the three approaches towards ecological 
sustainability for the criterion groundwater preservation.

3.2 Eutrophication

3.2.1  Politically Set Criteria
EC Water Directive 

The political goal states that all lakes, watercourses, coastal water and sea-
water in Sweden should comply with “Good Ecological Status” as defined 
in the European Union Framework Directive for Water. To achieve this it 
is stated that a reduction of the emissions of phosphorus and nitrogen is 
deemed necessary. For nitrogen reduction, levels are specified for nitro-
gen to water and NOx to air, whereas no reduction levels are specified for 
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phosphorus. The emissions of nitrogen from antrophogenic activities to 
receiving waters should be reduced by 25 % from 1995 to 2010. 

All these values represent the total amount of emissions in the society. 
Only a fraction of these total emissions is produced by urban water. 

Table 3.2 shows the emissions from the urban water sector in Sweden, 
based on Hellström et al (2000) and Kärrman et al (1999)1.

1995-levels Reduction 2010-levels

Nitrogen to water  (g/pers,year) 13002 25 % 975

NOx                      (g/pers,year) 50-703 55 % 22.5-31.5

Phosphorus           (g/pers,year) 232 no specifications

The Swedish Environmental Protection Agency

The main goal of the Swedish Environmental Protection Agency is that 
Swedish coastal and marine areas and seas should comply with “Good 
Ecological Status” as defined in the European Union Framework Direc-
tive for Water. The fallout of airborne nitrogen compounds should not 
exceed the critical load for eutrophication of soil and water in any part of 
Sweden. 

The sub-goals of SEPA are (tables 3.3 and 3.4):

• “The Swedish anthropogenic waterborne discharges of phosphorus 
compounds to lakes, watercourses and coastal waters will have steadily 
diminished from their 1995 levels.”

• “The Swedish anthropogenic waterborne discharges of nitrogen to the 
Baltic sea south of the Åland Ocean have decreased by at least 30 per 
cent compared with 1995 levels, to 38 500 tons.”

• “The Swedish discharges of ammonia will have been reduced by at 
least 15 percent compared with 1995 levels, to 51 700 tons.”

• “The Swedish emissions of nitrogen oxides into the air will have been 
reduced till 148 000 tons latest by the year 2010.”

1995-levels Reduction 2010-levels

Nitrogen to water (tonnes) 55 0001 30 % 38 5003

Ammonia to air    (tonnes) 60 800 15 % 51 700 

NOX                    (tonnes) 309 0002 (48 %) 148 000 

1995-levels Reduction 2010-levels

Nitrogen to water (g/p,y) 18 3333 30 % 12 8333

Ammonia to air    (g/p,y) 6 800 15 % 5 780

Nox                      (g/p,y) 34 700 (48 %) 16 629

Phosphorus          (g/p,y) 280 must diminish < 280

When comparing the values from table 3.2, the emissions of the urban 
water sector in Sweden, and the values of table 3.4, the political goal in 

Table 3.2: Urban water 
emissions contributing to 
eutrophication.

Table 3.3: The sub-goals of 
the Swedish Environmen-
tal Protection Agency for 
eutrophicating substances 
(total emissions in Sweden 
except for ‘nitrogen to wa-
ter’, which are the missions 
of nitrogen to the Baltic sea 
south of the Åland Ocean.

Table 3.4: The sub-goals of 
the Swedish Environmental 
Protection Agency for eu-
trophicating substances per 
person (total emissions in 
Sweden except for ‘nitrogen 
to water’ is the emissions to 
the Baltic sea south of the 
Åland Ocean)

1 Kärrman et al, 1999, Miljösystemanalys av hushållens avlopp och organiska avfall, VA-  
  Research Report-1999-15
2 Emissions of nitrogen to the Baltic sea south of the Åland Ocean
3 The Swedish statistical Institute, http://www.scb.se/sm/MI18SM0201.pdf
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Sweden, we can see that it is mainly for ̒ emissions of phosphorus  ̓that the 
urban water sector contributes significantly. 

3.2.2  Critical loads/carrying capacity
The Swedish Environmental Protection Agency suggests some environ-
mental quality criteria concerning lakes and watercourses. In their as-
sessment, the SEPA states that in fresh water, it is usually the supply of 
phosphorus that regulates the production of algae and other plants; but in 
some cases, nitrogen supply is the key factor. In the latter instance, a lack 
of nitrogen promotes the growth of nitrogen-fixing cyanobacteria (“blue-
green algae”), which are able to utilize, “fix”, nitrogen gas (N

2
) dissolved 

in water. (Dahlberg and Hellström, 1998; Hellström, 1996).

SEPA suggests the following criteria for lakes:

• “Phosphorus is used as a general indicator of eutrophication” 

• “The quotient between nitrogen and phosphorus is used as an indicator 
of which nutrient is the limiting factor, and of the occurrence of nitro-
gen fixation, including fixing cyanobacteria“

• “Additional criteria for nitrogen alone classify concentrations by their 
frequency of appearance, not by biological/biochemical effects like the 
two criteria above.”

“Assessments are based on analyses of total phosphorus and total ni-
trogen and the weight quotient total nitrogen/total phosphorus. Means for 
the months of May through October (6 samplings) during one year are 
the preferred basis for nutrient assessments, but for phosphorus August 
samples over a 3-year period may be used. For the N/P-quotient the as-
sessment period is June through September. Samples must be taken from 
the epilimnion, i.e. the upper layer of warmer water. If only one sample is 
taken on each occasion, it should be at a depth of 0.5 meter from the water 
surface.”

The Swedish Environmental Protection Agency suggests the following 
classification for phosphorus and nitrogen in lakes (tables 3.5 and 3.6). 

Level Total phosphorus  (µg P/l) Description

May-Oct August

1 Low < 12.5 <12.5 Oligotrophic

2 Moderately high 12.5-25 12.5-23 Mesotrophic

3 High 25-50 23-45 Eutrophic 

4 Very high 50-100 45-96

5 Extremely high > 100 Unspecified Hypertrophic

Class Level Total nitrogen (µg N/l)

May-Oct.

1 Low < 300

2 Moderately high 300-625

3 High 625-1250

4 Very high 1250-5000

5 Extremely high > 5000 

Table 3.5:SEPA’s limit val-
ues for phosphorus in lakes.

Table 3.6: SEPA’s limit val-
ues for nitrogen in lakes.
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Phosphorus is the limiting substance of eutrophication of lakes. As a 
critical load, the august level leading to eutrophication from table 3.5 is 
taken, namely 23 µg P/liter.

The Water Programme for Stockholm Watercourses and Lakes uses a 
model developed at the European Environmental Agency. This model cal-
culates the influence of the activities on the runoff area of a certain lake, 
using standard values. All values are total amounts of substances. For ex-
ample, the total atmospheric deposition of phosphorus is set on 7,68 kg/ha 
and for nitrogen it is 0,01 kg/ha. 

Models have been developed which calculate the critical loads for eu-
trophication, such as the phosphorus loading models (from Foy, 1992). A 
more detailed description can be found in box 3.4.

Brandt and Ejhed  (2002) calculate the loads to Sweden’s surrounding 

Box 3.4: A phoshorus 
loading model calculating 
critical loads/carrying ca-
pacity for eutrophication.

Most models are derived from a basic formulation of the 
proportion of retained by lake sediments described by

where
R = phosphorus retention coefficient
σ = phosphorus sedimentation coefficient (yr-1)
ρ

w
 = water flushing rate (yr-1)

According to Vollenweider (1976)

P
l
 = mean annual lake phosphorus concentration, μg P/l

P
in
 = mean input phosphorus concentration, μg P/l

t
w
 = water residence time (yr) = 1/ρ

w

OECD (1982) general equation

OECD (1982) shallow lakes and reservoirs equation

Foy (1992) – 10 northern Irish Lakes
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recipients. Firstly, the method conducts a calculation of the loads from the 
source. In the next step, the changes under transport to the recipient are 
considered. Lastly, the loads reaching the recipient are calculated. This 
study includes, among other substances, nitrogen and phosphorus.

There are different approaches to make the indicators measurable. Con-
cerning political goals and critical loads it is, at least in theory, relatively 
easy to construct useful indicators since numerous valuables are avail-
able. The method used in the ecological scarcity (ECO) approach may 
be useful since it considers the actual emission, critical loads and total 
anthropogenic load. One problem is however that the method presupposes 
that the critical load can be determined independently of the load of other 
substances (Baumann and Rydberg, 1994).

The ecological scarcity uses the Unsustainability Index (UI):

Unsust.Index (UI) = Total Antroph. Emission 
*

 Emissions from UW-sector

 Critical load Critical load

Two assessments need to be conducted when working with the unsus-
tainability index:

1.   Total antrophogenic emissions  < 1

  critical load

If the total antrophogenic emissions exceed the critical load, then eu-
trophication occurs, independent of the urban waters emissions. In this 
case, all sectors in society should be evaluated to be able to reduce the 
total impact.

2. The total unsustainability index < 0.1
Kärrman and Jönsson (1999) used the value of 10 % as a border between 
priority groups of environmental impacts by normalisation of predicted 
impacts from the studied systems to the total impacts from society. Using 
the same approach, a pragmatic rule could be that if the total antropho-
genic emissions equal the critical loads, then the impact of the urban water 
sector should be decreased (i.e. if UI < 0.1). If the total antrophogenic 
emissions exceed the critical loads, then the impact from the urban water 
sector should be decreased, even if the relative impact from the urban wa-
ter sector is less than 10 % of the total anthropogenic impact.

A pedagogic example for calculating the unsustainability index is given 
in box 3.5. 
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Variables

Emissions of phosphorus from sewage treatment - including small WWTP (UWL):                                      120 g/p,y

Natural leakage of P - background concentration (NLC):                                         30 ug/l

The availability of fresh water/amount of runoff in the investigated area (ARO . Annual RunOff)):     10000 m3/p,y

Total antrophogenic emissions of phosphorus                   (TAL)                                         350 g/p,y

Population in the investigated area:                                              100000 p    

Critical concentration for phosphorus from table 3.5 (P
lake

):                                            23 µg P/l

Water flushing rate (yr-1):                                            0.5 yr-1

Calculations

1. Calculate critical load (CL) by using a suitable model. For pedagogical reasons, the equation proposed by 
Vollenweider (1976) is used here:
CL/ARO + NLC = (P

lake
)*(1+√t

w
) =>

CL = ((P
lake

)*(1+√t
w
) – NLC) * ARO=>

CL = (23*10-6)*(1+√2) - 30*10-6)*10*106 [g/p,y]
CL = 255 g/p,y

2. Calculate Unsustainability index
       TAL/CL  = 350/255 > 1                                                      => not acceptable!
       UI     = TAL/CL* UWL/CL = 350/255 * 120/255 = 0,65  => actions in the UW-sector are necessary…

3.2.3  Guiding Principles
One of the Guiding Principles of the Natural Step states that the physi-
cal conditions for production and diversity within the ecosphere must not 
be systematically deteriorated. This implies that eutrophication must be 
avoided.

As eutrophication has to be avoided, the levels of eutrophicating sub-
stances must be under the critical levels. As a consequence, the Guiding 
Principle approach gives the same result as the carrying capacity/critical 
loads approach.

3.2.4  Comparison of the approaches
The politically set criterion is based on a critical load approach, i.e. dis-
charges can be allowed as long as they do not affect human and ecosystem 
health negatively. The Guiding Principle approach also contains the same 
principles as the carrying capacity/critical loads approach. Therefore, this 
report concludes that for assessing the criterion ‘no eutrophication’, the 
critical load approach is favourable. 

In practise this means that discharge levels must be agreed (decided) 
upon. Knowledge is often insufficient about these levels. In order for wa-
ter supply and wastewater management to achieve this aim focus will be 
put on discharge of nitrogen and phosphorus (as primary resources).

Figure 3.3 represents a schematic presentation of three approaches to-
wards ecological sustainability for eutrophication.

Box 3.5: a pedagogic,  
fictive example of calcu-
lating the unsustainabil-
ity index for phosphorus.
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Eutrophication

Politically set cri-
teria

Carrying capacity/
critical loads

Guiding               
principles

Calculation models: 
Vollenwelder, HBV

Eutrophication 
must be avoided

Reference values: 
Tables 3.2 and 3.4

Unsustainability 
index

Unsustainability 
index

Defining carrying 
capacity

The HBV-model (Bergström, 1976, 1992) is a rainfall-runoff model, 
which includes conceptual numerical descriptions of hydrological proc-
esses at the catchment scale. 

Figure 3.3: a schematic 
presentation of three ap-
proaches towards ecologi-
cal sustainability for eu-
trophication.
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3.3 Acidification

3.3.1  Politically Set Criteria

Swedish Environmental Protection Agency

In box 3.6, the Swedish Environmental Protection Agency describes back-
ground information concerning acidification.

“Prior to industrialisation, the majority of Swedish lakes and water-
courses were only slightly acidic, with pH values around 6.5 or less. 
But during the 20th century, acid levels have increased significantly 
in several thousand bodies of water, especially in the archaean bed-
rock zones of southern and central Sweden. The primary cause of this 
development is deposition of acidifying sulphur compounds; but it is 
probable that modern forestry has also contributed. 

Nevertheless, most bodies of water still retain some buffer capac-
ity, i.e. the ability to neutralise acidic substances. Buffer capacity is 
related primarily to the level of hydrocarbonate; it is only when these 
are nearly depleted that water can become highly acidic. The index 
of buffer capacity used here is alkalinity: The lower the alkalinity, the 
greater the effect that addition of acidic substances has on lakes and 
watercourses. 

The acidity of water has a great influence on aquatic organisms, 
since it affects the balance of chemical substances, as well as exchanges 
of those substances between the habitats of the organisms and the sur-
rounding environment. 

In general, acidification leads to a decline in the number of aquatic 
plant and animal species. Acid-sensitive benthic animals such as snails 
and mussels begin to decrease in number as soon as pH values drop to 
around 6. At still lower pH values, sensitive fish species such as roach 
and salmon-trout begin to disappear; and lakes with pH values around 
4.5 can be completely devoid of fish.

The Swedish political environmental main goal is: “The acidifying ef-
fects of acid depositions and land use may not exceed the limits that can 
be tolerated by soil and water”. 

The sub-goals are:

• “Maximum 5 per cent of the amount of lakes and maximum 15 percent 
of the watercourses in Sweden will be suffering human caused acidifi-
cation by year 2010.”

• “By year 2010 will the increasing trend of human caused acidification 
of forest ground be broken and a recovery will be started.”

• “Emissions of sulphur dioxide to air will be decreased with 9 % to 60 
000 tons by 2010.“

• “Emissions of nitrogen oxide to air will be decreased with 44 % to 148 
000 tons by year 2010.“

Box 3.6: Acidification in 
Sweden according to the 
Swedish Environmental 
Protection Agency.
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  The subgoals are outlined in table 3.7. Total emissions in Sweden are 
given in tonnes/year and kg/p,y. 

1995-levels Reduction 2010-levels

Sulphur dioxide    (tonnes/year) 65 900 9 % 60 000

Nitrogen oxide      (tonnes/year) 264 000 44 % 148 000

Sulphur dioxide    (kg/pers,year) 7.4 9 % 6.74

Nitrogen oxide      (kg/pers,year) 29.7 44 % 16.6

Table 3.8 shows the total emissions in moles and in H+-eqv  per person 
per year (see appendix 2 for calculations.)

Reduction 1995-levels 2010-levels

Sulphurdioxide (mol/pers,year) 9 % 115 105

Nitrogenoxide   (mol/pers,year) 44 % 644 361

Sulphurdioxide    [H+]-eqv ? ? 52.6

Nitrogenoxide      [H+]-eqv ? ? 361

The contribution to acidification by the urban water sector is defined by 
Hellström et al, 2000, at 15 H+-eqv. (mol/p,year), while the total anthro-
pogenic impact is 1600 H+-eqv. (mol/p,year). The urban water sector only 
produces a small part of the total anthropogenic emissions. However, even 
though the contribution of urban water is small, the objective should be 
to significantly reduce the emission of SO and NO (Hultman and Levlin, 
2000). 

3.3.2  Critical Loads/carrying capacity
Evaluations of acid conditions may be based on alkalinity and/or pH val-
ues. Alkalinity is primarily an indicator of the sensitivity to acidification, 
while pH values represent a more direct measure of status. Alkalinity is 
the sum of all negatively charged ions in water. Practically, alkalinity is 
measured by the amounts of 2CO

3
2- + HCO3-. But pH values may exhibit 

much greater variation during the course of a year than is the case with 
alkalinity. If an assessment is to be made on the basis of isolated samples, 
therefore, alkalinity is the preferred measure. 

The Swedish Environmental protection Agency suggests different 
zones for alkalinity and pH values (tables 3.9 and 3.10) (SEPA, 2002).

As critical load for alkalinity this report suggests 0.05 meq/l, the lower 
limit of zone 3. This is the limit value between ‘weak’ and ‘very weak’ 
buffer capacity. 

As critical load for pH this report suggests 6.2, the lower limit of zone 
3. This is the limit value between ʻmoderately acid  ̓and ʻacidʼ.

Table 3.7: total NO
2
 and 

SO
2
 emissions in Sweden.

Table 3.8: total NO
2
 and 

SO
2
 emissions in moles and 

in H+-eqv in Sweden.
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Class Buffer capacity Alkalinity (meq/l)

1 Very good > 0.20

2 Good 0.10-0.20

3 Weak 0.05-0.10

4 Very weak 0.02-0.05

5 None or insignificant < 0.02

Class Buffer capacity pH

1 Almost neutral > 6.8

2 Mildly acid 6.5-6.8

3 Moderately acid 6.2-6.5

4 Acid 5.6-6.2

5 Very acid < 5.6

Three different models to calculate critical loads are used in Europe, 
namely the Steady State Water Chemistry (SSWC) model, the First order 
Acidity Balance (FAB) model and the Diatome model. Only the first two 
have been used in Sweden. 

The main principle with all methods is to quantify in which degree a 
lake has been acidified with help of empirical data, which gives informa-
tion about the critical load.

For a more detailed description of the FAB-model and the SSWC-
model, see boxes 3.7 and 3.8.

Table 3.9: SEPA’s limit 
values for alkalinity.

Table 3.10: SEPA’s borders 
concerning pH values.

The Steady State Water Chemistry model has been developed during the 
1980’s by Arne Henriksen at the Norwegian Institute for Water Research 
(NIVA) in Norway. The Steady State Water Chemistry model has been 
widely used for calculating critical loads for surface waters in the Nordic 
countries (Henriksen et al., 1990; Henriksen et al., 1992; Henriksen et al., 
1993). The basic idea of the model is to estimate the non-marine (*) pre-in-
dustrial ( 0 ) concentration of base cations, [BC^],, (including the weather-
ing rate). The approach is to proceed from the present concentration of base 
cations, [BC^],, in the lake and then predict how much [BC^], has changed 
due to acid deposition and forestry. This is accomplished by the means of the 
F-factor which estimates the quantity of base cations leaching out from the 
soils and/or are removed by harvesting. The F-factor is defined as the change 
in base cation concentration divided by the change in the sulphate concentra-
tion, at any time t, relative to the situation in the pre-industrial period. The 
steady state mass balance method is used to determine critical acidity loads 
for terrestrial ecosystems, groundwater and surface waters.

Box 3.7: The Steady State 
Water Chemistry model 
(SSWC) (Rapp L., 2001).

The FAB model applied to UK freshwaters (Curtis et al., 1998) is 
based on previous work by among others Henriksen et al. (1993). 
It enables estimates of the combined critical loads for nitrogen and 
sulphur for aquatic ecosystems to be calculated based on a charge bal-
ance. It takes into account catchment specific data such as deposition, 
areas of forest, and lake to catchment ratios. 
The FAB model has been applied to all 1445 sites throughout Great Britain; 
it has been used to generate the critical loads of sulphur and nitrogen for 
the critical loads function. Soils data are not currently available to apply the 
model to the sites in Northern Ireland. 

Box 3.8: The First Order 
Acidity Balance (FAB)
(Hall J. Et al, 1998).
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According to EPA, assessments should be based on data from at least 
twelve samples taken either monthly during one year, bi-monthly over 
two years, or quarterly over three years. Classification is based on the me-
dian value of all samples during the entire period, whichever alternative 
is chosen. 

If assessments are based on isolated samples, these must be taken dur-
ing a time of year when the waterʼs acidity is fairly stable. The spring 
flood must be avoided, above all.

The lower limit of class 3 leaves room for the sharp rises in acidity 
that may briefly occur in lakes and running water during the spring flood 
(acid surge). In waters with very short turnover times (primarily smaller 
watercourses) “acid shocks” during the spring flood may have significant 
biological effects, even though the buffer capacity during the rest of the 
year is good or very good. For such bodies of water, a proper assessment 
of acid conditions requires a more detailed investigation of both water 
chemistry and biological aspects. 

Also for acidification, the Unsustainability Index can be used, see sec-
tion 3.2.2 

3.3.3  Guiding Principles
One of the Guiding Principles of the Natural Step states that the physical 
conditions for production and diversity within the ecosphere must not be 
systematically deteriorated. This implies that acidification must be avoid-
ed. This means that the levels of acidifying substances must be under the 
critical levels. As a consequence, the Guiding Principle approach gives the 
same result as the carrying capacity/critical loads approach.

3.3.4  Comparison of the approaches
The title of the environmental objective, namely ‘natural acidification 
only’ is related to a guideline-approach. The practical assessment is based 
on critical load. The political environmental objective is also based on a 
critical load approach. There should, however, be a possibility to assess 
the absolute ecological sustainability of the system, because only acidi-
fication that occurs naturally is allowed. If secondary/internal resources 
(processes) cause the acidification, then the process must be assessed. 
There seems to be a need to relate acidification added by the process and 
acidification prevented by the process.

Figure 3.4 presents a scheme of three approaches towards ecological 
sustainability for eutrophication.
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Acidification

Politically set        
criteria

Carrying capacity/
critical loads

Guiding               
principles

SSWC, FAB Acidification must 
be avoided

Reference values: 
Tables 3.7 and 3.8

Unsustainability 
index

Unsustainability 
index

Defining carrying 
capacity

3.4 Global warming 

3.4.1  Politically Set Criteria
The Swedish Environmental Protection Agency

Box 3.9 describes the vision of the Swedish Environmental Protection 
Agency.

The political environmental objective “reduced climate impact” states 
that greenhouse gas concentrations must be stabilised at a level that pre-
vents adverse effects due to anthropogenic interference. Within a genera-
tion carbon dioxide concentrations should be stabilised at a level lower 
than 550 ppm and no increased concentrations of other greenhouse gases. 
The national environmental ob-
jective refers to the UN Frame-
work Convention on Climate 
Change, i.e. a politically set 
environmental objective.

The Swedish Environmental 
Protection Agency states that 
the emissions of CO

2
 must be 

reduced by 80 to 90 % until 
2100 (and by 50-60 % until 
2050) if the level should be sta-
bilised at 450-500 ppm. (IVA, 
1998).

Table 3.11 shows the limit 
total values to be reached in the 
years 2050 and 2100.

Figure 3.4: A schematic 
presentation of three ap-
proaches towards ecologi-
cal sustainability for acidi-
fication.

Levels of greenhouse gases in the 
atmosphere must, in accordance 
with the UN Framework Conven-
tion on Climate Change, be sta-
bilised at a level at which human 
impact will not have a harmful 
effect on climate systems. This 
objective is to be attained in such a 
way and at such a rate as to protect 
biological diversity, assure food 
production and not jeopardise oth-
er sustainable development goals. 
Together with other countries, 
Sweden is responsible for achiev-
ing this global objective.

Box 3.9: The objective of 
the Swedish Environmental 
Protection Agency concern-
ing ’Global warming’.
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reduction 1995 2050 2100

CO2-eqv   kg/pers,year 55%/85% 8180 3680 1230

CO2          kg/pers,year 55%/85% 6580 2960 990

CH4          kg/pers,year 55%/85% 750 340 110

NOx          kg/pers,year 55%/85% 780 350 120

The contribution by the urban water sector is estimated to 12 CO
2
-eqv. 

(kg/p,year) by Hellström et al, 2000. Table 3.12 shows the limit emissions 
in CO2 equivalents by the years 2050 and 2100 and compares these values 
with the total emissions (in kg/pers,year). When comparing 1995 levels, 
table 3.12 shows that urban water only contributes to a small fraction of 
the emissions of substances contributing to global warming.

reduction 1995 2050 2100

CO2-eqv  (urban water) 55%/85% 12 5.4 1.8

CO2-eqv  (total) 55%/85% 8180 3680 1230

These results show that the urban water share of the criterion ‘global 
warming and protective ozone layer’ is about 0,14 % of the total anthropo-
genic emissions. In Stockholm, about 66 % of total emissions is produced 
by the electricity and heating sector. The rest is produced by the transport 
sector.

3.4.2  Critical loads/carrying capacity
Even if one uses a carrying capacity approach, the emissions of green-
house gases must be dramatically reduced. The emission of CO

2
 must be 

reduced by 80 to 90 % until 2100, and by 50-60  % until 2050, if the level 
should be stabilised at 450-500 ppm. (IVA, 1998) (IPCC, 2000).

3.4.3  Guiding Principles
The Guiding Principle approach, as proposed by The Natural Step, argues 
that the ecosphere should not be subject to systematically increasing con-
centrations of substances produced by society or by substances extracted 
from the lithosphere. This principle implies that use of fossil fuels must 
more or less stop, since the increase of the greenhouse effect is due, above 
all, to increasing atmospheric concentrations of carbon dioxide and other 
greenhouse gases, inter alia nitrous oxide, methane and CFCs. 

3.4.4  Comparison of the approaches
The Politically Set Criteria approach is based on the critical loads ap-
proach. All emissions of substances contributing to global warming must 
be stabilised at a level that prevents adverse effects due to anthropogenic 
interference. The Guiding Principles imply that the use of fossil fuels 
should more or less stop, as the world experiences an increase of the 
greenhouse effect.

Table 3.11: total emissions 
of substances contributing 
to global warming in Swe-
den (SCB, 2000).

Table 3.12: comparison to-
tal CO2 eqv.-emission and 
urban water emissions in 
Sweden. (Ref: Hellström et 
al, 2000 and SCB, 2000).
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Figure 3.5 presents a scheme of three approaches towards ecological 
sustainability for global warming.

Global         
warming

Politically set        
criteria

Carrying capacity/
critical loads

Guiding               
principles

Max level               
450-500 ppm

Stop use of fossil 
fule!!

Reference val-
ues: Tables 3.11           

and 3.12

3.5 Spreading of toxic compounds

3.5.1  Politically Set Criteria
EC Water Directive 

Recently, the European Commission adopted a proposal for a new Direc-
tive to protect groundwater from pollution. The proposed Directive will 
decisively improve the quality of Europe’s groundwater. It introduces 
monitoring requirements and quality objectives, obliging Member States 
to monitor and assess groundwater quality and to identify and reverse 
trends in groundwater pollution (European Union, 2003). 

With this proposal, the Commission has fulfilled an obligation under the 
Water Framework Directive, which aims to ensure good status of all wa-
ters in the EU. The Directive requires the Commission to propose specific 
measures to prevent and control groundwater pollution and achieve good 
groundwater chemical status. These measures have to include criteria for 
assessing the chemical status of groundwater and for identifying trends in 
pollution of groundwater body (European Union, 2003). 

Box 3.10 describes the qualitative status of groundwater in EC Water 
Directive. No toxic compounds are allowed to be spread to the ground-
water.

For more information toxic compounds in groundwater, see the drink-
ing water requirements of the Swedish National Food Administration in 
appendix 1.

The Swedish Environmental Protection Agency

The environmental quality objective “a non-toxic environment” states that 
”The environment must be free from man-made or extracted substances 
and metals that represent a threat to health or biological diversity”. Spe-

Figure 3.5: a schematic 
presentation of three ap-
proaches towards ecologi-
cal sustainability for global 
warming.
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cifically, the environmental quality objective implies that: 

1. “the levels of substances that occur naturally in the environment must 
be close to background levels”

2. “the level of hazardous substances not occurring naturally must be 
close to zero.” (SOU, 2000:53).”

The main goal of the Swedish Environmental Protection Agency is:

“The environment must be free from man-made substances and metals 
that represent a threat to human health or biological diversity.“

The subgoals are: 

1. “By 2010, data are available for deliberately manufactured products or 
extracted chemical substances handled on the market. For substances 
handled in larger volumes and for other substances that for example 
after initial, general tests are assessed as particularly dangerous, infor-
mation on properties is available earlier than 2010. The same require-
ments for information shall apply for new and existing substances. By 
2020, to the extent possible, data are available also on the properties of 
all unintentionally manufactured and extracted chemical substances.” 

2. “By 2010, finished products carry health and environmental informa-
tion on included dangerous substances.” 

3. “Newly manufactured finished products are to the extent possible free 
from

• carcinogenic, mutagenic and reproductive-disturbing substances by 
2007, if the products are intended to be used in such a way that they 
are released to the eco-cycle 

• new, organic substances that are persistent and bioaccumulating as 
soon as possible, but not later than 2005. 

• Additional organic substances that are very persistent and very bio-
accumulative, by 2010 

• other organic substances that are persistent and bioaccumulative, by 
2015 

Box 3.10: The EC Water 
Directive for the qualitative 
status of groundwater.

Elements Good status

General

Conductivity

“The chemical composition of the groundwater is such that the 
concentrations of pollutants:

- do not exhibit the effects of saline or other intrusions

- do not exceed the quality standards applicable under other rel-
evant Community legislation

- are not such as would result in failure to achieve the environ-
mental objectives for associated surface waters nor any signifi-
cant diminution of the of the ecological or chemical quality of 
such bodies nor in any significant damage to terrestrial ecosys-
tems which depend directly on the groundwater body

changes in conductivity are not indicative of saline or other intru-
sion into the groundwater body”
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• mercury by 2003; cadmium and lead by 2010. 

Nor are these substances used in production processes unless the com-
pany can prove that human health and the environment will not be 
harmed. Already available finished products containing substances with 
the properties listed above, or mercury, cadmium or lead, are handled 
in such a way that substances are not released to the environment. The 
interim target applies to man-made or extracted substances. The interim 
target also includes substances giving rise to substances with the above 
properties, including those formed unintentionally.”

4. “Health and environmental risks connected with the manufacture and 
use of chemical substances are continuously decreasing up to 2010, 
according to indicators and ratios to be established by concerned au-
thorities. During the same time, occurrences and uses of chemical sub-
stances obstructing recycling of material are decreasing. This interim 
target applies to substances not covered by interim target 3.”

5. “Guideline values will be established by concerned authorities for at 
least 100 selected chemical substances, not included under interim tar-
get 3. Guideline values will indicate allowed concentrations in the en-
vironment or acceptable human exposure concentrations. The aim is for 
the guideline values on the long term to be established as environmental 
quality norms.”

6. “Polluted areas are identified and investigated. By 2010, measures have 
been taken for at least 30 per cent of the areas assigned a very large or 
large risk class.” 

Table 3.13 shows a comparison of the total anthropogenic impact and 
the impact from urban water for cadmium, mercury, copper and lead in 
Sweden (Kärrman and Jönsson, 2001). The highest contribution of urban 
water to spreading of toxic compounds occurs in the spreading of copper 
and lead to soil.

Criterion Indicators Total impact
(g/p,y)

Urban water 
impact (g/p,y)

Spreading of toxic compounds 
to water (in g/p,year)

-    Cd
-    Hg
-    Cu
-    Pb

-     Cd: 0.2
-     Hg: 0.1
-     Cu: 60
-     Pb: 1.5

-     Cd < 0.008
-     Hg < 0.02
-     Cu: 0.8
-     Pb < 0.08

Spreading of toxic compounds 
to soil (in g/p,year)

-    Cd
-    Hg
-    Cu
-    Pb

-     Cd: 0.3
-     Hg: 0.11
-     Cu: 13
-     Pb: 8.2

-     Cd: 0.041
-     Hg: 0.061
-     Cu: 9.0
-     Pb: 1.2

3.5.2  Critical loads/carrying capacity
The Swedish Environmental Protection Agency suggests different classes 
corresponding to the amount of toxic compounds. In several cases, the 
limits for the above five classes correspond with those of the National 
Food Administration’s threshold levels (see appendix 1). For all metals, 
the boundary between class 2 and class 3 is defined as the level at which 
effects on organisms in lakes and watercourses begin to occur (SEPA, 
2002). This section of this report suggests the boundary between class 2 

Table 3.13: comparison of 
total impact of toxic com-
pounds and the urban water 
impact.
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and 3 as the critical load for each toxic compound.

Class Level Cadmium
µg/l

Zinc
µg/l

Lead
µg/l

Arsenic
µg/l

1 Very low < 0.05 < 5 < 0.2 < 1 

2 Low 0.05-0.1 5-20 0.2-1 1-5 

3 Moderate 0.1-1 20-300 1-3 5-10 

4 High 1-5 300-1000 3-10 10-50 

5 Very high > 5 > 1000 > 10 > 50 

Also here, we can use the unsustainability index (see section 3.2).
 

An example of UI calculation is given in box 3.11. In this pedagogic 
example, the natural load is considered to be zero (simplification). 

Table 3.14: critical levels 
for toxic compounds.

Box 3.11: a pedagogic, fic-
tive example of calculating 
the unsustainability index 
for cadmium.

Variables
Emissions of cadmium from the urban water sector (UWL)                                   0.008 g/p,y
Natural leakage of cadmium - background concentration (NLC) (simplification)                  0 µg/l
The availability of fresh water/amount of runoff in the 
investigated area             

(ARO). (Annual RunOff)   10000 m3/p,y 

Total antrophogenic emissions of cadmium                   (TAL)                                         0.2 g/p,y
Population in the investigated are:                                             100000 p    
Critical concentration for cadmium from table 3.14 (P

lake
)                                           0.1 µg/l

Water flushing rate (yr-1)                                            0.5 yr-1

Calculations
1. There is a need for a model (as in box 3.5), which connects the loads to the
     concentration in the recipient. This example does not deal with such model.

CL/ARO + NLC     =       P
in 

      =        P
lake

 
CL                           =       P

in  * 
ARO      =>

CL                           =       0,1 10-6 * 10 106 [g/p,y]
CL                           =      1   g/p,y

2. Calculate Unsustainability index
       
       TAL/CL  = 0.2/1 < 1                                                                     => acceptable
            
        UI     = TAL/CL* UWL/CL = 0,2/1 * 0.008/1 = 0.0016  < 0.1   => acceptable

3.5.3  Guiding Principles
One of the Guiding Principles proposed by The Natural Step claims that 
the ecosphere should not be subject to systematically increasing concen-
trations of substances produced by society or by substances extracted from 
the lithosphere. Hence, the Politically Set Criteria approach is similar.
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3.5.4  Comparison of the approaches
The Guiding Principles and the Politically Set Criteria are similar. Both 
reject the presence of man made toxic compounds in the society. The criti-
cal load approach sets levels of acceptable amounts of toxic compounds. 
Spreading of toxic compounds can occur as long as it stays under the 
proposed levels.

Figure 3.6 presents a scheme of three approaches towards ecological 
sustainability for spreading of toxic compounds.

Figure 3.6: a schematic 
presentation of three ap-
proaches towards eco-
logical sustainability for 
spreading of toxic com-
pounds.

Spreading          
of toxic      

compounds

Politically set        
criteria

Carrying capacity/
critical loads

Guiding             
principles

Reference values 
Tables 3.13

Reference values 
Table 3.14

No use of            
hazardous           
materials

Groundwater 
quality status            

Box 3.10

Unsustainability 
index

Unsustainability 
index
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3.6 Use of natural resources

3.6.1 Politically Set Criteria
Water Directive EU

The EU Water Directive refers to the use of natural resources. An extract 
is included in box 3.12.

The Community policy on the environment is to contribute to pursuit 
of the objectives of preserving, protecting and improving the qual-
ity of the environment, in prudent and rational utilisation of natural 
resources, and to be based on the precautionary principle and on the 
principles that preventive action should be taken, environmental dam-
age should, as a priority, be rectified at source.

Surface waters and groundwater are in principle renewable natural 
resources; in particular, the task of ensuring good status of groundwa-
ter requires early action and stable long-term planning of protective 
measures, owing to the natural time-lag in its formation and renewal. 
Such time-lag for improvement should be taken into account in time-
tables when establishing measures for the achievement of good status 
of groundwater and reversing any significant and sustained upward 
trend in the concentration of any pollutant in groundwater.

The Swedish Environmental Protection Agency

The Politically Set Criteria do not give any transparent general guidelines 
concerning use of natural resources. However, targets have been proposed 
for different resources such as fossil fuels, waste, phosphorus and gravel.  
Concerning fossil fuels, the ambition is to increase the use of renewable 
substitutes. Concerning recirculation of phosphorus, no target is set, due 
to uncertainty about the amount of hazardous compounds in the products 
to be recirculated. Example of a politically set criterion of interest is that 
waste should be treated so it can be recirculated according to its character-
istics (SOU 2000:52). 

Examples of suggested indicators for use of natural resources are ex-
ergy consumption, water use, phosphorus recirculation and ecological 
footprint. 

The proposed political goals are: 

1. The use of natural sand/gravel deposits should be reduced.

By 2010: 12 million tonnes of gravel

By 2020:   3 million tonnes of gravel

2. The Swedish SEPA has proposed a long-term objective – that nutrients 
in sewage should be recycled to land where they are needed and where 
there is no risk to health or the environment. There is also an interim 
target on the way to achieving the long-term objective – by 2015 at least 
60 per cent of the phosphorus in sewage should be recycled to produc-

Box 3.12: The use of natu-
ral resources described in 
the EU Water Directive.
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tive land, of which at least half should go to arable land. 

Table 3.15 shows some reference values for the use of natural resourc-
es. The use of natural resources in the urban water sector is compared with 
the total use of natural resources in society.

Criterion Total use Urban water use

Use of electricity and fossil fuels MJ/p,year 160000 400

Total energy consumption MJ/p,year - 3000-4000

Use of fresh water m3/p,year - 120

Use of chemicals kg/p,year - Fe 2.0  Al 0.3

Potential recycling of phosphorus g/p,year 2300 720

3.6.2  Critical loads/carrying capacity
The approach ‘critical loads is not applicable for this criterion.

3.6.3  Guiding Principles
Factor 10 is only applicable in this case, see chapter 2.4. 

Most of the Guiding Principles referred to above state that the use of non-
renewable resources must be dramatically reduced. The concept of “Fac-
tor 10” is interesting because it gives a rough guideline of the magnitude 
of the reduction deemed necessary. Considering renewable resources, the 
Guiding Principle approach argues that harvest rates must not exceed re-
generation rates. This implies that non-renewable resources can not auto-
matically be substituted for renewable ones.

3.6.4  Comparison of the approaches
The ambition of the Politically Set Criteria is to increase the use of renew-
able substitutes. The extraction of unrenewable resources should be drasti-
cally decreased to avoid depletion of natural resources. The use of fossil 
fuels should be totally stopped.

Factor 10 is applicable for the Guiding Principles. The Guiding Prin-
ciples state for renewable resources that the harvest rate is not allowed to 
exceed the regeneration rates. 

The politically set criterion is based on the Guiding Principles. The 
critical loads approach is not applicable for this criterion.

Figure 3.7 presents a scheme of three approaches towards ecological 
sustainability for spreading of toxic compounds.

Table 3.15: comparison 
between total use of natural 
resources and urban waters 
use.
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Figure 3.7: a schematic 
presentation of three ap-
proaches towards ecologi-
cal sustainability for the use 
of natural resources.

Use of natural 
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Guiding             
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This section contains a manual for assessing the sustainability of an ur-
ban water system applying to the proposed indicators of the Urban Water 
programme. The aim is to be able to assess ecological sustainability in the 
model cities of the Urban Water programme.

4.1 Groundwater preservation
Crucial knowledge or data concerning the groundwater criterion is (only 
quantity is considered here):

g What are the local environmental objectives concerning groundwater?

g How is the groundwater table affected in the model city? Is drinking 
water obtained from surface water or from groundwater?

g How much groundwater is extracted to provide drinking water? It is 
necessary to know how many persons are provided with drinking water 
through groundwater or how many cubic meters are extracted per day. 
Are these data available?

g If significant amounts of groundwater are extracted, it is necessary to 
monitor the groundwater level. Table 3.1 shows whether these differ-
ences are natural fluctuations or if significant human impact occurs.

4.2 Eutrophication
Crucial knowledge or data concerning eutrophication in the model cities 
is:

g What are the local environmental objectives concerning eutrophica-
tion?

g Which are the local sources of substances contributing to eutrophica-
tion? Is data available?

g The main substances contributing to eutrophication are nitrogen to wa-
ter, ammonia to air, nitrogen oxides and phosphorus. The URWARE4 
can assess the amounts of eutrophicating substances for a certain 
urban water system.  These amounts can be related to the number 

4 A proposal for assessment
of the indicators in the
Urban Water programme

 4 URWARE (URban WAter REsearch model) is a substance flow model developed in the
 general simulation platform Matlab/Simulink
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of persons benefiting from the system. The amounts (in g/p,y) can 
be related to the amounts presented in tables 3.2 and 3.4.

g To calculate the carrying capacity/critical load for eutrophication in a 
model city, three methods are suggested, namely Vollenweider, OECD 
and Foy (see also box 3.4). Special data is required to use of these 
models. Example of data are for the calculation of the critical load of 
phosphorus are:

• the mean input phosphorus concentration (P
in
, µg P/l)

• the water residence time (t
w
, y)

• the phosphorus sedimentation coefficient (_, 1/y)
• the water flushing rate (_

w
, 1/y)

4.3 Acidification
Crucial knowledge or data concerning acidification in the model cities 
are:

g What are the local environmental objectives concerning acidification?

g Which are the local sources of substances contributing to acidification? 
Are data available?

g The main substances leading to acidification are sulphur dioxides and 
nitrogen oxides. The URWARE model can calculate the amounts of 
these substances generated by an urban water system. These amounts 
are produced by the amount of persons connected to the urban water 
system. These amounts (in mol/pers,y or H+-eqv./p,y) can be related to 
table 3.8 to assess sustainability with the Politically Set Criteria.

g Critical load for acidification can be calculated with the Steady State 
Water Chemistry model (Henriksen et al, 1992) or the First Order 
Acidity Balance model (Hall J. et al, 1998).  Special data are required 
to use these methods (see boxes 3.7 and 3.8).

4.4 Global warming
Crucial knowledge or data concerning global warming in the model cities 
are:

g What are the local environmental objectives concerning global warm-
ing?

g Which are the local sources of substances contributing to global warm-
ing? Are data available?

g The major substances contributing to global warming are carbon diox-
ide, methane and nitrogen oxides. The URWARE model can calculate 
the amounts of these substances for an urban water system. These 
amounts can be related to the number of persons connected to the ur-
ban water system. These values (in kg/p,y) can be related to tables 3.11 
and 3.12 to assess sustainability with Politically Set Criteria.
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4.5 Spreading of toxic compounds
Crucial knowledge or data on toxic compounds in the model cities are:

g What are the local environmental objectives concerning toxic com-
pounds?

g Which are the local sources of toxic substances? Are data available?

g Important toxic compounds generated by an urban water system are 
cadmium, mercury, copper and lead. The URWARE model can assess 
the amounts of these substances and relate them to the number of per-
sons connected to the urban water system. These values (in g/p,y) can 
be compared with table 3.13. 

4.6 Use of natural resources
Crucial knowledge or data toxic compounds in the model cities are:

g What are the local environmental objectives concerning natural re-
sources?

g Which are the local extractions of natural resources? Are data avail-
able?

g Important natural resources are fossil fuels, fresh water and raw mate-
rial to produce chemicals. Total energy consumption is also an impor-
tant indicator as well as the potential of recycling phosphorus. The 
results from the URWARE model can be related to table 3.15 to relate 
the use of natural resources.
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5.1  The three approaches to assess
 sustainability
Different approaches for assessment of ecological sustainability are pos-
sible and besides the scientific challenges to define critical loads there is 
also a subjective consideration regarding the relation between man and 
nature. Besides the possibility to define ecological sustainability in dif-
ferent ways, there are also different approaches to analyse the degree of 
unsustainability. The UW-programme has adopted an approach based on 
analysis of a certain key indicator selected on the basis of its capacity to 
measure the degree of fulfilment of a certain environmental criteria. The 
environmental criteria have been selected on the basis of the urban wa-
ter and wastewater system’s relative contribution in relation to society’s 
total load (Hellström et al., 2000). Furthermore, the anthropocentric ap-
proach of the programme has been important for the selection of criteria. 
This paper considers criteria mainly related to ecological sustainability. 
However, the UW programme will also use other criteria and indica-
tors that are related to ecological sustainability but is included in other 
categories such as health (e.g. drinking water quality) and economy (e.g. 
land use). Obviously, several of the environmental criteria are possible 
to put into other categories (e.g. spreading of toxic compounds is also 
a health problem). All selections of sustainable development indicators 
should be presented so as to invite suggestions, remarks and make the 
process open for scrutiny.

The implication of the different approaches to ecological sustainability 
for important aspects of urban water management is summarised in table 
5.1.

Mainly general guidelines are given, even if the politically set envi-
ronmental objectives are specified at an aggregated level. However, it is 
not clear how the contribution from the water and wastewater should be 
evaluated/weighted. One could argue that the relative contribution should 
not increase in the long run or that the absolute values of the indicator 
should not increase in the long run. This is applicable to the carrying 
capacity approach as well. The scientifically defined carrying capacity 

5 Conclusions on assessing 
sustainability
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or critical loads will change over time, due to increased knowledge and 
changing circumstances (conditions). 

Environmental 
criterion

Selection of indica-
tors

Politically Set Criteria Critical loads/
carrying capacity

Guiding Principles

Groundwater 
preservation

* water quality
* water quantity
* protected resources

Protection of valuable 
water resources

SUITABLE

No adverse affects 
on adjacent ecosys-
tems

SUITABLE

Protection of water 
resources, no decline in 
the long term
SUITABLE

Eutrophication N and P to water 
(kg/p,y)

N decrease: 25%
P decrease

GENERAL GOAL

Models

SUITABLE

Eutrophication must be 
avoided

TOO GENERAL

Acidification H+ - eqv (moles/p,y) Reduction SO2: 9%
Reduction NO: 44%

GENERAL GOAL

Models

SUITABLE

Acidification must be 
avoided

TOO GENERAL

Global warm-
ing

CO2-eqv (g/p,y) Emissions of CO2-eqv 
must be drastically 
reduced

GENERAL GOAL

CO2-levels 550 ppm

SUITABLE

No increase of concen-
tration of green house 
gases

TOO GENERAL

Spreading of 
toxic com-
pounds

Cd, Hg, Cu, Pb 
(g/p,y)

Hazardous compounds 
will be phased out?

SUITABLE

Achieve good 
ecological status and 
avoid decreasing soil 
fertility

SUITABLE

Not accumulate

TOO GENERAL

Use of natural 
resources

Use of fossil primary 
energy carriers (MJ/
p,y)
Fossil Index, recycled 
N, P, K and S.

At 1995 level, fossil 
proportion 20%.
Proposed recycling of 
P: 60% by 2015.

SUITABLE

Not applicable No use fossil resourc-
es*
Recycling of plant nutri-
ents needed.

SUITABLE

Total exergy con-
sumption including 
renewable resources 
(MJ/p,y)

Efficient use

SUITABLE

Not applicable Principles not dis-
cussed in this paper 
might be applicable

RESEARCH NECES-
SARY

* Factor 10 can be used as a rough guideline for the decrease in material flows deemed 
necessary.

Table 5.1: Relation between 
the Urban Water criteria 
and the approaches to 
ecological sustainability as 
well as suitability of the dif-
ferent approaches to define 
ecological sustainability.

5.2 Measurable indicators
There are different approaches to make the indicators measurable. Con-
cerning political goals and critical loads it is, at least in theory, relatively 
easy to construct useful indicators since data normally are available. The 
method used in the ecological scarcity (ECO) approach may be useful 
since it considers both the actual emissions, critical loads and total an-
thropogenic load. One problem is however that the method presupposes 
that the critical load can be determined independently of the load of other 
substances (Baumann and Rydberg, 1994). 
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The actual critical load depends on environmental conditions in a cer-
tain area. Hence, it is not possible to give general critical loads for all 
indicators presented in Table 5.1. . The value of the UI can be difficult to 
communicate, even if a value above 1 indicate that the actual emission 
is important reduce in order to move towards sustainability. Another ap-
proach is to calculate the time necessary to overcome the “Sustainable 
Gap” between actual emissions and critical loads (Ekins and Simon, 
2000). 

Guiding Principles must probably be measured in relative terms. Lun-
dqvist (2000) has presented different indicators based on the TNS Guiding 
Principle. Most of these indicators express the consumption of resources 
or emissions in relation to the total anthropogenic use or emissions. For 
example, the indicator for use of non-renewable primary energy supply is 
expressed by
Indicator = non-renewable primary energy supply/total primary energy 

supply

Lundqvist (2000) has also presented indicators for nutrient recycling, 
e,.g.:

I = recycled substances/used products 

For effect-related indicators, such as greenhouse gases (GHG), the fol-
lowing constructions is proposed:

I = emissions of GHG per capita in the region/reference value per capita 
in the world

These indicators can be useful for comparison of different systems or 
regions, i.e. indicate which system that is less unsustainable. However, 
they do not express the degree of unsustainability in absolute terms.

Another sustainable indicator is the Ecological Footprint (EF). Accord-
ing to Holmberg et al (1999) the concept of EF is a measure of renewable 
biocapacity and could be used to the overall human use of potentially 
renewable functions and services of nature, i.e. EF is related to the TNS 
principle #3. Hence, it could be used as an aggregated indicator for activi-
ties such as farming and water use. An advantage of EF is that it relates to 
an absolute measure of sustainability, i.e. available area. However, since 
the area needed for different activities depends on several factors the EF 
could only be used as a rough, but pedagogical, indicator.

None of the approaches give complete and indisputable measures for all 
the proposed criteria and indicators. 

Erlandsson (2002) suggests environmental assessment methods, which 
emanate from an interpretation of the Swedish environmental objectives. 
Firstly, an assessment is conducted of the emission impacts on different 
environmental criteria. Secondly, a normalisation gives relative signifi-
cance to the impacts relating to the environmental objectives sustainable.  
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APPENDIX 

The drinking water requirements of the Swedish National Food Admin-
istration.

Substance formula measure Limit amount

PH 7.5-9.0

Total hardness DH 15

Calcium Ca mg/l 100

Magnesium Mg mg/l 30

Alkalinity HCO3 mg/l

Iron Fe mg/l 0.1

Mangan Mn mg/l 0.05

Aluminium Al mg/l 0.1

Cupper Cu mg/l 0.05

Natrium Na mg/l 100

Kalium K mg/l 12

Lead Pb mg/l 0.010

Cadmium Cd mg/l 0.001

Kvicksilver Hg mg/l 0.001

Chloride Cl mg/l 100

Fluoride F mg/l 1.3

Sulphate SO4 mg/l 100

Ammoniumnitrogen NH4-N mg/l 0.4

Nitritnitrogen NO2-N mg/l 0.05

Nitratnitrogen NO3-N mg/l 5

Phosphatphosphorosus PO4-P mg/l 0.2

Sikkel Si mg/l

Active chloride Cl2 mg/l 0.4
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