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In the environment sector, the UN Millennium Assessment has shown that the majority of the
world’s ecosystems are underperforming due to environmental impacts caused by Man.
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resources they consumed but also the environmental work required to deal with the environmental
impact of these activities, a new market would emerge. Here, those receiving payment would of
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capacity of Nature to deal with the environmental impact of the economy and to convert wastes
and emissions to renewable resources, and not just its ability to deliver raw materials.
Come with us on a search for the control factors of the future – this publication deals with the
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The KSLA seminar The Search for Green Market
Forces dealt with a concept - a market for ecosystem services as an economic control of
sustainable development. The seminar discussed the problem situation that motivates
the need for a change in direction in societal
development, deficiencies in the current economic system and control measures, how an
ecomarket would operate and the possibilities
and difficulties with such a market. This publication introduces the concept of a market for
ecosystem services with the aid of a simple
example. Sections 2 and 3 provide the background to the concept and discuss the need
for new control measures. Section 4 describes
the ecomarket in practice using the example
of the climate question. Section 5 expands on
ideas about a market for ecosystem services
and its theoretical basis in greater detail and
discusses the possibilities and the problems.
1. Ecomarket as a control measure for
sustainable development – how it could
operate
Stefan Hellstrand, environmental
consultant, Nolby Ekostrategi
A market for ecosystem services would operate in
principle in the same way as the trade in emissions
permits for carbon dioxide now being introduced
within the framework of the Kyoto Agreement.
The fundamental idea is that all activities that give
rise to emissions must purchase the ecosystem services required to bind these emissions. This is the
demand side of the market.
The supply is the ability of ecosystems – in
simple terms soil and water – to permanently
and harmlessly bind and nullify emissions.
In principle, trade in ecosystem services is
possible for all forms of environmentally damaging emissions. The following example is restricted to carbon dioxide, nitrogen and sulphur,
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since in these cases there are available data that
can be used to assess the binding capacity of
ecosystems. To provide a picture of the economics of an ecomarket, we begin by assuming
that the equivalent costs of emissions of carbon
dioxide, sulphur dioxide and nitrogen (di)oxide
correspond to the socioeconomic costs that
SIKA (Swedish Institute of Communication
Analysis) uses in its calculations.
We can take a closer look at two geographical regions of Sweden: Värmland County and
Stockholm County.
Värmland – Net producer of ecosystem services

With a market for ecosystem services in place,
the owner of a farm in Värmland would be given the certiﬁed permit to sell the disposal of 2.5
kg sulphur and 4.0 kg nitrogen per hectare of
agricultural land and forest land. These amounts
thus represent the critical loads. Per hectare of
forest land, the farmer would also be able to sell
the binding of 1 500 kg carbon dioxide. This
corresponds to what the forest binds in biomass
through growth rate exceeding felling rate. For
agricultural land, this would mean an annual
economic bonus of almost SEK 1 000 per hectare, which corresponds to more than half the
return on work and capital that many Swedish
farmers receive at the present time. For forest
land the income would be almost SEK 4 000 per
hectare and year (assuming average growth for a
Värmland forest and normal felling rates).
For the entire county of Värmland, the sale
of these ecosystem services would provide a
gross annual income of around SEK 5 billion.
At the same time, farming operations, like all
other economic activities in Värmland, would
generate emissions that would occupy some
of the scope. When the farmer bought diesel
for his tractor, he would pay (baked in to the
fuel price) his share of the binding permits the
oil company had to purchase in order to be
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allowed to sell its products. The combined economic activities in Värmland would consume
in total just over half the binding permits that
Värmland produces. The remainder would be
surplus, and could be sold to buyers outside the
region. The net income of Värmland would be
almost SEK 2 million, which is around 3% of
Gross Regional Product (GRP).
Stockholm has to purchase environmental
space externally

Värmland is thus a net producer of environmental space. An urban region such as Stockholm,
however, is a net consumer. The economic activities in the county of Stockholm generate annual emissions of almost 15 billion kg carbon
dioxide, while the forestry in the county binds
1 billion kilos. Stockholm therefore needs to
exploit the capacity of ecosystems outside the
county to sustainably dispose of 14 billion
kg carbon dioxide. The situation is similar
for sulphur and nitrogen, emissions of which
also exceed the assimilation capacity of the
county’s ecosystems. The permit to release the
excess would therefore have to be purchased
outside the county’s boundaries.
In economic terms, Stockholm’s negative
environment balance can be estimated at SEK
23 billion (4% of GRP), a ﬁgure that can be
compared with Värmland’s net earnings of
SEK 2 billion. Th is regional economic eﬀect
shows that the view of economic growth centres as productive and of the countryside as reductive is misleading. In an economic-ecological perspective, town and country are mutually
dependent. How sustainable would the economic-ecological system in Stockholm be if the
city were encapsulated in a closed bubble?
Incentives for sustainable development

The ecosystem market must operate within the
geographical framework that is environmen-
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tally relevant. This means that the binding permits for carbon dioxide could be sold globally,
since there is no geographical correlation between carbon dioxide emissions and their environmental eﬀects. Värmland would be able to
sell its nitrogen and sulphur binding permits in
Northern and Central Europe, since the emissions bound by the soil in Värmland mainly
originate from there. Local environmental problems would be matched locally, regional problems regionally and global emissions would be
handled on a global market.
If those who produced emissions paid those
who via their ecosystems dealt with these emissions, there would thus be a redistribution of
wealth from businesses and households that
consume sustainability to businesses that produce sustainability. This would lead to transfers
between sectors but also to regional redistribution, since producers and consumers of ecosystem services are not uniformly distributed
throughout the country (or the planet). In a
narrow perspective, one could claim that it
would be the ecosystem producers who proﬁted
from the system, but ultimately it is intensely
emitting towns and industries that would beneﬁt. The ecosystem market would provide them
with the potential to purchase the sustainability
base they cannot produce themselves and without which they cannot exist in the long-term.
A market for ecosystem services would create a strong incentive for sustainable development on both the producer and consumer side.
It would be proﬁtable both to increase production of ecosystem services and to decrease consumption of environmental space.
Transfers from town to countryside

Countryside production of ecoservices in our
example can be roughly estimated at SEK 79
billion annually. This corresponds approximately
to the Swedish regional policy budget. For com-
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parison, it can be noted that agriculture’s total
return on labour and capital (GRP contribution)
is SEK 3-5 billion per year. Forestry’s contribution to GRP is just under SEK 20 billion per
year. Even if the SIKA calculation values are
far from the prices that would be set on a future
green market, this sample calculation indicates
the potential of the green market. The ecological sustainability of towns and industries could
be ensured for a limited sum (a few percent of
GRP), while at the same time expensive agricultural and regional subsidies could be avoided.
2. New control measures required
Situation on the farm

Göte Bertilsson, KSLA delegate
Swedish agriculture has progressed a long way
towards sustainable and environment-ally adapted production. The starting position is good, but
there is still much to do. Production can be modiﬁed, adapted and ﬁne-tuned in diﬀerent ways
for increased ecological eﬃciency.
However, there is also an economic side to

the issue. The farmer of today is ﬁghting for his
short-term economic survival. It is he who is responsible for food production and he who aﬀects
the environment. However he has no inﬂuence on
price, for between him and the consumer lies the
world market. It is this that determines the prices for the majority of agricultural products comprising staple goods. Increased costs can therefore not be directly transferred to the consumer
and the current prices for agricultural products
leave no margin for increased production costs.
A farm business cannot or should therefore
not go beyond what is proﬁtable within the
framework of the existing regulations. The ﬁrst
steps in environmental protection, for example better control of inputs, are proﬁtable.
They lie within the framework of GAP (Good
Agricultural Practice) and can be dealt with by
ordinary market forces. When the WTO and
trade (e.g. a supermarket) talk about environmental demands on food production, they are
referring to demands and measures within the
framework of GAP. GAP also sets the ceiling for advisory services and projects such as
Greppa Näringen (Figure 1).
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Figure 1. A farm business cannot
or should not go beyond what is
proﬁtable within the framework
of existing regulations. The ﬁrst
steps in environmental protection, for example better control
of inputs, are proﬁtable. They
lie within the framework of GAP
(Good Agricultural Practice) and
can be dealt with by ordinary
market forces.
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Figure 2. Assessment of how cereal
production in Swedish agriculture could
be changed over and above GAP to
contribute to ecological sustainability,
and the cost of such changes. The package of measures would contribute to
better nitrogen management, reduced
spraying of crop protection chemicals,
greater biological diversity and better
soil management. The minimum total
cost to the farmer is estimated to be
SEK 1 200-2 000 per hectare, which
corresponds to just over SEK 0.2 per kg
of grain.
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In Sweden, we could do more in the environmental area than we have done within
the framework of GAP. The problem is that it
would still not be enough. We have a stressed
planet, and the stresses are increasing. Humans
are already appropriating over half the world’s
collective biological production and soon more
will be required. There is therefore a need for
decoupling, i.e. we must increase food production without a corresponding increase in consumption of the environment and resources by
agriculture. We must adopt measures that go
further than GAP and there must be an incentive for this.
Going beyond GAP, agriculture can produce a wide range of ecosystem services. Some
examples include better humus retention (carbon binding), better plant nutrient management
and decreased use of crop protection chemicals
through ﬁnancial penalties and precision technology, lower fuel use through new soil tillage
systems, biological diversity and production of
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bioenergy. The basis for production of these services is often a combination of measures – choice of crops and cultivars, tillage technology and
use of the best possible technical solutions.
The KSLA Committee for Ecology,
Economics and Environmental Protection has
attempted to assess how cereal production in
Swedish agriculture could be changed over and
above GAP to contribute to ecological sustainability, and the cost of such changes (Figure
2). The package of measures would contribute
to better nitrogen management, reduced spraying of crop protection chemicals, greater biological diversity and better soil management. The
minimum total cost to the farmer is estimated
to be SEK 1 200-2 000 per hectare, which corresponds to just over SEK 0.2 per kg of grain.
This would not make any great impact on the
price of bread if it could be applied across the
entire chain, but corresponds to a quarter of the
amount the farmer receives for grain today.
Another potential measure is a change in
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the crop rotation to include a year of ley (Figure
3). If the ley biomass could be sold it would result in a ﬁnancial gain, while at the same time
increasing carbon binding and reducing the use
of crop protection chemicals and diesel in agriculture. However, if it was not possible to sell
the biomass, the result would be a ﬁnancial loss.
This change would involve the binding of 230
kg carbon (equivalent to 800 kg carbon dioxide)
per hectare and year (compared to the conventional crop rotation without ley) or even more if
the ley were to be ploughed under. If this carbon
binding could be sold at current market prices,
it would bring in around SEK 100 per hectare,
which would not be enough to turn loss to proﬁt
– but it would be a step on the way.
For a change in crop rotation involving ley
being grown on 1 million hectares, the total
carbon binding would be 0.8 million tonnes,
which corresponds to one percent of Sweden’s
combined emissions. The Kyoto target is to decrease emissions by at least four percent.
In addition to these examples, which consider concrete measures and changes in agri-
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Figure 3. Another potential measure
is a change in the crop rotation to
include a year of ley. If the ley biomass
could be sold it would result in an
economic gain, while at the same
time increasing carbon binding and
reducing the use of crop protection
chemicals and diesel in agriculture.

culture, agricultural land produces ‘passive
ecoservices’ simply by existing, for example by
ﬁ ltering water and air.
The question is whether, and in which case
how, ecosystem services of diﬀerent types can
be sold.
One answer to this question is that society
already purchases such services from agriculture today. Catch crops and protection zones
are two examples, where society purchases their
actual establishment. Within the framework of
the EU agricultural policy there are tools such
as compulsory conditions and environmental
programmes. Several EU countries are exploiting these possibilities in a positive way and
this can lead on to greater things. Germany
has introduced requirements on crop rotation
and humus balance, and subsidies are paid to
those using fewer chemicals. The USA is expanding this type of environmental incentive,
which partly has the character of a speciﬁc development contract (Environmental Quality
Incentives Programme, EQIP).
The problem is that it is diﬃcult to quantify
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an ecoservice in a speciﬁc case. For the individual farmer it is more a question of a business
specialisation than of quantiﬁable ecoeﬀects.
The diﬀerences between diﬀerent systems and
management models can be calculated (as in the
example for carbon in Figure 3) and in some cases more general estimates can be made through
computer simulations. The question is whether
that would be enough for the consumer in an
‘ecosystem market’?
The environment and global security

Tomas Ries, Swedish Institute of Foreign Policy
In a technological historical perspective, human
development can be said to have passed through
three diﬀerent phases. The ﬁrst was the prehistoric hunter-gatherer era. Around 10 000 years ago,
there began a transition to the second phase, when
humans became farmers. Then came the industrial
revolution, which saw the development of the industrialised nation state, the social system to which we
in the wealthy world are accustomed. We now ﬁnd

ourselves at the beginning of a transition to a fourth
phase, which has many names: Globalisation, the
post-modern society, the information society…
With each transition between these phases, the
conditions for humans and their relationship to the
environment have changed fundamentally. Entry
into the industrial era saw the development of the
security perspective that dominates our time, in
which competing elite nations are the greatest problem. Now that we are entering a new phase, that
perspective will almost certainly change.
The transition between the modern age and the
globalisation era is bringing about profound changes in a wide range of areas (Figure 4). The most
important is that ﬁguratively speaking, technology
has made our world much smaller. In an ecological perspective, a fundamental diﬀerence is that up
until around 100 years ago, mankind’s inﬂuence
on the environment was very insigniﬁcant. Today
we aﬀect the underlying global ecosystem in three
diﬀerent ways:
• Depletion of essential resources
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Figure 4. The transition between
the modern age and the globalisation era is bringing about
profound changes in a wide
range of areas. The most important is that ﬁguratively speaking,
technology has made our world
much smaller.
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• Disruption of the global ecosystem
• Development of catastrophes
These problems are of course closely interlinked, but the consequences they have are partly
diﬀerent.
The ecological crisis is now so serious that we
must tackle it, but at the same time we ﬁnd ourselves in a transition phase where the previous global
security political agenda is being dissolved in a diffuse cloud of questions, threats and problems and
where politicians are fumbling for a new agenda.
It is therefore important that we are capable of
analysing and prioritising the security problem,
where there are two critical variables: How serious
the consequences are; and how likely it is that the
threat will become a reality (Figure 5).
In terms of this model, threat analysis of the late
industrialisation age was rather simple. The great
threat to Swedish existence was an attack by the
Soviet Union and a global nuclear war. Global poverty was mainly a moral issue that did not threaten
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Figure 5. It is important that we are
capable of analysing and prioritising
the security problem, and there are
two critical variables in this area:
How serious the consequences are;
and how likely it is that the threat
will become a reality.

us in the rich part of the world. Awareness of a
growing global ecological crisis was still limited
and unclear.
Today the picture looks completely diﬀerent
(Figure 6). At the top of the agenda today is global, non-state terrorism, exempliﬁed by the attack
in the USA on 11 September 2001. This has not yet
posed an existential threat, but it may do so, in the
ﬁrst instance through attacks with biological weapons. A closely-related threat is the danger of a
lethal pandemic. The SARS epidemic provided a
glimpse of this threat. The disease was not particularly infectious or dangerous, but it nevertheless had
an enormous eﬀect on world trade and the economy,
particularly in the areas aﬀected. A global lethal
epidemic would not only mean huge losses of human life, but probably a crash in world trade, since a
large proportion of all travel and transport of goods
would be stopped. A global economic depression
or crash could also arise due to other causes, and
this is the third major threat to the current political
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today is global, non-state terrorism,
exempliﬁed by the attack in the USA
on 11 September 2001. This has not
yet posed an existential threat, but
it may do so, in the ﬁrst instance
through attacks with biological
weapons. A closely-related threat is
the danger of a lethal pandemic. A
global economic depression or crash
is the third major threat to the current political agenda on security.
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Figure 7. The ecological threats
and problems we are facing can
be analysed in a similar way, here
with examples of such an analysis
in a Swedish perspective.
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agenda on security.
The ecological threats and problems we are
facing can of course be analysed in a similar way.
Figure 7 shows examples of such an analysis in a
Swedish perspective. We are facing a growing
number of environment-related security problems,
some of which are very relevant and very serious.
State of the planet – UN Millennium
Ecosystem Assessment

Lisen Schultz, Centre for Interdisciplinary
Environmental Research, Stockholm University
The UN Millennium Ecosystem Assessment
(MA) is the largest investigation of the state
of the planet’s health carried out to date. It
was commissioned by the General Secretary

of the UN in 2000 and has involved 1 360 experts in 95 countries. The structure and objective of the project resemble the UN scientiﬁc
panel on climate change (IPCC).
The basic question that the report attempts
to answer concerns the status of earth’s ecosystems. What signiﬁcance have they for humans
and how can we manage them so that they
continue to feed a growing population? The
assessment has investigated how ecosystems
have been aﬀected during the past 50 years and
also takes a look 50 years into the future.
MA has studied 24 diﬀerent ecosystem
services, including wastewater treatment, food
production and disaster prevention (Figure 8).
Some of the overarching conclusions are:

ECOSYSTEM SERVICES
= goods and services obtained from the ecosystem

Figure 8. Study of
24 diﬀerent ecosystem services,
including wastewater treatment,
food production
and disaster
prevention.
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• In the past 50 years, ecosystems changed
more severely and more rapidly than ever before.
• Certain ecosystem services – agricultural
crops, cattle, timber – have increased, which
has led to a higher standard of living. However,
this has occurred at the expense of a decline in
other ecosystem services – clean air, drinking
water, disaster prevention and degradation of
wastes.
• Fifteen of 24 services are being utilised
non-sustainably, but the health of ecosystems in
particular has been compromised, as has their
resilience and thus their long-term capacity to
supply essential ecosystem services.
Altogether, this situation is a threat to human welfare.
According to the report, among the most
serious threats to ecosystems and their ability
to supply services are climate change and eutrophication. Other important problems identiﬁed
are:
• Extinction of species, which is 500–
1 000 times faster today than the ‘natural’ rate
of extinction.
• The deep crisis in world ﬁshing, which is
the result of unexpected threshold eﬀects.
Two billion people in arid areas are particularly vulnerable to the loss of ecosystem
services.
The main message is that it is possible to
reverse the current depletion of ecosystems
while meeting the increasing demand for food,
water, timber and other natural resources. MA
describes four scenarios showing how this
could be possible. However, for a reversal to be
possible, considerable political and institutional reforms are required. The report notes
that these are currently conspicuous in their
absence.
Managed properly, ecosystem services can increase. For example, agriculture
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can contribute to biological diversity, carbon dioxide uptake and experiences of nature. Mangrove forests can protect coasts
from waves and produce ﬁsh and seafood. In addition, careful management of
ecosystems is often more socioeconomically proﬁtable than intensive cultivation of a
crop (Figure 9).
An MA study in Kristianstad’s Vattenrike
shows how environmental protection can be
a source of social improvement. By restoring a wetland in collaboration with farmers,
charitable organisations, the local authority
and the county council, it has been possible to
create a lakeland that is attracting tourists and
local residents, as well as endangered species
of birds. The area has become an international
role model of sustainable development, and
two of the keys to its success are the strategic
interaction between sectors at diﬀerent levels
and the linking of nature conservation with
beneﬁts to the public.
The MA reports provide a list of recommendations for decision-makers who want
to contribute to sustainable use of ecosystem
services. Many of these involve consumers
of ecosystem services paying producers. The
issue is thus one of establishing green markets, which would prevent overconsumption
and stimulate good management.
At the same time, one should not forget
that there are values other than monetary
gain that can attract land managers to provide ecosystem services. A sense of participation and of contributing to the greater good
is important, as is the feeling that what one
does can be respected. MA recommends
that the decision-making rights of local
users and society be increased, that interaction between sectors and levels be improved
and that ecosystem services be considered in
all decisions.
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Eating one’s cake and having it...

• Carefully utilised ecosystems give higher
economic value
• E.g. mangrove:
Cleans surface water, protects the coast from
waves, produces ﬁsh, shellﬁsh, wood and timber

Figure 9. Managed properly, ecosystem
services can increase. For example, agriculture can contribute to biological diversity,
carbon dioxide uptake and experiences
of nature. Mangrove forests can protect
coasts from waves and produce ﬁsh and
seafood. In addition, careful management
of ecosystems is often more socioeconomically proﬁtable than intensive cultivation
of a crop.

The Environmental Targets initiative
in Sweden

Robert Andrén, Environmental Protection
Agency
The underlying basis for environmental protection work in Sweden is a political vision, adopted by a unanimous parliament, that the great
environmental problems must be resolved within one generation. The decision was made to
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work towards this objective in a structure with
ﬁfteen (now sixteen) national environmental
targets. The work of realising these targets is
clearly a process with many stages, from deﬁning and quantifying the problems, to remedial
measures and assessment of outcomes, which in
turn form the basis for continued work and new
remedial measures where necessary. The environmental targets represent the environmental
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dimension in the work of achieving sustainable
development in Sweden.
Centrally, Swedish environmental target
work is directed by the Environmental Targets
Board, appointed by the Government. The national environmental targets have contributed to
the creation of a more structured environmental protection process and better cooperation
between diﬀerent actors. There are of course
diﬀerences of opinion regarding what should
be done and how, but constructive discussion
is being carried out within the Environmental
Targets Board and this must be allowed to take
time, even though the environmental situation
is such that we do not have unlimited time.
Up until now, much of the environmental
targets work has been pursued centrally – by
parliament, government and authorities – to
establish the structure within which most work
is currently carried out. However, the drive to
achieve the targets lies to a great extent with
other actors: towns and cities, industry and
private individuals. Many actors, including
Swedish county councils, have adopted the environmental targets and are using them as the
central basis for much of their work. An important next step is to reach the local level in a
similar way, so that the environmental targets
begin to feature as a central concept in the work
of local authorities.
As regards industry, many large companies are working seriously and committedly
on environmental issues. The great challenge
is to get small and medium-sized companies
to realise that it is possible to combine active
environmental work and economic proﬁtability.
The important thing here is to highlight good
examples of such combinations.
We must reach out economists, social planners and businesses with the message that there
is no automatic conﬂ ict between the economy
and environmental considerations - that natural
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resources are not part of our economic system,
but rather that the exact opposite is true. We
must open people’s eyes to the absurdity of continuing to invest in our children’s ill health by
not taking seriously many of our environmental problems such as air and noise pollution – a
challenge facing one and all.
Sustainable development and
international policy

Anders Wijkman, EU parliament
On the international plane, the work on sustainable development has to date concentrated
on quantifying and describing the problems.
In many areas, this has subsequently resulted
in international conventions and agreements,
where the nations ratifying the agreement have
pledged to observe a certain code of conduct and
to adopt remedial measures. A general problem
with these conventions is that they do not contain any sanction conditions. Nations can break
the conventions without suﬀering any consequences. It is actually only in the area of trade
that international agreements have the potential
to introduce sanctions. Contravention of WTO
regulations can cost nations ﬁnes amounting
to several billion dollars. Most environmental conventions, on the other hand, are almost
completely toothless. The Climate Convention
has no power whatsoever to introduce sanctions on the international level. However, the
EU has agreed considerable economic sanctions
for member states who do not live up to their
pledges under the Kyoto Agreement.
On the regional plane, there is a long list
of laws and directives on EU level. There is
also a range of cooperative agreements in the
environmental area within the UN’s regional
organs. However, a common theme is that
these agreements very seldom describe methods or strategies for achieving the targets
agreed. The UN Commission for Sustainable

Kungl. Skogs- och Lantbruksakademiens TIDSKRIFT nr 1 2006

Development (CSD) meets annually to discuss
various themes, but when it comes to reaching
agreement on how the work of sustainable development should be carried out, the decisionmaking force is astoundingly low. The Kyoto
Agreement is strictly speaking the only international agreement that has gone one step further
and agreed a range of instruments for achieving established targets. The UN Environmental
Programme (UNEP) has a range of works in
progress, but these involve projects and voluntary collaboration with various sectors of industry, for example the insurance branch.
On EU level, however, there is concrete cooperation regarding implementation of the environmental targets. Bans have been introduced,
for example in the chemicals sector. There are
emissions ceilings for large waste incineration plants and quite speciﬁc requirements on
recycling of redundant electronic equipment
and cars. There is also a range of systems for
supporting sustainable development, subsidies
for energy-eﬃciency and renewable energy production and a range of support measures within
the framework of the EU Agricultural Policy.
There is also a speciﬁc directive on support
for biofuels and – last but not least – the EU
Emissions Trading Scheme.

Emissions Trading Scheme
The establishment of an emissions trading
scheme within the framework of the Kyoto
Agreement has been a long and complicated
process. One diﬃculty lay in determining the
phase in which the trade should occur – in the
import and production phase or in the consumer phase. Another issue was to decide how
the emissions permits should be distributed –
should they be auctioned or distributed through
political decisions and in relation to previous
emissions by companies? The latter model was
eventually selected, which is possibly the price
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that must be paid for including industry in the
system, but it has had a range of very unfortunate consequences. Companies that in the past
ten or twenty years made eﬀorts to reduce their
emissions, e.g. as a result of government initiatives, have now a received considerably lower
allocation of emissions permits than companies
that did not adopt corresponding measures.
Since the emissions permits are worth money,
this means that the least environmentally active
companies are now being ﬁnancially rewarded
for neglecting to reduce their emissions previously. In addition, more emissions permits have
been distributed than should have been. Those
companies that are included in the system are
responsible for around 45% of the carbon dioxide emissions in the EU. They have received
emissions permits that in total exceed their actual 2001 emissions by around 20%. In view of
the fact that the aim is to reduce total emissions
by 8% from the 1990 level, it is diﬃcult to see
the logic in this. If the system is to have the intended eﬀect, severe cutbacks will be necessary
when the emissions permits for the period after
2008 are being distributed.
Another diﬃcult issue concerns the actors
involved in the system. These currently comprise only power plants, industries and other
large point sources. The transport sector, where
emissions are increasing more rapidly than in
any other sector, is not included. Buildings,
residences and other household consumption
have also been omitted.
Even though the system has several weakness, it was an achievement to get it accepted
and the task is now to do the best possible
job within the existing conditions. A speciﬁc
Swedish problem in this context is that due
to the lack of full discussion on EU issues, we
have not comprehended that the energy policy
situation has fundamentally changed. That
which was logical as long as we had an isolated
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Swedish energy market is often the reverse today. Professor Björn Karlsson has pointed out
that Swedish energy production is certainly
low in carbon dioxide emissions, but we are the
worst in Europe on the consumption side, since
we have higher electricity use per capita than
any other country. In marginal circumstances,
it is always coal power from the Continent that
is consumed, since the electricity market is becoming increasingly integrated across national
borders. It is therefore not always sensible to
close down a domestic oil boiler and replace it
with heat from electricity, since the oil boiler
is still a better option in both energy and environmental terms than a coal-ﬁred power plant
in Poland or Germany.

products, and where concepts such as ecological
footprint, carrying power and fair distribution
are also included in the picture. The land-based
industries are regarded not only as producers of
certain goods but also as suppliers of ecosystem
services. The discussion has relevance for the
continuing work on the climate question, acidiﬁcation problems and eutrophication, but also
for the reform of agricultural policy. It could
also contribute towards altering the prevailing
outdated conception of the relationship between
town and country in which the countryside is
described as a burden, while all the dynamics
and control measures for economic development are attributed to the town.

Uniﬁed approach lacking
We have thus a range of tools for dealing with
environmental issues of various types, including
climate change, but we have hardly acquired a
uniﬁed approach. We are working with diﬀerent sectoral solutions. We have also an increasingly globalised economy and the ecological
footprints left by our consumption in other
parts of the world are practically never included
in the picture. The ability of nature to supply us
with resources and to assimilate waste products
has hitherto not formed the basis for any control
measures. In addition, there is no system that
attempts to take the distribution aspects into
account. The discussion on fair global distribution of resources and environmental space has
not even begun, despite the fact that diﬀerences
are dramatic. For example, the USA consumes
3-4 times more energy than China, but has only
one ﬁfth the number of inhabitants.
Against this background, discussion of a
market for ecosystem services is highly relevant.
The aim is to attempt to open the door for a
solution that takes a uniﬁed approach to everything from production to absorption of waste

3. What control measures do we need?
Economic controls for sustainable development

Thomas Sterner, Dept. of Business Economics,
University of Gothenburg
To begin with, it can be said that the timescales that are relevant when discussing natural
processes and environmental impacts are completely diﬀerent from those that predominate
within economics and politics. Data from core
samples of polar ice show that the carbon dioxide content of the atmosphere has varied between 180 and 280 ppm over the past 400 000
years. Considering only the tiny fraction of this
time span that we normally refer to as ‘history’,
the increase in carbon dioxide content that has
occurred in recent centuries does not appear as
dramatic as it actually is. The carbon dioxide
content of the atmosphere is now 376 ppm, a
situation unparalleled in a period of the earth’s
history spanning several ice ages with intermediate temperate periods (Figure 10). Against
this background, it is only in a very short-term
perspective that the EU proposal to stabilise the
carbon dioxide content of the atmosphere at 550

Kungl. Skogs- och Lantbruksakademiens TIDSKRIFT nr 1 2006

 QQN

5IJTJTUIFQFSJPEPGUJNFXF VTVBMMZ DBMM
w )JTUPSZ w
Figure 10. Considering only
the tiny fraction of this time
span that we normally refer
to as ‘history’, the increase
in carbon dioxide content
that has occurred in recent
centuries does not appear as
dramatic as it actually is. The
carbon dioxide content of the
atmosphere is now 376 ppm,
a situation unparalleled in a
period of the earth’s history
spanning several ice ages
with intermediate temperate
periods.

ppm can be viewed as ‘radical’.
To what extent can economic control measures be used to reduce the use of fossil fuels
and avert the threat of climate change? In the
following, this question is discussed with the
focus on the transport sector.
Elementary economic theory states that if
the price of a product rises, then demand will
fall. In the discussion on growth versus environment, one must also consider the eﬀect of
increasing purchasing power. For example, is
it possible to halve emissions from fossil fuel
if the income of the population simultaneously
increases by 50%? The economist’s answer to
this question, based on current calculations, is
yes, it is possible. What is required is an increase in fuel prices of 300% (see box).
The question that arises is how such an increase would aﬀect socioeconomics and standard of living and whether it is actually possible. The answer is that it is not only possible, but
that it has already occurred in Europe. Figure
11 shows how the price of petrol has changed
in a number of countries since 1960. The ﬁgure
also shows that there is a very clear correla-
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tion between the price of petrol and per capita
consumption of petrol. If the entire world had
petrol prices at the European level, global emissions of carbon dioxide would be around 40%
lower than they actually are.
At the same time, it must again be emphasised that this example only covers the transport sector. Emissions from industry, heating
and electricity production have been omitted.
To deal with emissions of greenhouse gases,
many diﬀerent types of measure are required. If
one considers the economic expansion in large
populous developing countries such as China,

What is needed to halve emissions of
carbon dioxide by the transport sector
if income increases by 50%?
Demand for fuel: Q = Ya Pb
Elasticity: Income: 1, price -0,8
Q = Y P-0,8
P = (0,5/1,5) -1/0,8 = 3,95
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Petrol: Price and use/capita

Figure 11. Changes in the
price of petrol in a number of countries since
1960. There is a very clear
correlation between the
price of petrol and per
capita consumption of
petrol. If the entire world
had petrol prices at the
European level, global
emissions of carbon
dioxide would be around
40% lower than they
actually are.

with an annual economic growth of 8%, it is
obvious that it is not only a question of choosing bioenergy or energy saving or solar cells.
We will need to exploit every possibility, from
storage of carbon dioxide in the soil to development of superinsulated houses without central
heating.
The changes that have occurred in the
Swedish district heating sector show the potential of replacing fossil fuel with biofuel. Since
1980, the sector has largely rendered itself independent of oil and coal, while at the same time
increasing its production very steeply (Figure
12). The driving force behind this rapid transformation was of course increasing oil prices.
A circumstance favouring market-based
control measures is that politicians have actually succeeded in introducing very substantial
tax increases in certain countries and that these
have had considerable eﬀect. Calculations show
that having fuel prices at the UK level within
the entire OECD area would lead to a 40% reduction in emissions. Having fuel prices at the
USA level, on the other hand, would increase
emissions by a corresponding amount. The rea-
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sons why it is more diﬃcult to impose taxes on
fuel in the USA than in Europe must be sought
in the inﬂuence of political lobbying groups.
Control measures for the farmer as a producer
of sustainability

Helena Johnsson, LRF
In Sweden, people have been farming for more
than 5 000 years. During that time, great changes have occurred in the reality that controls
the farmer’s cropping and livelihood, from selfsuﬃciency and barter to ruthless competition
on a world market with major food wholesalers.
Two examples show what the current rules of
play can lead to.
Isn’t it strange that Sweden has diﬃculty
meeting its environmental targets regarding
conservation of grazing land? - at a time when
domestic consumption of beef has increased by
an incredible 50% in the past 10 years! Swedes
eat on average 25 kg of beef per person and year.
How come every patch of grazing is not fenced
oﬀ and covered with grazing cattle?
Another practice that instinctively feels
wrong is that Stockholm’s sewage sludge is
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Figure 12. The changes
that have occurred in the
Swedish district heating
sector show the potential
of replacing fossil fuel with
biofuel. Since 1980, the
sector has largely rendered
itself independent of oil and
coal, while at the same time
increasing its production
very steeply.


$0"0*




#*0."44









transported north to the Swedish Dales region and dumped in old mines. This sludge is
contaminated with solvents, heavy metals and
pharmaceuticals and farmers dare not use it as
a fertiliser.
Is this sustainable development? Farmers
have always been forced to live with the opportunities and limitations created by nature on
their actual farm, the prevailing climate at the
farm and the daily weather. This has resulted in
them developing a range of methods and systems as aids. One task of modern farm business management, in addition to accounting,
production and maintenance of machinery and
buildings, is to prepare a plant nutrient budget for the farm. First the amounts of nitrogen, phosphorus and potassium the business
purchases in through feed, straw and possibly
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manure are calculated. To these are added deposition in rain and snow. Then the amounts
removed when milk, meat, grain, potatoes or
other products are sold are estimated. The aim
is to utilise plant nutrients in an optimum way,
to achieve the best possible degree of response
in the crop. Losses during slurry spreading or
through leaching must be minimised. This leads
to good yields giving rise to lower plant nutrient
losses. They also bind more greenhouse gases
and suppress weeds, which lowers the demand
for chemical herbicides. A good yield is quite
simply the best strategy even in purely ecological terms. The farmer must not have production
that is out of balance with his access to arable
land. Any farm with too little land is forced to
sign contracts with a neighbouring farm with
available land.
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This approach to the soil and production
is well in line with the perspective that forms
the basis for the idea of a market for ecosystem
services. We are therefore cautiously positive
to the thought, but with one reservation. The
geographical scale on which such a system is
established is of great importance. The more
parameters that can be included, the better the
overview that can be achieved. The risk of loopholes and one-sided optimisation is reduced,
but at the same time the political challenges
become more diﬃcult and the risk of the system
requiring comprehensive bureaucracy increases.
A simple and transparent system is essential.
If a workable model can be developed, the
group within society that owns and tends the
land and the forest as such should acquire a central role. At the same time, this would bring
the ownership structure in diﬀerent parts of
the world and the rights and obligations of land
managers into focus.
Control measures for sustainable rural
development

Kåre Olsson, Skattungbyn Community College
Let us begin by reﬂecting on two diﬀerent conceptual models for change.
The ﬁrst model is mechanical. It is based on
there being an idea that one attempts to realise
by producing the resources required. This is
the theoretical basis for the changes that have
taken place during the entire industrial age. It
is an eﬀective model, provided that energy is in
plentiful supply. It also requires specialisation
and concentration of operations. A consequence
of this model is that all parts are subject to a
supreme goal. In addition, the model has no
intrinsic driving forces for change. For a steam
engine to be anything other than a steam engine, it has to be melted down and someone
must have ideas about what the materials should
be used for.
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The other conceptual model can be referred
to as organic. It is represented by the biological changes that occur in nature. There is no
supreme goal, just a large number of actors all
acting within the framework of the possibilities and the space available. We humans can
of course categorise and describe processes and
events, but these are conceptual constructions
and not something that exists in nature, where
there are not even species, just individuals.
It would clearly not be desirable for social
development to proceed according to the organic model. However, it can be worthwhile
reﬂecting on the circumstance that in nature
there are inbuilt development mechanisms that
can lead to change without there being an overall idea or goal. This quality is lacking in the
mechanical model. Perhaps it would be good if
we allowed both conceptual models to complement each other when we are discussing social
change, instead of letting one dominate the
other.
Let us now go from the world of theory to
everyday rural development and reality with
the help of a quote found in a description of
the rural development programme in the EU
structural fund, Goal 1, southern forest region:
‘Between town and country there is a mutual
dependence. A sustainable countryside is important for the survival of the town. The town
constitutes the engine in the development of the
surrounding countryside and provides it with a
broad supply of e.g. higher education, commercial services, culture and entertainment. The
countryside provides the town with raw materials, energy, manpower, food, cultural artefacts,
historical values and recreation’. Carry out the
mental exercise of replacing ‘town’ in this text
with ‘England’ and ‘countryside’ with ‘India’.
This reveals the perspective that the text in this
oﬃcial and relevant control document reﬂects
in all its feudal and colonial nakedness.
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The document states that the countryside
must provide the towns with manpower, which
is regression, not progression. Regression of the
countryside and small communities is seen as
a necessity in achieving the overarching goal,
which is continued economic growth. The
measures undertaken are aimed at integrating
regions to a greater degree into the large-scale
production system and not at promoting local development. It should be noted that work
on local development is mainly being carried
out without the participation of farmers. Their
conditions are namely controlled by a diﬀerent area of policy, agricultural policy, which
acts in a completely diﬀerent direction than
regional policy. Agricultural policy nevertheless aims towards local development, since it
attempts to safeguard the proﬁtability of farm
businesses and thus their survival. Farmers have
learned to skilfully adapt to the existing regulations, but they are seldom actors on the market.
Furthermore, there is often a lack of local markets. My description here is based on the conditions in my home area of Orsa in the Dales
area of Sweden, where conditions for farming
are not the best. However, trends often reveal
themselves more distinctly in marginal areas.
The countryside and small rural communities are clearly damaged by this split policy
with conﬂ icting aims. The transition to sustainable livelihood patterns is hampered by a lack
of control measures and a shortage of capital.
Regional policy diverts quite large amounts of
money to bureaucratically controlled projects,
despite projects not being able to create development, in my opinion. Projects are only applicable when there is an existing process, not for
creating a process. The idea being discussed of
developing an ecomarket can be a way to develop completely new opportunities and tools
for local development.
A more appropriate rendition of the quote
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above would be as follows: ‘Between town and
country there is a mutual dependence. A sustainable countryside is essential for the survival of
society and constitutes the engine for development of a sustainable supply of raw materials,
energy and food’. In this re-writing there is a
reversal of the view of the foundations of our
existence, biological processes and the societal
conditions to protect and promote them.
With such a perspective, farm businesses
would be seen as managers of local ecosystems
and integrated into the local community where
they work. Food production should be regarded
as a special case, one of many possible production specialisations. A clear shift of emphasis in
the land-based businesses towards sustainable
development – a new direction that would be
clearly visible externally – is what is required.
At the same time, it is important that the green
sector participates in the work and the processes
being pursued for regional development. Rural
businesses must become the local economic engines they have the potential to be. Both new
markets and new specialisations must be developed, not only for the sake of the sector but
also to challenge and inspire others.
In a social perspective, it is essential to specify targets for this development, and this must
be done with reasonably good political consensus. Economic control measures will be an
important tool in achievement of the targets. It
is essential that discussions about taxation deal
to a considerably greater extent than at present
with the possibilities for using taxes for steering
society – an issue that some debaters seem to
pride themselves on refusing to understand.
If the idea of trade in ecoservices is to gain
acceptance, such services must be deﬁned and
exempliﬁed. It will be a huge education task to
make ecosystem services comprehensible and to
explain how a market for such services could
operate.
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4. Market-based control measures in practice – the example of the climate question
Martin Persson, Chalmers University of
Technology
With the introduction of the Kyoto Agreement,
a ceiling was set for emissions of greenhouse
gases by a number of industrialised countries
(until 2008-2012). This is the ﬁrst step in the
challenge of achieving long-term stabilisation
of concentrations of greenhouse gases in the
atmosphere at a level that would prevent a damaging human impact on the climate.
Any assessment of the Kyoto Agreement
must therefore be based not only on its eﬀects
and costs in the short term, but also on how
it prepares us and creates acceptance for more
profound reductions in emissions in the future.
Here this issue is discussed from two perspectives, one focusing on the role that uptake of
carbon dioxide in sinks could be expected to
play in the short and long term, the other based
on the question of whether a market-based
control measure (such as the trading system in
Kyoto) is suﬃcient or whether further control
measures are required.
The Kyoto Agreement allows countries to
achieve their emissions targets by increasing
binding of carbon dioxide in the biosphere (forest and soil), in what are usually referred to as
sinks. The role such sinks can be expected to
play naturally depends on the degree to which
carbon dioxide emissions have to be reduced.
This in turn depends on how sensitive the climate is to human inﬂuence and the amount of
climate change we can accept. In scenarios of
future emissions of carbon dioxide, the UN
climate panel has estimated total emissions for
the period 2000-2100 at between 1 000-2 100
gigatonnes of carbon (GtC). At present, annual emissions lie around 6.5 GtC. If we are to
stabilise the carbon dioxide concentration in
the atmosphere at somewhere between 350-
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550 ppm, which is the climate target that is
generally discussed, emissions during the same
period may be around 300 GtC (for the lowest
target) and 900 GtC (for the highest target).
Reductions in emissions of up to 1 800 GtC can
therefore be required in the coming century.
What then is the potential of sinks? The
practice most often mentioned in conjunction
with sinks is planting or replanting of forest.
The potential there is around 50 GtC. Further
opportunities for sinks are found in what can
be called maintenance of carbon stores in existing ecosystems for additional carbon binding.
The potential there is of approximately the same
order of magnitude, around 60 GtC. There are
naturally large uncertainties in these estimates,
but even if the potential were to be twice as
great, it is obvious that in the long term, sinks
can only play a minor role in stabilising carbon dioxide concentrations in the atmosphere.
In the short term, however, sinks could play a
major role.
Two additional perspectives on sinks are
worth mentioning. Firstly, competition for land
will probably increase in the future. In addition to the area required for food production for
an expanding population, climate policy will
make biomass production for energy purposes
interesting. The potential of this is considerably
greater than that of sinks, around 250 GtC in
the coming century. In addition, reduction of
carbon dioxide emissions through use of bioenergy (and other forms of renewable energy)
diﬀers decisively from carbon binding in sinks.
Since a change to carbon dioxide neutral energy
types can contribute to reductions in emissions
in all eternity, sinks will progressively become
less eﬀective and will eventually be completely
saturated.
If we focus too much on sinks in the short
term, therefore, we run the risk of placing ourselves in a situation where we have to rapidly
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expand carbon dioxide neutral energy sources,
partly to gradually reduce emissions and partly
to compensate for the eﬀect of declining sinks,
something that can make it politically diﬃcult
to meet truly strict emissions targets. There is
therefore reason to be cautious with the use of
sinks, even if in the short term they could be
very important as a cost-eﬀective way to achieve
the Kyoto targets.
This conclusion also relates to my other question of whether a price on emissions of carbon
dioxide and other greenhouse gases is suﬃcient
to solve the climate issue. To answer this we have
to take a step backwards and consider what we
actually want to achieve with a control measure
in the climate area, in the short and long term.
In the short term, we naturally want to decrease emissions, so that in the future we can
achieve really low levels of emissions. In addition, we want to start building international institutions that can manage this global problem.
For this, a market-based control measure such as
a carbon dioxide tax or a trade system like Kyoto
is quite suﬃcient. But we also want to place ourselves in a better position to be able to cope with
future stricter decreases in emissions and this requires us to begin developing new technologies.
For this, a carbon tax is not enough.
The main reason why a carbon tax does not
provide suﬃcient incentive to develop new,
carbon dioxide neutral energy technologies is
that there are market failures. Exactly as for
emissions of greenhouse gases, the market does
not make those decisions that are appropriate
from a socioeconomic perspective. In the case
of emissions, the fault is that the cost of damage
in terms of climate change is not reﬂected in the
price of fossil fuel – there exists what is known
as a negative externality.
In the case of technological advance and the
spread of technology, on the other hand, there
are a range of positive externalities. When a
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technology spreads, there is generally a decrease
in the cost and in uncertainties, particularly
for new, immature technologies. A number of
companies can exploit this, which reduces the
incentive for an individual company to itself
develop new and uncertain technologies. With
speciﬁc control measures that support research,
development and spread of new technologies,
these market failures can be corrected. Similar
problems exist as regards investment in energy
eﬃciency, something that motivates extra control measures in this area too. Admittedly, we
could meet strict climate targets by progressively increasing the price of emissions of carbon
dioxide and other greenhouse gases, but without new technologies to replace fossil fuel, this
would probably be very diﬃcult politically and
also unnecessarily expensive from a socioeconomic perspective.
To summarise:
• In the work of achieving long-term climate targets, sinks play a relatively marginal
role. Using land to produce energy is a more
promising alternative.
• If we only wish to meet short-term emissions targets in a cost-eﬀective way, then sinks
probably play a large role but this risks placing
us in a worse position as regards meeting longterm climate targets.
•
To meet long-term climate targets, we
should use control measures for technological
development and energy eﬀectivisation in addition to a market-based control system that sets
a price on carbon dioxide emissions. This would
increase the political acceptance and reduce the
total cost of meeting the targets.
Ecomarket and consumer power
– the carbon dioxide example

Svante Axelsson, Swedish Nature Conservation
Society
The trade in emissions permits within the EU
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began in 2005. It encompasses 11 000 plants
within energy-intensive industries, plus the power and heating sectors. Seven hundred of these
plants are located in Sweden. Around half the
total emissions of carbon dioxide in the EU are
included in the trading scheme.
Each emissions permit corresponds to one
tonne and they can also be purchased by private individuals. The price is set by the market. The current price is around SEK 200 per
tonne, which correlates poorly to what it actually costs to reduce emissions within the EU. A
more appropriate price would be SEK 80–100
per tonne, which is the cost of converting from
carbon to fossil gas. An explanation for the high
price could be that the trade has hitherto been
very restricted. The price will probably decline
when the market has matured.
The Swedish Nature Conservation Society
(SNF) has decided to oﬀer private individuals
the opportunity to participate in the trade in
emissions permits. The thinking behind the
SNF initiative is that people will use their consumer power to radicalise EU climate policy.
Anyone buying emissions permits but not using
them will thereby lower the emissions ceiling.
Assuming that every SNF member bought
one emissions permit, this would reduce the
Swedish emissions ceiling by 1%. If all Swedes
bought one emissions permit, this would reduce
the emissions ceiling by 15%.
One problem is of course that the emissions permits have a limited lifespan and that
new permits must be purchased every two or
three years. This can naturally be considered a
burden, but it is the way the system has been
constructed.
The SNF initiative is obviously not the solution to the climate question, but it should be of
concrete importance. Emissions decrease by one
tonne with each emissions permit purchased.
There is also a considerable educational eﬀect:
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people learn how the system works and have an
opportunity to become practically involved in
the climate question.
Of course there is a risk of individuals opting to purchase emissions permits instead of
trying to reduce their own emissions by driving
a smaller car, changing their domestic heating
system, etc. This is naturally not desirable, but
attempts should be made to combat it in the way
the opportunity is described and marketed.
5. Market for ecosystem services – a control
measure for sustainable development
The soil – a lost production factor

Stefan Hellstrand, Nolby Ekostrategi
There is a considerable degree of correlation
between the core of agricultural economics
as taught in Sweden up until around 60 years
ago and the system ecology platform established by E.P. Odum in his book ‘Ecosystems
and our Endangered Life-support Systems’
from 1989. Via names such as Mäler, Perrings,
Folke, Daly, Costanza, Wackernagel, Rees and
Jansson, Odum’s perspective has made a strong
impact in economic ecology and in the OECD
view of sustainable development. The same
fundamental perspective pervades the document Forskning för grön framtid (Research for
a Green Future), which 20 organisations in the
green sector, using KSLA as a platform, have
cooperated to propose as a basis for the Swedish
government’s white paper on research policy.
The Swedish agricultural economy up till
1945 and Odum share similar views on the
relationship between land/nature and society. There is also very good agreement in the
language used and in the prioritisation of lifesupport processes, where production of food is
ranked highly.
In Odum’s systems ecology perspective, the
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countryside and town are mutually dependent
on each other. Economic resources are produced
in the industrial, urban landscape. A condition
for this is the life support provided by the rural ecosystem. A condition for future urban life
is that this dependence is acknowledged and
that suﬃcient investment is made in life support processes in the countryside/nature. For a
period, we regarded these as free beneﬁts. The
sustainability discussion shows that this is a
false picture in many respects. The beneﬁts are
ﬁnite and future access will be limited by how
much we use them.
Three conclusions can be drawn from this:
• There are great similarities between old
agricultural science knowledge and modern
systems ecology as regards the relationship between nature/land and the economy/society.
• A condition for achieving sustainable development is that the soil/nature be restored to
a central position in economic theory and practice.
• The challenge for good social development is essentially the same as that for a farm:
in the socioeconomic and ecological context in
which we ﬁnd ourselves, to manage the economic-ecological production system for which
we are responsible so that we produce ‘suﬃcient’
today without destroying the production potential for our own children and grandchildren.
Success in the task described in the last conclusion will require methodology adapted to deal
with systems with mutual dependence between
economic, ecological and social dimensions and
between very low and very high systems levels,
where many interested parties can simultaneously have diﬀering but legitimate conceptions
of what represents good development.
Relevant methodology for this has been
identiﬁed as lacking and this lack is the reason for the so-called implementation gap in
sustainable development. A new scientiﬁc ﬁeld
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called post-normal science (PNS) provides
suggestions for closing this implementation
gap. A toolbox within the ﬁeld of integrative
assessment is proposed. These tools will provide a basis for decision-making that provides
structure to a complex decision-making situation, starting with the needs of the decisionmakers in the actual situation. Important requirements are that the methodology is capable
of simultaneously measuring the performance
of a system in biophysical and socioeconomic
terms, and that it can measure the position of
the system in relation to important forces for
change at both higher and lower systems levels.
The aspect of testing the relevance of a scientiﬁc project is emphasised: Does it contribute
to increased knowledge of the conditions for
sustainable development, or does it essentially
solve all the problems of yesterday? This is an
abstract, scientiﬁc way of describing in brief the
demands that phenomena such as sustainable
development place on tools that support such
development on the strategic, tactical, operational level. It can also be described in more
earthy terms: Sustainable development in one
regard is a question of ‘earthing’ economic theory and practice, and thus society – matching
‘ecological feet’ to the standing room available.
Critical loads as descriptors for
ecosystem services

Stefan Åström, IVL Miljöinstitutet AB
Critical loads describe the capacity of a system to assimilate pollutants without incurring
damage. When the critical load is calculated,
the characteristics of the system are taken into
consideration. In the case of the critical load
for acid rain, such characteristics consist of e.g.
land use, weathering rate of the parent rock and
deposition of basic cations.
The critical load is a statistical parameter. It
shows the degree of exposure to which a system
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can be exposed for a very long period without
being negatively aﬀected, providing of course
that its characteristics do not alter over time.
The critical load describes the capacity of
a number of diﬀerent systems and eﬀects. It
can apply for lakes, water courses, forest land
and other land and include other eﬀects such as
acidiﬁcation, eutrophication and, in modiﬁed
form, ozone concentrations and concentrations
of other compounds.

How are critical loads used today?
Critical loads are used in Swedish and European
air protection work. The introduction of critical
loads at the end of the 1980s and beginning of
the 1990s meant that international air protection work could take a new direction. From having been based on emissions levels, work could
then begin to focus on environmental quality
aspects.
Today critical loads are included as criteria
for the achievement of certain Swedish environmental targets. Critical loads can also be
used in economic assessment of environmental
impacts to a certain extent.
The critical loads that exist today are not
adapted to an ecoservice market. They do not
take into consideration alterations in the critical
loads when the method of using ecosystems is
altered, something that will probably occur if a
market for ecosystem services is introduced.
How can critical loads be used for trade in
ecosystem services?
The ﬁrst problem that must be resolved is that
critical loads are static, while a functioning
market will require ﬂexibility of supply. In calculation of critical loads, a certain type of land
or water use is assumed. If the land use is altered, a diﬀerent critical load will be obtained for
the ecosystem.
If critical loads are adhered to as a regulator
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of market supply, the situation will arise where
a particular area of land will have to have several diﬀerent critical loads representing diﬀerent land uses, in order to allow the land user to
adapt his supply to the demand.
Adaptation of the supply could in theoretical terms be extreme, with subsequent negative
eﬀects on the ecosystem as a whole. Critical
loads for other pollutants could be aﬀected,
as could biodiversity. Changes in use of land
and water could very well aﬀect the appearance
of the landscape. There will therefore have to
be some type of control that limits the degree
to which management of an ecosystem can be
altered. This control should be scientiﬁcally and
legally grounded.
For certain emissions, the trade in ecosystem
services (or conversely, the trade in deposition
of emissions) should be physically grounded.
In other words, a land user should only be able
to sell the ecosystem service to a buyer who is
actually going to use that service. If the buyer
has to utilise the service, one consequence will
be extreme variations in the price of ecosystem
services, while the buyer will simultaneously
have to adapt his operations to where supply
exists.
How the ecomarket could operate

Kristian Skånberg, researcher in Environmental
Economics & Stefan Hellstrand, Nolby
Ekostrategi
An ecomarket would mean that economic enterprises would have to pay owners and users of
ecosystems for the right to make their ecological footprints in the environmental space provided by the ecosystem and green businesses.
Quite simply, any party releasing environmentally damaging substances would have to ﬁnd a
counterpart who could deal with the substances
and the wastes created by their operations in a
sustainable manner.
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In this way, the ecosystem becomes a market-based control for:
Bringing the market economy to move in the
direction of ecologically sustainable development. The matching requirement places limits
on emissions pockets globally, regionally and
locally. These pockets are deﬁned on the basis
of the critical loads describing the carrying capacity of diﬀerent ecosystems to assimilate and
convert various waste products into renewable
resources within their biogeochemical cycles.
• Making the polluter pay the party actually solving the environmental problem that
the emissions could otherwise have caused.
This involves a cost disadvantage in particular
for those with a greater than average eﬀect on
the environment, and an income advantage for
those businesses that can help solve the environmental problem.
• Create proﬁtability in rural green businesses, which would move away from the current system of subsidisation. The environmental
and sustainability work of the green businesses
would be demonstrated and regional vitality
enhanced. Another eﬀect is that transport
would have to pay the full cost of its environmental impact and that environmentally
damaging industrial operations would ﬁnd it
proﬁtable to move to regions with unexploited
available environmental space.
• Keep the total environmental impact to
within the limits of carrying capacity imposed by
the long-term conditions for life in the ecosystem.
The economy would thereby acquire a biophysical
grounding and could not grow in a way that damaged its own long-term production capacity.

Lack of market in market economics
Current global development is controlled to a
high degree by market forces. The economic
growth that has accompanied the dynamics of
the market to date has brought a high standard
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of living. At the same time, there has been progressively greater pressure on natural resources
and ecosystems. At present, it is often proﬁtable
for private individuals and businesses to operate
in an ecologically non-sustainable way and at
odds with what is considered (at least by sustainability researchers) to be socioeconomically
eﬃcient in the long-term. As long as this situation persists, it will be very diﬃcult to achieve
sustainable development – regardless of the political instruments used elsewhere.
The market economy consists of sub-markets: labour, capital and a range of consumer
goods markets. There are also raw materials
markets, e.g. for oil, timber and grain. Therefore
the source function of nature – that which provides us with raw materials –has its markets.
However, the sink function of nature – that
which can also assimilate a certain amount of
emissions and return them to natural processes
– has no market.
Since there is a lack of a market that can
ensure that ecological sustainability is not
compromised, certain environmental problems
remain unresolved. In addition, new environmental problems are constantly being created.
The economic activities of man produce ecological footprints through raw material extraction, emissions and waste aﬀecting the ecosystem. Environmental problems arise when the
ecological footprint cannot be accommodated
within the available environmental space. Th is
can be a question of acidifying and eutrophying
rainfall in excess of the critical loads that forests
and watercourses can tolerate. It can also be a
question of excessive concentrations of environmentally damaging substances, for example
chemicals, in air, soil and water, or greenhouse
gases in the atmosphere. In the ﬁnal analysis,
such violations lead to undesirable eﬀects on
human health, the production capacity of the
ecosystem and the climate.
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The market as a matching instrument
– curing shortages
When a shortage arises – when a resource is
lacking – economists often prescribe market
solutions. Lack of environmental space, or in
other words too large an ecological footprint,
can thus be regarded as a sign that a market is
lacking.
Why not create the market that is lacking,
particularly since it seems to be politically difﬁcult to set a price on the environment through
environmental taxes and fees, or at least to set
these at the correct level? A market for ecosystem services could create a balance between
the ecological footprint and the environmental space. Every operation would then have
to ensure that there was suﬃcient space for its
ecological footprint by buying or leasing the
corresponding environmental space. For sewage emissions, the matching would have to exist
within the actual watershed area. For acidifying
emissions to the air, the matching would have to
be on regional level. For global problems, such
as emissions of greenhouse gases, the matching
could be on a global level.
In the climate area, a market for emissions
of greenhouse gases is already being established through the Kyoto Agreement’s trading
in emissions permits scheme. These include the
right to cancel out emissions by demonstrating
that the same amount of carbon has been sustainably bound.
Environmental space
– the new economic shortage
In the global economy, there is currently no lack
of labour or capital. Unemployment statistics
show that there is labour available for employment in the wealthy world. In developing
countries, there is an excess of cheap labour.
Furthermore, many academics throughout the
world have diﬃculty in ﬁnding work appro-
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priate for their education and work experience.
There is no lack of capital either. Interest rates
have never been lower in modern times.
However, there are beginning to be shortages of certain natural resources. The most wellknown example is the ﬁnite natural resource
oil. Some experts believe that within only a few
years, the oil supply will have diﬃculty meeting
a constantly increasing demand. However, there
are also beginning to be shortages of renewable
natural resources, which is much more serious.
Over-exploitation of renewable resources can
lead to their capacity for renewal and continued
production being impaired or destroyed. Fish
and groundwater are two renewable resources
that are being overexploited in many areas today. We are consuming our capital instead of
living on the interest.
The most obvious shortage at the start of the
21st century is of ecosystems with the ability to
deal with all the waste products in the form of
environmentally damaging emissions and pollutants generated by the economic activities of
man. The earth’s surface area is constant and
many natural ecosystems are being constrained
or damaged by diﬀerent forms of environmental impact. There is thereby a risk of the supply of ecosystem services that can assimilate
waste products decreasing over time. At the
same time, demand for environmental space is
increasing as the global economy continues to
grow. The lack of balance in this equation poses
the greatest future threat to the environment,
the economy and social conditions – in other
words to sustainable development.

No market is better than its
supporting framework
The market economy is totally dependent on the
associated regulations. To get away from a slave
society and the terrible working conditions in
the ﬁrst stages of industrialisation, but also to
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improve economic eﬃciency, regulations and
norms for the labour market were developed.
To get away from plunder and fraud, but also
to improve economic eﬃciency, regulations and
norms for the capital market were developed.
For the environment there are still no regulations in many cases. Even in countries arguing most strongly for sustainable development,
perhaps particularly on the ecological front,
existing regulations often leave much to be desired. The environment is defended on all sides
in words, but when it comes to actions speciﬁc
interests often block each other. Environmental
policy has diﬃculty keeping up with the increasing cumulative environmental impact of a
growing economy.
As long as the market economy continues to
avoid many environmental targets because it is
proﬁtable for individuals and businesses to operate non-sustainably, sustainable society will remain a utopia. A credible sustainability policy
must ﬁrst and foremost ensure that that which
is socioeconomically eﬀective in the long-term
is also proﬁtable for each individual economic
actor. Pursuing policy in the face of market
forces is a fruitless task.

Ecomarket – an ecologically grounded economy
With a functioning market for ecosystem services, the dynamics of the market would encourage all actors to endeavour to reduce their
ecological footprint, since each emission and
each additional form of environmental impact
would carry a cost. On the supply side, there
would be a premium on land use and management methods that increased the ability of
the soil to assimilate emissions and wastes, for
example agro-forestry. The supply of environmental space would increase, within the framework of what is sustainable.
At the same time, the economy would be
given a framework that could not be exceeded
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– namely the carrying capacity of the ecosystems. The economy could grow – but only
within the framework of this carrying capacity.
If we could become more footprint eﬃcient or
succeeded in expanding the boundaries of the
carrying capacity, we could increase economic
turnover, otherwise not. We would have a standard of currency in the ability of the soil, water
and natural cycles to carry the economy. This
would reveal the dependency of the economy
not only on the ecosystem’s source work, but
also on its sink work. The economy would be
grounded in the ecological conditions for sustainability, under which we all live in any case.
This would also provide a new source of income for primary industries, such as agriculture
and forestry, which currently often have low
proﬁtability and are controlled by subsidies (see
EU agricultural policy). The land at the disposal
of these industries represents an environmental
space that can be sold on a market. The countryside, where the land and the ecosystems are
mainly based, would have a better economy. The
regional support subsidies that act as a drain on
the budget of the EU and many of its member
states could be reduced or abolished.
Internationally, the ecomarket would lead to
a redistribution of resources from north to south,
since the developing countries in the south do
not utilise all their environmental space domestically. They could therefore ‘export’ ecosystem
services to the north. Selling the environmental
space in the world’s seas would provide a funding opportunity for the UN.

Ecomarket – control measure of the future?
Many of the control measures in the form of
taxes, fees, emissions permits, certiﬁcates, etc.
that countries in the Western world use today
could therefore be replaced with a market.
Politicians would then not have to constantly
introduce new controls as they do at present,
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or change the levels of the existing controls in
conﬂ ict with various speciﬁc interests when
previous measures prove insuﬃcient.
An ecomarket would automatically provide
all the actors in the socioeconomy with the environmental control signals they need. Increasing
lack of environmental space would increase the
cost of emitting waste products that the ecosystem cannot handle in greater amounts.
Like all markets, the ecomarket could have
a range of undesirable eﬀects. With a well-designed framework, where for example all land
users would have to sign a management contract
allowing them to sell or lease environmental
space, the teething problems of the ecomarket
should be relatively few and minor. The management contract would mean for example that
the user/owner would undertake, possibly for
payment, to manage the land in manner that
was sustainable and acceptable from the perspective of biodiversity.
Other control measures and environmental
policy initiatives will surely also be needed to
ensure ecologically sustainable development.
However, with the market economy as a main
team player rather than a diﬃcult opponent,
ecological sustainability should come within
closer reach than it is today.
What would happen to socioeconomics?

Kristian Skånberg, researcher in Environmental
Economics
With an ecomarket in place, all economic actors
would have to pay an extra bill. On the other
hand, this bill would be paid to someone else.
The ﬂows of money in the economy would ﬁnd
other paths, but the total sum would not necessarily be less.
Most economic general balance models are
constructed in such as way that they would
show a shrinking economy if an ecomarket were
introduced. This is because such models do not
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take into consideration the recoupling mechanisms that the ecomarket aims to introduce into
the economy. The more these mechanisms are
built into the models, the less severe the decline
shown by calculations using the models.
The main aim of introducing an ecomarket
would be to ensure that the carrying capacity
of the ecosystems could accommodate all economic activities. The ecomarket would thus be
a restriction that acted as a drag on the economy. The economy would be able to grow, but
only within the framework set by the carrying
capacity of the ecosystems. However, if production were to become more resource-conserving
or environmentally favourable, or if the environmental space were to be increased, economic
activity could increase. Improvement, rather
than growth, would come to the forefront. In
particular, the economy could not grow at the
expense of the environment.
It is basically a misjudgement to view ecological limitations on economic development as
a restriction. The real restriction is rather that
which will hamstring the economy when the
biological basis for subsistence is undermined.
This will be an unavoidable consequence sooner or later if the ecological and resource-based
conditions on which all economic activity fundamentally rests are not given suﬃcient consideration.
The ecological restriction on the economy
could lead to previously overlooked production enhancing measures being introduced.
Companies not wishing to pay more than is
absolutely necessary for emissions and waste on
the new ecomarket would scrutinise their operations. The new market would penalise resource
wasting and environmentally damaging activities. However an ecomarket would simultaneously promote all activities that are environmentally better than average and in particular
all activities working to develop new, lean and
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clean technology. Activities providing environmental space would of course be favoured.
The limitation the ecomarket places on the
economy is that nothing may be emitted unless an ecosystem user has agreed to deal with
it. Costs would thereby be associated with
emissions and waste. Each emission and waste
substance controlled by the ecomarket would
have a price. For greenhouse gases, these prices
would develop globally. For other substances
with more regional and local environmental
consequences, the prices might vary regionally
and locally. In areas where there are emissions
with local environmental consequences, because critical loads are already greatly exceeded, there is a lack of environmental space. The
greater this lack, the higher the emissions price.
If a number of emissions producers were to bid
against each other for the assimilation capacity
available within the area aﬀected by the emissions, the price would be high. The ecomarket
would thereby also be a tool for relocalisation of
environmentally damaging economic activities.
Lightly industrialised regions would beneﬁt in
terms of employment and income. They could
receive payment for their environmental space
and attract new activities with their competitive advantage. Since transport costs would be
increased, mainly in already environmentally
compromised areas, local self-suﬃciency would
also beneﬁt.
In the ﬁrst stage, all operations would reduce their emissions as much as is technically
and immediately possible. At the same time,
users of ecosystems who could increase their
assimilation capacity within the framework of
sustainability without incurring excessive costs
would do so. The dynamics of the market would
accelerate change to a point where unnecessary
emissions would be rationalised away and the
available environmental space would increase.
In the second stage, when prices of emis-
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sions had stabilised, economic operations would
again adapt their activities to ways that proved
proﬁtable. They would consider whether they
could make small changes to operational processes, choice of raw materials and decontamination technology. They would perhaps bring
out old investment plans, revise them and invest
earlier than planned since the ecomarket would
make it more proﬁtable to use new lean, clean
and eﬃcient technology. Relocation would also
arise as an option.
In this second phase, relative prices in the
economy would also be altered. Certain raw
materials, particularly ﬁnite resources, would
be disadvantaged because the emissions they
unavoidably produce would make them more
expensive and thus less sought after. Using
them would of course be associated with high
additional costs since ecomarket services would
have to be bought at the same time. Raw materials, particularly all renewable resources, that
produce fewer emissions would on the other
hand encounter increasing demand and go up
in price. In absolute terms, including the cost of
ecosystem services, all raw materials would be
more expensive. In relative terms, environmentally favourable (often renewable) raw materials
would be cheaper than environmentally damaging types (often ﬁnite).
Price changes would have an impact on the
cost basis of various economic sectors depending
on how much they use diﬀerent raw materials
and how simply and cheaply they could become
more eﬃcient, change raw material mix, install
decontamination technology and so on. Goods
would become cheaper or more expensive in
relative terms depending on how they were
manufactured and how easily (cheaply) eﬃciencies could be introduced and changes made in
manufacturing. On the basis of these relative
price changes, consumer demand would also
change. Demand by investment commodities
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traders would also be diverted, perhaps more
on the basis of future operational costs associated with an investment rather than on changes
in the purchase price. In general terms, lean and
clean would be favoured, as would those businesses that without any great upheaval could
make more use of renewable materials and energy sources.
Market for ecosystem services
– a critical comment

Knut Per Hasund, SLU
The idea of a market for ecosystem services can
be summarised thus:
• Polluters would be forbidden to
emit substances unless they had access
to ecosystem services that could
assimilate them.
• Land owners would be allowed to
sell ecosystem capacity to polluters.

• An authority would determine
critical loads, emissions limits and
ecoservice production and delineate
geographical areas.
• Critical loads would be determined
scientiﬁcally.
• All pollutants would have to be
included.
This is without doubt a visionary idea. From
a strictly macroeconomic perspective, it is theoretically correct and the potential would be astounding if it could be realised.
The question is naturally whether the idea can
be realised. There are a range of diﬃculties and
problems that must be discussed in greater detail.
Some of these are dealt with brieﬂy below.

Critical loads
Figure 13 shows the theoretical relationship between deposition and cumulative environmen-
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Figure 13. Theoretical relationship between deposition and
cumulative environmental
damage on a hectare of land.
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tal damage on a hectare of land. The curves can
of course have diﬀerent shapes for diﬀerent types
of soil and diﬀerent pollutants, but the point is
that there is practically no way to strictly scientiﬁcally determine exactly where the critical
load lies. The critical level is not necessarily that
which is best for society, the socioeconomic optimum (Figure 14). In the economic perspective, the marginal beneﬁts of further emissions
must also be weighed in the assessment. It is
seldom optimal to allow emissions up to the
critical load, so these should probably be more
tightly limited. Determining the safety margins
we want would also be a subjective issue.
Nature has no opinion. Determining critical
loads would ultimately be an evaluation issue, a
process that always has some normative component. This would be a question of political decisions with very large economic consequences
on the ecosystem market. Decisions based on

critical loads would probably involve ineﬃcient
levels. There is also a risk of the margins to
collapse being slim.
In addition, there is reason to consider further the fact that the ability of an ecosystem to
assimilate a pollutant without incurring damage
is not the same thing as its capacity to degrade
or store the pollutant.

Choice of reference point
The choice of reference point is important, not
least in the land owner perspective. What is the
ecosystem service for which one receives payment
determined in relation to? Is the reference point
the situation where the user does nothing? The
answers to these questions are critically important
for those who have to sell ecosystem services.
Transaction costs
Transaction costs are the costs of all parties ob-
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Figure 14. The critical level is
not necessarily that which is
best for society, the socioeconomic optimum. In the
economic perspective, the
marginal beneﬁts of further emissions must also be
weighed in the assessment. It is
seldom optimal to allow emissions up to the critical load, so
these should probably be more
tightly limited.
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taining information and making agreements and
of monitoring a system. A market for ecosystem
services would require extensive knowledge of
all land and all emissions. We would be forced
– to take just one example – to monitor changes
in the humus content of 23 billion hectares of
forest land in Sweden. The system would not be
self-regulating – it would require an authority
with extensive powers. It can be assumed that
the transaction costs would be enormous.

What would happen if everything were not
included?
The problems arising if all functions were not
included can be illustrated with an example. If
biological diversity were not considered to be
an ecosystem service, there is a reasonable risk
that the system would promote dense conifer
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plantations on forest land. That would maximise the ecosystem service consisting of carbon
dioxide binding, but at the same time would
damage the biological diversity. There is always
a risk of ineﬃciencies in a system that excludes certain elements. On the other hand, this
is also a clear drawback in the system we have
at present. Naturally, we must not let the best
overcome the good.

How would ownerless ecosystem services be
managed?
The cleaning capacity of the atmosphere and
the capacity of the Baltic Sea to neutralise pollutants are two examples of ecosystem services
that have no ownership. Who would account
for such ecosystem services so that the system
would be balanced?
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A range of studies have shown that the health of ecosystems is failing and that green
industries and many regions are under economic pressure in Sweden, the EU and
throughout the world. In the environment sector, the UN Millennium Assessment
has shown that the majority of the world’s ecosystems are underperforming due
to environmental impacts caused by Man.
If all environment-aﬀecting activities not only paid for the labour, the capital and
the natural resources they consumed but also the environmental work required
to deal with the environmental impact of these activities, a new market would
emerge. Here, those receiving payment would of course be those providing the
ecoservice – generally green enterprises in the countryside.
Such a market would also be a way to re-establish the forgotten economic production factor- historically called soil or land. With today’s environmental situation, we
must also consider the capacity of Nature to deal with the environmental impact
of the economy and to convert wastes and emissions to renewable resources, and
not just its ability to deliver raw materials.
Come with us on a search for the control factors of the future – this publication
deals with the potential to create a green market force that beneﬁts farming and
the countryside, but that also promotes sustainable towns and cities, responsible
businesses and far-sighted socioeconomics.

Kungl. Skogs- och Lantbruksakademien
Drottninggatan 95 B
Box 6806, 113 86 Stockholm
tel 08-54 54 77 00, fax 08-54 54 77 10
www.ksla.se, akademien@ksla.se

Kungl. Skogs- och Lantbruksakademien (KSLA) är en
mötesplats för den gröna sektorn. Akademien är en fri
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