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Preface

Statistics Norway compiles statistics on important natural resources and the state of the
environment, and develops methods and models for analysing trends in the extraction and
use of natural resources and changes in the state of the environment, focusing particularly
on relationships between these factors and other economic developments. The annual
publication Natural Resources and the Environment gives an overview of this work.

An important objective is to ensure that this publication presents the environmental situa-
tion so that it can be readily understood while at the same time including considerable
detail. Natural Resources and the Environment 2001 starts with an updated presentation of
key figures or indicators (Chapter 1). This is followed by detailed descriptions of the various
topics, which include both statistics and analyses. Finally, the appendix provides more detai-
led statistics in the form of tables.

Statistics Norway would like to thank the people and institutions who have supplied data
for Natural Resources and the Environment 2001.

The report is a joint publication by the Division for Environmental Statistics, Department of
Economic Statistics, and the Division for Resource and Environmental Economics, Research
Department, and was edited by Olav Skogesal. The other members of the editorial com-
mittee were lulie Aslaksen, Karine Nyborg and Eirik Lund Sagen. Alison Coulthard and
Veronica Harrington Hansen have translated the Norwegian version into English.

Statistics Norway,
Oslo/Kongsvinger 28 September 2001
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1. Status and important trends

The state of the environment is of crucial importance to people's welfare. Issues related to the
management of the environment and natural resources frequently make the headlines and
occupy an important place in the public debate. In Norway, for example, a heated debate on
whether to build gas-fired power plants led to a change of government in 2000. Management
of the large predators, especially wolves, and livestock diseases are other issues that have
received a great deal of attention during the past year. And people have strong opinions on
other issues too — private cars versus public transport, waste management and how to main-
tain public access to the shoreline, to mention only a few. All this shows the importance of
environmental issues and the way we use our natural resources to Norwegian society as a
whole and to individual Norwegians. Why is this the case? |'s the environment under threat?
Are we using our natural resources unwisely? We hope that the sound factual basis we provide
in this publication can go some way towards answering these questions.

1.1. Introduction

The state of the environment depends on
a complex variety of biological and physi-
cal processes that interact with human
behaviour and the pressures this exerts.
One example is provided by greenhouse
gas emissions, which are generated by
various processes including the combus-
tion of fossil fuels such as coal, oil and
natural gas. These gases reduce the
amount of infrared radiation (heat)
escaping through the atmosphere, thus
causing the global temperature to rise.
The effects of a rise in temperature will
include climate change and a rise in sea
level. This in turn will alter living condi-
tions for all kinds of organisms, including
people: some individuals and species will
benefit, whereas others will meet more
difficult conditions or even become ex-
tinct. Factors that affect greenhouse gas
emissions include the prices of fuel and

energy, which are therefore also impor-
tant factors to consider. In addition, we
know that economic and technological
developments can have a major effect on
the consumption of raw materials, and
thus on the volume of emissions. In order
to find effective measures to deal with an
environmental problem, we need a tho-
rough knowledge of the processes invol-
ved.

As the examples above show, we need
environmental statistics that describe the
state of the environment and environ-
mental trends in a way that clearly illus-
trates the most important processes and
linkages between them. Environmental
indicators are being developed as a tool
for this purpose (see box 1.1).

13
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Box 1.1. Environmental indicators

Information on the environment includes a variety of topics, and it can be difficult to interpret
trends. Indicators or key figures have therefore been developed to describe environmental pheno-
mena in a way that is clearer and easier to grasp than detailed statistics. Indicators are used to
monitor environmental trends and provide a basis for evaluating action that needs to be taken. A
great deal of work is being done at national and international level to develop good environmen-
tal indicators.

An indicator is often a simplified description of a phenomenon. This may mean that it illustrates
some aspects of a phenomenon clearly, whereas others are not well described. Often, several
indicators are therefore used to describe a phenomenon.

Environmental policy focuses on environmental problems that are caused by human activity. These
are governed by economic, social and political factors and the relationships between them. For
environmental indicators to be adequate and function as effective tools, they must be linked to
such socio-economic factors. One way of structuring environmental indicators that is generally
recognized is the PSR model (Pressure-State-Response), which was developed by the OECD (e.g.
OECD 1994, 1998). This has been further developed as the DPSIR framework, which includes the
driving forces behind environmental pressures and the impacts of environmental change. This is
used for example by the European Environment Agency (EEA). Environmental problems are
analysed by looking at:

. Driving forces. These include population growth, economic activity, etc., which lead to

. environmental Pressures such as emissions to air and water and extraction of natural
resources. These in turn result in changes in

. the State of the environment, for example changes in water quality or air quality, which
cause

. environmental Impacts such as fish mortality, adverse effects on human health, reduction
in crop yields or species extinction. At some point, society can react by making a

. Response to environmental problems, e.g. a CO, tax, protection of areas, treatment of

emissions. The response in turn results in changes in economic driving forces, environmen-
tal pressures and various aspects of the state of the environment.

The work of Statistics Norway mainly provides a basis for indicators related to driving forces and
environmental pressures. Important features of such indicators are whether it is possible to split
data by sectors, so that it is possible to show which types of activities exert the strongest pressures
on the environment. Indicators are also important in the context of linking environmental statistics
to economic models, analyses and projections.

The next two sections of this chapter The book continues with descriptions of
describe some indicators or key figures statistics and analyses related to

that can be used to describe the state of Norway’s natural resources and resource
the environment and environmental policy issues in Chapters 2 — 6. Chapters
pressures in Norway. In section 1.4, we 7 — 10 focus on important environmental
describe some economic trends in Nor- problems, and Chapter 11 describes some
way and discuss how these affect the specific analyses and research projects.
environment and natural resources. Finally, the appendix provides more

detailed statistics on various aspects of

14
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Box 1.2. Priority areas of Norwegian environmental policy

In Report No. 58 (1996-97) to the Storting on an environmental policy for sustainable develop-
ment, eight priority areas of environmental policy were established. These are:

Outdoor recreation

The cultural heritage

Eutrophication and oil pollution
Hazardous substances

Waste and recycling

Climate change, air pollution and noise

@9 = o @i s W) =

polar areas.

Conservation and sustainable use of biological diversity

International cooperation on environmental issues and environmental protection in the

These priority areas provide the basic structure for the result monitoring system used by the
environmental authorities. Strategic objectives and national targets have been set for each of the
priority areas. The results are to be monitored by means of key figures for each of the priority
areas (see Report No. 8 (1999-2000) to the Storting, Report No. 24 (2000-2001) to the Storting).

Natural Resources and the Environment 2001 describes environmental pressures in several of the
priority areas of environmental policy and presents several of the key figures that have been

selected.

the environment and natural resources in
the form of tables.

The statistics presented in this publica-
tion are mainly from Statistics Norway,
but in some cases we have also used
figures from other institutions to give a
more complete picture. The descriptions
in this Chapter are to a large extent based
on Report No. 24 (2000-2001) to the
Storting and the website State of the
Environment Norway (Norwegian Pollut-
ion Control Authority 2001b).

1.2. The state of the environment in
Norway
This section is structured according to the
priority areas of environmental policy
defined by the environmental authorities
(see box 1.2). Some of the priority areas
are described in more detail than others
because more statistical material is avai-
lable. In other areas, the environmental
statistics do not provide a good enough

basis for describing the current status or
trends. In addition to the priority areas,
some indicators for the resource situation
in Norway have been included.

Priority area 1: Conservation and
sustainable use of biological diversity

Wilderness-like areas

The diversity of life forms and habitats
and their interactions are the essential
basis for the survival of both people and
other organisms. However, human activi-
ties are threatening biological diversity in
many different ways, and calculations
show alarmingly high figures for losses of
both species and habitats (SSB/SFT/DN
1994). Such losses may be a direct result
of various forms of development or over-
exploitation, or they may be caused
indirectly when our activities cause pol-
lution or result in climate change and
thus in a deterioration of conditions for
animals and plants.
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Figure 1.1. Wilderness-like areas' as a percent

age of Norway's total land area?
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Source: Directorate for Nature Management.

It is difficult to monitor trends in such a
complex and multi-faceted field as biolo-
gical diversity. Nevertheless, there are
some indicators that can be used to illus-
trate aspects of this priority area. We
have chosen to use trends in the area of
wilderness-like habitat in Norway as an
indicator of pressure on biological diver-
sity. In this context, wilderness-like areas
are defined as areas more than 5 km
from major infrastructure developments
such as roads, buildings or hydropower
plants. In such areas, pressure from
human activity is low, and there is little
disturbance of the original biological
diversity.

Figure 1.1 shows that the proportion of
wilderness-like areas in Norway fell
dramatically from 1900 to 1985, especial-
ly in the period 1940 — 1985. Since 1985,
the loss of wilderness-like habitat has
continued, but at a much slower pace.
However, the remaining areas are small
(totalling 11.7 per cent of Norway’s land
area).
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Figure 1.2. Proportion of the coastline less than
100 m from the nearest building in

2000. Changes from 1985 to 2000
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For more information see section 10.2.
Priority area 2: Outdoor recreation

Access to the coast

The coastal zone is very valuable, offer-
ing opportunities for outdoor recreation
and experiencing the countryside and for
activities such as bathing, fishing, walk-
ing and boating. Strict restrictions have
therefore been placed on building less
than 100 m from the shoreline, and the
general right of public access to unculti-
vated land also applies along the coast.
Even so, access is restricted by buildings
near the shoreline. Figure 1.2 shows that
large parts of the coastline have already
been developed. The proportion is hig-
hest in the counties Akershus, Oslo and
Buskerud, where more than two thirds of
the coastline is less than 100 m from the
nearest building. For the country as a
whole, 22 per cent of the coastline is less
than 100 m from the nearest building,
and the corresponding figure for the
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coast from @stfold to Hordaland is 38
per cent.

Since 1965, the Planning and Building
Act has restricted developments along
the shoreline. In recent years, tighter
restrictions have been introduced, for
example through the National Policy
Guidelines for planning in coastal and
marine areas in the Oslofjord region.
Despite this, there has been some de-
velopment of the coastal zone. From
1985 to 2000, buildings were con-
structed or altered along 1.2 per cent of
the shoreline. The greatest changes took
place in the southern parts of the coun-
try, where the largest proportion of the
coastline was already developed. The
largest percentage changes were in Tele-
mark (3.7 per cent), Vest-Agder (2.6 per
cent) and Rogaland (2.2 per cent).

For more information see Chapter 10.

Priority area 3: The cultural heritage
Our cultural heritage is a source of know-
ledge about people’s lives and activities
throughout history. It can improve our
understanding of the links between
history and the present day, the natural
environment and different cultures. We
can use our heritage to rediscover lost
knowledge and skills and to find answers
to new questions that arise in connection
with sustainable development.

Cultural monuments and sites and cultur-
al environments are often damaged by
changes in land use. We have therefore
chosen the area of land converted for
other purposes by new cultivation, road
construction and building as an indicator
of the pressure on the cultural heritage.
This is not an exact measure of the pres-
sure on monuments and sites and cultur-
al environments or the rate at which they

are being destroyed, but it can be useful
in giving a general picture of develop-
ments. Many cultural monuments are in
densely-populated areas where the grea-
test changes in land use are taking place.

During the 1990s, the area per year
converted for purposes that may threaten
the cultural heritage has been reduced
(figure 1.3). This is mainly because less
land has been used for new roads. The
reduction has been particularly marked
for new forest roads, which are built in
uninhabited areas. The area cultivated
for the first time has varied a good deal
from year to year, while areas built on for
the first time have risen since the early
1990s. It should be noted that there is
some uncertainty in the underlying data
for all three categories of land-use
change.

More information: the indicator is not
discussed further in this publication, but
there is some relevant material on cultur-
al environments in Chapter 3.3 and back-
ground material in chapter 10.

Priority area 4: Eutrophication and oil
pollution

Eutrophication of fjords and marine waters
Discharges of nitrogen and phosphorus
from industry, agriculture, households/
municipal waste water and other sectors
cause eutrophication and may result in
excessive algal growth in waters along
parts of Norway’s coast.

Anthropogenic discharges of nitrogen and
phosphorus to the whole Norwegian
coastline were reduced by 8 and 41 per
cent respectively from 1985 to 1999. In
the North Sea region (from the border
with Sweden to Lindesnes at the south-
ernmost tip of Norway), where the
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Figure 1.3. Annual conversion of land for
roads, new buildings' and new
cultivation
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measures taken to reduce discharges
have been more extensive than in the
rest of the country, inputs of nitrogen
and phosphorus to the North Sea have
been reduced by 17 and 67 per cent
respectively in the same period (figure
1.4). The steeper reduction in phospho-
rus discharges is mainly a result of more
efficient treatment of waste water from
industry and private households. Chan-
ges in soil management routines in the
agricultural sector have also had some
effect. It has proved more difficult to
reduce nitrogen discharges.

For more information see Chapter 9.3.

Eutrophication of lakes

In fresh water bodies, inputs of phospho-
rus from agricultural activities are the
main cause of eutrophication. In general,
eutrophication of lakes is not a major
problem in Norway in comparison with
the situation in Europe as a whole, but
can be a significant problem locally in

18

Figure 1.4. Discharges of phosphorus and
nitrogen to the North Sea basin
(from the border with Sweden to
Lindesnes at the southernmost tip
of Norway)
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Source: Norwegian Institute for Water Research.

low-lying areas. Conditions in over 90 per
cent of all the lakes in Norway are classi-
fied as "good" or "fair" with respect to the
phosphorus concentration. Only in about
2.5 per cent of all the country’s lakes are
conditions classified as "bad" or "very
bad". Nevertheless, this classification
applies to around 800 lakes. A study of
27 eutrophicated lakes in the period 1995
-1999 showed that water quality was
improving in 14 of them, but deteriora-
ting in another four. In the remaining
nine lakes, there was no clear trend.
Thus, the overall results indicate an
improvement as regards eutrophication
of lakes in Norway.

For more information see Chapter 9.4.

Oil pollution

Discharges of oil and chemicals from
shipping, the petroleum industry and
onshore activities can damage organisms
and ecosystems in the open sea, on the
sea floor, in the littoral zone and on land.
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Figure 1.5. Discharges of oil from petroleum
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Pollution of coastal areas also reduces
their value as recreation areas and for
other purposes.

The authorities have satisfactory data on
discharges of oil from petroleum activiti-
es, but the figures for discharges from
onshore sources and shipping are incom-
plete, particularly as regards illegal dis-
charges.

Oil production results in both uncontrol-
led (acute) discharges and legal, licensed
(operational) discharges. Operational
discharges are the largest category, and
have risen considerably since 1992 as oil
production has increased (figure 1.5).
Acute discharges from oil production and
other activities vary widely, but there has
been an overall decrease in recent years.

For more information see Report No. 24
(2000-2001) to the Storting.

Priority area 5: Hazardous substances
Our use of hazardous chemicals and
emissions of these substances are respon-
sible for one of the most serious environ-

Figure 1.6. Heavy metals: lead (Pb) and cadmi-
um (Cd) in the moss Hylocomium
splendens in Norway. Area (km?)
where concentrations exceed 5 ppm
(lead) or 0.1 ppm (cadmium)
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Source: Norwegian Pollution Control Authority.

mental threats facing the world. A num-
ber of chemicals break down very slowly
in the environment and can therefore
accumulate in food chains. They are a
serious threat to biological diversity, food
supplies, our health and the health of
future generations. The most harmful
chemicals, including persistent organic
pollutants (POPs) such as PCBs and
dioxins, can cause damage even at very
low concentrations.

Hazardous chemicals in the environment
A large proportion of the hazardous
chemicals that are found in the Norwegi-
an environment originate from long-
range pollution carried by winds. Mosses
absorb their nutrition from precipitation,
and the heavy metal content of mosses is
therefore a good indicator of trends in
long-range transport of pollutants (figure
1.6). The highest concentrations of heavy
metals are found in the southern half of
Norway. In the period 1977-1990, con-
centrations of heavy metals in mosses
dropped markedly. The lead
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Index for emissions of chemicals on
the priority list weighted by how
dangerous they are

Figure 1.7.
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concentration in mosses dropped further
from 1990 to 1995, whereas the concen-
trations of other heavy metals remained
at about the same levels.

Emissions of hazardous substances
Emissions of the most dangerous chemi-
cals from Norwegian industry have been
reduced, but the total consumption of
chemicals is rising, and it is therefore
uncertain whether the overall impact on
health and the environment has been
reduced. A graph of emissions of the
chemicals that are on the Norwegian
environmental authorities’ priority list
weighted according to how dangerous
they are considered to be (figure 1.7)
shows a positive trend in the last 15
years. However, emissions must be
further reduced to meet the authorities’
targets.

For more information see Chapter 7.
Priority area 6: Waste and recycling

Waste gives rise to environmental prob-
lems because waste treatment generates

20

emissions of pollutants. Landfilling of
waste generates emissions of methane,
which is a greenhouse gas. In addition,
landfills contain various kinds of hazar-
dous chemicals and other substances that
can cause pollution if they are released
into the environment. This problem is
most serious at older landfills. Incinera-
tion is a method of waste treatment that
eliminates methane emissions and other
problems associated with landfilling, but
generates emissions of various pollutants
to air. New incineration technology has
made it possible to reduce such emissions
considerably. Waste contains both energy
and materials that can be recovered and
replace other energy sources or virgin
raw materials.

One of the authorities’ targets as regards
waste (Report No. 24 (2000-2001) to the
Storting) is that the growth in the quanti-
ty of waste generated is to be conside-
rably lower than the rate of economic
growth. Another is that the quantity of
waste delivered for final treatment (i.e.
landfilling or incineration without energy
recovery) is to be reduced to about 25
per cent of the total quantity of waste
generated by 2010.

Figure 1.8 shows that the total quantity
of waste generated has been fairly stable
in the period 1993 — 1999, and so has the
quantity of methane released from land-
fills. The proportion of waste delivered
for final treatment has dropped from 52
to 42 per cent in the same period, but
there is still a long way to go before the
target of 25 per cent is reached. Never-
theless, the reduction in the quantity of
waste delivered for final treatment is
enough to result in a certain drop in
methane emissions over time.

For more information, see Chapter 8.
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Figure 1.8. Methane emissions from landfills
and total quantity of waste genera-
ted and delivered for final treat-

ment’
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Source: Statistics Norway.

Priority area 7: Climate change, air
pollution and noise

The greenhouse effect

Concentrations of greenhouse gases in
the atmosphere are rising as a result of
human activity. The most important
reason for this is emissions of carbon
dioxide (CO,) from combustion of fossil
fuels, which have already resulted in the
highest CO, concentrations in the at-
mosphere for 160 000 years. As concen-
trations of greenhouse gases rise, the
atmosphere retains more of the thermal
radiation from the earth, which will
cause the global mean temperature to
rise and result in climate change. This
phenomenon is called the anthropogenic
greenhouse effect.

The global mean temperature has risen
by between 0.3 and 0.6 °C since accurate
measurements began in 1860. Some of
this rise may be explained by natural
variations, but the UN Intergovernmental

Panel on Climate Change (IPCC) has
concluded that there has been a discer-
nible human influence on the global
climate.

If greenhouse gas emissions continue to
rise, we risk extensive and damaging
climate change in the course of the next
100 years. To solve the problem will
require a complete reorganization of
world energy use. The Kyoto Protocol is
an important step forward in internatio-
nal climate policy, but according to the
most recent white paper on the Govern-
ment’s environmental policy and the state
of the environment in Norway (Report
No. 24 (2000-2001) to the Storting), it is
not ambitious enough in relation to the
climate problems the world is facing.
However, recent political developments,
including the negative views expressed by
the US President on the Kyoto Protocol,
indicate that even moderate reductions in
emissions may be difficult to achieve.

Norwegian greenhouse gas emissions
rose by more than 6 per cent from 1990
to 2000 (figure 1.9). According to the
Kyoto Protocol, Norwegian emissions may
only rise by 1 per cent from 1990 to
2010. Projections show that Norway’s
aggregate emissions of greenhouse gases
may rise by about 24 per cent from 1990
to 2010 unless steps are taken to reduce
them. Construction of the three planned
gas-fired power plants at Karstg, Kollsnes
and Skogn will cause a further rise in
emissions, by about 12 per cent compa-
red with 1990.

The Kyoto Protocol allows for a proport-
ion of countries’ commitments to reduce
emissions to be achieved through measu-
res in other countries using the Kyoto
mechanisms, but it is uncertain how large
a proportion will be permitted.
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Figure 1.9. Greenhouse gas emissions in Norway.
Historical figures and projections

Figure 1.10. Imports of ozone-depleting substan-
ces to Norway
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For more information, see Chapter 7.2.

Depletion of the ozone layer

Emissions of gases containing chlorine
and bromine, such as CFCs, HCFCs and
halons, deplete the atmospheric ozone
layer, which protects the earth against
harmful UV radiation from the sun. Ex-
cessive UV radiation may damage people,
plants and animals and marine ecosys-
tems. Polar marine ecosystems are found
in the areas where UV radiation is expec-
ted to rise most as a result of depletion of
the ozone layer.

Measurements throughout the world
have shown depletion of the ozone layer
in the past 20 years. The largest re-
ductions in ozone concentrations have
been registered in the Antarctic. Over
Oslo, records have shown an average
annual reduction of 0.39 per cent in the
thickness of the ozone layer.

In 1987, an international agreement, the
Montreal Protocol, was drawn up with
the aim of reducing global production
and consumption of ozone-depleting
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substances. If all countries comply with
the requirements of the agreement, the
ozone layer is expected to return to
normal in 2050. Norway is well on the
way to achieving the targets for phasing
out ozone-depleting substances both
under the Montreal Protocol and under
the new EU directive that entered into
force in September 2000. Figure 1.10
shows that imports of ozone-depleting
substances to Norway have been very low
in recent years. Nevertheless, there are
still substantial emissions in connection
with the use and replacement of old
products that contain ozone-depleting
substances. But these emissions are drop-
ping, and will approach zero as old pro-
ducts are phased out.

For more information, see Chapter 7.5.

Long-range air pollution

Acid rain is still one of the most serious
environmental problems in Norway, even
though reductions in emissions have
reduced the extent of acidification. Acid
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Figure 1.11. Emissions and deposition of acidify-
ing substances (NO,, SO, and NH,)
in Norway
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rain is caused by emissions of sulphur and
nitrogen compounds to air. In the at-
mosphere, sulphur and nitrogen react
chemically with water vapour to form
sulphuric acid and nitric acid. Acid rain
can be transported over long distances,
and emissions from other countries in
Europe account for about 90 per cent of
acid deposition in Norway. The southern
half of the country is particularly severely
affected by acid rain. The most obvious
effect is damage to fish stocks, but acidifi-
cation can also cause forest damage.
Inputs of nitrogen oxides and ammonia
can also cause eutrophication.

The international agreements on reduc-
tions in emissions of long-range pollu-
tants are now showing results. Figure
1.11 shows that the deposition of acidify-
ing substances in Norway has dropped
considerably in the last 10 years.
However, Norway’s emissions have not
been significantly reduced, and the autho-
rities’ target for 2010 has not yet been
reached. Nevertheless, acidification has
been reduced, mainly as a result of the

lower inputs from abroad. The areas of
Norway where critical loads for acidifica-
tion are exceeded have been reduced by
more than 30 per cent since 1985. In
1994, critical loads were exceeded across
19 per cent of the total area of Norway.
The situation has improved further since
1994, and the greatest improvements
have occurred in Eastern Norway. Both
the area where critical loads are excee-
ded and the degree to which they are
exceeded have been reduced.

For more information, see Chapter 7.4.

Local air quality

Clean air is important for people’s health
and quality of life. At times, local air
pollution causes serious health and wel-
fare problems in the largest towns and
built-up areas in Norway. In the largest
towns, a substantial proportion of the
population is exposed to concentrations
of pollutants that increase the risk of
premature death and health problems
such as respiratory infections, lung
disease and cancer.

Some important pollutants that contribu-
te to local air pollution are particulate
matter (PM,; and PM, ), nitrogen dioxide
(NO,), sulphur dioxide (SO,), ground-
level ozone (O,), carbon monoxide (CO),
polycyclic aromatic hydrocarbons (PAHs),
benzene (C,;H,) and other aromatic com-
pounds.

It has been calculated that in 1995, an
estimated 700 000 people in Norway
were exposed to levels of air pollution
that entailed a health risk. The socio-
economic costs of the health damage
caused by local air pollution are estima-
ted at NOK 3.8 billion per year. Figure
1.12 shows trends in emissions in the 10
largest towns in Norway. There has been
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Figure 1.12. Emissions of particulate matter, SO,
and NO_ in the 10 largest towns in

Figure 1.13. Growth in transport work by road
and proportion of the population
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a certain reduction in emissions of NO_
and SO, in the last 10 years, but emis-
sions of particulate matter have risen
somewhat.

The most important causes of local air
pollution today are road traffic and
fuelwood use. Even with the projected
growth in road traffic, emissions from
this source will probably be gradually
reduced in future because considerable
reductions in emissions from individual
vehicles are expected. Nevertheless, it
may be difficult to achieve the national
air quality target for nitrogen dioxide
(NOZ) in 2010 in certain towns unless
measures are introduced to reduce traf-
fic.

For more information, see Chapter 7.8.

Noise

Noise is one of the environmental
problems that affects the largest number
of people in Norway. About 1.5 million
people are exposed to noise in their
homes, and of these, more than 600 000
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are exposed to noise levels exceeding a
24-hour average of 60 dBA. Surveys of
living conditions carried out by Statistics
Norway show that 5 per cent of the popu-
lation has sleep problems as a result of
noise. Figure 1.13 shows that road traffic
has increased considerably, but the pro-
portion of the population who report that
they are annoyed by noise has remained
relatively constant. However, the figures
for annoyance from noise are uncertain,
and work is in progress to improve the
statistics on annoyance caused by road
traffic noise.

For more information, see Chapter 6.

1.3. Natural resources

Natural resources are society’s raw mate-
rials. Some of them are also of crucial
importance for biological diversity. It is
therefore essential that natural resources
are managed sustainably and are not
over-exploited. In this section, we consi-
der some important natural resources
that Norway is responsible for managing
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Figure 1.14. Life span' of Norwegian oil and
gas reserves (R/P ratio)
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between reserves and production.

Source: Energy statistics from Statistics Norway and
Norwegian Petroleum Directorate.

- oil and gas, fish stocks, agricultural
land and forests.

Oil and gas resources

Given the present rate of production, the
total known oil resources on the Norwe-
gian continental shelf will be exhausted
after 23 years, and the natural gas
resources after 119 years. If only reserves
are included, i.e. the remaining resources
in fields that are already developed or
where development has been approved,
the corresponding figures are 9 years for
oil and 23 years for gas. The ratio bet-
ween reserves and annual production
(the R/P ratio) will change with time,
depending on new estimates of resources,
decisions to develop new fields, changes
in the rate of extraction and the develop-
ment of new technology. This is illustra-
ted by figure 1.14, which shows historical
trends in the R/P ratio. The R/P ratio for
natural gas dropped sharply from 1995 to
1997 because the large gas field Troll
East went on stream in 1996 and the
estimates of reserves were reduced.

Norway’s oil and gas reserves correspond
to 1.1 and 0.9 per cent respectively of the
world’s petroleum reserves. The R/P ratio
for the world’s reserves indicates that the
crude oil reserves will be exhausted after
42 years and the natural gas reserves
after 63 years.

For more information, see Chapter 2.

Fish stocks

In its annual report on marine resources
(Iversen 2001), the Institute of Marine
Research states that great caution must
still be shown in harvesting several of
Norway’s important fish stocks. This is
particularly the case for demersal fish
stocks: the pelagic stocks are generally in
a better state. The North Sea cod stock is
at a particularly low level. This stock has
been and is still being very heavily
exploited.

Figure 1.15 shows trends in spawning
stocks of four selected fish stocks since
the 1950s in relation to the precautionary
fishing level that has been calculated for
these stocks. The precautionary fishing
level is primarily intended as a warning
level. If the spawning stock is below this
level, extra measures should be taken to
raise the stock to a safer level again. Of
the four stocks illustrated here, only
Norwegian spring-spawning herring is
currently well above the precautionary
fishing level.

For more information, see Chapter 5.

Agricultural areas

Norway has only limited land resources
that are suitable for agricultural produc-
tion. About 3 per cent of the country is
cultivated, as compared with over 10 per
cent in the world as a whole. The scarcity
of land resources means that the current
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Figure 1.15. Spawning stocks and precautionary levels for four important fish stocks
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Figure 1.16. Land resources in Norway
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self-sufficiency rate is between 40 and 50
per cent.

The cultivated area of Norway has remai-
ned fairly constant for the past 100 years.
The largest area (11 200 km?) was regis-
tered in the late 1930s. After this, the
cultivated area gradually dropped, and
reached its lowest level, 8 700 km?, in the
1970s. Since then, the cultivated area has
risen again to 10 382 km? (figure 1.16).

The available land resources (cultivated
and cultivable area) have dropped by
almost 1000 km? or 5 per cent from 1949
to 1999 as a result of irreversible conver-
sion of agricultural land to non-agricultu-
ral uses. The proportion of the available
resources actually cultivated was 57 per
cent in 1999, as compared with 52 per
cent in 1949.

For more information, see Chapter 3.

Forest resources

Since the early 1920s, roundwood remo-
vals in Norway have been less than the
annual increment (figure 1.17). In recent
years, only 50 to 60 per cent of the an-
nual increment has been harvested. As a
result, the volume of the growing stock
has nearly doubled since the 1920s.

Figure 1.17. Roundwood removals and annual
increment’ in Norwegian forest
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Source: Statistics Norway and Norwegian Institute for
Land Inventory.

The volume of the growing stock of forest
has risen a great deal in the past century,
resulting in an increase both in timber
resources and in the potential value of
forest as a CO, sink (although this is not
included in the Kyoto Protocol). The type
of forest has also changed greatly during
this period. Clear-cutting, silviculture,
drainage, the construction of forest
roads, the introduction of alien species
and pollution are some of the factors that
have had an impact on the forest as a
natural resource and on biological diver-
sity in forests.

The Norwegian monitoring programme
for forest damage shows that in recent
years, there has been a slight improve-
ment in the health of forests measured as
crown condition.

For more information, see Chapter 4.
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1.4. Economic trends and the
environment
There is a relatively close relationship
between economic activity and many
environmental problems. Pollution and
disturbance of the natural environment
are often side effects of production and/
or consumption, and such effects result in
growing pressure on the environment as
the economy grows. For example, energy
use and greenhouse gas emissions show a
tendency to rise with economic growth.
However, this relationship is not at all
clear-cut (Bruvoll et al. 2000a). Certain
kinds of technological progress lead to a
reduction in resource consumption and
emissions: for example, electronic com-
munications can be used to replace physi-
cal journeys. This type of technological
progress can both result in economic
growth and help to reduce pressure on
the environment.

Moreover, with economic growth there
will be changes in the needs to which
people give priority. As income levels rise,
people may feel that they can afford to
give higher priority to better environmen-
tal quality, and this in turn will make it
politically feasible to pursue an ambitious
environmental policy. Analyses show that
environmental problems that can be dealt
with relatively easily at local level, for
example local water pollution, tend to
increase with economic growth as long as
economic activity is fairly low, but are
instead reduced with economic growth
once this exceeds a certain level.

Measured in fixed prices, Norway’s gross
domestic product (GDP) has risen every
year for the past ten years. The Norwe-
gian economy passed a cyclical peak in
1998, and since then its growth has been
weaker than it was in the mid-1990s.
According to preliminary figures from the
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national accounts, GDP for mainland
Norway rose by 1.8 per cent in 2000,
measured in fixed 1997 prices. However,
almost one third of the growth in the
mainland economy in 2000 is a result of
the sharp rise in electricity production,
explained by the high precipitation level
in 2000. Otherwise, growth in both
demand and production in mainland
Norway was relatively weak.

Production in manufacturing and mining
and quarrying dropped both in 1999 and
in 2000. This in itself may have reduced
some environmental problems associated
with emissions of pollutants. On the
other hand, production rose in service
industries, which are not associated with
pollution problems to the same degree.
Production in the post and telecommuni-
cations sector measured in fixed prices
has risen by more than 14 per cent per
year for the past three years. However,
production has also risen steeply in
domestic passenger transport and land
transport. These sectors are major contri-
butors to greenhouse gas emissions and
local air pollution problems.

Figure 1.18 shows the relative growth in
mainland Norway’s GDB greenhouse gas
emissions and sulphur dioxide emissions
from 1987 onwards. The figures for each
year are expressed as a percentage of the
1987 level (used as an index). For exam-
ple, the figure shows that in 1999,
sulphur emissions were only 39 per cent
of the 1987 level.

Greenhouse gas emissions tend to follow
the same path as economic trends. This is
because there is a close relationship
between economic growth and trends in
energy use. A large proportion of the
energy used is extracted from fossil fuels,
and their use results in carbon emissions
that are difficult to reduce. Nevertheless,
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Figure 1.18. Relative trends in gross domestic
product and emissions of greenhou-
se gases and SO,. Indices, 1987=100.
(GDP for mainland Norway, fixed
prices. Greenhouse gas emissions
are measured in CO, equivalents.)
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Source: Statistics Norway.

the figure shows that greenhouse gas
emissions have risen rather less than GDP
since 1987.

Sulphur dioxide, on the other hand, is an
example of a pollutant whose emissions
are not related to economic develop-
ments in the same way. A large propor-
tion of sulphur emissions are generated
by the combustion of heavier oil types,
and the sulphur content of such oils has
been greatly reduced over the years.
There are also technically and economi-
cally feasible ways of reducing sulphur
emissions from major sources, and it has
thus been possible to reduce industrial
emissions. In addition, large point sour-
ces such as industrial enterprises used to
generate a large share of sulphur emissio-
ns, and total emissions have been strong-
ly dependent on what happens to precise-
ly these enterprises.

Some environmental problems are closely
related to household consumption, but

Figure 1.19. Household consumption (fixed
prices), total generation of house-
hold waste, unsorted household
waste and emissions of lead to air.
Indices, 1992=100
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Source: Statistics Norway.

the picture is mixed here as well. Figure
1.19 shows indices for consumption by
Norwegian households, total generation
of household waste and household waste
not separated for recycling, and for lead
emissions to air. It should be noted that
the base year for the indices is 1992,
since no earlier figures are available for
quantities of household waste.

The total quantity of household waste
generated follows much the same pattern
as trends in consumption, but has grown
even more strongly. Household consump-
tion rose by almost 30 per cent from
1992 to 1999, but the quantity of house-
hold waste generated rose by almost 40
per cent in the same period. Neverthe-
less, it is possible that the composition of
household consumption can over time
change in a way that generates less was-
te, for example if we use less money on
purchasing goods that generate waste
and more on purchasing services that do
not.
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Since 1992, a rising proportion of house-
hold waste has been separated for mate-
rial recovery or incinerated with energy
recovery. The quantity of household
waste delivered for final treatment (land-
filling or incineration without energy
recovery) has therefore remained relati-
vely constant in the period 1992-1999,
and is about 45 per cent of the total.

There are also examples of environmen-
tal problems that are closely related to
private consumption, but that have
shown very different trends. Emissions of
lead to air are largely generated by motor
vehicles. Households’ use of vehicles is
included in private consumption, but as
figure 1.19 shows, lead emissions have
shown a very different trend from con-
sumption. This is largely because the use
of leaded petrol has been phased out.

The remaining chapters of this publi-
cation and the appendix of tables provide
further information on Norway’s natural
resources and the environment and
describe how they are affected by the
activities of various economic operators.
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2000 was a record year for energy production in Norway. Oil and gas extraction reached a
new peak while electricity production was higher than ever before. Energy use, on the other
hand, decreased for the first time in many years. All in all, this resulted in record exports,
almost 90 per cent, of energy commodities in 2000.

The high level of energy production in Norway is mainly accounted for by the extraction of
oil and gas. Given the current rate of extraction, the calculated petroleum resources on the
Norwegian continental shelf will be exhausted in 23 years and the gas resources in 119
years. Petroleum extraction accounted for about 23 per cent of Norway’s GDP and 46 per
cent of export income in 2000. These percentages are the highest ever recorded and are
mainly due to a rise in prices.

Electricity production totalled 143 TWh in 2000, the highest level ever reached. Production
showed a 17 per cent increase on the previous year and was 21 per cent higher than the
expected level of production in a hydrologically normal year. The total surplus for export
was 19.1 TWh, making Norway a net exporter of electricity for the second time in a row.

The production, transmission and use of energy cause various pressures on the environ-
ment. A large proportion of global air pollution is generated by combustion of coal, oil and
gas. Hydropower developments also have a significant impact on biological diversity, the
cultural landscape and opportunities for outdoor recreation. About 60 per cent of Norway’s
total hydropower potential has been developed.

2.1. Resource base and reserves

Crude oil and natural gas

In the context of oil and gas activities, the
Norwegian Petroleum Directorate distin-
guishes between resources and reserves.
Resources include all more or less defini-
tely proven deposits. Reserves are reco-
verable resources in fields that are alrea-
dy developed or where development has
been approved. As of 1 January 2001, the

remaining Norwegian reserves of crude
oil totalled 1.77 billion standard cubic
metres oil equivalents (Sm? o.e.), which
corresponds to 1.1 per cent of the world’s
crude oil reserves (table 2.1). Reserves of
natural gas totalled 1.26 billion Sm® o.e.,
or 0.9 per cent of total world reserves.
Trends in the estimates of Norwegian
reserves are shown in tables A1 and A2
in the Appendix.
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Table 2.1. World reserves’ of oil and gas as of
1 January 2001

Qil Gas

Billion Per Billion Per
Sm? o.e. cent  Smio.e. cent

World ................ 163.5 100.0 149.5 100.0
North America .. 42 26 6.5 43
Latin America.... 19.6 12.0 7.8 5.2
Western Europe

(incl. Norway) .... 2.7 1.7 4.5 3.0
Eastern Europe .. 9.4 5.7 56.7 37.9
Middle East ....... 108.7  66.5 525 351
Africa ..o 1.9 7.3 1.2 7.5
Asia and Oceania 7.0 4.3 10.3 6.9
OPEC ..ooveie 129.5 79.2 66.4 444
Norway ............. 1.8 1.1 1.3 0.9

' For Norway, proven reserves means resources in fields that
are already developed or where development has been
approved. Otherwise the definition may vary somewhat from
country to country.

Source: Oil & Gas Journal (2001) and Norwegian Petroleum
Directorate (figures for Norway).

The Norwegian Petroleum Directorate
has calculated that the remaining Norwe-
gian petroleum resources total 4.4 billion
Sm? o.e. crude oil (including wet gas)
and 6.4 billion Sm? o.e. natural gas. Of
this, 41 and 20 per cent respectively are
defined as reserves (see above), and 19
and 35 per cent respectively are resour-
ces for which development has not been
approved. The remainder; i.e. 40 and 46
per cent respectively, consists of uncer-
tain estimates based partly on more
efficient use of proven finds in the future
and partly on estimates of the size of
reserves that are not yet definitely pro-
ven. Given the present rate of produc-
tion, the total calculated crude oil resour-
ces on the Norwegian continental shelf
will be exhausted after 23 years, and the
natural gas resources after 119 years. If
only reserves are included, i.e. the remai-
ning resources in fields that are already
developed or where development has
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Figure 2.1. Ratio between reserves and produc-
tion (R/P ratio) for oil and gas in
Norway. Fields already developed or
where development has been
approved
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Source: Energy statistics, Statistics Norway and Norwegian
Petroleum Directorate.

been approved, the corresponding figures
are 9 years for oil and 23 years for gas.
The ratio between reserves and annual
production (the R/P ratio) will change
with time, depending on the rate of
extraction, new extraction technology
and decisions to develop new fields. Such
decisions in their turn depend on the
technology available, prices and the
discovery of new fields. Historical trends
in the R/P ratio are shown in figure 2.1.
Both because the large gas field Troll East
went on stream in 1996 and because the
estimates of reserves were reduced, the
R/P ratio for natural gas dropped sharply
from 1995 to 1997.

Norway’s proven oil reserves are larger
than those of any other European country
except Russia. Russia also has the world’s
largest gas reserves, a third of the total,
and the Netherlands and Norway have
the largest reserves otherwise in Europe.
In Western Europe, 55 per cent of the oil
reserves and 28 per cent of the gas reser-
ves are on the Norwegian continental
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Box 2.1. Petroleum wealth

In practice, Norway's petroleum wealth is
generally defined as the current value of
future revenues from the sale of petroleum,
minus the current value of future operating
costs, including a normal rate of return on
real capital in the sector. This corresponds to
the current value of the future resource rent
for petroleum, i.e. the amount by which the
rate of return on petroleum extraction
exceeds that on other forms of economic
activity.

shelf, according to figures from the Oil &
Gas Journal. For the world as a whole, 79
per cent of the oil reserves and 44 per
cent of the gas reserves are in OPEC
countries. The Middle East accounts for
66 per cent of the world’s oil reserves
and 35 per cent of its gas reserves. At the
end of 2000, the R/P ratio indicated that
the world’s petroleum reserves will be
exhausted after 42 years and its natural
gas reserves after 63 years.

Figure 2.2. Estimates' of Norway’'s petroleum
wealth
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! The estimates are made at the beginning of each year. For
the years 1997-2000, the discount rate used for writing
down future revenues and costs was 4 per cent, instead of
the 7 per cent used for earlier years.

Sources: Aslaksen (1990) and various long-term
programmes and national budgets, Ministry of Finance.

Figure 2.2 shows estimates of Norway’s
petroleum wealth for the years 1973-
2000. The estimated value of Norway’s
petroleum wealth has changed a great
deal in this period because of changes in
expected future prices, costs and the
resource base. Changes in expected prices
have clearly been most important, but
upwards revision of the estimated resour-
ce base has also had an effect. The petro-
leum wealth is reduced by extraction, but
rises from year to year as future cash
flows come closer in time.

The price rises in 1973-1974 and 1979-
1980 resulted in expectations that oil
prices would remain high in the future,
while finds of new fields continued. This
resulted in a sharp rise in the estimate of
Norway’s petroleum wealth. From 1981
to 1988, a steady reduction in expected
prices resulted in a reduction of the
estimated petroleum wealth from NOK

2 900 billion to NOK 243 billion. The
reduction was four times larger than
Norway’s annual GDP at the time. It is
interesting to note that as early as the
beginning of 1984, almost two years
before oil prices collapsed, Norway’s
petroleum wealth was revised down-
wards in response to a less optimistic
view of future oil price trends. There was
another smaller drop in price expecta-
tions in 1990. In 1992 and 1993, the
figures for the resource base were revised
upwards. In the mid-1990s, Norway’s
expected petroleum wealth had reached
the same level as before the sharp rise in
oil prices in 1979-1980.

Hydropower

As of 1 January 2001, Norway’s economi-
cally exploitable hydropower resources
totalled 187.0 TWh (expressed as mean
annual production capability, i.e. the
production capacity of the power stations
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Figure 2.3. Hydropower resources as of
1 January 2001. TWh per year
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in a year with normal precipitation).
Hydropower resources are divided into
developed reserves, reserves that have
been approved for development or are in
the various stages of being considered for
licensing, protected river systems and the
remaining river systems. As of 1 January
2001, 118.0 TWh was developed and
36.5 TWh permanently protected (Appen-
dix, table A3). The figures for hydro-
power resources are not comparable with
figures from previous years since the
Norwegian Water Resources and Energy
Directorate has now decided to base
calculations of the normal water inflow
on the period 1970-1999.

Hydropower developments have a signifi-
cant impact on biological diversity, the
cultural landscape and opportunities for
outdoor recreation. The only large river
in Norway that is untouched by hydro-
power developments is the Tana river
(Finnmark). Any future hydropower
developments will be based on the Mas-
ter Plan for Water Resources and the
Protection Plans for Water Resources. As
a general rule, no new power plants may
be constructed in protected watercourses,
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but projects that do not require licences
may be carried out and existing power
plants may be upgraded to a certain
extent. Environmental restrictions and
the need to consider cost-effectiveness
make it uncertain how much of the re-
maining hydropower potential (see figure
2.3) is likely to be developed in the futu-
re. The Government bases its policy on
the conclusion that the era of major
hydropower developments is over (Stol-
tenberg 2001). Apart from actual hydro-
power developments, other activities in
and around watercourses may also have
an impact on biological diversity. These
include canalization, lowering water
levels, land reclamation, extraction of
deposits, removal of water, discharges to
river systems, removal of waterside vege-
tation, cultivation, construction of roads
and housing near rivers, measures to
prevent erosion and the construction of
flood protection works.

Coal

At the end of 2000, Norway’s coal resour-
ces on Svalbard were about 54 million
tonnes, defined partly as certain and
partly as probable deposits. At the end of
2000, 10 per cent of the resources were
classified as certain. Store Norske Spits-
bergen Kulkompani estimates the mar-
ketable quantity of coal, i.e. the quantity
that is assumed to be marketable at some
point in the future, to be 30.5 million
tonnes at the end of 2000. At the 2000
rate of extraction, the estimated quantity
of coal for sale will last for 48 years. This
figure may be somewhat lower in the
years ahead if the plans presented by
Store Norske Spitsbergen Kulkompani to
increase extraction are approved (see
more details in section 2.2). At the end of
1999, the world’s exploitable coal resour-
ces were 984 billion tonnes (BP 2000). At
the current rate of extraction, they will
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Box 2.2. Energy content, energy units and prefixes

Average energy content, density and efficiency of energy commodities’
Fuel efficiency

Manufacturing  Transport Other

Energy commodity  Theoretical energy content Density and mining consump-
tion

Coal 28.1 GJ/tonne .. 0.80 0.10 0.60
Coal coke 28.5 GJ/tonne . 0.80 - 0.60
Petrol coke 35.0 GJ/tonne .. 0.80 - -
Crude oil 42.3 GJ/tonne = 36.0 GJ/m? 0.85 tonnes/m? y y .
Refinery gas 48.6 GJ/tonne . 0.95 . 0.95
Natural gas (2000)>  40.4 GJ/1000 Sm? 0.85 kg/Sm? 0.95 . 0.95
Liquefied propane
and butane (LPG) 46.1 GJ/tonne = 24.4 GJ/m? 0.53 tonnes/m? 0.95 . 0.95
Fuel gas 50.0 GJ/tonne . . . .
Petrol 43.9 GJ/tonne = 32.5 GJ/m? 0.74 tonnes/m? 0.20 0.20 0.20
Kerosene 43.1 GJ/tonne = 34.9 GJ/m? 0.81 tonnes/m? 0.80 0.30 0.75
Diesel oil, gas ol
and light fuel oil 43.1 GJ/tonne = 36.2 GJ/m? 0.84 tonnes/m? 0.80 0.30 0.70
Heavy distillate 43.1 GJ/tonne = 36.2 GJ/m? 0.88 tonnes/m? 0.80 0.30 0.70
Heavy fuel oil 40.6 GJ/tonne = 39.8 GJ/m? 0.98 tonnes/m? 0.90 0.30 0.75
Methane 50.2 GJ/tonne . y y .
Wood 16.8 GJ/tonne = 8.4 GJ/solid m* 0.5 tonnes/solid m*  0.65 - 0.65
Wood waste (dry wt) 16.8 GJ/tonne
Black liquor (dry wt.) 14.0 GJ/tonne
Waste 10.5 GJ/tonne .. . . ..
Electricity 3.6 GJ/MWh . 1.00 1.00 1.00
Uranium 430-688 TJ/tonne

' The theoretical energy content of a particular energy commodity may vary. The figures therefore give mean values.

2 Sm? = standard cubic metre (at 15°C and 1 atmospheric pressure).

Source: Energy statistics, Statistics Norway, Norwegian Petroleum Institute, Norwegian Association of Energy Users and
Suppliers and Norwegian Building Research Institute.

Energy units

PJ TWh Mtoe Mbarrels MSm3o0.e. MSm? o.e. quad
oil gas
1P 1 0.278 0.024 0.18 0.028 0.025 0.00095
1 TWh 3.6 1 0.085 0.64 0.100 0.089 0.0034
1 Mtoe 42.3 11.75 1 7.49 1.18 1.047 0.040
1 Mbarrel 5.65 1.57 0.13 1 0.16 0.140  0.0054
1 MSm? o.e. ol 36.0 10.0 0.9 6.4 1 0.89 0.034
1 MSm?o0.e. gas 404 11.2 1.0 7.2 1.12 1 0.038
1 quad 1053 292.5 24.9 186.4 29.29 26.06 1
, , ; Prefixes
1 Mtoe = 1 mlII..tonnes (crude) 0|IleqU|vaIents Name Symbol Facior
1 Mbarrel = 1 mill. barrels crude oil (1 barrel =0.159 m3) :
1 MSm3 o.e. oil = 1 mill. Sm? oil Kilo K 10°
1 MSm3 o.e. gas = 1 billion Sm?natural gas Zligga g/' 182
= 15 it I

1 quad = 10" Btu (British thermal units) Tera T 1072
Source: Energy statistics, Statistics Norway and Peta P 10"
Norwegian Petroleum Directorate. Exa E 108
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Figure 2.4. Extraction and consumption' of
energy commodities in Norway
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Source: Energy statistics, Statistics Norway, Norwegian
Petroleum Directorate and Norwegian Water Resources and
Energy Directorate.

last for 230 years. The largest resources
are found in the United States, Russia
and China, which account for 25, 16 and
12 per cent respectively of the total.

2.2. Extraction and production

Total extraction of energy commodities in
Norway rose by over 6 per cent from
1999 to 2000. Hydropower production
showed the strongest growth, increasing
by 16.6 per cent as a result of unusually
high inflow to the reservoirs.

Since 1976, total energy extraction has
risen by an average of as much as 10.2
per cent per year as a result of the growth
in oil and gas extraction in the North Sea
(figure 2.4). In comparison, total con-
sumption of energy commodities in Nor-
way has only risen by 2 per cent per year
in the same period. Total energy extrac-
tion has also risen in the last decade by
an average of 6.3 per cent per year. If we
compare total extraction with total con-
sumption, we can see that the net export
potential (the part of the diagram above
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Figure 2.5. Oil and gas extraction. Percentage of
exports, gross domestic product
(GDP) and employment
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the consumption line) has risen dramati-
cally since 1976. In 2000, extraction of
primary energy commodities was almost
9 times higher than consumption, so that
almost 90 per cent of all energy extracted
was exported. Table A11 in the Appendix
shows the value of Norway’s net exports
of energy commodities to other countries
in 2000.

Crude oil and natural gas

Extraction of oil and gas is Norway’s most
important industry measured in terms of
export revenue and value added (propor-
tion of GDP). In 2000, exports of crude
oil and natural gas rose by 85 per cent on
the year before, and totalled NOK

300 billion, or 46 per cent of the
country’s total exports (figure 2.5). The
large variations in export revenue in
recent years are due to the very low
crude oil prices in 1998 and very high
prices towards the end of 1999. The
industry accounted for 23 per cent of
GDB but only about 1 per cent of total



Natural Resources and the Environment 2001

Energy

Table 2.2. World production of crude oil and
natural gas in 2000

Qil Gas

Million ~ Per  Million  Per
Sm3o.e. cent Sm3o.e. cent

World ..........c........ 3891.0 100.0 2 360.6 100.0
OPEC ..o 1634.7 42.0 2879 122
North America ..... 459.3 11.8 753.1 319
Latin America ....... 542.8 13.9 1353 5.7
Western Europe ... 3706 9.5 281.8 119
Eastern Europe ..... 450.0 11.6 705.8 29.9
Middle East .......... 1253.8 32.2 1344 5.7
Africa .o 387.9 10.0 92.8 39
Asia and Oceania . 4266 11.0 257.4 109

Saudi Arabia ........ 4782 12.3 319 14
Former Soviet Union 4379 11.3 675.4 28.6
United States ....... 3394 8.7 555.2 235

2133 55 303 1.3
188.3 4.8 265 11

Norway' ...

1858 438 490 2.1
Venezuela ............ 176.2 45 238 1.0
Mexico 175.1 45 485 2.1
Irag ..ooooovveeiiine, 156.0 4.0 6.9 0.3
UK 1458 3.7 1140 438
United Arabian
Emirates ............... 129.3 33 232 1.0
Kuwait 1215 3.1 57 02
Canada 119.8 3.1 197.8 84
Nigeria .......cccovev. 117.7 3.0 35 0.1
Libya .oooooiiiiins 82.1 2.1 6.1 03
Indonesia .. 738 1.9 741 3.1
Brazil ..........cc....... 65.1 1.7 47 0.2
Algeria .........c....... 468 1.2 653 2.8
Netherlands ......... 26 0.1 685 29

" Figures for Norway differ from newer figures from the
Norwegian Petroleum Directorate that are used elsewhere in
this chapter.

Source: Oil & Gas Journal (2000).

labour input was directly related to oil
and gas extraction.

In 2000, production of petroleum on the
Norwegian continental shelf totalled
243.2 million Sm? o.e. This was a rise of
7.1 per cent from 1999. Oil production

(excluding NGL! and condensate) was
181 million Sm? o.e. in 2000, 6.8 per cent
higher than the year before. Norway’s
crude oil production corresponded to 4.8
per cent of world production in 2000 (see
table 2.2).

When Troll C went on stream at the end
of 1999, oil production on the Troll oil
field increased by 31.3 per cent in 2000,
bringing production almost up to the
same level as in the leading field, Ekofisk.
Oil production on Ekofisk rose by 13.9
per cent in 2000. The Oseberg and Gull-
faks fields were the third and fourth
largest oil producers respectively in 2000.
Together, these four fields accounted for
35.9 per cent of total oil production on
the Norwegian continental shelf in 2000.

Production of natural gas reached a
record high of 49.9 million Sm?® o.e. in
2000, which is 5 per cent higher than in
1999. This corresponded to 2.1 per cent
of total world production of gas in 2000
(see table 2.2). Norway has undertaken
to deliver more than 70 million Sm? o.e.
natural gas in 2005. Gas production is
therefore expected to rise in the next few
years, as it did from 1998 to 2000. Pro-
duction of NGL and condensate was
about 2.4 million Sm? higher in 2000
than in 1999.

Troll East and Sleipner East are the two
most important fields for natural gas
production. Troll East alone accounted
for almost 50 per cent of total natural gas
production on the Norwegian shelf in
2000.

1 Wet gas or NGL (natural gas liquids) is often split into the following fractions: ethane (C,), propane (Cy),
butane (C,) and condensates (Cs, ). Butane and propane are known as LPG (liquefied petroleum gas).
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Figure 2.6. Mean annual production capability,
actual hydropower production and
gross consumption of electricity in

Norway
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Source: Norwegian Water Resources and Energy Directorate
and Energy statistics, Statistics Norway.

Electricity

Electricity production in Norway in 2000
totalled 143 TWh, an increase of 17 per
cent on the year before and the highest
level ever reached (see figure 2.6 and
Appendix, table A8). Given the produc-
tion capacity available at the end of
2000, production in a year with normal
precipitation is calculated to be 119 TWh
(including 0.8 TWh thermal power). The
high level of production in 2000 was a
result of ample rainfall and high inflow to
the reservoirs. The net surplus for export
for 2000 was 19.1 TWh, making Norway
a net exporter of electricity for the
second year in a row.

Norway’s high level of export affects
electricity production in the other Nordic
countries. Figure 2.7 shows that electrici-
ty production in Denmark, Finland and
Sweden fell from 1999 to 2000. At the
same time, net exports by Nordic coun
tries to countries outside the Nordic
region increased by 2 TWh.
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Figure 2.7. Electricity production in the Nordic

countries
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Coal

Coal production on Svalbard in 2000
totalled 632 000 tonnes, which cor-
responds to just under 17.8 PJ. This is the
highest level of production Store Norske
Spitsbergen Kulkompani has ever achie-
ved; as much as 56 per cent higher than
in 1999. The reason for this large increa-
se is the test production that was started
at the new Svea Nord mine in Sentralfel-
tet, which contains the largest coal depo-
sits found so far on Svalbard. Coal extrac-
tion on Svalbard has been the subject of
political controversy, and its future has
been uncertain for some time. On the
basis of positive results from test extrac-
tion in Svea Nord, Store Norske Spitsber-
gen Kulkompani wants to increase pro-
duction to a level three times higher than
the 1990s level. With this level of pro-
duction, operation will be profitable and
no longer dependent on the government
support on which it has been based so far.
The Ministry of Trade and Industry sup-
ports these plans and the matter will be
considered by the Storting (Norwegian
parliament) in the course of autumn
2001. Total Norwegian coal production
on Svalbard from 1916, when Store
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Norske Spitsbergen Kulkompani was
established, up to the end of 2000 was
25 million tonnes.

A small proportion of Svalbard coal is
used for residential heating, while the
rest is used for the production of electri-
city and for industrial purposes, especial-
ly cement manufacturing. In 1999 ex-
ports made up 70 per cent of total sales —
mostly to Germany, but also to the UK
and Iceland.

World coal production in 1999 was 2 104
Mtoe or, in energy units?, 89 EJ (BP
2000), a decline of 6 per cent on last
year’s figures. Production in China decli-
ned most in 1999, dropping as much as
18 per cent compared with 1998 and
leaving the United States to take over the
position as the world’s largest coal produ-
cer. In 1999, the United States and China
accounted for 28 and 24 per cent respec-
tively of world coal production. Europe
excluding the former Soviet Union
accounted for 12 per cent of the total,
and more than half of this was produced
in Poland and Germany. Brown coal
accounted for almost four fifths of pro-
duction in Germany, which is the world’s
largest brown coal producer. On a global
basis, about one fifth of total production
is brown coal, while the rest is black coal.

Biofuel

Wood, wood waste and black liquor
(waste from chemical pulp production)
are the most important biofuels in Nor-
way. Production of these fuels, including
production for own use, almost doubled
from 1980 to 1990 but has only increased
by 11 per cent since then. In 2000 con-
sumption was 57 PJ per year, equivalent
to about 10-15 per cent of energy pro-

2 See box 2.2 for an explanation of energy units.

duction from hydropower. The figure is
uncertain because the data are incomp-
lete. In 1999, energy equivalent to about
5 PJ was generated for district heating by
waste incineration, and about 90 per cent
of this may be classified as bioenergy. In
1999, 211 621 tonnes of methane was
generated in Norwegian landfills (preli-
minary figures), and this corresponds to
an energy content of about 10.6 PJ. In
recent years, more and more of this gas
has been used for energy purposes or
flared. In 1999, 23 626 tonnes (1.2 PJ)
was extracted.

The use of fuelwood contributes substan-
tially to local air pollution, especially to
emissions of particulate matter (see
Chapter 7, Air pollution and climate).
Bioenergy installations have been exemp-
ted from investment tax to promote the
use of renewable energy sources.

Wind power

In 1999, total production of wind power
was about 13 GWh. In the same year, the
Norwegian Water Resources and Energy
Directorate granted a licence for the
construction of a wind farm at Masey in
Finnmark with 26 wind turbines. This
will be Norway’s largest wind farm, with
an annual production of 150 GWh. The
Norwegian Water Resources and Energy
Directorate has also licensed the con-
struction of a wind farm at Vagsey in the
county of Sogn og Fjordane.

2.3. Environmental problems
associated with the extraction
and use of energy

One of the Government’s objectives is to

limit the extent to which the energy

sectors contribute to the environmental

problems mentioned in box 2.3,
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Environmental pressures caused by the
extraction and use of energy, and a num-
ber of policy instruments are being used
to achieve this objective. The main ele-
ments of these are listed below:

« Taxes are used for the purpose of limit-
ing environmental pressures (e.g. the
Co, tax).

- Decisions as to which areas may be
used for energy production are under
state control (e.g. pursuant to the Act
relating to Petroleum Activities, the
Energy Act and the Watercourses Act).

- Applications for licences for specific
development projects are dealt with by
several directorates and ministries. All
parties affected have an opportunity to
make their opinions known during this
process.

- Financial support is available for exam-
ple for the development of new renew-
able energy sources (e.g. wind power).

Table 2.3. Emissions to air from the energy
sectors. 1999*

Emissions from Share of

Pollutant the energy total emissions
sectors in Norway
Tonnes Per cent
Carbon dioxide (CO,) .. 12 775 536 30.7
Methane (CH,) ........... 26 456 7.8
Nitrous oxide (N,0) ... 118 0.7
Sulphur dioxide (SO,) .. 3458 12.1
Nitrogen oxides (NO,) . 57 188 24.8
Ammonia (NH,) ........... 2 0.0
Non-methane volatile
organic compounds
(NMVOCGCS) ....ooeeeea. 218 349 62.3
Carbon monoxide (CO) 8 155 1.4
Particulate matter........ 665 2.9
Lead (Pb)............. 1 10.7
Cadmium (Cd) ... 0.05 5.2

Source: Emissions inventory from Statistics Norway and
Norwegian Pollution Control Authority.
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Box 2.3. Environmental pressures
caused by the extraction and use of
energy

Emissions to air occur during the extrac-
tion, transport and use of oil and gas pro-
ducts. These can result in climate change,
acidification, the formation of ground-level
ozone and local air pollution (see Chapter 7).
Emissions to air from the energy sectors in
1999 are shown in table 2.3.

Discharges of oil and chemicals to the
sea occur during the extraction and trans-
port of oil and gas products. They may injure
fish, marine mammals and birds and reduce
the yield from fisheries etc.

Infrastructure development takes place
during the development of new capacity for
energy generation, and includes the con-
struction of dams, roads, onshore installa-
tions and transmission lines. Hydropower
production also results in variable water
levels in reservoirs and changes in discharge
volumes in rivers. These developments can
have an impact on biological diversity and
the value of cultural monuments, the cultural
landscape and recreational areas.

- Research and development is being
carried out on the environmental
problems associated with the sector.

Norway’s energy policy includes a
development programme to encourage
the development of renewable energy
sources. The objectives are to construct
wind power plants with a production
capacity of 3 TWh/year, and to increase
annual use of central heating systems
based on new renewable energy sources,
heat pumps and waste heat by 4 TWh/
year, both by the year 2010 (Ministry of
Petroleum and Energy 1999). Like hydro-
power developments, wind power de-
velopments can result in environmental
problems. Wind farms disturb habitats for
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Figure 2.8. Domestic energy use by consumer
group
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Source: Energy statistics, Statistics Norway.

plants and animals, there is a danger that
birds may collide with the installations,
and biotopes may be built over or impo-
verished. Wind farms may also give rise
to land-use conflicts and reduce the
aesthetic value of the countryside.
Further studies of their environmental
impact are being carried out.

Measures that are primarily designed to
reduce emissions to air are discussed in
Chapter 7, Air pollution and climate, and
those intended mainly to reduce emis-
sions from transport are discussed in
Chapter 6, Transport.

2.4. Energy use

In 2000, Norway’s total energy use (ex-
cluding international maritime trans-
port), was 1 053 PJ. Energy use in the
energy sectors accounted for 20 per cent
of this.

Consumption of energy commodities,
excluding the energy sectors and interna-
tional maritime transport, totalled 861 PJ
in 1999 and 841 PJ in 2000, a decrease

of 2.3 per cent (preliminary figure) (figu-
re 2.8 and Appendix, table A5). Energy
use rose by an average of 1.1 per cent per
year from 1979 to 1999. In the same
period, GDP excluding the oil and gas
sector rose by an average of 2.2 per cent
per year.

Energy use in the energy sectors

Net energy use in the energy sectors
increased from 198 PJ in 1999 to 212 PJ
in 2000 (preliminary figures). Electricity
generation from natural gas in connec-
tion with oil and gas extraction, which
accounts for most of this, increased from
146 PJ in 1999 to 160 PJ in 2000 (see
Appendix, table A6), a rise of 9.5 per
cent. In the period 1976-1997, energy use
for this purpose rose by an average of 9
per cent per year, then dropped some-
what before rising again in 2000. Most of
the natural gas is used for combustion for
energy purposes, but in 2000, about 18
per cent was flared, i.e. burnt without the
energy being utilized.

Electricity generation on oil platforms
requires large amounts of energy, because
the efficiency of this process is very low.
The drop in energy use in previous years
is related to lower oil production and a
smaller rise in gas production than in
earlier years (see the section on crude oil
and natural gas). However, extraction of
both oil and gas has risen in the past
year. Even though energy use in oil and
gas extraction is now much higher than
in the 1970s, the amount of energy used
per unit of crude oil and natural gas
produced has been reduced in the same
period.

Energy use in the energy sectors results
in large emissions to air. These are discus-
sed in more detail in Chapter 7. See also
Appendix, tables F3-F6.
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Oil consumption

Total oil consumption, excluding the
energy sectors and international maritime
transport, dropped by about 8 per cent
from 1976 to 1999, despite the fact that
oil consumption for transport rose by 57
per cent, or 2.0 per cent on average per
year, in the same period (figure 2.9 and
Appendix, table A5). Preliminary figures
now show a decline from 1999 to 2000
for most types of distillate, including
transport oils. However, since the calcula-
tions are based on sales figures, con-
sumption may not in reality have decli-
ned as much as is indicated by these
figures. The decline is probably partly
due to the decision to reduce fuel taxes
from 1 January 2001. Transport now
accounts for 85 per cent of total oil con-
sumption, as compared with 47 per cent
in 1976. Rising air traffic both within
Norway and to other countries resulted in
growing consumption of aviation fuel for
several years. Now it appears that a
reduction in the number of flights and
scheduled routes has halted this trend.
There has been a slight drop in sales of
petrol in the past two years. Consumption
of heavy fuel oil excluding international
maritime traffic has dropped since the
mid-1980s.

Consumption of oil for stationary purpo-
ses had dropped to less than one third of
the 1976 level by 1992. Since then, the
figures have fluctuated, but there has
been a downward trend in the 1990s.
From 1999 to 2000, there was a drop of
31.4 per cent (preliminary figures). The
heating season in 2000 was very mild and
electricity prices low. Sales of both heat-
ing kerosene and light fuel oil fell by 23
per cent from 1999 to 2000, whereas
sales of heavy fuel oil fell by 41 per cent
(figure 2.10). Electricity prices to end-
users are fluctuating more and more in
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step with the price of electricity on the
power exchange. This means that there
may be considerable variations in prices
within as well as between years. The
prices of oil products also vary through
the year depending on trends in oil prices
and stocks of oil products. Heavy fuel oil
is widely used for industrial purposes
(wood processing), while light fuel oils
are used more in services and private
households. Differences in trends for
these products may therefore be due to
differences in consumption trends in the
various consumer groups and in their
opportunities to switch between different
energy carriers at different times of year.
Trends in energy prices are described in
section 2.5.

Emissions to air associated with oil con-
sumption are discussed in Chapter 7.

Electricity consumption

Net domestic consumption of electricity
was 112.8 TWh in 2000, 1.8 per cent
higher than the year before (figure 2.10
and Appendix, table A8). This is the
highest level of consumption ever recor-
ded, and in the period 1990-2000 con-

Figure 2.9. Consumption of oil products
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sumption rose by an average of 1.4 per
cent per year. Electricity prices have been
considerably lower in 1998, 1999 and
2000 than in 1997, when the degree of
filling of the reservoirs was low. The drop
in prices appears to have stimulated
demand. In addition, increasing activity
in service sectors and more use of electri-
cal equipment has contributed to the rise
in consumption. In the last few years,
there has also been a rise in consumption
by energy-intensive manufacturing. Con-
sumption in this sector totalled 33.4 TWh
in 2000, an increase of 2.3 TWh from the
year before and about 4.9 TWh more
than the average for 1990-1998. The
increase is related to rising production in
the metal manufacturing industry.

General consumption, i.e. net domestic
electricity consumption minus consump-
tion by energy-intensive manufacturing
and spot power (non-contractual electri-
city supplied for electric boilers) totalled
73.8 TWh in 2000, see table A8 in the

Figure 2.10. Electricity consumption (excluding
energy-intensive manufacturing)
and sales of fuel oils and kerosene
as utilized energy
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Source: Energy statistics, Statistics Norway and Norwegian
Petroleum Institute.

Appendix. This is a slight decrease from
1999, partly because the weather was
milder in 2000 than in 1999. When the
weather is milder than normal, the dem-
and for electricity for heating purposes
drops. If consumption is corrected for
normal temperature conditions, which
are taken to be the average for the period
1961-1990, the figure obtained is 77.9
TWh. This corresponds to a rise of about
0.6 per cent from 1999.

World energy use

The increase in world energy use in 1999
held a slow pace for the second year in a
row, rising by only 0.2 per cent from the
previous year, while the average increase
for the last 10 years was 0.9 per cent (BP
2000). The reason for this slow pace is a
lower level of consumption in countries
with less developed economies: in OECD
countries, consumption rose by 1.4 per
cent, consistent with the trend over the
last ten years. Particularly striking was
China’s 16.8 per cent decline in coal
consumption, resulting in a total decrease
for China of 10.7 per cent. Romania
showed the largest overall decrease (12.4
per cent), while South Korea showed the
largest increase (9.3 per cent).

In 1998, Norway, which has about 0.075
per cent of the world’s population, ac-
counted for 0.27 per cent of total world
energy use, defined as the total primary
energy supply (production of primary
energy carriers adjusted for imports,
exports, changes in stocks and internatio-
nal maritime transport, see table A10 in
the Appendix). The OECD countries
together accounted for 54 per cent of
this. Per capita energy use in Norway was
24 per cent higher than the average for
the OECD countries and more than 3.5
times the world average. This is due to
factors such as a high income level, a

43



Energy

Natural Resources and the Environment 2001

large energy-intensive manufacturing
sector, the cold climate which means that
a great deal of energy is needed for heat-
ing, and a high volume of transport as a
result of the scattered pattern of settle-
ment. However, Denmark is the only
Nordic country where per capita energy
use is lower than in Norway. In the world
as a whole, per capita energy use is high-
est in Iceland, followed by the United
States and Canada. Average per capita
energy use in OECD member countries is
five times higher than in the rest of the
world. Energy intensity in Norway, mea-
sured as energy used per unit of GDB is
64 per cent of the average for the OECD
countries. However, if these figures are
adjusted for local purchasing power, the
figure for Norway is about 92 per cent of
the OECD average.

The energy mix varies between conti-
nents. Oil, natural gas and coal are im-
portant energy commodities in all conti-
nents, whereas nuclear power is used
particularly in some industrial countries
(BP 2000). On a global basis, about 65
per cent of energy use is in the form of oil
and natural gas, while coal accounts for
about 25 per cent. The United States,
France and Japan account for about 60
per cent of nuclear power used. The
proportion of energy use based on nu-
clear power is highest in Sweden and
France, while Norway uses the highest
proportion of hydropower.

2.5. Energy prices

Electricity

The spot price for electricity on the Nord
Pool power exchange fell from NOK
0.112 per kWh in 1999 to NOK 0.103 per
kWh in 2000 because of the high level of
hydropower production in 2000. As a
result of the lower price on the exchange,
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Figure 2.11. Price trends for fuel oils and electri-
city for heating' (as utilized energy),
in fixed 1980 prices including all
taxes and tariffs
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electricity prices excluding transmission
charges and taxes also fell for all consu-
mer groups. However, since the electricity
tax rose from NOK 0.0594 to NOK 0.0856
per kWh from 1999 to 2000, there was
an increase in the total price paid by the
consumer. Nonetheless, figure 2.11 shows
that electricity prices have not been as
low as in 1999 and 2000 since 1983,
when prices are corrected for the general
increase in prices.

Fuel oils

In 2000, the prices of most petroleum
products rose as a result of higher oil
prices and increases in taxes. For exam-
ple, the listed prices (excluding dis-
counts) of light fuel oil and heating kero-
sene rose by 29 and 25 per cent respecti-
vely to NOK 0.515 and 0.595 per kWh,
see table A9 in the Appendix. As a result
of higher prices for oil products and
relatively low prices for electricity, combi-
ned with warm weather last year, sales of
fuel oil fell sharply from 1999 to 2000.
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Sales of heating kerosene, light fuel oils
and heavy distillates dropped by 22-25
per cent. Sales of heavy fuel oils decreas-
ed by as much as 40 per cent. Figure 2.11
shows trends in the price of utilized
energy (i.e. corrected for efficiency) in
fixed 1980 prices from 1973 to 2000.
Table A9 in the Appendix shows the
prices of heating products measured as
energy supplied. Consumption of heavy
fuel oil is very low despite low prices
(Appendix, table A5). This is because
permits and technical considerations
greatly restrict their use. Heavy fuel oils
are mainly used in manufacturing and
international maritime transport.

2.6. Power and generation capacity
shortages in the Norwegian
electricity market?

Is there enough generation capacity in

the Norwegian electricity market today,

and will there be sufficient capacity in
the future? Is the market organized in the
best possible way or is it possible to
improve the way it functions?

After deregulation of the Norwegian
electricity market in 1991, investments in
capacity have been lower than the
growth in consumption. This has resulted
in a gradually tighter balance in the
Norwegian power market. However,
prices are still low and there are still
good possibilities for import of surplus
capacity from neighbouring countries.
Because of the growth in consumption
and low investment activity, actors in the
electricity market are concerned about
the power balance in the years ahead.
Several actors also seem to feel that
capacity is dropping too low to maintain
a regular supply in a dry year or over two
consecutive dry years.

In this project (Johnsen et al. 2000) we
took our point of departure in today’s
situation, and addressed how shortages
are handled in the context of the regula-
tions and markets that exist today. Then
we looked at the theoretical aspects of
handling shortages and rationing. We
then identified some unfortunate aspects
of the organization of the Norwegian
market that are relevant to the ability to
handle shortage situations. There is an
upper limit for the supply of power,
defined by the possibilities for domestic
production and for import via transmis-
sion connections to other countries. It is
therefore important to know to what
extent consumers reduce their use of
electricity when the price of electricity is
high and supplies are short. If the consu-
mers react to price signals, even when
they change from hour to hour, it can be
assumed that shortage situations can be
managed by means of a reduction in use.
We discussed and have presented statis-
tics for the reaction of various consumer
groups to higher electricity prices. We
also presented various technical solutions
that may be used to reduce electricity use
when supplies are short. It is very uncer-
tain how the Nordic electricity market
will develop. We used Statistics Norway’s
Nordic electricity market model,
Normod-T, to simulate a development
path for the power market up to 2010.
We also studied how dry years would
affect the market balance.

We have identified a number of imperfec-
tions that can aggravate an electricity
shortage and reduce the ability of the
market to handle these situations by
means of an increase in supply and/or a
reduction in consumption:

- In the short-term physical electricity
market, the market is cleared hour by
hour in the Nord Pool day-ahead, or

45



Energy

Natural Resources and the Environment 2001

spot market. In this market, supply and
demand bids are cleared once every
twenty-four hours. Electricity prices for
each of the next day’s 24 hours are
made available every day at 1400.
Transmission constraints (bottlenecks
in the grid) are reflected in regional
markets (price zones) with their own
prices, or Statnett carries out market
operations, using sales and purchases in
the regulatory market to remove trans-
mission constraints (special regulation).
As of 2000, the Norwegian Water
Resources and Energy Directorate has
permitted the introduction of fixed
price areas, i.e. a system whereby Stat-
nett can make greater use of special
regulation to remove bottlenecks. This
means that regional shortages are
reflected to a lesser extent than pre-
viously in regional price differences in
the spot market. In our opinion, bottle-
necks in the grid should be reflected in
separate price areas with prices that
reflect the real shortage in the market.
This would give consumers a correct
price signal, so that anyone who had
something to gain by reducing their
consumption would do so. Market-
based power trading is founded on the
principle that prices are used to clear
supply and demand. This should also
apply in a regional context. Regional
shortages should be reflected in the
prices. This would also help to mitigate
national shortages.

All Norwegian energy utilities are
regulated by the Norwegian Water
Resources and Energy Directorate,
which determines an upper limit for
each company’s annual income. The
limit is determined on the basis of past
cost figures, the quantity of energy
supplied and efficiency requirements.
In addition, the Directorate issues
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guidelines to be used by energy utilities
when setting their charges. It is impor-
tant that the Directorate’s regulation
does not hinder profitable investments
aimed at increasing consumers’ price
sensitivity. Investments should be made
so as to give the best yield in macro-
economic terms irrespective of the
grid’s structure of ownership. It may be
cheaper for the owner of a regional
grid to invest in measures to prevent
greater price sensitivity in end-users in
a distribution grid rather than increas-
ing capacity in the regional grid. In
other words, cooperation should be
encouraged and any income should be
transferred between grid owners so
that any gains from measures imple-
mented are transferred to the parties
responsible for the investments, giving
the highest profits in economic terms.

- The fixed charges in the central grid
tariff system should not affect decisions
on input or withdrawal of generation
capacity. The sole function of the fixed
charges is to generate income, and
intervention should be kept to a mini-
mum. New generation capacity may be
exempted from the fixed charge and
owners may be instructed to continue
to pay the fixed charge for the net
capacity withdrawn.

We believe there is sufficient capacity on
the market, that is the price ensures that
demand does not exceed supply. Our
main conclusions are therefore as
follows:

- The price mechanism should be used to
clear supply and demand. High prices
will have the effect of maintaining or
increasing generation capacity instead
of reducing consumption. Increasingly
frequent power shortages may require
very high peak-load prices in the
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day-ahead market - high prices will
lead to increased imports, reduced
domestic consumption and export, and
trigger investments on the demand and
on the supply side. Market systems
must allow for periodically very high
prices.

- High prices will, first of all, make the
power trading companies aware of the
size of the potential loss involved in
purchasing power on the day-ahead
market for resale at fixed prices. Secon-
dly, power trading companies purchas-
ing power on long contracts with fixed
prices will be aware of the potential
profits involved in being able to sell
power into the market at hours when
the prices are extremely high. Thirdly,
high prices will demonstrate to produ-
cers who sell power on fixed price
contracts that there is potential profit
in being able to release power for sale
on the day-ahead market.

- It must be made quite clear to the
market participants that very high
prices may occur at individual hours,
and that Nord Pool, Statnett or the
authorities will not prevent these prices
from occurring if they are necessary to
clear the market. If Nord Pool, Statnett
or the authorities take on the role of
solving shortage problems, or immobili-
zing market mechanisms in the case of
extreme shortages, the market will not
regard the risk mentioned or the poten-
tial for profit as real. Consequently, the
market participants will not make the
required adjustments within a system
of market-based power trading.

Financing and project concept: Statnett SE

Project documentation: Johnsen, Aune
and Vik (2000).

2.7. Uncertainty and investment
decisions in the electricity
sector

In assessing trends in the power market,

the effect of uncertainty on investments

in generation capacity is important. The
deregulation of the electricity market in

1991 has altered the way in which uncer-

tainty related to investments is assessed.

Under the regulated regime, the local

power producers held a monopoly and

could pass on the costs related to uncer-
tainty to the consumers by raising prices.

In today’s situation, however, customers

are free to choose their own supplier, and

producers can lose customers if they
mark up the price of electricity as a result
of unprofitable investments.

In a deregulated market where producers
compete for the customers, it is more
important for a producer to make tho-
rough assessments related to investments
because the cost of any over-investment
must be borne by the investor. Invest-
ments in power production are irrever-
sible in the sense that once investments
have been made, they have no, or very
little value, for others. The invested
capital is tied up because good second-
hand markets for turbines and reservoirs
do not exist. The traditional rule of inves-
ting when price is equal to marginal cost
is not an optimal solution when there is
uncertainty and irreversibility.

These issues have been studied within a
theoretical model for investments under
uncertainty. We have also illustrated this
with empirical estimates of decisions on
investments in power projects when
future power prices are assumed to be
uncertain. Our calculations are based on
data for the Nordic electricity market.
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The results show that when there is
uncertainty and irreversibility, the opti-
mal solution is to postpone the con-
struction of power plants. The empirical
estimates show that for the investment to
be profitable, the price of electricity must
be up to 13 per cent higher than the long-
term marginal cost.

Project financing: Statistics Norway.
Project documentation: Larsen (2000).

General documentation: Statistics Norway
(2001b).

Further information on energy in general:

PAal Marius Bergh, Lisbet Hogset, Tor Arnt
Johnsen and Trond Sandmo.
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3. Agriculture

Agriculture has significant positive and negative impacts on the environment. The total
size of agricultural areas in use has remained stable at a time when the importance of
agriculture to the national economy is declining, and when there have been major structu-
ral changes in farming. The cultural landscape has largely been created by farming, and in
recent years there has been increasing focus on the importance of farming to the landsca-
pe, while production objectives have been toned down. Agriculture contributes to pollution,
and particular attention has been focused on eutrophication of water bodies caused by

nutrient enrichment.

Agriculture interacts with the environ-
ment in many ways. Farming results in
environmental changes both to farmed
land, such as alterations in biotopes and
landscapes, and to adjacent areas in the
form of runoff of nutrients into water
bodies and emissions to air from agricul-
tural processes. At the same time farming
areas are also affected by outside envi-
ronmental pressures such as pollution, in
the form of ozone and heavy metals, and
demand for farmland, resulting in con-
flicts over land use. The agricultural
sector manages substantial biological and
cultural assets in the form of cultivated
animal and plant resources, buildings and
types of landscapes. These have a positive
environmental impact in the form of
genetic diversity and cultural assets.

One of the most important objectives of
farming is to safeguard the national food
supply (Report No. 19 (1999-2000) to
the Storting). Since Norway aims for a
high capacity for self-sufficiency, the most

critical factor in Norway is access to land
resources. Another important environ-
mental perspective is the impact farming
methods have on the quality of farm
products and thereby on human health,
whether in the sense of the nutritional
content of food, pesticide residues or
animal diseases transmissible to humans.

This chapter cannot deal with all the
various interactions between agriculture
and the environment. We will base the
chapter on the economic importance of
agriculture as an industry and focus on
the natural resource base (land resour-
ces) and activities in the agricultural
sector that have an environmental impact
in the form of changes in the landscape
and emissions to water and air.

3.1. Agriculture in an economic
perspective

The importance of agriculture in econo-

mic terms continues to decline. According

to the Norwegian National Accounts, the

agricultural sector’s share of total
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Figure 3.1. Trends in agricultural sector’s share
of total employment and GDP and in
level of agricultural production
(index 1970=100)
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Source: Budget Committee for Agriculture (2000) and
Norwegian National Accounts, Statistics Norway.

employment (measured as full-time
equivalent persons) sank from 6.8 to 3.0
per cent from 1978 to 2000 (figure 3.1).
In absolute figures, the drop was from
111 500 to 59 000 full-time equivalent
persons (preliminary figures). The share
of gross domestic product (GDP) derived
from agriculture dropped from 3.0 per
cent to 0.7 per cent in the same period.
However, agricultural production measu-
red according to the production volume
index used by the Budget Committee for
Agriculture rose by about 60 per cent
from 1970 to 2000 (Budget Committee
for Agriculture 2000).

3.2. Land resources

Resource base

Norway has limited land resources suit-
able for farming. About 3 per cent of the
area of Norway is cultivated land, as
against over 10 per cent on a global basis
(SSB/SFT/DN 1994). The scarcity of land
resources means that the current self-
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sufficiency rate is between 40 and 50 per
cent. Nevertheless, potential crop yield
for the most productive areas is relatively
high compared with most other countries
for crops that can be cultivated in this
country. Crop yields for cereals in Norway
are slightly lower than in Sweden and
Denmark, but higher than average for the
OECD countries. One important reason
for the high crop yield in the Nordic
countries is good access to water. In a
global context, lack of access to water is
one of the most important factors restric-
ting plant production. The cold climate in
the Nordic countries also means there is
less risk of disease and pests.

Potential crop yield varies greatly with
the quality of land resources. Grouping
land resources according to quality will
give a more detailed picture of the land
resources lost as a result of conversion of
agricultural land for other purposes, and
provide a basis for assessing the quality
of the remaining land (cultivable land) in
relation to the resources already in use
(cultivated land). There is an important
distinction in quality between land that is
suitable for cereal farming and land that
is not. Land suitable for cereal farming
can to a great extent be used for the
direct production of food, while land that
is not suitable for cereal farming must
largely be used for coarse fodder pro-
duction.

Grgnlund and Hgie (2001) has grouped
land resources according to their suitabi-
lity for cereal farming on the basis of
three characteristics:

. climate zone
. depth of soil
. quality of terrain.

The results show, as expected, that a
lower percentage of uncultivated land
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Table 3.1. Area of cultivated and cultivable
land (km?) in Norway calculated on
the basis of economic mapping.
Status as of 1975

Total Potential cereal
area acreage of total
km? km? Per cent

Cultivated .............. 10 608 5871 55

Cultivable .............. 8 350 3217 39

Source: Grgnlund and Hgie (2001).

resources is suitable for cereal farming
compared with land that has already
been cultivated. In other words, unused
land resources are of generally poorer
quality than land already cultivated.
However, the results indicate that there is
considerable variation between counties
as regards the quality of cultivable land.

Use of cultivated land

In 1949, the area of agricultural land in
use was just under 10 500 km?. The area
then gradually decreased until it reached
its lowest level of about 8 700 km? in the
1970s!. The area has since increased,
reaching 10 382 km? in 1999 (figure 3.2
and Appendix, table B 1). The increase in
agricultural area over the last few years
consists largely of “other meadow”, com-
prising surface cultivated meadow and
fertilized pasture. This is probably related
to stricter requirements with regard to
the area suitable for manure spreading
and the transition from support based on
production to support based on the area
farmed. The introduction of stricter
requirements with regard to the area
suitable for manure spreading has forced
livestock farmers to increase this area to
avoid having to reduce their livestock
production. An acreage and cultural
landscape support scheme was introdu-

Figure 3.2. Agricultural area in use
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ced in 1989. Grants under this scheme
have made it more worthwhile for far-
mers to use marginal areas (Budget
Committee for Agriculture 1997). One of
the reasons for reorganizing the grants
system in this way is that collective goods
such as the country’s emergency prepa-
redness and environmental benefits
related to agriculture have been given
more prominence in agricultural policy
targets (Report No. 19 (1999-2000) to
the Storting). In the light of this reorgani-
zation, there is reason to believe that
some of the increase indicated in the
statistics is due to improved registration.

In 1999, cereal and oil-seed acreage
made up 32 per cent of the agricultural
area in use, and cultivated meadow 47
per cent. The acreage of cereals reached
a peak in 1991, and has since dropped by
about 10 per cent. The area of cultivated
meadow was at its lowest level in 1980,
since when it has risen by about 17 per
cent.

1 The registered agricultural area decreased in the 1970s, which was due (at least partially) to methodo-

logical deficiencies in the background data.
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Conversion of agricultural land
resources for other uses

Maintaining the country’s capacity for
self-sufficiency, so that the level of self-
sufficiency can be increased at need, in a
trade crisis, for instance, is an express
political objective (Report No. 19 (1999-
2000) to the Storting). With Norway’s
limited land resources, changes in land
resources can quickly affect the country’s
capacity for self-sufficiency. One of the
most important means of avoiding this is
to protect agricultural land resources.
The most important threat to agricultural
land resources is its conversion for purpo-
ses that prevent future agricultural pro-
duction, such as roads and housing. From
1949 and up to the end of 1999, an
estimated 910 km?, or about 4.7 per cent
of the total area suitable for agriculture
in 1949, has been converted for such
purposes (figure 3.3). The rate at which
agricultural land resources were lost in
this way was particularly high in the

Figure 3.3. Accumulated conversion of cultiva-
ted' and cultivable land
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Source: 1999 Agricultural Census, Statistics Norway and the
Ministry of Agriculture.
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1950s and lower in the 1970s, but has
risen again more recently. However, the
statistics on converted land are uncertain,
and have most probably been underesti-
mated. This is because the official reports
on which the statistics are based do not
include all conversion of cultivated and
cultivable land (see also table 3.1). No
overall survey of the quality of converted
land resources has been carried out.
However, since most of the development
has taken place in urban settlements and
adjoining areas, there is reason to assume
that the quality of converted land has
been generally higher than that of the
remaining areas.

Indicator for degree of utilization of
agricultural land resources

The percentage of the total agricultural
land resources utilized indicates how
vulnerable the capacity for self-sufficien-
cy is to irreversible conversion of land
suitable for agriculture. The total agricul-
tural land resources are defined as the
sum of cultivated and cultivable area.
The degree of utilization is thus the
percentage of this area that has been
cultivated. New cultivation means that
cultivable area is cultivated. This does
not affect the size of the total resources,
but increases the degree of utilization.
We can therefore assume that the total
agricultural land resources are only affec-
ted by irreversible conversion. Data on
irreversible conversion are available from
1949. The total area of cultivated and
cultivable land has therefore been calcu-
lated as the area in 1949 minus the area
irreversibly converted since then.

This indicator shows the proportion of
the total agricultural land resources that
are in use at any given time. The indica-
tor value lies between 0 and 1. A value
close to 0 means that only a small
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Figure 3.4. Degree of utilization of agricultural
land resources in Norway
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proportion of the total land resources are
in use and that there are large land reser-
ves that can be cultivated to compensate
for cultivated land that has been irrever-
sibly converted for other purposes. A
value near 1 means that virtually all the
agricultural land resources are in use and
that there is little available land for culti-
vation to compensate for irreversible
conversion of cultivated land.

Figure 3.4 shows that in the period from
1949 to 1976 there was a net decline in
the degree of utilization of the agricultur-
al land resources from 0.52 to 0.46. This
is because agricultural area diminished in
this period. In the period 1977 to 1995,
utilization rose from 0.46 to 0.57, an
increase of 22 per cent. Most (19.5 per
cent) of this increase is due to the fact
that agricultural area increased in the
same period through cultivation of pre-
viously uncultivated land and utilization
of other cultivable areas. The remaining
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Source: 1999 Agricultural Census, Statistics Norway.

increase of 2.5 percentage points is due
to a reduction in available land resources
as a result of irreversible conversion.

3.3. Size of holdings and cultural
landscape

Major structural changes have taken

place in agriculture over the last few

decades, and they have followed three

distinct trends:

- the agricultural area is divided among
fewer and larger holdings

- each holding produces fewer products
(specialization at holding level)

- production of important products is
concentrated to a greater extent in
certain regions (specialization at
regional level).

All these trends have changed the condi-

tions for nutrient cycles in the agricultur-
al system and the way farming shapes the
cultural landscape. Requirements relating

2 There was an increase in agricultural area in the 1990s that was partly due to the introduction of
acreage support. This meant that previously unrecorded area was now included in the statistics.
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Figure 3.6. Average size of fields by county
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Figure 3.7. Average size of fields by size of
holding
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to the means of production have also
been affected, including buildings, which
are an important part of Norway’s cultur-
al heritage.

The number of holdings in Norway has
been reduced to nearly a third since
1960, and as a result the average size has
almost trebled, since the total agricultural
area in use has hardly changed at all
(figure 3.5). These structural changes
have not yet stabilized. Much of the land
on abandoned holdings has been taken
over as additional land by the remaining
holdings, often as rented area.

Increasing the size of holdings means a
potential improvement in the organizatio-
nal basis for more efficient operation.
Coupled with today’s technological ad-
vances and greater pressure to increase
earnings, this may lead to an increase in

the size of fields. An increase in the size
of fields will reduce the length of ecoto-
nes and result in less variation in the
landscape within a given area. This will
reduce biological diversity and give the
agricultural landscape a more monoto-
nous appearance. However, there are
insufficient statistics and surveys that can
confirm to what extent this trend actually
exists. A question about the division of
holdings into parcels and fields® was
included for the first time in the 1999
Agricultural Census. The size of fields
within an area can give an indication of
how varied the landscape in that area is.
Figures from the 1999 Agricultural Cen-
sus show that there was considerable
variation from county to county with
regard to the average size of fields (figure
3.6). In the counties around the Oslo-
fjord, the agricultural area is divided
among the largest fields, while southern

3 In this context, a parcel is defined as the area delimited by other property, while a field is an area
delimited by natural boundaries such as roads, forests, streams, etc.
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Norway has on average the smallest
fields. The differences are to a great
extent due to the geomorphological
conditions. In hilly areas such as Agder in
southern Norway, most of western Nor-
way and northern Norway, the size of
fields will be naturally delimited by the
terrain.

How the size of the fields varies with the
size of the holding can give some indica-
tion of whether the size of the holding
affects the size of the fields. Figure 3.7
shows that there is a clear connection
between holding size and field size. If it
is assumed that field size is dependent on
operational organization in addition to
terrain as mentioned above, there is
reason to believe that the structural
changes shown in figure 3.5, whereby
holdings are fewer in number and larger
in size, have played a role in increasing
the size of the fields. When this survey is
repeated, more information will be avai-
lable about the trends in field size and
the underlying reasons for these trends.

3.4. Pollution from the agricultural
sector
Farming results in air and water pollut-
ion. In particular, agriculture is a major
contributor to discharges of nutrients to
water (nitrogen and phosphorus) (see
further details in Chapter 9). Farming
also makes a substantial contribution to
emissions to air, in the form of ammonia
(NH,) and greenhouse gases such as
methane (CH,) and nitrous oxide (N,0)
(see paragraph below, Chapter 7 and
Appendix, tables F3-F5). The use of
pesticides in farming also results in signi-
ficant emissions of hazardous substances.

The following paragraphs describe the
extent of emissions to air from farming
and the activities that are important in

relation to discharges of nutrients and
pollution from pesticide use.

Emissions to air

Agriculture contributes particularly to
ammonia, methane and nitrous oxide
emissions. Emissions of ammonia result
in acid rain, while methane and nitrous
oxide are greenhouse gases (see also
Chapter 7, Air pollution and climate).
The agricultural sector generates about
10 per cent of total greenhouse gas emis-
sions in Norway, measured as CO, equiva-
lents. No measures have as yet been
implemented to reduce emissions to air.

Emissions of ammonia (NH,) from the
agricultural sector account for 93 per
cent of the total ammonia emissions in
Norway (table 3.2). The three most
important sources are animal manure,
the use of commercial fertilizer and
treatment of straw with ammonia. Emis-
sions from manure make up about 67 per
cent of the total.

Livestock are the most important source
of methane emissions (CH,) in the

Table 3.2. Emissions to air from agriculture.
Pollutants for which the sector is an
important source. Tonnes and
percentage of total emissions in
Norway. 1999*

Pollutant Tonnes Percentage

of total
emissions in
Norway

All greenhouse gases
(in CO, equivalents)........ 5480917 10
CO, i 554 877 1.3
Nitrous oxide (N,O) ...... 8 440 49
Methane (CHA) .............. 109 976 33
Acidifying substances ...... 1567' 21
Ammonia (NH,)........... 24 803 93

" Acid equivalents.
Source: Emissions inventory from Statistics Norway and
Norwegian Pollution Control Authority.
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agricultural sector. Methane is released
directly in the form of intestinal gas and
indirectly via manure. Livestock account
for about 33 per cent of total methane
emissions in Norway, of which 28 per
cent is from intestinal gas and 5 per cent
from manure.

Sources of emissions of nitrous oxide
(N,0O) from agriculture are the use of
commercial fertilizer and manure,
livestock, biological nitrogen fixation,
decomposition of plant material, cultiva-
tion of mires, deposition of ammonia and
runoff. Agriculture is responsible for 50
per cent of total nitrous oxide emissions
in Norway. Calculations of nitrous oxide
emissions from agriculture show a high
level of uncertainty (see Chapter 7).

Emissions to water

Agriculture accounts for about 10 and 35
per cent respectively of anthropogenic
phosphorus and nitrogen inputs to the
coast (Norwegian Institute for Water
Research). These inputs are described in
more detail in Chapter 9, Water resources
and water pollution. Eutrophication is a

particularly serious problem locally in
water recipients where much of the
surrounding land is agricultural.

Measures to limit runoff of nutrients can
be divided into three main groups:

- better fertilizer management to reduce
the surplus of nutrients in soils

- better cultivation systems to protect
soils against erosion

- technical measures.

Application of commercial fertilizer
Commercial fertilizers are used to add
plant nutrients to the soil. However,
heavy application of fertilizer can increa-
se pollution in lakes and rivers. Sales of
commercial fertilizer only took off in the
second half of the twentieth century
(figure 3.8). The phosphorus content in
commercial fertilizer reached a peak at
the beginning of the 1980s. Since then it
has been more than halved and has total-
led about 13-14 000 tonnes per year in
recent years (see Appendix, table B2).
The reduction in the use of phosphorus
fertilizers has given a better adjustment

Figure 3.8. Sales of nitrogen and phosphorus in commercial fertilizers
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to the needs of the plants; it has saved
the agricultural sector a great deal of
expense, and it has reduced the impact
on the environment. Sales of nitrogen
peaked around 1980 and have remained
stable since then at about 110 000 ton-
nes. The level of fertilization is determi-
ned to an increasing extent by the use of
fertilization plans, which means that the
amount of fertilizer applied is determined
on the basis of soil samples and recom-
mended standards.

Application of animal manure

If livestock numbers are high in relation
to the agricultural area in use, there may
be an excess of manure and thus a risk of
pollution. Total livestock numbers, and
therefore the amount of manure produ-
ced, have changed little since 1985. The
amount of nitrogen in animal manure
available for plant growth (fertilization
value) is about 35 000 tonnes (Bye, Mgrk
et al 2000). The corresponding figure for
phosphorus is 12 000 tonnes. The total
amount of nitrogen and phosphorus in
animal manure is considerably larger, but
much of it is bound in such a way that
these substances are not immediately
accessible as plant nutrition.

The proportion of the manure applied
during the growing season, expressed as
nitrogen, was 80 per cent in 1989 and
has been about 87 per cent in recent
years. Application during the growing
season is important to ensure efficient
utilization of the manure.

Soil management

A large proportion of pollution from the
agricultural sector is a result of erosion,
i.e. transport of soil with surface water
runoff from fields. Most erosion takes
place on fields that are ploughed in
autumn. With this method, fields are left

Figure 3.9. Proportion of cereal acreage left
under stubble in autumn
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for up to three-quarters of the year with
no plant cover to protect the soil from
rain and melt-water. In the long term,
erosion also reduces the production
capacity of the soil.

To reduce soil erosion, the authorities
provide grants for areas that are vulnera-
ble to erosion on condition that the far-
mers leave them under stubble during the
winter, i.e. do not till these areas in
autumn. Support is provided because
crop yields are expected to be lower in
the following season without autumn
tillage. In the long run, however, this
measure will help to conserve soil and
enable farmers to maintain levels of
production without having to increase
the input of other production factors.

The proportion of areas overwintered
under stubble rose from 16 per cent in
1990-91 to 42 per cent in 1992-93. Since
then, the area under stubble has decreas-
ed somewhat. However, the proportion of
the area under stubble for which support
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Figure 3.10. Sales of chemical pesticides, measured in tonnes of active substance
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is granted has risen year by year and was
86 per cent in 1997-98.

Use of pesticides

Residues of pesticides in soils, water and
food products can cause injury to human
health and environmental damage. Thus,
there is always a certain risk associated
with the use of these substances.

Total sales of pesticides, expressed as the
weight of the active ingredients, were
greatly reduced in the first half of the
1970s, then, following a slight increase,
were almost halved from 1985 t01991.
Consumption rose again slightly until
1999, then halved from 1999 to 2000
(figure 3.8 and Appendix, table B 3).
Sales trends over the last three years
must be seen in the context of an increa-
se in taxes on pesticides in 2000. This
probably meant that stocks were built up
before the year 2000, and that these
stocks were then used in 2000
(Norwegian Agricultural Inspection Ser-
vice 2001).

There is no clear connection between the
sale and use of pesticides. The amount
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sold is therefore only an indicator of the
amount used. As mentioned above, there
may be a lapse of time between sale and
use, and this can result in annual statis-
tics that are misleading. There has also
been a gradual transition to low dosage
pesticides. This means that even though
the amount sold in kilogrammes of active
substance is reduced, there will not be a
corresponding reduction in the extent of

Figure 3.11. Proportion of cereals acreage
sprayed for couch grass after
various forms of soil management.
Average for the period 1992/93-
1997/98

Ploughed in autumn

Harrowed in autumn

No tillage

All cereal acreage

0 10 20 30 40 50
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Source: Resultatkontroll jordbruk, Statistics Norway.
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Box 3.1. Ecological farming

Ecological farming is a collective term for various farming systems based on some common prin-
ciples:
. no use of commercial fertilizer or chemical/synthetic pesticides

cultivation of a variety of crops and diversified crop rotation

cultivation systems should have a preventive effect on disease and pests

organic material recycled as far as possible

balance between livestock numbers and areas of farmland with respect to fodder producti
on and use of manure.

Ecological agriculture has certain environmental advantages over conventional farming systems:
. often higher product quality
less loss of nutrients and thus less pollution
more varied agricultural landscape and therefore greater species diversity in and around
agricultural areas
no pesticide residues in soils or products.

Ecological agriculture is considerably more labour-intensive than conventional agriculture, and
yields are generally lower. This makes it more difficult to obtain earnings that are as high as those
from ordinary agriculture, despite higher product prices.

The Agricultural Agreement has included support schemes for ecological farming practices since
1990. Requirements relating to ecological agricultural production are laid down in regulations
issued by the Ministry of Agriculture, and the organization DEBIO is responsible for inspection and
control. Each holding run on ecological principles must be approved by DEBIO and must be
inspected at least once a year.

Ecological agriculture expanded in Norway in the 1990s, as it did throughout the Nordic countries
(figure 3.12). Areas approved for ecological agriculture have been registered since 1991, and the

total area rose from 18 km?in 1991 to 181 km? in 1999 (see Appendix, table B 4). Including area
in the process of conversion, about 2.0 per cent of the total agricultural area is farmed ecological-
ly. Table 3.3 shows ecological farming by county in 2000.

Ecological agriculture is based on coarse fodder production to a larger extent than conventional
agriculture. About 80 per cent of areas that are ecologically farmed are meadows, as against
about 60 per cent in traditional farming.

spraying. There is even more uncertainty
attached to the use of sales figures as an
indicator of the environmental impacts of
spraying because the degradation rates of
different pesticides vary widely, as do
their selectivity, mobility and toxicity.

Perennial weeds, especially couch grass,
are the most serious problem in cereal
production. They are controlled either by

tilling or by using herbicides. Over the
past few years, an average of 20 per cent
of the area under cereals has been spray-
ed against perennial weeds each year.
Although the extent of the spraying vari-
es widely from year to year depending on
conditions during harvesting, there is a
clear relationship in all years between the
soil management regime and spraying
against perennial weeds. The more tillage
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Table 3.3. Holdings and areas farmed ecologi-
cally or in the process of conversion.
By county. 2000

County  No. of Ecologically Area in the Percentage
holdings farmed process of  of total
area conversion agricultural
area
Decares
Whole
country ... 1823 180841 24387 1.99
Gstfold ... 63 6 076 940 0.92
Akershus
ogOslo ... 129 15 307 2 376 2.21
Hedmark .. 177 20 750 2 381 2.17
Oppland... 205 20737 1915 2.20
Buskerud.. 152 11732 1763 2.61
Vestfold ... 78 8416 1042 2.21
Telemark .. 80 7 640 1254 3.45
Aust-Agder 39 2634 324 2.52
Vest-Agder 52 4908 1118 3.02
Rogaland.. 45 5473 378 0.60
Hordaland 109 7472 673 1.75
Sogn og
Fjordane... 178 16 330 1625 3.78
Mgre og
Romsdal ... 93 7 421 1605 1.48
Ser-
Tregndelag 149 16 504 2 259 2.46
Nord-
Trgndelag 116 11616 2534 1.60
Nordland.. 107 11121 1663 2.19
Troms....... 45 6 151 426 2.44
Finnmark .. 6 556 1M1 0.63

Source: Debio (1999).

of the soil is reduced or postponed, the
larger the proportion of the area that is
sprayed. In the area under cereals that
was sown directly, i.e. no tillage at all and
therefore minimal risk of erosion,

40 per cent on average was sprayed
against perennial weeds, whereas in the
area ploughed in autumn (with maximum
potential for erosion) only 17 per cent
was sprayed (figure 3.11). When tillage
is reduced, soil loss and pollution by
nutrients is reduced, but larger amounts
of pesticides are used. This means that
given current agricultural practice, the
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Figure 3.12. Areas farmed ecologically or in the
process of conversion in the Nordic
countries’. Percentage of total
agriculture area

Per cent
5 Ki
Finland ,¢*
.O
4 e
’l
(J
[
]
3 ;
[ J
Sweden J
l‘.
2 i

0 1991 1992 1993 1994 1995 1996 1997 1998 1999

! In the case of Sweden, permanent grazing land is not in-
cluded. In Sweden, 9 per cent of arable land receives EU
grants for ecological production, while only 4.3 per cent
(1999) has been approved by KRAV.

Source: Norway: Debio (1999), Denmark: Miljg- og energi-
kontoret, Statistics Denmark, Sweden: KRAV Ekonomisk
Forening, Finland: Agricultural Economics Research Institute.

environmental cost of reducing soil loss
by limiting tillage is greater use of pestici-
des.

Further information may be obtained
from: Henning Heie, Anne Snellingen Bye
and Svein Erik Stave.
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people derive mainly from the forest as a source of timber and as an area for outdoor
recreation. Species diversity in forested areas also has considerable inherent value as an

ecological resource. Both the forestry industry itself and the authorities have in recent
years made considerable efforts to adapt forestry operations better to local natural condi-
tions and to ensure that special considerations are taken in particularly vulnerable localities.

This chapter describes the forestry industry and the importance of forest and uncultivated
land in a wider perspective. The growing stock in Norway has increased considerably for
many years because roundwood removals have been lower than the natural increment.
This accumulation of wood capital has resulted in the uptake of about 40 per cent of

Norway’s total anthropogenic CO,

emissions each year. This is one of the topics described

here, together with the biological diversity of forests and their sensitivity to environmental
pressures exerted by climate change and air pollution. Game species, the large predators

and reindeer husbandry are also discussed.

4.1. Distribution of forests in
Norway and Europe
There is about 75 000 km? of productive
forested area in Norway (Norwegian
Institute for Land Inventory 1999) Pro-
ductive forest accounts for 24 per cent of
the total land area of Norway. According
to the Agricultural Property Register, as
of January 2001 there were almost
119 000 forest properties in Norway with
more than 25 decares! of productive
forest. 43 per cent of the forest area on
these properties is managed in combina-
tion with agricultural operations.

About 1.1 million km? or 36 per cent of
the total area of the EU countries is fore-

11 decare = 0.1 hectare.

sted. Sweden and Finland have the lar-
gest areas of forest (see figure 4.1,
Eurostat 2001). Forestry and forest indus-
tries employ 2.2 million persons in the
EU area today (UN/ECE-EC 2000a).

4.2. Forestry

The main economic importance of forest
today lies in the raw materials it supplies
for the sawmilling and pulp and paper
industries. The forest and its biological
diversity also have considerable intrinsic
value as ecological resources and as a
recreation area for a population that is
becoming increasingly urbanized. This
provides a basis for making use of the
resources of uncultivated areas for
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Figure 4.1. Forest area and total land area in EU
and EFTA countries
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Source: UN-ECE FAO (1995).

tourism as well. More and more impor-
tance is now being given to multi-use
considerations in forest industry.

International market

Forestry in Norway competes directly on
the world market and is thus affected by
international trade cycles. In 2000, the
timber market in Europe was disrupted
by an over-supply of roundwood as a
result of the severe damage caused by
storms in December 1999 (UN/ECE-EC
2000b). The volume of windthrown
timber totalled 190 million m?, mainly in
France, Germany and Switzerland. In
France and Switzerland, the storm dam-
age corresponded to three years of nor-
mal harvests. Several steps were taken to
reduce the effect of the large supplies of
windthrown timber, such as reducing
felling in areas that were not affected by
the storms, exporting to new markets
(including China) and developing the
market for fuelwood. Nevertheless, the
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price of timber fell sharply in the areas
that were affected.

The demand for forest products was high
in both Europe and North America in
2000. In the countries of the former
Soviet Union, a weak market for these
products began to improve (UN/ECE
2000). The internationalization of trade
in timber, pulp and paper leads in time to
larger and more multinational forestry
groups. This means, among other things,
an increase in long-distance transport of
raw materials and products, pressure on
local prices and a poorer local market for
timber.

Economic importance

In 2000, labour input in forestry was

5 000 full-time equivalent persons, or
0.25 per cent of total employment (figure
4.2). According to the national accounts,
forestry’s share of total employment was
more than halved from 1980 to 2000.
Forestry’s share of Norway’s GDP drop-
ped from 0.52 per cent in 1980 to 0.17
per cent in 2000. The gross value of the

Figure 4.2. Forestry: share of employment and
GDP. Annual roundwood removals
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Source: National accounts and forestry statistics,
Statistics Norway.
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roundwood removed for commercial
purposes in 1999 was NOK 2.7 billion.

In 1999, wood and wood products worth
more than NOK 15 billion were exported
from Norway. This corresponds to 4.3 per
cent of total exports from Norway. In
1980, the value of exports of wood and
wood products corresponded to 5.2 per
cent of the country’s total exports.

Roundwood removals

The total volume of commercial round-
wood removals in 1999 was 8.4 million
m?3. Roundwood removals have been
stable at between 8 and 8.5 million m?®
for the past five years. However, the
figure for 2000 may be lower as a result
of the extremely mild and wet autumn in
Eastern Norway. The ground remained
unfrozen and soils were very wet, making
transport both on and off forest roads
difficult or impossible in many areas.

Preliminary figures for roundwood remo-
vals in 1999 show that they consisted of
89 per cent final felling, 9 per cent thin-
ning and 2 per cent other types of felling
(felling of windblown trees, removal of
seed trees, etc). The total area of forest
cleared for regeneration was 502 000
decares, and 333 000 decares of this
consisted of clear-cuts. The average size
of each clear-cut was 15 decares (Statis-
tics Norway 2001d). Although these
areas are called clear-cuts, some trees
and bushes of no commercial use are
often left on them. This vegetation used
to be removed, so that such areas were
truly clear-cuts. Modern forest manage-
ment takes much more account of the
importance of the remaining shelter for
wildlife, as nest sites for hole-nesting
birds and for insects and microorganisms
that need dead and rotting wood. In the
remaining areas that were felled, seed

tree felling or shelterwood felling was
used. These terms mean that fewer or
more than 15 trees per decare are left
standing. The purpose of these types of
felling is to ensure regeneration based on
locally-produced seeds.

Material recovery

Annual purchases of Norwegian waste
paper and cardboard by the pulp and
paper industry have risen steadily from
68 400 tonnes in 1967 to 329 300 tonnes
in 2000 (Federation of Norwegian Pro-
cess Industries 2001). If the weight of
waste paper and cardboard in tonnes is
converted to cubic metres of timber, the
quantity of waste paper and cardboard
purchased in 2000 is found to correspond
to about 1.2 million m?® timber.

Silviculture

In the1970s and 1980s, about 300 000
decares were planted each year. During
the 1990s, the area planted decreased,
and was 183 000 decares in 1999. The
decrease may be explained by the weak
economy of the industry, with decreasing
real prices for timber and a drop in the
public grants available, which reduces
activity among owners and their willing-
ness to make investments. Another possi-
ble explanation is that there has been a
growing focus on the opportunities offe-
red by natural regeneration. New forest
that has grown from seed trees or sur-
rounding forest ensures that regrowth is
adapted to local climatic conditions. In
combination with scarification natural
regeneration may result in satisfactory
regrowth on suitable soils.

Scarification involves clearing vegetation
and the humus layer to leave open pat-
ches or strips of mineral soil. The area
treated in this way varies from year to
year. The area scarified in 1998 was the
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highest ever recorded (85 000 decares),
but over 80 000 decares was treated in
this way in 1999 as well. This promotes
natural regeneration and is most effective
when it is done before good seed years.
During the past ten years, the use of
herbicides to control weeds and broad-
leaved scrub in forest has been greatly
reduced. In 1990, more than 100 000
decares was sprayed with herbicides. The
system of state grants for spraying with
herbicides was stopped the next year, and
the area sprayed dropped from 54 000
decares in 1991 to 17 000 decares in
1999. By way of comparison, 415 000
decares was cleared mechanically of
weeds and other unwanted vegetation in
1999 (Statistics Norway 2000d).

Forest roads

For many years, the construction of forest
roads has been an important contributory
cause of the reduction in the size and
number of areas of wilderness-like habi-
tat in Norway (SSB/SFT/DN 1994).
Wilderness-like areas are defined as being
more than 5 km from major infrastructu-
re development (see Chapter 10 on land

Figure 4.3. Annual construction of new forest
roads

800
700
600
500
400
300
200

100

0
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

Source: Forestry statistics,Statistics Norway..

use). However, the rate of construction of
forest roads has dropped sharply in
recent years. In 1990, a total of 740 km
forest roads for year-round use were
completed, whereas the corresponding
figure for 1999 was only 220 km (Statis-
tics Norway 2000d, figure 4.3). In 1999,
investments in forest roads for year-
round use totalled NOK 119 million. In
addition, NOK 45 million was invested in
roads for winter use and tractor tracks. A
total of NOK 164 million was invested in
forest roads in 1999, and NOK 61 million
of this was in the form of public grants.

See chapter 10 on land use for figures on
the area of wilderness-like habitat in
Norway.

4.3. Uptake of CO, by forest

Forest inventories and calculations of
volume show that the volume of the
growing stock below the coniferous forest
line has more than doubled since 1925
(figure 4.5).

Figure 4.4. Gross increment, total losses and
utilization rate of the growing stock
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Source: Forestry statistics, Statistics Norway.
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Figure 4.5. Volume of the growing stock wit-
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Annual figures for the volume of the
growing stock, the forest balance, show
the calculated figures for the growing
stock at the end of the year. Data from
inventories carried out by the Norwegian
Institute for Land Inventory show that in
1999, the total volume of the growing
stock, without bark, below the coniferous
forest line was 686 million m?.

In 1999, the net increment (annual in-
crement minus roundwood removals and
calculated natural losses) in the growing
stock was 11.6 million m?, or 1.7 per cent
of the total volume (figure 4.4 and Ap-
pendix, tables C1 and C2). A positive net
increment means that the biomass of
forests is increasing. The increase in the
net biomass of forests including roots,
bark etc. has resulted in an annual upta-
ke of CO, by forest that in recent years
has corresponded to about 40 per cent of
Norway’s anthropogenic CO, emissions.

4.4. Protection of forest in Norway
Norway’s forests need protection even
though both the total area of forest and
the amount of timber forests contain are
rising. Modern, rational forestry has
made large areas of forest more uniform,
and has reduced the area of forest that is
allowed to develop without human inter-
vention. Different habitats contain spe-
cially adapted species of insects, plants
and other organisms. It is therefore im-
portant to maintain the level of variation
in forests and to take special steps to
maintain rare types of habitats.

Biological diversity

Norway’s varied climate, quaternary
geology and topography make for a wide
range of vegetation and conditions of
growth for forest. As mentioned earlier,
productive forest covers 24 per cent of
the area of Norway. Forest occurs in all
Norwegian counties, and this gives a
variety of vegetation ranging from tempe-
rate broad-leaved forest in the south,
similar to the vegetation in Central Euro-
pe, to high arctic vegetation in the far
north and in mountain areas.

An estimated 22 000 plant and animal
species are associated with forest in
Norway, and about 900 of these are rare
or endangered (Directorate for Nature
Management 1997). Norway has ratified
the Convention on Biological Diversity,
which was adopted by the UN Conference
on Environment and Development in
1992, and is therefore required to take
steps to identify and monitor its biologi-
cal diversity.

The Ministry of Agriculture’s environmen-
tal action plan for 2001-2004 (Ministry of
Agriculture 2000) emphasises the impor-
tance of sound forestry plans based on
satisfactory registration of environmental
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data. A project on the registration of
environmental data in forests (Miljgregis-
treringer i skog) has been started, and
has so far resulted in a system for valuing
habitats that can be used in forestry
planning. The Ministry has decided that
environmental data for forestry planning
are to be registered using this system
from 2001 onwards.

According to the National Forest Invento-
ry, the percentage increase in volume was
greater for broad-leaved forest than for
pine and spruce forest in the 1990s. The
same inventory showed that the average
volume of windthrown trees and dead
wood in the forest is 8.3 m?® per hectare,
or about 10 per cent of the volume of the
growing stock (Hobbelstad 2000). The
presence of broad-leaved trees and dead
wood in the forest is important for the
conservation of species of insects and
other organisms that live in such habitats.

Coniferous forest protection

At the end of 1997 a total of 1 995 km? of
forest was protected. Included in this
figure is 600 km? of productive conife-
rous forest or about 0.84 per cent of the
total productive coniferous area. Accor-
ding to current plans, a total of 1.06 per
cent of all coniferous forest is to be
protected (Report No. 17 (1998-1999) to
the Storting). In addition, some broad-
leaved and mixed forest is protected, and
some forest areas are situated where they
will naturally be included in new national
parks. By way of comparison, 3.6 per cent
of the total area of productive forest in
Sweden was protected in 1996 (National
Board of Forestry, Sweden 2000). In Fin-
land too, protected forest makes up 3.6
per cent of the total area of productive
forest (METLA 2000).
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Forest certification schemes

Forest certification schemes are designed
to ensure that operations are run in
accordance with predetermined stan-
dards for sustainable forestry. Control is
the responsibility of an independent third
party such as Det Norske Veritas or
Nemko Certification.

The period 1995-1998 saw a great deal of
work being carried out in Norway to
devise realistic criteria for sustainable
forest management and to develop sys-
tems for documenting and controlling the
state of the environment in forests. This
work was done as part of the "Living
Forests" project, and included representa-
tives of forest owners, the forestry in-
dustry, the authorities, the trade unions,
and environmental, outdoor recreation
and consumer organizations. The project
resulted in agreement on 23 standards
for sustainable forest management in
Norway. These can be used for certifica-
tion in accordance with the ISO, EMAS
and FSC systems. Because of the cha-
racteristic ownership structure in Norway,
where there is a great deal of small-scale
family forestry, it is possible to obtain
group certification. As of January 2001,
five of the nine forest-owner associations
affiliated with the Norwegian Forest
Owners’ Federation were certified under
the ISO 14001 standard. In addition,
some separate forest properties have
been certified under the same standard
by Norwegian Forest Certification AS. At
least 70 per cent of all Norwegian timber
that is sold today is from forest properties
that have been approved by a certificati-
on scheme.

More than 90 per cent of all certified
forest in the world is in the ECE region
(Europe, North America and the former
Soviet Union). Little forest has been
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certified in the developing countries,
where the problems related to forest
management are most serious (UN/ECE
2000). The largest market for certified
products is still in Western Europe. Sup-
plies of certified forest products are rising
faster than the demand for them, and the
demand is mainly from intermediaries,
not from consumers. Some German pub-
lishing houses and British supermarket
chains require that all the paper they buy
is produced from timber from environ-
mentally certified forests.

4.5. Forest damage

The causes of forest damage are many
and often complex. Unfavourable climate
and weather conditions, insect and fungal
attacks, forest fires and air pollution are
important factors for the health of
forests.

Forest damage in Norway

Results from the Norwegian monitoring
programme for forest damage (Norwe-
gian Institute for Land Inventory 2001)
show the current state of health of
forests, measured as mean crown condi-

Figure 4.6. Mean crown condition for spruce
and pine
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tion and crown colour for the country as
a whole. Crown condition is measured as
the leaf or needle mass of the tree com-
pared with the theoretical mass for the
same tree with a completely healthy
crown (100 per cent).

The mean crown condition for spruce
dropped from 85 per cent to 78 per cent
in the period 1989 to 1997, but has since
risen by 3.3 percentage points to 81.3 per
cent in 2000 (figure 4.6). The measure-
ments also show that the mean crown
condition for pine, which was 83.7 per
cent in 2000, has shown a positive trend
in recent years, with a rise of 2.9 percent-
age points since 1997. There are regional
differences in the state of health of the
forest, but the material from the monitor-
ing programme is too small to permit a
detailed analysis of geographical differen-
ces. In general, there has been an impro-
vement in the crown condition of spruce
in forest areas in Eastern and Central
Norway. The improvement in crown
condition for pine has occurred through-
out the country.

Forest damage in Europe

All of the EU countries, Norway and the
rest of Europe have been registering
forest damage for some decades. Euro-
pean countries have been working toget-
her since 1985 to monitor the effects of
air pollution on forests. In 2000, 38
countries took part in the programme. A
total of 5 700 test plots systematically
arranged in a 16 x 16 km grid were sur-
veyed (UN/ECE-EC 2000b). The main
conclusions from the programme for
1999 were as follows:

- The overall deterioration of crown
condition has slowed down compared
with what was found the year before.
However, there are regional differences.
The greatest deterioration in crown
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condition was in the Mediterranean
region, where maritime pine (Pinus
pinaster) and holm oak (Quercus ilex)
are the worst affected species. In the
eastern parts of Central Europe, deteri-
oration of crown condition has slowed
markedly. The improvement has been
most pronounced for Scots pine. Of all
the trees assessed throughout Europe,
22.6 per cent were classified as mode-
rately or severely damaged in 1999. In
1998, the corresponding figure was
23.1 per cent.

« Detailed studies of mortality rates
showed that they were in a range that
may be considered as normal for mana-
ged European forests. Thus, there has
been no large-scale die back during the
monitoring period.

4.6. Game species and the large
predators

Wildlife has always been an important

element of the natural resources in uncul-

tivated areas of Norway. Populations of

predators, deer and small game species

have varied over time, partly as a result

Figure 4.7. Hunting statistics for cervids. Num-
bers of moose, red deer, wild rein-
deer and roe deer killed, 1952-2000
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68

of the way people have managed the
various species. Hunting is an important
element of game management. In
Norway, every tenth male over 16 years
of age is a hunter, and thus involved in
management of game species.

The Ministry of the Environment initiated
a project on management plans for game
and fish species, which ran from 1996 to
1999. The aim was to improve local
management of game and fish species
and ensure that by 2006, local manage-
ment is based on close cooperation bet-
ween municipalities, holders of fishing
and hunting rights and user groups (Pro-
position No. 1 (1999-2000) to the Stor-
ting). By spring 2000, more than 650
management plans had been registered,
including about 550 for moose and 50 for
small game species. These plans cover
about 70 per cent of the area the munici-
palities use as a basis when allocating
hunting quotas for moose and almost all
the area for wild reindeer. Most of these
plans are solely biological management
plans, and do not include commercial
activities, recreation or financial conside-
rations (Dervo and @stdahl 2000).

Cervids

The numbers of forest-living cervids have
risen in the last 20-30 years, and they
have become important commercial and
recreational resources. Food supplies for
moose, red deer and roe deer have im-
proved as a result of clear-cutting and
less grazing by livestock in forest areas.
Mild winters and selective shooting of
younger animals and male animals have
also contributed to the increase. The
grazing pressure exerted by large popula-
tions of cervids influences the vegetation,
and this can affect the landscape and
biological diversity (Norwegian Pollution
Control Authority 2001b). In the autumn
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1999 hunting season, larger numbers of
moose and red deer were shot in Norway
than ever before (see figure 4.7). The
total yield was 5 280 tonnes of moose
meat and 1 285 tonnes of venison.

Norway manages the last remaining
populations of the European reindeer.
Earlier excessive hunting of reindeer
reduced the population in the southern
parts of Norway, and by around 1900
only small, scattered populations were
left. Protection in 1900-1905 and around
1920 allowed some rise in numbers, but
it was only after 1945 that there was a
real increase in the population. One
problem has been that human activities
have split up the range of the reindeer,
and thus disturbed the balance between
summer and winter grazing areas. In
some cases, it has been necessary to cull
the population more heavily than normal
to prevent overgrazing and food short-
ages. (Norwegian Pollution Control
Authority 2001b). Figure 4.7 shows the

numbers of moose, red deer and reindeer
killed per year since 1952.

Small game

Populations of the various small game
species vary naturally from year to year,
partly as a result of fluctuations in food
supplies. Willow grouse and ptarmigan
are numerically the most important small
game species, and they make up about
half the total numbers of small game
shot. The harvest was relatively low in
the 1996-1997 hunting season, but both
the total number of small game and the
number of willow grouse and ptarmigans
have risen each year since then. For the
hunting season 2000-2001, the total
reported yield of all small game species
was about 954 200 (Statistics Norway
2001e). This is about 33 200 higher than
the previous year. For the hunting season
1999-2000, the number of roe deer felled
is calculated to be 36 900, which is
somewhat lower than the year before.

Figure 4.8. Numbers of predators killed per year. Average for the preceding 10 years
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The large predators

Until the middle of the 19th century,
there were large populations of the
brown bear, wolverine, wolf and lynx
throughout much of Norway. All four
species were relentlessly hunted, and as a
result wolves and bears were almost
exterminated by the middle of the 20th
century. Wolves and bears were protected
throughout Norway in 1971 and 1973
respectively. Wolverines were designated
as a protected species in southern and
central Norway from 1973 and in the rest
of the country from 1982. Wolverine and
bear populations started to rise in parts
of the country from the late 1970s (Nor-
wegian Pollution Control Authority
2001b).

Wolves were exterminated in the south-
ern half of Norway in the mid-nineteenth
century. From 1845, a new act offered
bounties for predators that were conside-
red to be vermin. Relentless hunting and
periods when their prey species were in
short supply contributed to the reduction
of the wolf population. It has also been
suggested that an epidemic may have
helped to wipe out the population in the
southern half of the country in around
1860 (Statistics Norway 2001c). In recent
years, wolf numbers have recovered
again in Scandinavia. It is uncertain
whether they have spread southwards
from northern Scandinavia and Russia or
whether reproduction by the few resident
animals that were never exterminated
has raised their numbers, but it is hoped
that genetic research will provide the
answer to this. A preliminary status re-
port on resident wolves in Scandinavia
shows that on 15 January 2001, there
were at least 10 family groups of wolves
in Sweden and Norway (Aronson 2001).
The Directorate for Nature Management
started the culling of two wolf packs in
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winter 2000-2001 (Directorate for Nature
Management 2000).

Today, licensed hunters are permitted to
take wolverines in Norway, and lynx
hunting is regulated by means of quotas.
In the hunting season 1999-2000, 22
wolverines and 95 lynxes were killed, or
11 and 45 animals respectively fewer
than the maximum permitted numbers.
Nine wolverines and six lynxes were
registered as dead of other causes in the
same period (figure 4.8 and Appendix,
table C4).

4.7. Reindeer husbandry

Geographical scope and economic
importance

The area where reindeer husbandry is
practised in Norway stretches from north-
ern Hedmark and inner parts of Sgr-
Trgndelag all the way north to the Rus-
sian border. In addition, there are some
domestic reindeer herds in other
mountain areas of southern Norway
(Jotunheimen/Fillefjell, Trollheimen and
Rendalen). Reindeer husbandry is a small
sector in national terms, with 558 active
operating units and about 2 800 people
involved in them. It has been calculated
that labour input totalled 968 full-time
equivalent persons in 1998 (Norwegian
Reindeer Husbandry Administration
2000). However, reindeer husbandry
requires large areas of land, and often
comes into conflict with other activities,
ranging from the traffic associated with
roads, houses and cabins to hydropower
development, agriculture and sometimes
forestry. The total area that reindeer
husbandry shares with other user inte-
rests is 140 000 km?, which corresponds
to about 40 per cent of the total area of
Norway.
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Figure 4.9. Trends in the size of the spring herd
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Earnings from reindeer husbandry have
been declining in recent years (Nor-
wegian Reindeer Husbandry
Administration 2001). In 1999, the first-
hand value of reindeer meat was about
NOK 73 million, which was a rise from
the year before. The total sum paid by
the Norwegian state in the form of grants
and compensation for losses of reindeer
was somewhat higher than this. There
are large regional variations in produc-
tion levels and earnings between the
various reindeer husbandry districts.
Average income from meat and other
reindeer products has in periods been
lower than the costs in Nordland, Troms
and Finnmark (Norwegian Reindeer
Hus-bandry Administration 1998), whe-
reas earnings have been positive in
southern Norway. The large regional
differences have persisted for many
years.

The size and composition of reindeer
herds vary continuously during the year
because of slaughtering, calving and the

loss of animals. The spring herd consists
of the animals that have survived the
winter, before calving starts. In 2000, it
was calculated that the spring herd num-
bered about 170 000 animals (Norwegian
Reindeer Husbandry Administration
2001). There has been a large reduction
in the size of the herds in Finnmark since
1988-1989 (figure 4.9). This is explained
by several factors, including losses of
animals. There has also been great pres-
sure on reindeer owners to reduce the
size of their herds because of overgra-
zing.

Reindeer husbandry and the
environment

In some cases, overgrazing has had a
serious environmental impact. Parts of
Finnmark have been so severely overgra-
zed that both the environment and the
future of the industry are threatened.
NORUT Information Technology has
calculated the state of the lichen resour-
ces in the county on the basis of satellite
remote sensing measurements (Johansen
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Figure 4.10. State of lichen resources in
Finnmark

Figure 4.11. Losses of reindeer from pasture
according to cause
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and Tgmmervik 1993, 1995, 1998,
2000a, 2000b and 2001). In 2000, half of
the grazing areas were defined as severe-
ly overgrazed, more than 40 per cent as
heavily overgrazed and only 5 per cent as
intact (figure 4.10). This indicates a
dramatic deterioration compared with
previous measurements, although the
methods used are not entirely compa-
rable.

As a result of overgrazing, the condition
of the animals deteriorates, so that
slaughter weights are lower and mortality
is higher. For reindeer husbandry as a
whole, total production (calculated as
production for slaughter + the increase
in the number of animals before winter)
was 8.0 kg per live animal in the spring
herd in 1999-2000. The figures varied
from 2.1 kg in western Finnmark to 16.8
kg in southern Norway. There have been
large fluctuations in the last three years
alone.
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It has been calculated that in the season
1999-2000, 67 900 animals were lost,
which corresponds to 40 per cent of the
spring herd in 1999 (figure 4.11).
However, a large proportion of this loss
consisted of calves that were not born
when the spring herd was counted. The
corresponding figure for sheep farming is
16 per cent (total losses as a percentage
of the number of adult sheep), but these
figures are not directly comparable since
sheep are only out at pasture in summer.
In the period from 1990-1991 to 1999-
2000, reindeer losses have fluctuated
between 38 500 and 88 800 animals per
season, and have been markedly higher
in the last four seasons. Calves account
for the largest losses, and the number of
calves lost has risen in the last few years.
In 1999-2000, losses were highest in
western Finnmark, and 53 per cent of all
losses in Norway were recorded here.
This district had 38 per cent of Norway’s
total spring herd.
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According to the industry’s own records,
predators took about 50 000 animals in
the 1999-2000 season, accounting for 74
per cent of all losses. Wolverines and
golden eagles took roughly equal num-
bers (about 20 000 and 21 000 animals),
lynxes took about 8 500, and bears and
wolves about 1 200 animals. The authori-
ties verified the cause of death for bet-
ween 5 and 10 per cent of the carcasses.
Other causes of death include starvation,
disease, road accidents, avalanches,
drowning, etc. The unusually high losses
in 1997-1998 were a result of weather
conditions that caused extensive forma-
tion of ice on grazing land in Finnmark.

The Chernobyl accident in 1986 demon-
strated that reindeer husbandry is parti-
cularly vulnerable to the fall-out of radio-
active substances. The most important
reason for this is that reindeer feed
extensively on lichens, which absorb and
store radioactive substances from precipi-
tation in much higher concentrations
than plants. The region south of the
Saltfjellet mountains in Nordland was
particularly badly affected by fall-out
from the Chernobyl accident. Since the
accident, concentrations of radioactive
substances have dropped gradually, and
various measures have been implemented
to reduce concentrations further in rein-
deer for slaughter. From 1986 to 1999,
the amount of meat rejected as contai-
ning excessive amounts of radioactivity
has dropped from 418 tonnes to 1 tonne
1999.

Further information may be obtained
from: Astri Klgvstad (forest and game)
and Svein Homstvedt (domestic rein-
deer).
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" 5. Fisheries, sealing, whaling and fish

The fisheries are based on conditionally renewable natural resources. Sound management
of fish stocks is therefore of crucial importance for a high, stable long-term yield. The
fisheries are of major importance to the economy. In 2000, fisheries products accounted for
about 15 per cent of exports of traditional goods from Norway. In 1998, Norway was the
next largest exporter of fish in the world. The fisheries and the fish processing and fish
farming industries also provide employment and are a substantial part of the economy in

outlying districts.

Stocks of several important fish species in the North Sea are now low. In the Norwegian
and Barents Seas, the situation is less uniform. The capelin stock has been very low for a
number of years, but has grown substantially in recent years. The spawning stock of Nor-
wegian spring-spawning herring is now at a relatively high level. There has been a decline
in the Northeast Arctic cod stock in recent years, and the spawning stock is now believed to

have dropped below safe biological limits.

5.1. Introduction

The Ministry of Fisheries’ environmental
action plan 2000-2004 (Ministry of
Fisheries 1999) states that "Norway has
the rights to and is responsible for some of
the world’s most productive fjord, coastal
and marine areas. This provides a unique
basis for economic growth based on
nature’s own production processes, the use
of marine areas for aquaculture activities
and the development of coast-based indus-
tries." The action plan emphasizes the
importance of developing a coherent
management system for marine resources
and the aquaculture industry that takes
the whole ecosystem into consideration.
This means that interactions between
different species (multispecies perspecti-
ve) and environmental factors are taken

into account, and that the precautionary
principle is systematically incorporated.

An important target for the fisheries
authorities is to ensure that the marine
environment is clean, and in particular to
focus attention on radioactive pollution
and various environmentally hazardous
substances. These problems are often
global or regional, requiring binding
international cooperation.

Global climate change will affect the
temperature of the sea and the ocean
climate. Changes in the ocean climate
may have serious consequences for
marine ecosystems and living marine
resources.
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There are also other factors in the admi-
nistration and distribution of fisheries
resources — apart from the management
of marine stocks — that must be conside-
red by the authorities in the formulation
of fisheries policy. These factors include
the industry’s need for raw materials, the
structure of the fishing fleet and the
distribution of quotas both geographically
and among the various vessel classes.

5.2. Principal economic figures for
the fisheries

GDP and employment

According to the Norwegian National
Accounts, fishing, sealing and whaling,
and fish farming contributed NOK 9.9
billion to Norway’s gross domestic pro-
duct (GDP) in 2000. This is 0.7 per cent
of GDP.

The fishing industry accounted for 0.8
per cent of total employment. At the end
of 2000, about 20 240 fishermen were
registered in Norway, and for 71 per cent
of these fishing was their main occupa-
tion.

Production and prices

Preliminary figures show that both pro-
duction costs and sales prices in the
fisheries as a whole increased from 1999
to 2000. This increase is due to a growing
fish farming industry, where there was a
5 per cent increase in volume and a 13
per cent rise in prices. However, there
was a slight decline in production in
fishing, sealing and whaling, while sales
prices dropped by almost 4 per cent
(Statistics Norway 2001g).

Export

The total export value of fish and fisheri-
es products accounted for 15 per cent of

exports of traditional goods from Norway
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in 2000 (i.e. exports excluding crude oil,
natural gas, ships and oil platforms) and
6 per cent of total exports of goods.

5.3. Trends in stocks

Barents Sea — Norwegian Sea
Norwegian spring-spawning herring,
capelin and Northeast Arctic cod (figure
5.1) are three of the most important fish
stocks in Norwegian waters.

The herring stock was severely depleted
by overfishing at the end of the 1960s,
but has been recovering very satisfactori-
ly in recent years (Appendix, table D 1).
The spawning stock of Norwegian spring-
spawning herring was calculated to be
about 9 million tonnes in 1997. The large
increase in the stock in 1997 is explained
by the fact that the two strong year-
classes from 1991 and 1992 had by then
become part of the spawning stock. There
have been several weak year-classes since
1992 and an anticipated reduction of the
spawning stock has been observed. Stock
levels have been adjusted downwards in
the latest calculations, but the herring
stock is still in good condition at the
moment. In 2000 the spawning stock was
estimated at just under 7 million tonnes.

The capelin stock in the Barents Sea
collapsed in 1986-1987, partly as a result
of overfishing, but also from natural
causes. It recovered rapidly after this, but
dropped sharply again in 1993. This was
a result of a significant increase in the
natural mortality of both larvae and older
capelin. This is explained by predation;
cod and marine mammals in particular
feed on adult capelin, and juvenile her-
ring feed on capelin larvae. The amount
of capelin consumed by cod was calcula-
ted to be 3.3 million tonnes in 1993. This
was reduced to 0.6 million tonnes in
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Figure 5.1. Trends for stocks of Northeast Arctic
cod’, Norwegian spring-spawning
herring? and Barents Sea capelin®
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aged one year and over.

Source: International Council for the Exploration of the Sea
(ICES) and Institute of Marine Research.

1996 as a result of the decrease in the
capelin stock, but had risen to 0.9 million
tonnes in 1997 and 1998, which corre-
sponded with the new growth in the
capelin stock (Toresen et al. 1998, 1999
and 2000). The stock continues to grow
and the total stock was estimated to be
3.9 million tonnes as of 1 August 2000.

The Northeast Arctic cod stock was low
throughout the 1980s, but rose again in
the early 1990s. Since 1993, there has
been a steady decrease to the current
level of about 1.2 million tonnes. This is a
result of a large harvest and lower indivi-
dual growth, in addition to a periodically
high incidence of cannibalism (Toresen et
al. 2000). The spawning stock of cod was
calculated to be about 250 000 tonnes in
2000, a level which is considered to be
below safe biological limits. Experience
has shown that the lowest level of spaw-
ning stock to give good recruitment’ is

500 000 tonnes. Growth in the capelin
stock will benefit the stock of cod.

The International Council for the Ex-
ploration of the Sea (ICES) recommen-
ded that the total catch in 2001 should
not exceed 263 000 tonnes. This recom-
mendation was supported by the Institute
of Marine Research. An annual quota of
395 000 tonnes for three years from 2001
was set by the Norwegian-Russian Fishe-
ries Commission. If the stock situation
should deteriorate in the course of this
period, quota levels can be adjusted
downwards. There is considerable uncer-
tainty about future trends in the cod
stock. This will depend not only on cat-
ches in the fisheries, but also on the
interaction between the key species,
herring, capelin and cod in the ecosystem
in the Barents Sea and abiotic conditions
such as the degree of inflow of warmer
water from the Atlantic Ocean.

North Sea

The stock of North Sea herring rose
steadily from 1980 onwards. However,
from 1990 to 1996, the spawning stock
dropped to considerably less than the
800 000 tonnes that is regarded as the
minimum biologically acceptable level.
One reason for this is that recruitment to
the stock was generally poor, because of
large annual harvests of juvenile herring.
The fishing pressure on adult herring was
also high. In 1996 and 1997, fishing
pressure on both juvenile and adult herr-
ing was substantially reduced compared
with preceding years by means of quotas.
This allowed for some growth of the
stock and the spawning stock in 2000 is
calculated to be about 900 000 tonnes
(figure 5.2 and Appendix, table D 1).

1 The minimum biologically acceptable level (MBAL) is the minimum size of the spawning stock which

has proved to result in satisfactory recruitment.
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Figure 5.2. Trends for stocks of cod' and saithe'?
in the North Sea, North Sea herring?
and mackerel?#
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Source: International Council for the Exploration of the Sea
(ICES) and Institute of Marine Research.

Misreporting of catches of both adult and
juvenile herring has produced consider-
able uncertainty in the catch statistics,
and consequently in stock assessment for
North Sea herring (Toresen et al. 2000).
Stocks of demersal fish in the North Sea
(cod and saithe are shown in figure 5.2)
have remained low for some time.

For management purposes, the spawning
stocks of mackerel from the three spaw-
ning grounds (the North Sea, south-west
of Ireland and off Spain and Portugal)
are now considered as one stock (North
East Atlantic mackerel). The strict regula-
tion of the fisheries that was introduced
in 1996 and 1997 appears to have had an
effect, and resulted in a rise in the total
spawning stock, now estimated to be just
under 4 million tonnes. The largest com-
ponent of the stock is found off Ireland,
while the component that spawns in
southern waters is between 15 and 20
per cent. Both of these mackerel sub-
stocks are considered to be in good
condition. The North Sea component,
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Table 5.1. World fisheries production. 1997 and

1998
1997 1998
1000 Per 1000 Per
tonnes cent tonnes cent

Total production' .... 122 443 100.0 117 162 100.0

Catches in marine

fishing areas ............ 86087 70.3 78296 66.8
Catches in inland

waters ........ccooeen. 7532 6.2 8003 6.8
Farming of fish,

crustaceans, etc.

in seawater and

brackish water ........ 11794 9.6 12744 10.9
Freshwater farming

of fish, crustaceans,

etC. . 17030 139 18119 155
Aquaculture produc-

tion of aquatic plants? 7 207 8 568

T Aquatic plants not included in total production. 2 Most
production of aquatic plants is conducted in marine and
brackish areas.

Source: FAO 2000c¢, FAO 2000d, FAO 2000e.

however, which accounts for around 3
per cent of the total stock, has reached an
all-time low. Mackerel can make lengthy
migrations in a short space of time. There
is therefore some exchange of individuals
between all three sub-stocks, and all are
harvested at feeding grounds in the
North Sea, Skagerrak and the Norwegian
Sea.

5.4. Fisheries

World catches

Production in the world’s fisheries, inclu-
ding both fresh-water and marine catches
and aquaculture production, has increas-
ed substantially from slightly more than
50 million tonnes in 1965 to about 122
million tonnes in 1997 and 117 million
tonnes in 1998 (figure 5.3). The various
categories of fisheries production are
shown in table 5.1. The preliminary
figure for production in 1999 is 125
million tonnes (FAO 2000b).
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Figure 5.3. World fisheries production' by main
uses
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Marine fisheries declined by over 7 milli-
on tonnes (9 per cent) from 1997 to
1998, while inland fisheries rose by

500 000 tonnes (6 per cent). According
to FAQ, catches in marine areas have
mainly declined as a result of the atmos-
pheric phenomenon El Nifio, which parti-
cularly affected fish stocks in the South-
east Pacific. Total landings of anchoveta
and Chilean jack mackerel dropped from
11.3 million tonnes in 1997 to 3.7 million
tonnes in 1998. However, these stocks
made a rapid recovery in 1999 (FAO
2000a). In the Southeast Pacific, total
catches declined by about 45 per cent
from 1997 to 1998 (FAO 2000b, 2000d).
Although there were no dramatic changes
in catches in other marine areas, there
was a slight rise in catches in the West
Pacific and a slight decline in the North-
east Atlantic. World aquaculture produc-
tion (excluding plants) increased by
about 2 million tonnes (7 per cent).

Norway ranks as number 10 among the
world’s largest fishing nations (excluding

Figure 5.4. Norwegian catches, by groups of fish
species, molluscs and crustaceans.
2000

Catches Value

Cod

Herring and sprat
Crustaceans
and molluscs

Mackerel
Saithe
Haddock
Industrial fisheries'
Other
Capelin
Greenland halibut
Ling/blue ling
Redfish
Tusk
900 600 300 0

1000 tonnes

::DD!D!DUUDHH

1000 2 000 3 000
Million NOK
"Includes lesser and greater silver smelt, Norway pout, sandeel,

blue whiting and horse mackerel.
Source: Directorate of Fisheries.

farmed production), with a total catch of
2.85 million tonnes in 1998. At the head
of the list are China (17.2 million ton-
nes), Japan (5.3 million tonnes), the
United States (4.7 million tonnes), Russia
(4.5 million tonnes), and Peru (4.3 milli-
on tonnes), (see also Appendix, tables D
7 and D 8).

The proportion of world fish production
for human consumption (i.e. not for the
production of fish meal or oil) has remai-
ned relatively stable at about 70 per cent
for the entire period after 1965 (see
figure 5.3). In 1998, however, there was
a marked decline in fish meal and oil
production worldwide, raising the pro-
portion for human consumption to 80 per
cent. This was largely due to the 1998
drop in anchoveta catches mentioned
above. In Norway, the proportion was 60
per cent. However, in 1966 and 1975,
when there were large catches of herring
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Figure 5.5. Catches, weight of products exported

Figure 5.6. Quotas and catches of Northeast

and export value'? Arctic cod’
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Norwegian catches

The total catch in Norwegian fisheries
(including crustaceans, molluscs and
seaweed) in 2000 was 2.9 million tonnes,
and the value of the catch was NOK 9.7
billion. The total catch was about 80 000
tonnes more than in 1999, but the value
was about NOK 240 million lower. The
catch of herring fell only slightly in 2000
compared with the previous year, but its
value nonetheless increased by about
NOK 220 million to NOK 1.4 billion. The
catch of cod was about 35 000 tonnes
lower than in 1999, and its value also
showed a decline of about NOK 400
million to NOK 2.93 billion. Mackerel
catches increased by around 10 000
tonnes, reaching a catch value of 0.95
billion. Capelin catches increased drama-
tically from 91 000 to 375 000 tonnes.
Shrimp catches totalled 65 000 tonnes,
with a catch value of about NOK 1 bil-

80
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" Excluding Norwegian coastal cod. 2 Including part of
Russian quota caught by Norwegian vessels.
Source: Ministry of Fisheries and Institute of Marine Research.

lion. Apart from these, there was a sub-
stantial decline in catches of horse mac-
kerel and sprat in 2000 and a continued
decline in catches of sandeel. First-hand
values and catches in 2000 are shown in
figure 5.4 (see also Appendix, table D 2).
Figure 5.5 shows trends in catches in
Norwegian fisheries, weight of products
exported and the export value of fish and
fish products.

5.5. Quotas for some important

fish stocks

According to the FAO, 47-50 per cent of
the world’s marine fish stocks for which
stock data is available are fully exploited,
and catches of these stocks are already so
large that there is very little room for
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Table 5.2. Quotas for some important fish stocks
in 2000 and 2001. 1 000 tonnes

Figure 5.7. Fish farming. Slaughtered quantities
of salmon and rainbow trout

2000 2001
Stocks TAC Norwe- TAC  Norwe-
gian quota gian quota
Northeast Arctic
cod' 390 1534 395  155.55
Northeast Arctic
haddock?........... 62 334 85 46.3
Norwegian spring-
spawning herring 1 250 712.5 851.5 484.5
Barents Sea
capelin® ........... 435 261 630 378
Saithe north of 62°N 125 118.5 135 125
Saithe south of 62°N 85 40 87 41
Mackerel ........... 560 169.95 574 174.2
North Sea herring* 265 76.85 265 76.85
North Sea cod® .. 81 13.77 486 8.26
North Sea haddock> 73 16.79 61 14.03

"Excluding coastal cod. 2 Excluding coastal haddock. 3 Winter
capelin catch. #Caught in the North Sea for human consump-
tion. ®Norway's quota in the agreement with the EU: quotas
may subsequently be exchanged with other countries.

Source: Ministry of Fisheries.

increase. Catches are small or moderate
for 25-27 per cent of fish stocks. An
estimated 15-18 per cent of stocks are
overfished, and there is imminent danger
of a decline in catches because of stock
depletion. Furthermore, it is estimated
that 9-10 per cent of the fish stocks are
depleted, so that they give absolutely no
yield or are in slow recovery (FAO 1999,
2000Db). It is therefore of the utmost
importance that catches are regulated in
the best possible way.

Figure 5.6 shows quotas and catches of
Northeast Arctic cod since 1978. In much
of the 1980s Norwegian catches were
well above the quotas. There were minor
deviations in subsequent years. Table 5.2
shows quotas for some important fish
stocks in 2000 and 2001.

5.6. Aquaculture
In 1998, global aquaculture production
totalled 30.9 million tonnes of fish,

1 000 tonnes
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Source: Fisheries statistics, Statistics Norway, Directorate of
Fisheries and Kontali AS.

crustaceans, molluscs, etc., about 35 per
cent of the total catch in marine and
inland fisheries. Freshwater fish farming
accounted for 59 per cent of aquaculture
production, while the figures for fish
farming in salt and brackish water were
35 and 6 per cent respectively. A total of
8.6 million tonnes of aquatic plants were
also produced (see also table 5.1). China
is by far the largest aquaculture producer,
accounting for almost 70 per cent of the
total production (animals and plants) in
1998. The species farmed in the largest
volume in 1998 was the Pacific oyster,
followed by a number of species of carp.
On a list of 29 farmed species of which
over 100 000 tonnes were produced in
1998, Atlantic salmon ranked eleventh
and mussel fifteenth (FAO 2000c¢). Global
aquaculture production has more than
doubled since 1989.

Production in the fish farming industry
Salmon and trout

The production of salmon in the fish
farming industry has increased
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dramatically since the industry was estab-
lished in the beginning of the 1970s.
There has been a moderate increase in
the volume of slaughtered salmon from
410 000 tonnes in 1999 to about 420 000
tonnes in 2000 (figure 5.7). The Norwe-
gian production of Atlantic salmon in
1998 accounted for half of the total
global production of this species

(688 000 tonnes). Over 80 per cent of
farmed salmon is exported. Trout pro-
duction in 2000 was maintained at about
the same level as in 1999, about 50 000
tonnes.

Other aquaculture

Both in terms of volume and value, sal-
mon is the dominant species in Norwegi-
an fish farming. There is also increasing
interest in several other species. Mussel
farming is gaining ground, and although
annual production is currently 300-400
tonnes, there is considerable potential for
the production of mussels in Norwegian
waters, both from a biological and envi-
ronmental point of view and in terms of
resources. Some studies indicate that
mussel production could approach

200 000 tonnes as early as 2010 (Karlsen
et al. 2000). On a global basis, 500 000
tonnes of mussels were produced in 1998
(FAO 2000c).

Other bivalve species of interest to Nor-
wegian aquaculture are scallops and
oysters (European oyster (Ostrea edulis)
and Pacific oyster (Crassostrea gigas)),
although current production of these
species is modest. On a global basis,
about 3.4 million tonnes of Pacific oysters
were produced in 1998 (FAO 2000c).

Sea urchins — a group not exploited at all
in Norway so far — are also attracting
interest in the aquaculture industry,
although activities in Norway are still at
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the research and testing stage. Sea ur-
chins may be farmed by rearing animals
collected in the wild or by producing
from the roe stage. Sea urchins have been
in focus in Norway mostly because of
increasing stocks causing depletion of
seaweed in some coastal areas. The world
harvest of sea urchins reached 120 000
tonnes in 1995, with Chile, the United
States and Japan as the most important
fishing nations. However, all the areas
where sea urchins are caught suffer from
overharvesting and depleted stocks (Karl-
sen et al. 2000).

Other species of fish, such as cod, halibut,
turbot, wolf-fish and Arctic char will
probably become more relevant as fish
farming organisms in the years ahead.
The production of these species for
human consumption is nonetheless still
relatively modest in volume. In 1998, 190
tonnes of fish farmed Arctic char, 200
tonnes of cod and 290 tonnes of halibut
were sold (Statistics Norway 2000a).

Fish health in salmon farming

The figures for the incidence of these

diseases in 2000 are preliminary figures

from the National Veterinary Institute

and the Norwegian Animal Health Autho-

rity. Serious diseases affecting farmed

salmon include the following:

- Furunculosis, caused by the bacterium
Aeromonas salmonicida (diagnosed at
six fish farms in 2000);

- Bacterial kidney disease (BKD), caused
by the bacterium Renibacterium salmo-
ninarum (diagnosed at three fish farms
in 2000);

+ Vibriosis and cold-water vibriosis,
caused by the bacteria Vibrio anguilla-
rum and Vibrio salmonicida (diagnosed
at four and two fish farms respectively
in 2000);
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Figure 5.8. Use of medicines (antibacterial

Figure 5.9. Norwegian catches of seals and small
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« Infectious salmon anaemia (ISA), a
virus disease (diagnosed at 17 fish
farms in 2000);

- Infectious pancreatic necrosis (IPN), a
virus disease (diagnosed at 131 fish
farms in 2000).

There has been a considerable improve-
ment in the salmon health situation, and
the use of medicines has been dramatical-
ly reduced over the last few years. New
vaccines and improved operational proce-
dures are probably the main reasons for
these improvements. The consumption of
antibacterial agents was highest in 1987,
when it reached 49 tonnes (figure 5.8
and Appendix, table D 3) and accounted
for 58 per cent of the total consumption
of antibiotics in Norway (fish, animals
and human medicine). Consumption in
2000 was 685 kg. It is important to re-
strict and make sensible use of antibiotics
so as to prevent their transfer to other
organisms and the development of resis-
tant bacteria.

The salmon louse (a parasitic crustacean
which lives in salt water and drops off
the salmon after a short period in fresh

0
1950 1960 1970 1980 1990 2000

11988-1992: Scientific whaling only.
Source: Directorate of Fisheries.

water) is still the most important cause of
losses in the salmon farming industry.
Annual losses can be as high as NOK 500
million. The parasite is controlled by
chemical means using delousing prepara-
tions (e.g. hydrogen peroxide) or biologi-
cally, using wrasses (goldsinny, corkwing,
ballan wrasse and rock cook are species
commonly used). Salmon lice can cause
poor growth, injury to salmon and secon-
dary infections followed by outbreaks of
disease. The parasite can also be a threat
to wild salmon and sea trout stocks (Kris-
tiansen et al. 1999, Karlsen et al. 2000).

According to fisheries statistics (Statistics
Norway 2000a), the food fish processing
plants suffered a shortfall in 1998 due to
disease and injuries affecting 12 million
fish (salmon). The total shortfall was 25
million fish, and the other loss factors
were escapees (0.6 million) and other
reasons (12 million).

5.7. Sealing and whaling

Norwegian sealing has essentially been
based on two species, harp seals and

83



Fisheries, sealing, whaling and fish farming

Natural Resources and the Environment 2001

hooded seals, and has taken place in the
Newfoundland area (until 1983), the
West Ice (off Jan Mayen) and the East Ice
(drift ice areas at the entrance to the
White Sea). The most recent estimates
for stocks of harp seals are 380 000 year-
old and older animals in the West Ice and
just over 1.9 million in the East Ice. The
stock of hooded seals in the West Ice is
about 110 000 (year-old and older)
(Toresen et al. 2000).

Since the early 1980s, catches of seals
have been small, varying between 10 000
and 40 000 animals per season (figure
5.9). According to preliminary figures for
2000, the total catch was 20 549 animals
(18 678 harp seals and 1 871 hooded
seals). The catch in the West Ice includes
both hooded seals (1 871) and harp seals
(12 321), whereas in the East Ice it con-
sists entirely of harp seals (6 357).

Until the early 1980s, the annual value of
the seal catch was between NOK 10 and
40 million (current prices). In 2000, the
value was about NOK 2.7 million. Diffi-
cult market conditions as a result of
international opposition, particularly to
catches of seal pups, and restrictions on
sealing are the main reasons for the large
drop in the value of the catch. In the mid-
1920s, about 150 boats took part in
Norwegian sealing, but only a small
number has been involved since about
1980. In the 2000 season, only four trips
were made to the sealing grounds in the
West Ice and one to the East Ice.

Norwegian catches of small whales have
consisted mainly of minke whales. The
traditional commercial hunt was disconti-
nued after the 1987 season, but was
resumed in 1993, when 226 whales were
taken. In 1999, 589 minke whales of a
total quota of 753 animals were caught.
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The quota for 2000 was 655 animals and
487 were caught. The quota for 2001 has
been set at 539 animals.

The Norwegian authorities gave permis-
sion in principle for the resumption of
exports of whale products early in 2001.
The export of these products has been
prohibited for a number of years. Export
permits will be given in the form of licen-
ces, and export will only be permitted to
countries that issue import licences and
that conduct DNA testing of imported
products in order to track minke whale
individuals caught as part of the Norwe-
gian quota.

The value of the small whale catch in
2000 was about NOK 22 million.

The Northeast Atlantic minke whale stock
(which includes animals on the whaling
grounds in the North Sea, along the
Norwegian coast, in the Barents Sea and
off Svalbard) is calculated to be 112 000
animals (Toresen et al. 2000).

The Central Atlantic minke whale stock
(Central Atlantic, Iceland, Jan Mayen) is
calculated to be 72 130 animals, 11 500
of which are in the Jan Mayen area (To-
resen et al. 2000).

Table 5.3. Biomass of important species and
animal groups in the Barents Sea and
consumption by top predators. Million

tonnes
Species or group Biomass Consumption
Zooplankton, incl. krill 30
Capelin 0.2-10
Herring ........ 0-4
Cod .o 1.5 4.0
Whales ........ 0.5 1.8
Seals ..o 0.5 34
Seabirds 0.01 1.4

Source: Toresen et al. (2000).
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Figure 5.10. Salmon exports’, by main purchas-
ing countries. Current prices
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Source: External trade statistics, Statistics Norway.

Both harp seals and minke whales are
important consumers of fish and other
species in the Barents Sea ecosystem. It
has been calculated that the total annual
biomass consumed by the minke whale
stock along the Norwegian coast, in the
Barents Sea and off Svalbard is about 1.8
million tonnes, of which 1.2 million
tonnes consists of fish (mainly herring,
cod, capelin and haddock). Annual con-
sumption by harp seals totals about 3.4
million tonnes, 2.1 million tonnes of
which consists of fish (Toresen et al.
2000). Table 5.3 shows the biomass
figures for species and groups of animals
in the Barents Sea and consumption
figures for the top predators in this eco-
system.

5.8. Exports

Preliminary figures show that in 2000
exports of fish and fish products were
about 2.2 million tonnes, with a value of
NOK 31.5 billion (figure 5.5 and Appen-
dix, tables D 4 and D 5). Exports to EU
countries accounted for 58 per cent of
the total. Salmon exports totalled NOK
12.3 billion in 2000 (figure 5.10 and
Appendix, table D 6). This corresponds to
39 per cent of the total value of Norwe-
gian fish exports. For many years, France
and Denmark have been the most impor-
tant purchasers of Norwegian farmed
salmon. Salmon exports to Japan conti-
nue to rise, and exports to the US have
been rising again over the last couple of
years.

According to the FAO, Norway was in
1998 the world’s next largest exporter of
fish in terms of value behind Thailand,
and ahead of Denmark, China, and the
United States?. The value of Norway’s fish
exports corresponded to about 7 per cent
of the value of total world fish exports
(Appendix, table D 7).

Further information may be obtained
from: Frode Brunvoll.

2 The FAO statistics (FAO 1999) ranking Norway as the world’s leading fish exporter in 1997 were
included in Natural Resources and the Environment 2000. These statistics were obviously incorrect.
Updated statistics for 1996-1998 are given by the FAO (2000c), showing Thailand as the world’s largest
fish exporter for the whole of this period and Norway in second place.
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6. Transport

Efficient transport is a necessity in our modern society. At the same time transport has a
major impact on the environment. A substantial proportion of air pollution is generated
by combustion emissions from various modes of transport. Road traffic is the most com-
mon cause of exposure to pollution and noise. Developing the transport sector can also
mean disturbing the natural landscape when agricultural and recreational areas are
developed. Transport arteries can also act as barriers to other forms of travel.

The volume of transport continues to increase. Between 1946 and 1999, passenger trans-
port in Norway rose thirteen-fold, and goods transport six-fold. In 1999, Norwegians
travelled an average distance of nearly 38 km a day each.

6.1. Introduction

Road traffic is the most common cause of
perceived exposure to pollution and
noise. The road network in many towns
and urban settlements was built without
any thought for the noise problems that
might arise. Air traffic, railways and ports
also produce noise that can affect
people’s health and quality of life,
although to a lesser extent than road
traffic. The transport sector is also a
major source of air pollution due to the
harmful emissions produced by the com-
bustion of fuel. Car tyres pollute by re-
leasing plasticizing oils and by churning
up harmful particulate matter from the
road surface. In 1998 emissions to air
from mobile sources accounted for 37.6
per cent of the total CO, emissions and
73.7 per cent of the total NO_emissions.

Today’s transport supply and demand is a
result of developments in a number of

areas: changes in the labour market,
demographic factors, settlement, techno-
logy and infrastructure. To what extent it
is possible to influence the volume of
transport and the distribution between
the various modes of transport must
therefore be seen in the light of all these
factors. Consequently, achieving results
requires a holistic approach to the formu-
lation of environmental policy. There are
many different kinds of environmental
problems caused by the transport sector
for example, and this sector is only one of
several that contribute to pollution.

There has been a substantial increase in
domestic transport over the last few
decades. From 1980 up to the end of
1999, passenger transport in passenger-
kilometres has increased by 52 per cent.
Goods transport in tonne-kilometres has
increased by 56 per cent in volume, and
if oil and gas transport from the North

87



Transport

Natural Resources and the Environment 2001

Sea is included, by no less than 176 per
cent. In addition to transport from the
North Sea to the Norwegian mainland,
the growth in transport since 1980 is
particularly due to a rising volume of
transport by private car and goods trans-
port by road.

Report No. 46 (1999-2000) to the Stor-
ting clearly states that a coordinated and
efficient transport system must be devis-
ed within the framework of the Govern-
ment’s traffic safety and environmental
policy objectives. An extensive set of
instruments will be required to meet the
environmental challenges related to
transport. These instruments may include
sound barriers, sound insulation of build-
ing facades, channelling road traffic, road
pricing, time-differentiated toll rates and
parking regulation. The Plan also states
that cost efficiency and coordination will
be key issues in the overall decisions on
the use of instruments. Coordination
between the various forms of transport
must also be strengthened through the
development of effective transport nodes
with good connections for goods and
passenger transport so as to allow for
combined/intermodal transport (i.e.
combinations of different methods of
transport, such as road/rail/road). The
aim is to transfer from road transport to
transport by sea and rail. Consequently,
further upgrading of the railway is plan-
ned for the years ahead.

Of the transport industries, transport by
sea accounts for the largest proportion of
GDB but most of this activity takes place
outside Norway’s borders. If both interna-
tional sea traffic and oil and gas transport
from the North Sea are excluded, the
transport sector accounts for about 3.9
per cent of GDP in mainland Norway in
2000 (preliminary figures). Figure 6.1
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Figure 6.1. Trends in GDP for mainland Norway
and in domestic goods and passen-
ger transport work
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Source: National accounts and transport and communication
statistics, Statistics Norway.

shows the growth in the volume of GDP
for mainland Norway together with
developments in transport work (inclu-
ding transport on own account) for the
most important modes of transport since
1979. The total number of passenger-
kilometres has increased by 9.3 per cent
from 1995 to 1999. Private cars, which
account for around 75 per cent of the
number of passenger-kilometres, only
increased by 4.9 per cent. In the same
period, total goods transport (in tonne-
kilometres) increased by 36 per cent.
Goods transport by road, accounting for
almost half of the total domestic goods
transport work in 1999, increased by just
over 33 per cent. GDP for mainland
Norway increased by 11.3 per cent in this
period. Compared with GDB goods trans-
port by road has therefore shown a high-
er rate of growth over the last few years,
while passenger transport has shown
relatively slower growth.
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6.2. The environmental perspective
in the transport sector
A number of serious environmental im-
pacts are associated with transport: it
causes emissions to air and excessive
noise, and it occupies areas of land. A
more general description of these issues
can be found in Chapters 7 and 10 of this
book, while this chapter will describe the
environmental impacts of the transport
sector in particular.

Emissions to air

Transport is a major source of green-
house gas emissions. Emissions from
transport also contribute to acidification
of the natural environment and poor air
quality in towns and other heavily traf-
ficked areas.

In 1999, 34 per cent of the national CO,
emissions came from transport (fishing
vessels, mobile drilling rigs and inter-
national shipping and air traffic are not

Figure 6.2. Percentage of total emissions to air
from transport in 1999. Selected
components
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Source: Emission inventory from Statistics Norway and
Norwegian Pollution Control Authority.

included). Road traffic accounted for 22
per cent of the total emissions, while the
figures for shipping and air traffic were 6
and 3 per cent respectively. CO, emissions
from the transport sector were 23 per
cent higher than in 1990 (Kyoto referen-
ce year) and 5 per cent higher than in
1998. The increase was primarily due to
an increase in volume of transport (see
e.g. table 6.6, figure 6.8 and Appendix,
tables E1 and E2). Emissions from trans-
port have risen slightly more than the
total emissions over the last few years
(more about CO, emissions in section
7.2).

NO, emissions from transport accounted
for 56 per cent of the total emissions in
1999. Shipping (not including fishing
vessels) produces 36 per cent of these
emissions, while road traffic accounts for
24 per cent. Shipping also produces
substantial emissions of other gases. This
is described in more detail further on in
this chapter.

Over the last few years, particulate mat-
ter from exhaust emissions and road dust
has become the focus of attention. Emis-
sions from transport accounted for 31 per
cent of the total emissions of particulate
matter in 1999. These emissions can
involve a serious local health risk (more
about this in section 7.8). As a result of
measures such as those to combat the use
of studded tyres, road dust emissions
have decreased by 20 per cent from 1997
to 1999.

Energy use and emissions from various
modes of transport

Statistics Norway has calculated which
modes of transport are most energy
effective and produce the lowest emis-
sions in relation to the transported dis-
tance for passengers and goods
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(Holtskog 2001). The calculations are for
1994 and 1998 so that any changes over
time can be recorded. The volume of
transport of persons is calculated in
passenger or person-kilometres (pkm),
while goods transport is calculated in
tonne-kilometres. For modes of transport
carrying both passengers and goods,
figures are converted into person or
goods equivalents!. Actual capacity utili-
zation is taken into account in the calcu-
lations.

Approximately 75 per cent of all trans-
port of persons in Norway is by private
car, while transport by rail, air and bus
account for the next largest percentage.
Most passenger transport is by bus, follo-
wed by aircraft (Statistics Norway
1999d).

Figure 6.3. Energy use per passenger kilo-
metre’, by mode of transport. 19942
and 1998
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' For trains, Norwegian Coastal Express, car ferries, local
ferries and planes, freight is included. 2 1993 for transport
by sea.

Source: Holtskog (2001).

Calculations show that electric railways
have the lowest energy use per passen-
ger-kilometre, closely followed by the
underground railway in Oslo (figure 6.3).
Transport by taxi and plane involves
approximately six times more energy use
per pkm than electric railways, while
local ferries use almost 18 times more
energy per pkm. Energy use per pkm by
private cars is approximately equivalent
to the average figure for all modes of
passenger transport.

Figure 6.3 shows that there has been
marked growth in energy use per passen-
ger-kilometre for local ferries. This is due
to a reduction in goods transport on
these ferries. Even though passenger
transport actually increased, the conver-
ted figures for passenger transport de-
creased by 20 per cent. Energy use per
passenger-kilometre for buses has decli-
ned, due to the fact that new buses use
less fuel per kilometre and that the num-
ber of express routes has increased. The
underground railway in Oslo has also had
a reduction in energy use per pkm. This
reduction is due to a 30 per cent growth
in passenger transport. Fuel consumption
for trains has also declined, mainly be-
cause electric trains have to a greater
extent replaced diesel trains.

Table 6.1 shows emissions per person-
kilometre of various emission compo-
nents from the different modes of trans-
port. There are no calculations for emis-
sions from electrically powered modes of
transport. CO, emissions per pkm largely
follow the same pattern as energy use per
pkm, i.e. local ferries, planes and taxis
have the highest values. For the other
components, emission factors vary more
according to the mode of transport and

1 A passenger with luggage is estimated to weigh on average 86.5 kg (Statistics Norway 1999d).
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Table 6.1. Emissions per person- or passenger-kilometre'. 1994 and 1998. g/pkm. CO, in kg/pkm

Greenhouse gases

Acidifying gases Harmful substances

Co, CH, NO S0, NO,  NMVOC CO Particulate
matter?
Private car
1994 0.1 0.05 0.01 0.02 0.82 1.24 9.43 0.02
1998 i 0.1 0.04 0.02 0.01 0.53 0.83 6.21 0.02
Taxi
1994 0.21 0.04 0.01 0.08 0.87 0.91 6.29 0.20
1998 i 0.21 0.03 0.02 0.04 0.70 0.64 4.44 0.15
Moped
1994 i 0.06 0.1 0.00 0.01 0.05 6.93 13.19 0.00
1998 i 0.06 0.11 0.00 0.00 0.05 6.93 13.19 0.00
Motorcycle
1994 i 0.09 0.15 0.00 0.02 0.21 3.81 21.47 0.00
0.10 0.15 0.00 0.00 0.22 3.65 21.53 0.00
0.07 0.00 0.00 0.03 0.97 0.08 0.29 0.07
0.06 0.00 0.00 0.02 0.77 0.05 0.19 0.05
0.07 0.00 0.03 0.03 1.00 0.09 0.24 0.08
0.07 0.00 0.03 0.02 0.99 0.08 0.23 0.08
0.22 0.01 0.01 0.01 0.27 0.45 0.69 0.01
0.22 0.01 0.01 0.01 0.24 0.33 0.39 0.01
1993 0.12 0.01 0.00 0.08 1.82 0.10 0.1 0.02
1998 i 0.12 0.01 0.00 0.07 1.86 0.10 0.1 0.02
Coastal Express
1993 0.10 0.01 0.00 0.13 2.14 0.08 0.09 0.02
1998 i 0.10 0.01 0.00 0.13 2.13 0.08 0.09 0.02
Local ferry
1993 0.41 0.03 0.01 0.30 8.98 0.35 0.38 0.06
1998 i 0.53 0.04 0.01 0.35 11.61 0.46 0.50 0.08

" For trains, car ferries, the Norwegian Coastal Express, local ferries and planes, goods transport is included. 21993 for transport by
sea. 3Emissions of particulate matter from combustion only. Emissions resulting from e.g. tyre wear and tear are not included.

Source: Holtskog (2001).

type of technology. Mopeds and motor-
cycles have the highest emissions per
pkm of CH,, NMVOC and CO, while
transport by sea produces the largest
emissions of NO_and SO, Taxis produce
the largest emissions of particulate mat-
ter per pkm. Only combustion emissions
have been calculated, i.e. particulate
matter generated by road wear and tear
caused by studded tyres has not been
included.

A comparison of the years 1994 and 1998
shows that for most modes of transport
there has been a reduction in SO, emis-
sions per pkm. This is due to a lower
sulphur content in petrol, diesel and
heavy distillates. Stricter emission restric-
tions and improved technology have
contributed to a reduction per pkm of
emissions of NO , NMVOC, CO and parti-
culate matter from cars and buses. For
local ferries, there has been an increase
in emissions of all components because of

91



Transport

Natural Resources and the Environment 2001

Figure 6.4. Energy use per tonne-kilometre', by
mode of transport. 1994% and 1998
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! Tonne-km for trains, planes, goods vans and combination
cars includes transport of passengers. © 1993 for ships.
Source: Holtskog (2001).

Goods van

increased energy use per pkm (see
above).

Goods transport in Norway today is
mainly by ship and lorry. In 1998, these
two modes of transport accounted for 60
and 30 per cent respectively of the total
goods transport in tonne-kilometres.
There has been a major increase in goods
transport by sea due to an increase in the
transport of oil from the continental shelf
to the mainland. Goods transport by lorry
has also grown considerably, while trans-
port by rail has increased slightly. Trans-
port by air accounts for a very small
percentage of the total goods transport.

Calculations show that the most energy-
effective way to transport goods is by
electric railway, although the figures for
diesel-driven locomotives and ships are
also favourable (figure 6.4). Transport by
lorry uses four times as much energy per
tonne-kilometre as the electric railway,
while air transport requires as much as
70 times more energy.
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For lorries, energy use per tonne-kilo-
metre has declined from 1994 to 1998
(figure 6.4). This is due to the fact that
there has been a slight rise in overall
capacity utilization for lorries and that
energy use per kilometre for the largest
lorries has been reduced. There has also
been an apparent reduction in energy use
per tonne-kilometre for goods vans, while
diesel trains have shown a slight increase.
However, the level of uncertainty in
relation to fuel consumption for these
modes of transport is so high that it is not
possible to draw any conclusions with
regard to this trend.

Table 6.2 shows emissions in relation to
transport work in tonne-kilometres for
the various modes of transport. Overall
emissions of greenhouse gases (CO,, CH,
and N,0) are highest for planes, goods
vans and combination cars, but these
modes of transport account for only a
small percentage of goods transport in
Norway. Ships and lorries, i.e. the modes
of transport that account for most goods
transport, produce relatively high emis-
sions of NO_and SO, per tonne-kilo-
metre.

As is the case for passenger transport,
emissions of SO, per tonne-kilometre
have decreased for most modes of trans-
port in the period 1994 to 1998 because
of the reduction in sulphur content in
fuel. Improvements in combustion tech-
nology have also resulted in lower emis-
sions of NO_, NMVOC and CO per tonne-
kilometre for planes and modes of road
transport. For lorries, goods vans, combi-
nation cars and diesel trains, changes in
energy use per tonne-kilometre will also,
as explained above, have an impact on
emissions per tonne-kilometre.
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Table 6.2. Emissions per tonne-km'. g/tkm. CO, in kg/tkm. 1994? and 1998

Greenhouse gases

Acidifying gases Harmful substances

co, CH, N,O SO, NO, NMVOC CO Particulate
matter
Goods van and combi-
nation car
0.86 0.14 0.04 0.29 3.94 3.77 26.78 0.73
0.79 0.08 0.06 0.16 2.40 1.89 13.40 0.50
0.18 0.01 0.00 0.08 2.21 0.26 1.22 0.20
0.16 0.01 0.00 0.04 1.57 0.18 0.66 0.10
0.07 0.00 0.03 0.03 1.10 0.09 0.26 0.09
0.06 0.00 0.02 0.02 0.91 0.08 0.21 0.07
2.56 0.10 0.08 0.1 3.17 5.19 7.98 0.12
2.54 0.10 0.08 0.12 2.84 3.81 4.56 0.12
0.07 0.01 0.00 0.16 1.60 0.05 0.06 0.02
0.07 0.00 0.00 0.1 1.66 0.05 0.05 0.02

! For trains, planes, goods vans and combination cars, goods transport is included. 2 1993 for transport by sea.

Source: Holtskog (2001).

In other words, trains are very energy-
effective whether transporting people or
goods and produce little or no emissions
to air. The modes of transport most used
for people (private cars) and goods (ships
and lorries) are neither the most energy-
effective nor the least energy-effective.

However, a comparison of the various
modes of transport must be made with
some caution. There are great differences
between them with regard to what they
transport, their optimal transport distan-
ce and speed. And because of the
country’s infrastructure and topography,
replacing one mode of transport with
another, e.g. train instead of high-speed
boat, is often impossible.

It is also important to be aware that there
are large variations in energy use and
emissions within the various transport
mode categories. This is due to differen-
ces in the size of a particular form of
transport, the work it is used for and
which part of the country it is used in.

The length of a journey is also very
important, since energy use per kilometre
is often higher on short journeys. Energy
use per passenger-kilometre for an urban
bus will, for example, be considerably
higher than for an express bus with the
same number of passengers.

Emissions to air from national sea
traffic and fishing vessels

National sea traffic and fishing vessels are
major sources of SO,, NO,_and CO, emis-
sions. In 1998 these sources accounted
for as much as 42 per cent of the total
NO, emissions in Norway, and 10 per cent
of the SO, and CO, emissions. Statistics
Norway has previously conducted surveys
of fuel consumption and emissions to air
from Norwegian ships (Flugsrud and
Rypdal 1996) and from foreign shipping
in Norwegian waters (Flugsrud and
Haakonsen 1998). The estimates of emis-
sions from fishing vessels and domestic
shipping have now been updated (Torn-
sjp 2001).
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Table 6.3. Emissions to air from domestic shipping, fishing vessels, mobile drilling rigs etc. 1993 and

1998. 1 000 tonnes. CO, in million tonnes

Million 1000

tonnes  tonnes Particulate
co, CH, N,O NO, SO,  NMmvOC Cco matter
Total 1993 ......cccovuvuenae 34 0.2 0.1 71.8 4.7 2.3 5.4 0.6
Change 1993-1998....... 0.7 0.2 0.0 21.8 0.1 0.7 0.4 0.2
Total 1998 .......cccvveenee 4.1 0.4 0.1 93.6 4.8 3.0 5.8 0.8
Fishing vessels ............... 1.2 0.1 0.0 27.5 0.8 0.6 3.1 0.2
Coastal traffic................ 1.6 0.1 0.0 33.8 2.0 1.2 1.5 0.3
- Cargo ships' ........... 0.8 0.1 0.0 19.0 1.4 0.6 0.7 0.2
- Passenger traffic? .... 0.8 0.1 0.0 14.8 0.6 0.7 0.8 0.1
Oil-related ........ccooeeee. 1.1 0.1 0.0 26.7 1.5 1.1 1.1 0.3
- Supply/standby ........ 0.6 0.0 0.0 15.2 0.3 0.4 0.3 0.2
- Buoy loaders ........... 0.2 0.0 0.0 4.7 1.0 0.1 0.1 0.1
- Mobile rigs .............. 0.3 0.1 0.0 6.8 0.2 0.5 0.7 0.0
- Seismic vessels ........ 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Other vessels ................. 0.2 0.0 0.0 5.5 0.5 0.2 0.2 0.1
- Rescue vessels ......... 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0
- Military vessels ........ 0.0 0.0 0.0 1.7 0.0 0.1 0.1 0.0

- Other vessels owned
by the authorities? ... 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0
-Other .o 0.1 0.0 0.0 3.3 0.4 0.1 0.1 0.0

"Including tugs. ? Includes ferries that are part of the national road system, other ferries, the Norwegian Coastal Express, other ferry
services andsmall passenger ships etc. *Includes lightships, pilot vessels and harbour maintenance vessels.
Source: Figures for 1993: Flugsrud and Rypdal (1996), figures for 1998: Tornsjg (2001).

Emissions are calculated by multiplying
fuel consumption for the various types of
ship by emission factors. Fuel consump-
tion for fishing vessels and national sea
traffic has risen by 25 per cent from 1993
to 1998. The increase is mainly due to a
rise in fuel consumption by ships involved
in oil-related activities, although cargo
ships have also shown a substantial in-
crease in fuel consumption. National
shipping is defined here in accordance
with international environmental proto-
cols, i.e. ships sailing between two Nor-
wegian ports.

Table 6.3 shows the total emissions from
national sea traffic, fishing vessels and
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mobile drilling rigs for 1993 and 1998,
and 1998 emissions as produced by the
various types of vessel. With the rise in
fuel consumption, total emissions of most
emission components have also increas-
ed. CO, emissions have risen by 20 per
cent, while NO_ emissions have increased
by 30 per cent. SO, emissions are appro-
ximately the same for these two years,
the lower sulphur content in fuel com-
pensating for the effect of higher fuel
consumption.

In 1998 coastal traffic accounted for
almost 38 per cent of the fuel consump-
tion of national sea traffic, while fishing
vessels and oil-related activities
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Figure 6.5. Individuals highly annoyed by noise
from road, rail and air traffic (noise
annoyance index). Percentage of
total. 1999

Air
5%

Road 90%

Source: Norwegian Pollution Control Authority (20004a).

accoun-ted for 29 and 26 per cent respec-
tively. We find approximately the same
percentages in CO, emissions (table 6.3).
This is because the emission factor for
CO,, calculated on the basis of the carbon
content of the oil products, shows little
variation between types of fuel. The
percentages of SO, and NO_emissions
show greater deviation from the fuel
consumption figures because the emis-
sion factors vary according to the fuel
and consumption technology used.

Large areas occupied by infrastructure
The development and operation of infra-
structure affects the landscape, valuable
natural and cultural sites and opportuni-
ties for recreation, both when the areas
are simply used and when tracts of land
are split up. Overall, this has resulted in
losses or degradation of valuable natural
and cultural sites. New transport systems,
in particular new roads, have also opened
up areas that were previously inaccessi-
ble, increasing traffic in these areas

(Report No. 46 (1999-2000) to the
Storting).

Noise

Noise is a serious environmental problem
in Norway today. There are many sources
of noise, but the increase in annoying
noise is particularly due to the growth in
the volume of road traffic. A nationwide
survey was conducted in 1999 to estab-
lish how many people were annoyed by
noise from road, rail and air traffic
(Norwegian Pollution Control Authority
2000a). The results of the survey showed
that almost half a million people were
highly annoyed by traffic noise in
Norway, and almost 90 per cent of these
were annoyed by noise from road traffic
(figure 6.5).

Table 6.4 shows how many people were
exposed to noise of varying strength from
road, rail and air traffic in 1999 (in 5 dB
intervals). The table also shows the num-
ber of persons who were annoyed by
noise from the same sources. The number
of people exposed to noise can be estab-
lished by measuring or calculating the
noise level (in dB, decibels) in areas
where people are present (Grangien
1999). However, there is no clear connec-
tion between these measured levels of
noise and subjective perceptions of how
annoying the noise is. A noise annoyance
index has been developed so that the
measured or calculated noise levels can
be used to find out how many individuals
are annoyed by noise. The index is based
on a number of comparisons between
measured noise from various sources and
subjective perceptions of noise from the
same sources. For example, table 6.4
shows that only just over 400 000 people
are estimated to be highly annoyed by
road traffic noise, while over 1 million
people live in areas exposed to noise
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Table 6.4. Number of individuals exposed to noise of varying strength from road, rail and air traffic (in
5 dB intervals), and number of individuals annoyed by noise from the various sources (noise

annoyance index). 1999

50-55 55-60 60-65 65-70 >70 Total Highly annoyed
exposed  (noise annoyance

index)

60250 450485 416931 221630 60 662 1209 958 460 464
411 900 385 800 204 460 57 040 1059 200 411413

18 368 21758 24 243 15294 3611 83274 24120
41 882 16 827 6 888 1876 11 67 484 24 931

Source: Grangien (1999).

levels exceeding 55 decibels (which is the
World Health Organization’s recommen-
ded maximum level for noise in residen-
tial areas).

Noise is at the root of a number of health
problems, such as hearing impairment,
stress, communication interference and
sleep disturbance, and is a major problem
for individuals and for the population at
large. To reduce noise annoyance among
the population, a target has been set by
the government authorities stipulating
that the number of people annoyed by
noise is to be reduced by 25 per cent by
the year 2010. Many different measures
have already been launched to reduce
annoyance caused by road traffic, but
more must be introduced if the authori-
ties are to reach their target. Measures

to combat noise from road traffic have
particular potential impact, but this is
also where it is most difficult to achieve
results because the volume of road traffic
continues to increase and because many
effective measures conflict with other
public interests. Measures that are being
considered include tighter restrictions on
noise from engines and car tyres, the use
of noise-reducing road surfaces, higher
taxes on fuel and car use in general,
increased support for public transport,
noise screens and sound insulation of
building facades.
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Work is currently in progress to develop
tools that can monitor the situation until
2010, so as to check whether measures
that have been introduced are helping
and whether the authorities are achieving
their objective. Statistics Norway has
recently drawn up a proposal for a model
that can be used for this purpose. The
model is intended to be operative by the
end of 2001 and it will therefore be
possible to follow developments in this
area, for example in future issues of
Natural Resources and the Environment.

Objectives and methods

Various measures are being implemented
to reduce environmental damage from
transport. Technological innovation has
in most areas resulted in substantial
reductions in emissions per passenger-
kilometre. Nevertheless, technological
improvements and a more efficient traffic
regulation system will not prevent an
increase in emissions of greenhouse gases
because the expected growth in air traffic
will cancel out this effect (Report No. 46
(1999-2000) to the Storting).

After negotiations with the EU, the Euro-
pean car industry has taken on a commit-
ment to reduce CO, emissions from priva-
te cars, preferably by 2005, but no later
than by 2010. The agreed reduction
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stipulates a petrol consumption of about
0.05 litres/kilometre. This measure will
slow down the rise in CO, emissions from
cars in this period, but will not stop it
(Report No. 46 (1999-2000) to the Stor-
ting).

In order to protect the health of the
urban population and their environment,
the Government has, in addition to the
regulations pursuant to the Pollution
Control Act, adopted national targets for
air pollution concentrations. To achieve
these targets, measures are being imple-
mented to increase the number of cars
with non-studded tyres and more envi-
ronmentally sound modes of transport,
and to reduce the volume of traffic.
Additional measures such as reduced
speeds and more street-sweeping will
have a positive impact on air quality.
Furthermore, the Government has pro-
posed road pricing in the largest urban
areas. To the extent this reduces traffic
queues, it may also result in lower levels
of air pollution.

In Norway’s Road and Road Traffic Plan
1998-2007, it was assumed that the
percentage of vehicles using non-studded
tyres would probably have to reach 80
per cent in the four largest urban areas
by 2002 in order to meet regulations
relating to limit values for particulate
matter. In the winter season 1999,/2000
the percentage of vehicles with non-
studded tyres was about 70 per cent in
Oslo, Bergen and Stavanger, and about
35 per cent in Trondheim (Report No. 46
(1999-2000) to the Storting).

6.3. Transport networks and
vehicles

By 31 December 1999, the total length of

public roads in Norway was 90 880 km,

or 281 metres of road per km? of land

area in Norway (excluding Svalbard and
Jan Mayen). There are substantial varia-
tions between counties; in Oslo, for
example, total public road length per km?
is 2 877 metres, whereas in Finnmark it is
only 87 metres. National roads accounted
for 29 per cent of the total, county roads
for 30 per cent and municipal roads for
41 per cent. In addition to public roads,
the length of private roads is estimated at
about 73 000 km, of which 46 000 km
are forestry roads that can be used all
year round.

The total area taken up by roads in urban
settlements in Norway was 315 km? in
1998, accounting for 15 per cent of the
area of urban settlements. In comparison,
buildings occupy about 7.6 per cent of
the area of urban settlements (see also
chapter 10).

Car density today is far higher than it was
70 years ago (table 6.5). Particularly in
the decades before and after the Second
World War, the number of motor vehicles
rose much faster than the increase in the
length of public roads. There has been
little change in car density over the past
few years. By the end of 1999, there was
an average of just over 33 metres of
public road available per motor vehicle.
Car density was highest in Oslo, where
only 5.3 metres public road is available
per car registered in Oslo, while in Finn-
mark the figure is over 83 metres (figure
6.6).

As of 31 December 2000 there were a
total of 2.78 million registered motor
vehicles, of which 1.85 million were
private cars, an increase of 2.3 and 2.1
per cent respectively on the previous year.
In the course of 1999, over 189 000
motor vehicles were registered for the
first time, including 127 000 private cars.
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Table 6.5. Length of public roads

Total Metres per
kilometres  motor vehicle

Metres per
km? land area

Figure 6.6. Number of metres of road per motor
vehicle, by county. 1965 and 1999

37 443 716 116
39 237 551 121
...42 598 416 132
43 980 452 136
44 673 309 138
....45809 249 141
....47 388 170 146
...51233 97 158
65 737 80 203
72 262 65 223
...77 101 58 238
...81717 48 252
...85882 40 265
88 922 38 275
90 262 36 279
...91 346 37 282
91 254 35 282
90 741 34 280
90 880 33 281

Source: Transport and Communication Statistics, Statistics
Norway and the Directorate of Public Roads.

The number of diesel-powered private cars
has shown a considerable increase over
the last few years. In 1980 there were
just over 22 000 diesel private cars, or
1.8 per cent of the total number of priva-
te cars. Corresponding figures as of 31
December 2000 were 136 000 and 7.4
per cent. Almost 1 in 8 of the private cars
registered in 2000 were diesel-powered.
In the course of 1999 over 88 000 pas-
senger and goods vehicles were scrapped
under the refund payment scheme. At the
end of 1999, the average age of the stock
of Norwegian private cars was 9.9 years.
The average age was lowest in Oslo, 8.4
years, and highest in the county of Opp-
land at 11.4 years. In 1970, the average
age of the stock of private cars was 6.3
years.

By the end of 1999, there were 757 road
tunnels on the national road network in
Norway and 147 tunnels on the county
road network. The number of national
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road tunnels has increased by 22 per cent
since 1992. The total length of tunnels on
the national road network came to 638.5
km. Of the total tunnel length in Norway,
44 per cent is to be found in the counties
of Hordaland and Sogn og Fjordane. The
number of bridges is also rising. By the
end of 2000, there were in all over

16 150 bridges on national and county
roads, an increase of 1 150 since 1992.
The number of ferries has, on the other
hand, dropped considerably over the last
few years. In the peak year of 1978, there
were 174 ferry services in Norway. By the
end of 1999, the number had fallen to
135. It is difficult to put a figure on how
and to what extent these changes in
infrastructure affect the environment.
Generally speaking, more tunnels and
bridges and fewer ferry links are the basis
of more efficient transport. On the other
hand, a development in this direction will
probably generate more transport, and in
particular passenger transport. The ba-
lance between the various forms of emis-
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sions to air will also change to a certain
extent as a result of the changes in infra-
structure. A reduction in ferry transport
will result in lower sulphur emissions, to
be weighed against higher CO, emissions
from cars.

By the end of 1999 the total length of
cycleways and footways along national
roads in Norway was 2 800 km, an in-
crease of about 850 km since 1990. As of
31 December 1999, Rogaland county had
most footways and cycleways along
national roads, with a total of 301 km. A
total of 65 km of footways and cycleways
were built in 1999, 20 per cent of which
was in Akershus county.

The total length of the public railway
network was about 4 300 km just after
the end of the Second World War and 17
per cent of the line was electrified. Today
the total length has dropped to 4 000 km.
However, the proportion of the line that
is electrified has risen to 61 per cent or

2 500 km. There are nonetheless conside-
rable regional differences. In half of the
counties of Norway, the railway is fully
electrified, while in Hedmark, Nord-
Trgndelag and Nordland counties the
percentage of electrified line is 31, 0 and
9 per cent respectively. These three coun-
ties account for 34 per cent of the total
length of railway line. Dual tracks make
up 3.3 per cent of the total track length.
The railway network comprises 700
tunnels and 2 700 bridges.

6.4. Passenger transport

Passenger transport has grown substanti-
ally over the last decades and there have
been wide variations between the diffe-
rent modes of transport in terms of
growth. Import restrictions for private
cars were lifted 1 October 1960, and
from 1960 to 1975 the proportion of total

passenger transport work carried out by
private cars rose from 40 to 75 per cent
(figure 6.7 and Appendix, Table E1). This
proportion has changed very little since
1975. For short and medium-length
journeys in particular, private cars are the
dominant mode of transport today. The
domestic transport work accounted for by
private cars in 1999 was calculated to be
46 billion passenger-kilometres. Another
important trend over the last few years is
the considerable increase in air transport.
While in 1970 air transport accounted for
only a modest 2 per cent of domestic
transport work measured in passenger-
kilometres, this figure had risen to 7.1
per cent in 1999, equalling the percent-
age for transport by bus. The figure for
rail transport was bypassed in 1988.
Nonetheless, air transport only accounted
for 9.5 per cent of the number of passen-
ger-kilometres accounted for by cars in
1999. Since the average domestic plane
journey is about 430 km, air transport
work, measured by the number of pass-
enger journeys, is moderate. In 1999 10
million passenger journeys were made by
air, equivalent to just under 0.25 per cent
of the total number of domestic passen-
ger journeys in 1999. On long trips in
particular, air travel is the preferred mode
of transport. Of domestic passenger jour-
neys longer than 300 km made as collec-
tive transport, 70 per cent are by air.

Railways, including suburban railways
and urban tramways, accounted for over
3.3 billion passenger-kilometres in 1999
and, of this, 507 million passenger-kilo-
metres were on suburban railways and
urban tramways. The share of the total
transport work carried out by railways
was 5.4 per cent in 1999. In 1980, the
corresponding percentage was just under
6.8 per cent, and ten years later it had
dropped to only 4.5 per cent. Following a
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downward trend throughout the 1980s,
passenger transport by rail has increased
by a relatively large margin over the last
few years and by as much as 24 per cent,
measured in passenger-kilometres, from
1995-1999. This increase is mainly due to
Gardermobanen, the Oslo Airport rail
link.

Although passenger transport by sea can
be extensive in some regions, the total
volume is relatively limited. In 1999, 46
million passengers were carried on do-
mestic routes, or 1.1 per cent of all trans-
ported passengers. Car ferries accounted
for almost 83 per cent of the total num-
ber of passengers transported by sea.

The total transport work accounted for
by buses has remained almost unchanged
since 1970, with about 4 billion passen-
ger-kilometres in 1998. The percentage of
the total transport work accounted for by
buses declined from 14.4 to 7.0 per cent
in the same period.

Norwegians travelled an average of just
under 37.9 km per day each in 1999,
more than a nine-fold rise since 1946

(table 6.6). The number of passenger-
kilometres travelled per capita per day by
boat and train has varied during this
period. Norwegians travelled by train and
ship almost as much in 1960 as in 1999.
The other modes of transport have gene-
rally shown steady growth.

Several factors influence the volume of
transport and its distribution among the
various modes. For instance, there has
been a clear relationship between the
volume of transport and general econo-
mic activity. The general improvement in
the economy of private households has
particularly influenced the use of private
cars. Families with children in particular
give priority to car use. In 1998, just over
85 per cent of all married couples with
children owned private cars, as compared
with 79 per cent for married couples
without children. Almost one in three of
all couples with children owned more
than one car. Long distances to schools,
day care facilities and children’s after-
school activities, and the fact that both
parents work are factors that can explain
why families with children give priority

Table 6.6. Number of passenger-kilometres in Norway per capita per day

Private  Other passenger

Total car transport by road Air Rail’ Boat
4.05 0.93 0.88 0.00 1.83 0.40
5.40 1.31 2.04 0.01 1.86 0.45
8.94 3.65 3.51 0.08 1.99 0.49
12.84 7.43 3.93 0.25 1.78 0.50
18.31 12.61 3.44 0.45 1.37 0.45
24.14 17.99 3.45 0.70 1.55 0.45
27.30 20.41 3.61 0.99 1.84 0.44
31.44 24.34 3.57 1.42 1.69 0.42
34.80 27.58 3.49 1.72 1.57 0.41
35.28 27.74 3.49 2.24 1.68 0.36
36.75 28.27 3.81 2.46 1.74 0.46
36.92 27.95 4.15 2.51 1.83 0.49
37.75 28.30 4.42 2.62 1.89 0.51
37.87 28.11 4.52 2.68 2.04 0.53

'Including suburban railways and urban tramways.

Source: Transport and communication statistics, Statistics Norway.
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Figure 6.7. Domestic passenger transport work,
by mode of transport
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hire cars and buses.
Source: Transport and communication statistics, Statistics
Norway and the Institute of Transport Economics.

to car ownership at the expense of other
benefits.

It is not only couples with children who
find that the existing public transport
system does not meet their daily needs.
For most people, car ownership provides
freedom and a wider choice of both place
of residence and occupation. Cars also
provide far more mobility and flexibility
than public transport can offer. Our many
daily activities can be carried out more
quickly and easily with access to a private
car. Social contacts are also easier to
maintain and develop, and cars open up
more opportunities for holidays and
leisure activities. A study of car owner-
ship and use 1980-1995 (Monsrud 1997)
shows that car journeys to and from
outdoor recreation areas, sports and
other activities and visits to family and
friends accounted for 31 per cent of the
transport work by private car. Statistics
Norway’s holiday survey (Statistics
Norway 1999c¢) showed that cars were
the most important mode of transport in

half of all the holiday trips taken in 1998,
while planes were used in 34 per cent.
The remaining 16 per cent of the total
number of holiday trips were divided
fairly equally between rail, bus and ship/
ferry. However, the percentage of holiday
trips by car has declined in recent years,
and was at 61 per cent in 1993. On the
other hand, there was a sharp rise in
holiday trips by air, from 21 to 34 per
cent of the total, in the period 1993-
1998. These changes in transport pat-
terns must be viewed in the light of the
rise in the number of international jour-
neys in the same period. If the figures are
limited to domestic travel only, private
cars accounted for 70 per cent of holiday
trips in 1998.

Calculations of the average annual
growth in transport work show an avera-
ge growth in transport by air, by private
car, and by rail/bus/ship of 5.9, 2.2 and
0.5 per cent respectively for the period
1980-1999. In the National Transport
Plan 2002-2011 (Report No. 46 (1999-
2000) to the Storting), the average an-
nual growth in the period 2002-2012 is
estimated to be 3.5, 1.3 and 0.9 per cent
(air, private car, rail/bus/ship) and 3.0,
1.1 and 0.9 per cent for 2012-2020.
While the growth in both private car and
air travel is expected to decline, stronger
growth is expected for other modes of
collective transport. Projections of traffic
trends have been produced by the Institu-
te of Transport Economics and are based
on infrastructure investments in accor-
dance with the reference strategy stated
in the Report to the Storting (Chap. 12),
anticipated future air, rail and bus servi-
ces and updated assumptions about
population trends and macro-economic
developments.

101



Transport

Natural Resources and the Environment 2001

6.5. Goods transport

In 1946 domestic goods transport work
totalled 4.1 billion tonne-kilometres. By
1999 this figure had risen to 26.2 billion
tonne-kilometres, excluding oil and gas
transport from the North Sea (figure 6.8
and Appendix, table E2). Measured in
absolute figures, the transport work
accounted for by railways has remained
relatively stable over the last twenty
years, while with the exception of the
period 1988-1993, road transport work
has risen steadily. In the last few years,
transport from the North Sea to mainland
Norway has shown a steep upward trend
(figure 6.8).

At the end of the 1950s, goods transport
by rail and by road totalled about 1 bil-
lion tonne-kilometres each. In 1999,
transport by rail had increased to 1.8
billion tonne-kilometres, while transport
by lorries with a payload of 1.0 tonne or
more had increased to 12.8 billion tonne-
kilometres.

In 1960 traditional maritime transport
(excluding oil transport by ship from the
North Sea) accounted for 67 per cent of
total domestic transport work. By 1999
this figure had dropped to 44 per cent.
Although for a number of years maritime
transport lost ground in domestic goods
transport, this trend has levelled out over
the last 3-4 years.

Goods transport by air is moderate and
has not increased over the last few years.
Total transport work was the same in
1999 as in 1985, 19 million tonne-kilo-
metres.

Goods transport by road has shown
steady growth since 1946. In 1994 road
transport outstripped sea transport (ex-
cluding oil transport by ship from the
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Figure 6.8. Domestic goods transport' work, by
mode of transport
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Source: Transport and communication statistics, Statistics
Norway and the Institute of Transport Economics.

North Sea) for the first time, and in 1999
goods transport by road accounted for 49
per cent of total domestic transport work.
In 1960 the corresponding figure was 17
per cent. In 1999 a total of 265 million
tonnes of goods were transported by
road. This was 80.1 per cent of total
domestic tonnage transported in main-
land Norway.

A society’s transport service needs will
change with economic growth and de-
velopment. Studies carried out by Sol-
heim (1997) show that the lorry is by far
the dominant mode of goods transport
even for distances of 30 to 150 kilo-
metres, despite the fact that for half of
these goods there were parallel rail or
shipping routes. There is only any real
competition in long-distance transport
(over 400 km), but even here lorries have
a more than 50 per cent share of the
transport of general cargo. Transport by
sea comes into its own in particular in
cases where a low price per transport
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Figure 6.9. Oil and gas transport from Norwegi-
an continental shelf to mainland
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Source: Transport and communication statistics,
Statistics Norway and the Institute of Transport Economics.

kilometre is important and the transport
time less important, for example for bulk
transport.

Efficient transport is dependent on infra-
structure suitable for modern transport.
And road transport has undoubtedly
pulled ahead of transport by sea and rail
as a result of road construction and im-
provement (to withstand higher axle
loads) and the construction of bridges
and tunnels. Even though the promotion
of intermodal transport is an express
goal, both nationally and internationally,
all the statistics both in Norway and in
the rest of Europe show that goods trans-
port by lorry is on the increase.

Even though the amount of domestic
goods transported by road is four times
greater than the amount transported by
ship, shipping is by far the dominant
mode in international goods traffic. In
1999, 70.6 per cent of all imports and
exports, including oil transport from the
North Sea to other countries, were trans-
ported by ship. In terms of tonnage in
international trade and oil transport, 175

million tonnes were transported, of
which 83.5 million tonnes was carried by
Norwegian ships. Goods imported and
exported by lorry (Norwegian and for-
eign) accounted for 3.2 per cent, or 7.9
million tonnes.

Calculations of the average annual
growth in transport work show an avera-
ge growth in road, sea, and rail transport
of 4.8, 0.9 and 0.5 per cent respectively
for the period 1980-1999. In the National
Transport Plan 2002-2011 (Report No. 46
(1999-2000) to the Storting), the Institu-
te of Transport Economics estimates the
average annual growth in the period
2002-2012 to be 1.29 (road), 1.95 (sea)
and 3.84 per cent (rail). For the period
2012-2020, the estimates are 1.06, 1.48
and 1.19 per cent respectively for road,
sea and rail transport. The estimates are
based on considerable restructuring and
strengthening of the interaction between
the different forms of transport, for in-
stance in the form of intermodal trans-
port. The Report to the Storting stresses
this point while also proposing that
action should be taken to create favour-
able conditions for competition in goods
transport by rail.

Oil transport from the North Sea to main-
land Norway, as shown in figure 6.9, has
increased dramatically. Measured in
tonne-kilometres, average annual growth
from 1990 to 1999 was 12 per cent. In
1999 oil and gas transport totalled 21.1
billion tonne-kilometres and of this 13.1
billion, or 62 per cent of the total oil and
gas transport from the North Sea, was by
ship. The remaining oil and gas transport
is by pipeline, and goods transport of this
kind has declined slightly over the last
few years. In 1995, transport by pipeline
accounted for 64 per cent and in 1999 for
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38 per cent of the total oil and gas trans-
port from the North Sea.

Documentation, transport in general:
Statistics Norway (2000c).

Further information may be obtained
from: Jan Monsrud.
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Preliminary calculations show that Norway’s greenhouse gas emissions dropped by 1 per
cent from 1999 to 2000. This is the first time since 1995 that there has been a reduction
in these emissions. However, it is doubtful whether this is the beginning of a new trend or
whether the drop will continue in 2001. Between 1990 and 2000, emissions rose by more
than 6 per cent. Emissions of CO, decreased by just over 1 per cent in 2000 compared with
the year before. This is the first time since 1991 that emissions have dropped. Overall
emissions of greenhouse gases other than CO, are almost unchanged since 1999.

There has been a small reduction in emissions of nitrogen oxides (NO ), while emissions of
non-methane volatile organic compounds (NMVOCs) have continued to rise from 1999 to
2000. For both these pollutants, emission levels are higher than the targets Norway has
undertaken to meet under international agreements on long-range air pollution. NO_and
sulphur dioxide are the pollutants that contribute most to acid rain in Europe, while
NMVOCs are involved in the formation of ground-level ozone.

The decrease in emissions of particulate matter and carbon monoxide (CO) appears to
have continued from 1999 to 2000. These pollutants and NO_ are very important for local
air quality in towns and urban settlements. Norwegian emissions of particulates are now
at about the same level as in 1990, while CO emissions have been reduced by more than
30 per cent.

7.1. Introduction

Many substances that are emitted to air
can contribute to environmental prob-
lems or be harmful to health. Emissions
may have effects locally where they
occur, but may also have effects across
national borders. Boxes 7.1 and 7.2
summarize the adverse effects of various
air pollutants.

International environmental agreements
are very important as a means of redu-
cing emissions that have regional or

global effects. Various protocols under
the Convention on Long-range Trans-
boundary Air Pollution apply to a number
of substances that have regional effects,
for example by contributing to acidifica-
tion and the formation of ground-level
ozone. Climate change and depletion of
the ozone layer are important global
environmental problems. The Montreal
Protocol has helped to bring about sub-
stantial reductions in the use of ozone-
depleting substances in the industrial
countries. It is hoped that the Kyoto
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Protocol, which was signed in 1997, will
lead to gradual reductions in global
emissions of greenhouse gases.

Under the international environmental
agreements, Norway has undertaken
commitments to limit or reduce emissions
of most of the pollutants listed in box 7.1.
Air quality guidelines have been drawn
up for pollutants that have local effects
on health, and the local authorities are
responsible for ensuring that these are
respected. An emission inventory (box
7.3) makes it possible to identify the
major sources of each pollutant and to
follow emission trends over time. This
information is important for a considera-
tion of which measures to implement and
in evaluating the effects of such measures.

This chapter starts with a presentation of
Norway’s greenhouse gas emissions,
followed by a description of Norway’s
efforts to follow up the Kyoto Protocol
and a discussion of emissions of green-
house gases in other countries. Other
environmental problems caused by air
pollution are discussed in sections 7.4-
7.8, which focus on Norwegian emissions.
In section 7.9, an analysis of energy and
emission indicators for industry is presen-
ted. Finally, section 7.10 gives a brief
overview of measures introduced by the
authorities to reduce Norwegian emis-
sions to air.

7.2. Climate change and
greenhouse gas emissions
The chemical composition of the at-
mosphere determines how much radia-
tion escapes from the earth through the

atmosphere. Many of the gases found in
the atmosphere absorb radiation, thus
tending to raise the temperature at
ground level. Without this greenhouse
effect, the climate on earth would be
much colder, and the global mean tempe-
rature would be about -18 °C instead of
+ 15 °C, as it is today. Anthropogenic
emissions of greenhouse gases have
raised their concentrations in the at-
mosphere. The concentration of CO, in
the atmosphere was about 280 ppm*
before the industrial revolution, but had
risen to about 370 ppm in 1999 (Univer-
sity of California 2000). This can disturb
the heat balance and result in climate
change on earth.

The most widely used indicator of possi-
ble climate change is the global mean
temperature (see section 1.2). This has
risen by 0.6 * 0.2 °C during the last 100
years (IPCC 2001). In its third assess-
ment report, the IPCC? concludes that it
is likely that most of the warming obser-
ved in the last 50 years is a result of the
rising concentrations of greenhouse gases
in the atmosphere (IPCC 2001). The
report also presents new projections
indicating that the global mean tempera-
ture may rise by between 1.4 and 5.8 °C
by the end of this century.

In Norway, the mean temperature has
risen by 1.7 °C in the last 100 years (Nor-
wegian Meteorological Institute 2001). In
the research project RegClim, a climate
scenario for the next 50 years has been
modelled, which shows an even warmer
Norway with substantially higher precipi-
tation and slightly more frequent strong

1 ppm = parts per million, or 1/10 000 per cent. 2 The Intergovernmental Panel on Climate Change
(IPCQ) is a politically independent panel established by the WMO (World Meteorological Organization)
and UNEP (United Nations Environment Programme). The IPCC presents results from climate research
and other relevant information that can increase our understanding of the risks associated with anthro-

pogenic climate change.
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Box 7.1. Harmful effects of air pollutants

Component
Ammonia (NH,)

Ground-level ozone (0,)
Benzene (CH,)

Lead (Pb)

Non-methane volatile
organic compounds (NMVOCs)

Hydrofluorocarbons (HFCs)
Hydrochlorofluorocarbons (HCFCs)
Cadmium (Cd)

Carbon dioxide (CO,)

Carbon monoxide (CO)

Chlorofluorocarbons (CFCs)

Mercury (Hg)

Nitrous oxide (N,0)

Methane (CH,)
tes
ground-level ozone.

Nitrogen oxides (NO,)

Perfluorocarbons
(PFCs; CF, and C,F)

Polycyclic aromatic
hydrocarbons (PAHSs)

Particulate matter
(PM, s and PM, )

Sulphur dioxide (SO,)

Sulphur hexafluoride (SF;)

Important sources’
Agriculture

Formed by oxidation of CH,, CO,
NO, and NMVOCs (in sunlight)

Combustion and evaporation of
petrol and diesel, wood-firing

Road traffic, waste incineration,
mineral production

Oil and gas activities, road
traffic, solvents

Cooling fluids
Cooling fluids

Combustion of wood and black
liquor, mineral production

Combustion of fossil fuels,
changes in land use
and deforestation

Combustion (fuelwood,
road traffic)

Cooling fluids

Combustion of wood and black
liquor, mineral production
Agriculture, fertilizer production
Agriculture, landfills, production

Combustion (industry, road traffic)

Aluminium production
All incomplete combustion of
organic material and fossil fuels

Road traffic and fuelwood use

Combustion, metal production

Magnesium production

Effects
Contributes to acidification of water and soils.

Increases the risk of respiratory complaints and
damages vegetation.

Carcinogenic, toxic effects on acute exposure
to high concentrations.

Environmentally hazardous. No damage to
health at concentrations currently found in air
in Norway, but because lead accumulates in
living organisms, formerly high emissions still
constitute a health hazard.

May include carcinogenic substances. Contribute
to formation of tropospheric ozone.

Enhance the greenhouse effect.
Deplete the ozone layer.

Liable to bioaccumulate. Delayed effects such as
pulmonary emphysema, cancer, reduced fertility
in men and kidney damage.

Enhances the greenhouse effect.

Increases risk of heart problems in
people with cardiovascular diseases.

Deplete the ozone layer

Becomes concentrated in organisms and food
chains. Gives kidney damage and harms nervous
system. May cause cellular changes.

Enhances the greenhouse effect.

Enhances the greenhouse effect and contribu-
and use of fossil fuels.  to formation of

Increase the risk of respiratory disease (particu-
larly NO,). Contribute to acidification, corrosion
and formation of ground-level ozone.

Enhance the greenhouse effect.
Several are carcinogenic.
Increase the risk of respiratory complaints.

With other components, increases the risk of
respiratory disease. Acidifies soil and water and
Causes corrosion.

Enhances the greenhouse effect.

"The table indicates important anthropogenic sources. There are also major natural sources for several of these components.
Source: Norwegian Institute for Air Research (1996b and 1996c¢), Norwegian Pollution Control Authority (1992 and 1993), IPCC
(1996) and Norwegian Institute for Water Research/Norwegian Institute for Air Research (1995).
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Box 7.2. Environmental problems caused by air pollution’

Enhanced green- As a result of the natural greenhouse effect, the global mean temperature is about

house effect

Climate change

15 °C instead of -18 °C. But anthropogenic emissions of gases such as CO,, CH,,
N,O and fluorine-containing gases can cause further warming. Since 1750, concen-
trations of the three most important greenhouse gases, CO,, CH, and N,0, have
risen by 31, 151 and 17 per cent respectively (IPCC 2001). (Norway'’s total direct
greenhouse gas emissions are shown in figure 7.3.)

Anthropogenic emissions of greenhouse gases, SO, and particulate matter can alter
the natural chemical composition of the atmosphere. This in turn may accelerate
changes in the global climate system. It is difficult to quantify what proportion of
climate fluctuations is a result of human activity. However, the evidence that most of
the global warming that has been observed in the last 50 years is anthropogenic has
become stronger (IPCC 2001). (Variations in global mean temperature are shown in
Chapter 1.)

Depletion of the The atmospheric ozone layer is found in the stratosphere, 10-40 km above the earth,

ozone layer

Ground-level
ozone

Acidification

and prevents harmful ultra-violet (UV) radiation from the sun from reaching the
surface of the earth. Episodes when the ozone content of the stratosphere is very
low and the levels of UV radiation reaching the earth are high have been observed
above Antarctica. Observations have also shown that the ozone content of the
stratosphere above middle latitudes dropped by about 3 per cent in the 1980s. The
causes of ozone depletion include anthropogenic emissions of CFCs, HCFCs, halons
and other gases containing chlorine and bromine, all of which can break down
ozone in the presence of sunlight. Depletion of the ozone layer increases the
amount of UV radiation reaching the earth, and may result in a higher incidence of
skin cancer, eye injury and damage to the immune system. In addition, plant growth
both on land and in the sea (algae) may be reduced (SSB/SFT/DN 1994). (For imports
of ozone-depleting substances to Norway, see figure 7.10.)

Ozone in the lower atmosphere is a pollution problem because it has adverse effects
on health, vegetation and materials. Ground-level ozone is formed by oxidation of
CH,, CO, NO, and NMVOCs in the presence of sunlight. It may also be transported
to Norway from other parts of Europe. In 1999 there were about the same number
of pollution episodes? as the average for the 10-year period 1989-1998. The highest
hourly mean concentration in 1999 was 154 mg/m?* (Norwegian Institute for Air
Research 1999). No measuring station recorded above 160 mg/m?, which is the
Norwegian Pollution Control Authority’s population warning threshold.

Total emissions of SO, and NO, are lower in Norway than in most other European
countries. Sulphur and nitrogen compounds acidify soils and water, and are also
transported for considerable distances with air currents. The extent of the damage
depends on the type of soil and vegetation. Lime-rich soil can for example withstand
acidification better than other soil types because it weathers to release calcium.
Many parts of Norway have lime-poor soils and sensitive vegetation, and the impact
of acid rain is greater than in many other areas where deposition of acid compo-
nents is higher. Fresh-water organisms have suffered the most serious damage, and
the effects have been observed particularly in Southern Norway, the southern parts
of Western Norway, and Eastern Norway. Sgr-Varanger municipality in Finnmark
suffers the effects of acid rain from sources in Russia. Acid rain increases leaching of
nutrients and metals (especially aluminium) from soils and can cause corrosion
damage to buildings. (For deposition of sulphur and nitrogen compounds in Norway,
see section 7.4.)

" Health problems caused by air pollution are discussed in section 7.8. 2Number of days when one measuring station records a
maximum hourly mean concentration of 200 pug/m? or several measuring stations record an hourly mean concentration of more

than 120 pg pr. m?.

Source: IPCC (2001) and Norwegian Pollution Control Authority/Directorate for Nature Management (1999).
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winds (Norwegian Institute for Air
Research 2000).

The three most important greenhouse
gases are carbon dioxide (CO,), methane
(CH,) and nitrous oxide (N,O). Anthro-
pogenic emissions of CO, are mainly
associated with the combustion of fossil
fuels, but are also generated by various
chemical processes in manufacturing
industries. Methane is formed mainly by
decomposition of biological waste in
landfills and by livestock (agriculture).
Manure and the use and production of
commercial fertilizers are the main sour-
ces of N,O emissions in Norway.

The Kyoto Protocol sets out binding
targets for greenhouse gas emissions
from industrial countries (section 7.3). In
addition to CO,, CH, and N, O, the Kyoto
Protocol applies to sulphur hexafluoride
(SF)), hydrofluorocarbons (HFCs) and
perfluorocarbons (PFCs).

Carbon dioxide (CO,)

According to preliminary calculations,
Norwegian emissions of carbon dioxide
totalled 41.0 million tonnes in 2000. This
is a decrease of about one per cent from
the year before, and the first time since
1991 that emissions have dropped.
However, there has been a rise of 17 per
cent since 1990 (figure 7.1 and Appen-
dix, table F1). Emissions rose by 0.6 per

Box 7.3. The Norwegian emission inventory

Norway'’s emission inventory is produced by Statistics Norway and the Norwegian Pollution Con-
trol Authority. The inventory includes all the most important pollutants that cause environmental
problems such as climate change, acidification and the formation of ground-level ozone, and also
includes PAHs and some heavy metals. However, the inventory only covers anthropogenic emis-
sions, not natural emissions for example from oceans and forests.

Emission figures are based partly on data reported by industrial plants, based on measurements or
calculations at these plants, and partly on calculations using activity data and emission factors.
Activity data may include consumption of energy commodities (e.g. fuel oil consumption by
manufacturing industries and households) or other data such as the number of sheep put out to
pasture, the quantity of waste landfilled, the quantity of ferro-alloys manufactured, etc.

This year, national emission figures for 2000 are being published. These are preliminary figures
based on last year’s calculations, in addition to emission figures reported by large enterprises and
the activity data available now. Experience shows that these emission figures are good estimates
for most pollutants at national level. However, the allocation of emissions to sources and sectors is
more uncertain for a number of pollutants, and we have therefore mainly used 1999 figures in
this presentation to describe the distribution of emissions and the causes of any changes.

The 1999 figures are also considered to be preliminary figures. This is because auditing of the
energy accounts, which are a very important source of data for the emission inventory, takes
about eighteen months to complete. However, we would normally only expect minor adjustments
between the preliminary figures for 1999, which are published now, and the final figures, which
will be published next year.

Time series for the national emission figures and emissions split by source, sector, county and
municipality are also available on Statistics Norway’s website at: http://www.ssb.no/english/
subjects/01/04/10/main.html

For documentation of the emission inventory, see Flugsrud et al. (2000).
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Figure 7.1. Emissions of CO, by source
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Source: Emission inventory from Statistics Norway and
Norwegian Pollution Control Authority.

Box 7.4. Sources of emissions

Stationary combustion includes emissions
from all combustion of energy commodities
in various types of stationary sources. The
most important of these are direct-fired
furnaces where combustion of energy com-
modities provides heat for an industrial
process, boilers where energy commodities
are used to heat water to form steam, small
stoves that use oil or wood to heat housing,
or flaring (combustion of energy commodities
without using the energy).

Mobile combustion includes emissions from
all combustion of energy commodities in
various modes of transport and mobile
motorized equipment.

Processes includes all emissions not related to
combustion. They include industrial proces-
ses, evaporation and biological processes,
emissions from livestock, evaporation during
petrol distribution, fermentation processes in
the food processing industry, emissions from
fertilizers and landfills, evaporation during
use of solvents and particulate matter from
road dust. Coal and coke used as reducing
agents in metal production are included in
the calculations, but dust from industrial
processes is not.
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cent from 1998 to 1999. The most impor-
tant sources of CO, emissions in Norway
are road traffic (22 per cent) and oil and
gas extraction (20 per cent), in addition
to combustion in manufacturing industri-
es (14 per cent) and process emissions
from metal production (13 per cent).

The decrease in emissions is explained by
several factors. The heating season in
2000 was the mildest since 1992 (measu-
red in degree-days), and consumption of
fuel oil and heating kerosene was very
low as a result. A number of air services
were discontinued, and sales of aviation
fuel therefore dropped. Even though road
traffic has risen, newer vehicles are more
economical, which helps to reduce fuel
consumption and emissions. However,
the drop in emissions has not been appa-
rent in all sectors. CO, emissions from oil
and gas activities in the North Sea are
still rising, as are process emissions from
manufacturing industries.

Figure 7.2. CO, emissions from combustion in
Norway in the period 1929 - 2000
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Source: Halvorsen et al. (1989) and emission inventory from
Statistics Norway and Norwegian Pollution Control Authority.
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Calculations of Norwegian CO, emissions
from stationary and mobile combustion
for earlier years (figure 7.2) show that
emissions nearly tripled during the 20-
year period from 1950 to 1970 (Halvor-
sen et al. 1989). The growth in emissions
in this period can be related to rising
industrial activity and rising consumption
of energy commodities as a result of

economic growth.

Projections suggest that Norwegian CO,
emissions will rise by about 38 per cent
from 1990 to 2010 if the use of climate
policy instruments continues unchanged
(Ministry of the Environment 2000a).
The most important reason for this sub-
stantial rise is the expected rise in the
energy requirements of the petroleum
sector and manufacturing industries.
Emissions from the transport sector and
from the use of fuel oils are also expected
to rise by more than the average for all
sectors. The planned gas-fired power
plants at Skogn, Kérstg and Kollsnes have
been given emission permits that allow
them to release 4.44 million tonnes of
CO, per year (see box 7.5). Unless mea-
sures to reduce emissions are implemen-
ted, Norway’s CO, emissions may thus
rise by as much as 50 per cent from 1990
to 2010.

Methane (CH))

Methane accounted for 13 per cent of
Norway’s greenhouse gas emissions in
1999. Methane emissions changed little
from 1998 to 1999, and preliminary
calculations for 2000 show that they have
risen by 1 per cent. This is a result of an
increase in emissions from loading of oil
offshore and from agriculture. Methane
from landfills accounts for more than half
of total methane emissions in Norway,
and the agricultural sector (domestic
animals and manure) for about one third.

Box 7.5. Emissions of CO, from
gas-fired power plants

The conditions in the licences issued to
Naturkraft for gas-fired power plants at
Karstg in Rogaland and Kollsnes in Horda-
land have been changed. This was done
after a decision by the Ministry of the Envi-
ronment in October 2000 to alter the licen-
ces issued by the Norwegian Pollution Con-
trol Authority for the power plants. The
Ministry decided that CO, emissions are not
to be subject to stricter conditions than those
that normally apply in other EEA countries.
Naturkraft is therefore licensed to emit 1.12
million tonnes CO, from each of the power
plants, both of which will have an installed
capacity of about 380 MW.

In autumn 2000, Industrikraft Midt-Norge
also received a licence to construct a gas-
fired power plant in Skogn in Nord-Trgnde-
lag with an installed capacity of about 800
MW. The power plant is expected to genera-
te annual emissions of about 2.2 million
tonnes CO, per year, and this alone will
cause Norwegian CO, emissions to rise by 6
per cent compared with the 1990 level.

For more information on processing of the
licences, see the Norwegian Pollution Con-
trol Authority’s website at www.sft.no.
Chapter 11 of this publication includes an
analysis of the possible consequences of the
construction of Norwegian gas-fired power
plants for emissions in Europe.

In the period 1990 to 1999, methane
emissions rose by 8 per cent. Some of this
is due to an increase in the amount of
waste landfilled and a rise in agricultural
emissions from growing numbers of
livestock. However, more than one third
of the rise is related to greater activity in
the oil and gas extraction sector. Large
amounts of methane evaporate when oil
is loaded offshore.
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In landfills, methane is generated by
biological degradation of waste. Emis-
sions are reduced by flaring and energy
recovery of methane from landfills®. In
1999, 15 per cent of the methane genera-
ted was flared or used for energy recove-

ry.

Nitrous oxide (N,0)

Emissions of nitrous oxide rose by 3 per
cent from 1990 to 1999, but preliminary
figures for 2000 show a drop of almost 2
per cent. This is explained by a substanti-
al drop in emissions from the chemical
industry, which however is partly coun-
teracted by a rise in emissions from road
traffic. The largest sources of N,O emis-
sions in Norway are agriculture and the
manufacture of commercial fertilizer.
These accounted for 48 and 35 per cent
respectively of domestic emissions in
1999. Emissions from the agricultural
sector are largely related to the applica-
tion of fertilizer and manure and to
manure deposited by grazing animals.

The rise in emissions from 1990 to 1999
is related to emissions from petrol-driven
vehicles fitted with catalytic converters.
When NO,_ is converted to N,, a small
proportion of N,O is also formed. These
emissions made up 10 per cent of the
total in 1999. Emissions from agriculture
and the manufacture of fertilizer have
dropped in this period.

There is a large degree of uncertainty
associated with the overall level of ni-
trous oxide emissions. This is because
information on emissions from these
sources is poor and in most cases, few
measurement data are available. Emis-
sions from agriculture are a result of

complex processes that are not comp-
letely understood, and these may vary
widely with climate and soil types.

Other greenhouse gases

From 1990 to 1999, emissions of sulphur
hexafluoride (SF,) were reduced by 65
per cent and emissions of perfluorocar-
bons (CF, and C,F,) by 63 per cent. These
reductions are mainly a result of wide-
ranging measures to reduce emissions
from the process industry (magnesium
and aluminium production). Measured in
CO, equivalents, these gases accounted
for 3 per cent of Norway’s overall green-
house gas emissions in 1999.

Emissions of hydrofluorocarbons (HFCs)
rose from 0.130 to 92 tonnes from 1990
to 1999. These gases only constitute a
very small proportion of total greenhouse
gas emissions in Norway at present (0.3
per cent in 1999). However, HFC emis-
sions are expected to rise in the years
ahead, mainly because they will replace
chlorofluorocarbons (CFCs) and hydro-
chlorofluorocarbons (HCFCs) in cooling
equipment. Most HFC emissions are
generated by leakages from products that
are in use.

Aggregate emissions of greenhouse
gases to which the Kyoto Protocol
applies

To allow a comparison of the extent to
which different gases may enhance the
greenhouse effect, their emissions are
converted to CO, equivalents using GWP
values (Global Warming Potential, see
box 7.6). In 2000, emissions of green-
house gases in Norway totalled about
55.4 million tonnes CO, equivalents (see
figure 7.3 and Appendix, table F1). This

3 The GWP value (see box 7.6) of methane is 21 times higher than that of CO,. Even though combustion
of methane generates CO,, it results in a net reduction in emissions expressed as CO,, equivalents.

112



Natural Resources and the Environment 2001

Air pollution and climate

Figure 7.3. Norwegian emissions of greenhouse
gases
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Source: Emission inventory from Statistics Norway and
Norwegian Pollution Control Authority.

corresponds to a rise of 6 per cent since
1990. From 1999 to 2000, emissions
dropped by 1 per cent. This is the first
time since 1995 that there has been a
reduction in emissions. However, it is
doubtful whether this is the beginning of
a new trend and thus whether the drop
will continue in 2001.

According to the Kyoto Protocol,
Norway’s aggregate emissions of green-
house gases may not rise to more than

1 per cent above the 1990 level by the
period 2008-2012% In 1999, total emis-
sions were about 8 per cent higher than
this. Projections show that aggregate
emissions of greenhouse gases may rise
by more than 13 million tonnes CO,
equivalents in the period 1999-2010
unless new measures are implemented
(Report No. 24 (2000-2001) to the Stor-
ting). This corresponds to an increase of
about 24 per cent from 1990 to 2010. If

Box 7.6. GWP - Global Warming
Potential

The GWP value of a gas is defined as the
cumulative impact on the greenhouse effect
of 1 tonne of the gas compared with that of
1 tonne of CO, over a specified period of
time (usually 100 years). GWP values are
used to convert emissions of greenhouse
gases to CO, equivalents. The list below
shows GWP values for greenhouse gases
emitted by Norway to which the Kyoto
Protocol applies. The time horizon used here

is 100 years.
Substance: GWP value:
Carbon dioxide (CO,) 1
Methane (CH,) 21
Nitrous oxide (N,O) 310
Hydrofluorocarbons (HFCs)
HFC-23 11 700
HFC-32 650
HFC-125 2 800
HFC-134a 1 300
HFC-143a 3 800
HFC-152a 140
HFC-227 2 900
Perfluorocarbons (PFCs)
CF4 (PFC-14) 6 500
C,F, (PFC-116) 9200
C,F, (PFC-218) 7 000
Sulphur hexafluoride (SF,) 23 900

gas-fired power plants are built,
emissions will rise even more (see box
7.5). Without measures to reduce emis-
sions, and if three gas-fired power plants
are constructed, Norway’s greenhouse
gas emissions may rise to about 20 mil-
lion tonnes CO, equivalents higher than
the level specified by the Kyoto Protocol.
The Protocol allows countries to meet
part of their reduction commitments on
the basis of measures in other countries,

4 According to the Kyoto Protocol, the Kyoto or flexibility mechanisms (see box 7.7) may be used in
addition to national measures to reduce emissions in order to achieve the targets of the Protocol.
However, the rules for the use of these mechanisms have not yet been finalized.
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using the Kyoto mechanisms (see box
7.7). However, it is uncertain how large
this proportion will be.

Measures to limit emissions

Norway has introduced CO, taxes on the
use of petrol, mineral oil, coal and coke
and on emissions from oil and gas extrac-
tion on the continental shelf. However, a
number of sectors, such as international
maritime transport, coastal fisheries and
international air transport, are exempt
from this. The use of coal and coke in
process industries is also exempt from the
tax. Thus, only about 60 per cent of the
total CO, emissions are subject to taxes.
An alternative to taxing CO, emissions is
to establish a domestic emissions trading
system.

In addition to national measures, the
Government also has proposals for Nor-
way to make use of the Kyoto mecha-
nisms in order to meet its emission tar-
gets (see section 7.3). In spring 2001, the
Government presented a report to the
Storting on its future climate policy. This
discusses climate policy instruments
generally and a domestic emissions tra-
ding system in particular (Report No. 54
(2000-2001) to the Storting).

Greenhouse gas emissions at local
level

The environmental authorities wish
municipalities and counties to draw up
strategies for reducing greenhouse gas
emissions on a voluntary basis. In 2000, a
grant scheme was therefore established
to promote work on climate plans and
measures at regional or local level, and
many municipalities and county authori-
ties are now drawing up local climate
plans.
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Figure 7.4. Greenhouse gas emissions in 1998 by
source and county
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Q 1 million tonne

Map data: Norwegian Mapping Authority.
Source: Emission inventory from Statistics Norway and
Norwegian Pollution Control Authority.

Although greenhouse gas emissions are a
global environmental problem and do not
have direct consequences for the locality
or region where emissions occur, measu-
res to reduce emissions may have local
consequences. The introduction of green-
house gas emission permits in energy-
intensive manufacturing industries may
for instance lead to the closure of enter-
prises that are very important to their
local communities (Bye et al. 1999a). The
local consequences of introducing emis-
sion permits in energy-intensive manufac-
turing industries are expected to vary
from one part of the country to another
(Bye et al. 1999b).
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Emissions at county level

Figure 7.4 shows how greenhouse gas
emissions were distributed by county in
1998. Carbon dioxide is the most impor-
tant component in all counties, but in
certain agricultural counties, methane
accounts for up to 30 per cent of green-
house gas emissions measured in CO,
equivalents (see Appendix, table F7).

The distribution of emissions from statio-
nary combustion and process emissions is
closely related to the distribution of
different types of industrial activity in
Norway. As a result of emissions from the
petroleum industry and shipping, almost
one third of Norway’s CO, emissions take
place at sea off the Norwegian coast.
Metal manufacturing results in relatively
high CO, emissions in Hordaland, Tele-
mark, Rogaland and Nordland. In addi-
tion, fertilizer and cement production
and the petrochemical industry generate
substantial CO, emissions in Telemark,
and oil refining gives high CO, emissions
in Hordaland.

Rogaland and Hordaland are the counties
where methane emissions are highest.
Emissions from livestock farming and
landfills here make up about 4 per cent of
the total process emissions of greenhouse
gases. Process emissions of nitrous oxide
from fertilizer production also contribute
a substantial proportion of emissions in
Telemark and Nordland.

Emissions at municipal level
Manufacturing, road traffic, agriculture
and landfills are the most important
sources of greenhouse gas emissions in

most municipalities. In Oslo, for example,
road traffic alone accounted for half of all
emissions of CO,, methane and nitrous
oxide in 1998. Emissions from combus-
tion in housing, industrial buildings and
other buildings (mainly for domestic
heating) accounted for 36 per cent of the
total.

From 1997 to 1998, greenhouse gas
emissions have risen by an average of 9
per cent in municipalities in Norway?®.
The rise has mainly been caused by
higher emissions from road traffic.

7.3. Follow-up of the Kyoto
Protocol and greenhouse gas
emissions in other countries

In Kyoto, the industrialized countries®

agreed to reduce their aggregate emis-

sions of the greenhouse gases carbon
dioxide (CO,), methane (CH,), nitrous
oxide (N,0), hydrofluorocarbons (HFCs),
perfluorocarbons (PFCs) and sulphur
hexafluoride (SF,) by 5.2 per cent by the
period 2008-2012. The quantitative
commitments in the agreement are diffe-
rentiated - some countries must reduce
their emissions to below the 1990 level

(or the 1995 level for the last three ga-

ses), while others may allow a certain

increase in emissions. Norway’s emissions
may rise by 1 per cent compared with the

1990 level.

Flexibility mechanisms (the Kyoto mecha-
nisms, see box 7.7) including trade in
emissions credits mean that the actual
emission reductions in individual countri-
es may differ from these figures, but the
commitment must then be met by buying

5 Unlike the national emission inventory, this does not include emissions from the continental shelf,
Norwegian fishing vessels outside the 200-mile limit, emissions from air traffic and emissions from

Svalbard and Jan Mayen.

6 These correspond more or less to Annex I countries under the Convention, which are the member states
of the OECD and countries with transition economies (Eastern Europe and Russia).
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Box 7.7. The Kyoto mechanisms

Emissions trading

Countries that have undertaken commit-
ments may trade emissions credits among
themselves. A country where the cost of
reducing emissions by more than the target
set out in the Protocol is relatively low may
sell credits to countries where the cost of
achieving the target is relatively high. Coun-
tries that sell credits must reduce their
emissions more than the Protocol requires,
and purchasing countries can reduce them
less.

Joint implementation

Two countries that have undertaken commit-
ments to reduce emissions may agree that
reductions financed by one country and
carried out in the other are to be credited to
the investor’s emission inventory. Since the
cost of reducing emissions varies widely
between countries, this is a more cost-
effective solution than requiring all countries
to carry out emission reductions within their
own borders.

Clean development mechanism (CDM)
Similar to joint implementation, but CDM is
applicable in cases where one party has
undertaken a commitment to reduce emis-
sions and the other has not.

and selling credits or by joint implemen-
tation projects in other countries. The
Protocol will enter into force when it has
been ratified by at least 55 parties that
account for at least 55 per cent of total
CO, emissions from the industrial coun-
tries. By mid-2001, the Protocol has been
ratified by 35 countries, but these are
mainly small island states. Neither Nor-
way nor any other countries that have
undertaken commitments to reduce
emissions have ratified the Protocol as

yet.
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Since the Kyoto meeting, several Confe-
rences of the Parties have been held in an
attempt to deal with unresolved matters,
for example in connection with the flexi-
bility mechanisms. The sixth Conference
of the Parties (COP6) was begun in The
Hague in November 2000, but it has not
yet been possible to reach agreement on
supplementary rules for the Protocol. The
aim is to complete COP6 in the course of
2001.

In Report No. 24 (2000-2001) to the
Storting, the Government states that it is
working actively with various policy
instruments and measures to ensure that
Norway meets its commitment under the
Kyoto Protocol. The first objective is to
show significant progress by 2005. The
Government submitted a report to the
Storting on future climate policy in June
2001 (Report No. 54 (2000-2001) to the
Storting). This describes the policy instru-
ments that are to be used, and in particu-
lar, deals with the introduction of a
domestic quota-based emissions trading
system. A committee that was appointed
to review the introduction of such a
system submitted its report early in 2000
(Ministry of the Environment 2000a).
The report recommends the establish-
ment of a system that is as broad-based
as possible, so that it includes all gases
and sources of emissions that are suitable
for this type of regulation. Quotas can be
allocated in the form of emission certifi-
cates that give the holder the right to
emit a certain quantity of CO, equiva-
lents. Regulation by quotas should in
some cases be imposed at producer level,
and in others on distributors or impor-
ters, or on end users.

Norway is also dependent on being able
to make use of the Kyoto mechanisms to
fulfil its commitments. In addition to
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emissions trading, use of the clean deve-
lopment mechanism is one way of com-
pensating for domestic emissions (see
Box 7.7). Norway has entered into an
agreement with China to provide NOK 35
million towards the improvement and
modernization of a large coal-fired power
plant, which will reduce CO, emissions by
improving energy efficiency (Cutter
1998). Like several other industrial coun-
tries, Norway has made such agreements
in the hope that the emission reductions
will be credited as the Kyoto Protocol
becomes operational.

Greenhouse gas emissions in other
countries

The national emission inventories that
have been reported to the IPCC show that
CO, emissions rose in most industrial
countries between 1990 and 1998.
However, this does not apply to countries
with transition economies (Russia and
Eastern European countries), where there
was a marked drop in emissions during
the first half of the 1990s. Even though
CO, emissions from these countries will
probably rise again, they are expected to
remain below the 1990 level in the
period 2008-2012.

Figure 7.5 shows reported emissions of
the greenhouse gases CO,, CH, and N,O
in 1990 and 1998 for some selected
Annex I countries’, and the countries’
obligations under the Kyoto Protocol. The
values in the figure are based on aggre-
gate greenhouse gas emissions of the
three gases in CO, equivalents converted
to index values compared with 1990. In
Norway, Japan, the USA, Canada and
Denmark, there has been a substantial
increase in aggregate emissions in the
period 1990-1998.

Figure 7.5. Emissions in 1990 and 1998' and
emission reduction commitments
under the Kyoto Protocol? for the
period 2008-2012

Poland | |
Sweden |
France
Finland [
Hungary
UK e ——
Germany
Norway | ———
Japan | E—
US e ——
Canada |E—
Denmar | —

0,0 0,5 1,0 1,5
Index: Commitment 2008-2012 = 1

[ 1990
B 1998

! Japan has not reported 1998 figures, so figures for 1997
are used here. 2 Commitments under the Kyoto Protocol
apply to 6 gases, but the changes shown here include only
CO,, CH,and N,0.

Source: UNFCCC (2000) and CICERO (Center for Inter-
national Climate and Environmental Research).

According to the Kyoto Protocol, overall
emissions from the EU states are to be
reduced by 8 per cent. However, this
overall commitment has been divided
among the various countries. As a result,
Luxembourg must reduce its emissions by
28 per cent, and Denmark and Germany
by 21 per cent. In Sweden, on the other
hand, emissions may rise by 4 per cent,
and in Greece and Portugal by 25 and 27
per cent respectively. Projections show
that overall emissions in the EU may in
fact rise by 6 per cent from 1990 to 2010
(EEA 1999). The EU will therefore, like
countries such as the USA and Norway,
have to make use of the Kyoto mecha-
nisms (see box 7.7) to meet its commit-
ments.

7 These correspond more or less to the member states of the OECD and countries with transition

economies (Eastern Europe and Russia).
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In the OECD countries, there has been an
overall slight rise in CO, emissions from
energy use in the period 1980-1997
(Appendix, table F9). Emissions of CO,
from energy use per unit GDP and per
capita are lower in Norway than the
average for all the OECD countries. This
is mainly because a large proportion of
the energy used in Norway is provided by
hydropower. However, average per capita
CO, emissions for the world as a whole
are only about half of the Norwegian
level. Globally, electricity production
makes the largest contribution to CO,
emissions (OECD 1999).

7.4. Acidification

Acid rain is caused mainly by emissions
of sulphur dioxide (SO,), nitrogen oxides
(NO,) and ammonia (NH,). These sub-
stances can remain in the atmosphere for
several days before being deposited as
acid rain or as dry deposition. Nitrogen
and sulphur compounds can be dispersed
over long distances. Most of the deposi-
tion of acidifying substances in Norway
(about 85 per cent) originates from
emissions in other countries.

Acid rain has a number of impacts. Acidi-
fication of soils results in leaching of
nutrients and metals. Acid rain also da-
mages trees directly, causing loss of folia-
ge. In Norway, acid rain has its most
serious impact on fresh-water organisms.
Rivers and lakes in Southern Norway and
the southern parts of Eastern and Wes-
tern Norway are most severely affected.
In addition to its impact on the flora and
fauna, the deposition of acidifying sub-
stances results in corrosion damage to
buildings and cultural monuments.

8 UN Economic Commission for Europe.
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Deposition of nitrogen compounds also
adds nutrients to soils and water, and in
excessive amounts this can lead to eutro-
phication of lakes and coastal waters and
alter natural ecosystems. However, in
Norway the acidification caused by air-
borne inputs of these substances is still
considered to be more important.

European emissions of SO, and NO_
mainly originate from combustion of
fossil fuels, for example for industrial
purposes, heating and electricity genera-
tion. Road transport, shipping and air
traffic are also important sources of NO_
emissions. Emissions of ammonia are
mainly related to the agricultural sector
(livestock production and fertilization).

In 1979, the ECE® Convention on Long-
range Transboundary Air Pollution (LR-
TAP) was adopted. The first two proto-
cols under this convention dealt with
reductions of sulphur dioxide and nitro-
gen oxide emissions. Later, protocols have
also been developed for other long-range
pollutants such as volatile organic com-
pounds, heavy metals and persistent
organic pollutants (POPs). In December
1999, a new protocol was signed in
Gothenburg, which covers various types
of long-range transboundary air pollu-
tion. In addition to SO,, NO_and NH,, it
also applies to volatile organic com-
pounds (VOCs, see section 7.6). Emission
ceilings have been negotiated for indivi-
dual countries, based on critical loads for
acid rain and ground-level ozone.

Deposition of acidifying substances in
Norway

Implementation of the LRTAP protocols
for SO, and NO_ has reduced emissions of
acidifying substances in Europe and thus
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Figure 7.6. Deposition of acidifying substances
in Norway'
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! Calculations for 1997 and 1998 were made using a
different model and the figures are therefore not directly
comparable with those for earlier years.

Source: Norwegian Meteorological Institute (2001).

Table 7.1. Contributions of different countries to
deposition of acidifying substances in
Norway. 1998

Total Oxidized

Oxidized Reduced

the deposition of such substances in
Norway (figure 7.6). Sulphur compounds
still make up the largest proportion of
deposition in Norway expressed in acid
equivalents, but the importance of
nitrogen oxides has been rising in recent
years. Despite the reduction in total
deposition of sulphur and nitrogen com-
pounds, critical loads were still greatly
exceeded in 1994 in large parts of the
southern half of Norway and in smaller
areas elsewhere, for example in eastern
parts of Finnmark county (Norwegian
Institute for Water Research 2000).

In 1998, Russia, the UK, Germany and
Poland accounted for the largest amounts
of sulphur deposition in Norway, but SO,
emissions from international shipping are
also a major source of sulphur deposition
(table 7.1). The UK is also the source of a
large proportion of the oxidized nitrogen
that is deposited in Norway. As a result,
the UK is the country outside Norway
itself that makes the largest total contri-

(1 000 tonnes sulphur  nitrogen  nitrogen
acid equi- (1 000 (1 000 (1 000
valents)  tonnS) tonnes N) tonnes N)
Total ........ 12.1 100.1 56.4 26.6
Norway ..... 1.8 5.2 8.3 11.8
Other Nordic
countries ... 0.9 3.1 5.1 4.3
UK o 1.5 14.0 6.6 1.9
Germany ... 1.0 7.8 4.2 2.7
France ....... 0.4 2.3 2.1 1.5
Russian
Federation . 1.2 18.5 0.9 0.1
Poland....... 0.6 6.7 1.5 1.2
Sea' ... 0.9 6.5 6.4 -
Other countries
and sources 3.9 36.0 21.3 3.1

" Includes emissions from shipping and petroleum activities.
Source: Norwegian Meteorological Institute (2001).

bution to acid rain here. Reduced nitro-
gen is not dispersed over such long dis-
tances as oxidized nitrogen and sulphur,
and a larger proportion of the deposition
therefore originates from a country’s own
emissions.

Most Norwegian emissions of SO,, NO_
and NH, are deposited in Norway or over
the sea (Norwegian Meteorological Insti-
tute 2001), but about 10 per cent of each
pollutant is deposited in Sweden.

Sulphur dioxide (SO,)

Calculations for 1999 show that about
28 700 tonnes of SO, were emitted,
which is a reduction of 4 per cent from
the year before. Since 1980, emissions
have been reduced by about 80 per cent.

Industrial processes accounted for more
than 60 per cent of Norway’s SO, emis-
sions in 1999, and stationary and mobile
combustion for 24 and 15 per cent res-
pectively. Thirty-two per cent of the total
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was generated by the manufacture of
iron, steel and ferro-alloys (Appendix,
table F6). Emissions from carbide pro-
duction accounted for 9 per cent of the
total, and domestic sea traffic for 10 per
cent.

Foreign ships in Norwegian waters emit
large amounts of SO, (Flugsrud and
Haakonsen 1998). These emissions are
not included in the emission inventory
developed by Statistics Norway and the
Norwegian Pollution Control Authority
because the database used to calculate
emission figures has no figures for years
before 1996 and the sulphur content of
the fuel is uncertain. Nor are they inclu-
ded in the international commitments.

In the period from 1980 to 1992, there
was a particularly marked reduction in
SO, emissions from industrial processes
and stationary combustion (figure 7.7).
The drop in process emissions is a result
of requirements to install equipment to
control emissions at a number of plants
and the closure of some of the plants that
generated most pollution. The reduction
in SO, emissions from combustion can be
explained by a changeover to the use of
electricity, the use of lighter oil products,
a reduction in the sulphur content of oil
products, and the installation of more
and better equipment to control emis-
sions. Since 1987, emissions from mobile
combustion have also dropped because
the sulphur content of fuels has been
reduced.

In 1999, Norway’s emissions were well
under the country’s commitment under
the 1994 Sulphur Protocol. However,
according to the Gothenburg Protocol,
Norway has undertaken to ensure that its
emissions do not exceed 22 000 tonnes in
2010, which corresponds to a reduction
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Figure 7.7. Emissions of SO, by source
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Source: Emission inventory from Statistics Norway and
Norwegian Pollution Control Authority.

of 6 700 tonnes compared with the 1999
level.

Norway has used a number of different
instruments to reduce its SO, emissions.
The most important of these are the
sulphur tax, the use of discharge permits
under the Pollution Control Act to regula-
te emissions, and restrictions on the
permitted sulphur content of mineral oils
(Report No. 8 (1999-2000) to the Stor-
ting). In 1999, a sulphur tax was introdu-
ced on coal, coke, emissions from oil
refineries and mineral oils that were
previously exempt from the tax.

From 1 January 2000, a separate tax was
introduced on auto diesel containing
more than 0.005 per cent by weight
sulphur. From the same date, a graded
system for taxation of shipping was intro-
duced, based partly on levels of SO,
emissions (Proposition No. 87 (1999-
2000) to the Storting).

Nitrogen oxides (NO,)

In the period 1980 — 1999, emissions of
nitrogen oxides rose by more than 20 per
cent (figure 7.8). Preliminary figures
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Figure 7.8. Emissions of NO, by source
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show that NO, emissions totalled 216 700
tonnes in 2000, which corresponds to a
reduction of 6 per cent compared with
the 1999 level. However, there is a long
way to go before the emission ceiling set
out in the Gothenburg Protocol is
reached. Emissions must be reduced by a
further 25 per cent before 2010. The
drop in the past year is mainly a result of
a reduction in emissions from road traffic
and shipping. The main sources of NO_
emissions are shipping (ca. 40 per cent),
road traffic (ca. 25 per cent) and oil and
gas extraction (ca. 15 per cent, see Ap-
pendix, table F6).

The growth in the use of private cars
resulted in a steep rise in NO_ emissions
until 1987. Car traffic has continued to
rise throughout the 1990s, but this has
not resulted in a corresponding rise in
NO, emissions because a growing pro-
portion of the vehicle stock is fitted with
three-way catalytic converters, which
reduce NO_emissions. In 1990, only 7
per cent of private cars (petrol-driven)
had catalytic converters, as compared
with 57 per cent in 2000. NO_emissions

from road traffic have been reduced by
22 000 tonnes in this period, despite the
fact that annual emissions from diesel
vehicles have risen by almost 5 000 ton-
nes. Emissions from shipping and oil and
gas extraction rose by 23 000 tonnes and
10 000 tonnes respectively in the period
1990 - 1999. However, there is evidence
to suggest that NO_emissions in 2000
were in fact somewhat higher than our
figures show, so that the true reduction in
emissions was not as much as 6 per cent.
Emissions from road traffic are calculated
on the basis of sales figures, not con-
sumption, and it appears that the con-
sumption of auto diesel and petrol in
2000 did not drop as much as sales of
these products.

In all counties, NO_emissions are domi-
nated by mobile sources. This means that
there are large emissions in densely-
populated areas (Appendix, table F7). In
Hordaland, where NO_emissions are
highest, 69 per cent of the total is genera-
ted by mobile sources. In the county with
the next-highest NO_emissions, Akers-
hus, mobile sources account for 94 per
cent of the total.

According to the 1988 Sofia Protocol,
Norway undertook to stabilize its NO_
emissions below the 1987 level from
1994 onwards. This commitment was
met in the period 1994 — 1998, but the
emission ceiling was exceeded by 2 000
tonnes in 1999. Preliminary calculations
for 2000 indicate that emissions were

12 000 tonnes below the 1987 level this
year. In the Gothenburg Protocol, Norway
has agreed to an emission ceiling of 156
ktonnes NO_ in 2010. This corresponds to
a reduction of 61 000 tonnes from the
2000 level.

121



Air pollution and climate

Natural Resources and the Environment 2001

In Report No. 24 (2000-2001) to the
Storting, the Government describes a
number of measures that could be used
to ensure that Norway fulfils its commit-
ment under the Sofia Protocol. The mea-
sures are targeted towards shipping,
fishing vessels, land-based industry and
petroleum activities. The Government
wishes to implement the most cost-effec-
tive measures.

A grant scheme has been established to
promote emission-reducing measures on
coastal shipping, ferries and fishing ves-
sels (Proposition No. 1 (1999-2000) to
the Storting). A grading system for tonn-
age dues, based on environmental decla-
rations for ships, has also been introdu-
ced (Proposition No. 87 (1999-2000) to
the Storting). Emissions of nitrogen
oxides from road vehicles are governed
by the regulations relating to motor
vehicles. In addition, the road tax for
heavy-duty vehicles has since 2000 been
differentiated according to their NO_
emissions. The tax rate is determined on
the basis of which of the emission stan-
dards set out in the relevant EU directive
the vehicles satisfy (see also section
7.10).

Ammonia (NH,)

Preliminary calculations for 2000 indicate
that ammonia emissions totalled 27 000
tonnes, which is an increase of 18 per
cent from 1990. Ammonia emissions rose
by 2 per cent last year. Emissions are
generated mainly by commerecial fertilizer
and manure and by treatment of straw
with ammonia. A smaller proportion of
the emissions are related to mobile com-
bustion. The catalytic converters used in
cars to reduce NO_emissions convert
most of these gases to N,, but some NH,
and N,O is also formed.
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In the Gothenburg Protocol, Norway has
undertaken to ensure that ammonia
emissions are no higher in 2010 than in
1990. This means that they must be
reduced by a further 15 per cent. Report
No. 24 (2000-2001) to the Storting does
not specify what measures will be taken
to achieve this. Emissions from mobile
combustion will continue to rise as more
cars are fitted with three-way catalytic
converters. Unless car traffic is reduced,
it is likely that agricultural emissions
must be further reduced from their 1990
level to compensate for the rise in road
traffic emissions

Aggregate emissions of acidifying
substances

Norway’s aggregate emissions of acidify-
ing substances, expressed as acid equiva-
lents, have been reduced by 13 per cent
from 1987 to 2000 (figure 7.9). This
reduction is explained by the drop in
sulphur dioxide emissions in the late
1980s and early 1990s. Since 1992, emis
sions have risen slightly as a result of
higher emissions of NO_and NH.. Nitro-
gen oxides make up more than one third
of the total expressed as acid equivalents.

In 1999, mobile combustion accounted
for more than half of the overall emis-
sions of acidifying substances, and ship-
ping (30 per cent) and road traffic (18
per cent) were the largest sources. Two
other major sources of emissions are
agriculture and oil and gas extraction,
which accounted for 20 per cent and 10
per cent respectively of the total.

However, when emissions of various
acidifying substances are weighted and
pooled to find the total figure, it is impor-
tant to remember that the dispersal po-
tential varies from one substance to
another. A larger proportion of sulphur
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Figure 7.9. Emissions of acidifying substances in
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Source: Emission inventory from Statistics Norway and
Norwegian Pollution Control Authority.

dioxide and nitrogen dioxide than of
ammonia is deposited in other countries
or in the sea. On the other hand, Norway
receives large amounts of SO, and NO_
emitted by other countries.

Because the damage caused by the vari-
ous acidifying substances depends on
several factors, including their acidifying
and dispersal potential and the sensitivity
of the area where they are deposited, the

Gothenburg Protocol specifies separate
emission targets for each substance.

Acidifying emissions in other countries
In the Gothenburg Protocol, countries
have set targets for further reductions of
SO, and NO_emissions by 2010. The UK,
Germany and Russia are the countries
outside Norway that make the largest
contributions to total deposition of acidi-
fying substances within the country. Table
7.2 shows trends in emission levels and
the targets set for 2010 for these three
countries and for Sweden, Denmark and
Norway. The emission ceilings that have
been set require Germany to reduce its
SO, emissions by 90 per cent and NO_
emissions by 60 per cent compared with
the 1990 levels, while the corresponding
figures for the UK are 83 per cent for SO,
and 58 per cent for NO,.

7.5. Depletion of the ozone layer
The stratospheric ozone layer prevents
ultra-violet (UV) radiation from the sun
from reaching the surface of the earth.
Depletion of the ozone layer can have a
negative environmental impact. An in-
crease in the amount of UV radiation
reaching the earth may result in a higher
incidence of skin cancer, eye injury and
damage to the immune system. In

Table 7.2. Emissions and emission targets for SO, and NO,. 1 000 tonnes

SO, NO,
Country Emissions Target Emissions Target
1990 1998 2010 1990 1998 2010
UK 3736 1615 625 2788 1753 1181
Germany . 5321 1292 550 2709 1780 1081
Russian Federation® ...........cccccovvniirnnnne 4 460 2208 . 3600 2 488 .
SWEAEN ..ot 119 49 67 338 257 148
183 77 55 279 231 127
53 30 22 219 224 156

' The figures apply to the European part, within the EMEP area.

Source: Norwegian Meteorological Institute (2001) and UN/ECE(1999).
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addition, growth of plants and plankton
may be reduced.

Substances that deplete the ozone layer
include hydrochlorofluorocarbons
(HCFGCs), chlorofluorocarbons (CFCs)
and other gases containing chlorine and
bromine. Such gases have been used as
cooling agents, propellants in aerosols
and in the production of foam plastic. In
new products, they are being replaced
with hydrofluorocarbons (HFCs), which
are greenhouse gases.

In accordance with the Montreal Proto-
col, the consumption of ozone-depleting
substances in Norway has dropped steep-
ly since the mid-1980s (figure 7.10).
Emissions take place largely during use of
equipment containing these gases, not
during production, and only small
amounts are collected and destroyed. In
accordance with the revised Montreal
Protocol, Norway has eliminated imports
of newly-produced halons and CFCs. In
addition, Norway has undertaken to keep
to a timetable for reductions in consump-
tion or prohibitions against the use of
several other substances that deplete the
ozone layer.

Measurements of the thickness of the
ozone layer have been made in Norway
since the mid-1930s. The most marked
ozone depletion episodes occur in March-
April. Reductions of up to 30 per cent in
the amount of ozone have been registe-
red above Norway (Norwegian Institute
for Air Research 1996a, Braathen 1999).
An analysis for the period 1979-1998,
based on measurements at ground level
in Oslo, shows a reduction of 0.39 per
cent per year in the thickness of the
ozone layer (Norwegian Institute for Air
Research 1999).
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Figure 7.10. Imports of ozone-depleting substan-
ces to Norway
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according to the ODP of each substance (ODP factors).
Source: Norwegian Pollution Control Authority.

7.6. Formation of ground-level
ozone
Ozone in the lower part of the atmosphe-
re (the troposphere) is a pollutant. The
gas is extremely reactive and has adverse
effects on health, vegetation and mate-
rials. Ground-level ozone is formed by
chemical reactions between oxygen,
nitrogen oxides (NO,) and volatile orga-
nic compounds (VOCs) in the presence of
sunlight. High concentrations of ground-
level ozone in Norway occur particularly
when a high pressure ridge forms over
Europe in summer. Under such condi-
tions, polluted air is transported to south-
ern Norway at the same time as the
pollutants are exposed to sunlight.

Volatile organic compounds are released
during combustion and also during eva-
poration of fuels and solvents. The main
sources of nitrogen oxides are mobile and
stationary combustion.

The Gothenburg Protocol applies to long-
range air pollutants that are responsible
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for three different environmental prob-
lems — acidification, eutrophication and
the formation of ground-level ozone.
These include NO_and NMVOCs® (non-
methane volatile organic compounds).
Nitrogen oxides also cause acidification
and increase the risk of respiratory disea-
se. National emissions of NO_are there-
fore presented in section 7.4, and emis-
sions at municipal level in section 7.8. In
this section, we present more information
on NMVOC emissions.

NMVOCs

Emissions of NMVOCs are still rising, and
have increased by more than 5 per cent
in the past year. Preliminary calculations
for 2000 indicate total emissions of

369 000 tonnes. About half of Norway’s
NMVOC emissions are now generated by
evaporation during loading of crude oil
offshore. Emissions from solvents and
petrol engines also account for a substan-
tial proportion of the total. The rise in the
past year is mainly from loading of crude
oil offshore.

Emissions of NMVOCs rose steeply from
the late 1970s to 1996 (figure 7.11). This
was mainly a result of the growth in the
volume of crude oil transported and also,
in the period 1973-1987, an increase in
petrol consumption. NMVOC emissions
from mobile combustion have dropped
steadily since 1988 as a result of impro-
vements in energy efficiency and lower
emissions per unit of fuel for road ve-
hicles. In the last few years, there has
also been a reduction in process emis-
sions, mainly because of the installation
of a recovery facility for oil vapour at one
of the onshore oil terminals.

Figure 7.11. Emissions of NMVOCs by source
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Source: Emission inventory from Statistics Norway and
Norwegian Pollution Control Authority.

In the 1991 VOC protocol, Norway un-
dertook to reduce these emissions by 30
per cent by 1999, using 1989 as the base
year. Despite this, emissions have risen by
27 per cent in this period. In the 1999
Gothenburg Protocol, Norway has also
undertaken to meet an emission ceiling of
195 ktonnes NMVOCs in 2010. This
means that emissions must be reduced by
47 per cent compared with the 2000
level.

The Norwegian Pollution Control Autho-
rity has now, pursuant to the Pollution
Control Act, required oil companies to
reduce VOC emissions from loading and
storage of crude oil on the continental
shelf (Report No. 24 (2000-2001) to the
Storting). Even though the industry has
been given until 2005 to meet the emis-
sion targets fully, quantitative require-
ments for emission reductions have been
set for 2001 and 2003 as well.

9 The protocol uses the term VOGs, but methane is not included. Methane is an important greenhouse gas,

and is covered by the Kyoto Protocol.
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7.7. Persistent organic pollutants

(POPs) and heavy metals
Emissions of persistent organic pollutants
and heavy metals to water, air and soil
are considered to be a serious pollution
problem. Persistent organic pollutants
break down very slowly in the environ-
ment, and heavy metals do not break
down at all. Both groups of pollutants
may therefore accumulate in food chains.
They may also be transported over long
distances, and pollution of this type is
therefore considered to be a regional
environmental problem. Persistent orga-
nic pollutants and heavy metals are now
included in two protocols under the
Convention on Long-range Transbounda-
ry Air Pollution (LRTAP Convention). So
far, these only include specific commit-
ments for lead (Pb), cadmium (Cd) and
mercury (Hg) of the heavy metals, and
for polycyclic aromatic hydrocarbons
(PAHs), dioxins/furans and hexachloro-
benzene. Emissions of these substances
are not to exceed the level in a given
reference year (1990 for Norway). This is
less ambitious than Norway’s national
target, which states that emissions of
these substances are to be substantially
reduced by 2010 at the latest, using 1995
as the base year (Report No. 58 (1996-
1997) to the Storting).

There have been major changes in emis-
sion levels for most heavy metals and
persistent organic pollutants in recent
years (Finstad et al. 2001). Emissions of
lead from petrol have been greatly redu-
ced, as have industrial emissions of a
number of hazardous chemicals.
However, the figures for emissions of
heavy metals and POPs are very uncer-
tain. This is partly because relatively few
measurements have been made of emis-
sions from diffuse sources (non-industrial
sources), but also because the content of
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such substances in products is variable.
There may also be emissions from
unknown sources. The quality of data on
industrial emissions (measured and
reported to the Norwegian Pollution
Control Authority by the enterprises
themselves) has been substantially impro-
ved in recent years. More enterprises are
providing reports, and many of them are
reporting higher levels of emissions than
previously. However, there is considerable
uncertainty as to what the levels of emis-
sions were in 1990, which is the referen-
ce year for both LRTAP protocols.

PAHs

PAHs (polycyclic aromatic hydrocarbons)
include many different compounds with a
variety of toxic properties. In general,
their acute toxicity is low, but they may
be carcinogenic and cause cellular chan-
ges. They are fat-soluble, and if inhaled
may be absorbed in the lungs. The most
serious effects of inhaled PAHs arise
when they become attached to particles
in the air that are then inhaled. Current
knowledge suggests that the risk of can-
cer is higher when PAHs are inhaled than
when they are ingested. PAHs may also
react with halogens and gases containing
nitrogen and sulphur to form more harm-
ful products.

PAH is a generic term for a group of
substances that consist of two or more
carbon rings, at least one of which is a
benzene ring. PAHs are always formed
during incomplete combustion of organic
material, for example in heating systems,
motor vehicle exhaust and during forest
fires. PAHs with a low boiling point are
emitted as gases, but in most cases they
become attached to particulates in
smoke, dust and soot.
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The term "PAHs" may include many
different compounds, and there are
several different standards defining
which PAHs are to be measured. The
Norwegian aluminium industry is requi-
red to measure concentrations of 16
PAHs, according to a Norwegian stan-
dard (NS9815). In addition, there is a
standard for measuring emissions from
fuelwood use (NS3058-3). The term
"total PAH" as used here means roughly
the same as the compounds included in
NS9815. The LRTAP protocol is based on
only four indicator compounds. Table 7.3
shows which PAHs are included in the
various standards.

PAH emissions have remained relatively
stable in the period 1990 — 1999 (figure
7.12 and Appendix, table F12). In 1999,
emissions of total PAH were 149 tonnes.

This is 6 per cent less than in 1990, and 4
per cent lower than in 1995, which is the
base year for the national target of a
substantial reduction in emissions. Emis-
sions of the four substances included in
the LRTAP protocol have been reduced by
8 per cent since 1990.

In 1999, 93 per cent of PAH emissions
were generated by stationary combustion
and processes (Appendix, table F13).
Fuelwood use accounted for 37 per cent
of total PAH emissions in Norway. Emis-
sions from fuelwood use have increased
by 10 per cent since 1990, but are expec-
ted to drop in the future as the propor-
tion of modern wood-burning stoves
rises.

Ten per cent of emissions from stationary
combustion were generated by a variety

Table 7.3. PAHs included in two different Norwegian standards (NS), US-EPA, LRTAP (PAH-4) and

Borneff (PAH-6)

NS9815" (aluminium
industry)

Name

(fuelwood use)

NS3058-3' U.S.EPA?

PAH-16

LRTAP Borneff

Benzo(a)pyrene ...........
Benzo(b)fluoranthene ..
Benzo(k)fluoranthene ..
Indeno(1,2,3-cd)pyrene
Fluoranthene ...............
Benzo(ghi)perylene......
Phenanthrene .............
Anthracene

Benzo(b)fluorene..........
Benzo(a)anthracene ...
Chrysene/triphenylene .
Benzo(e)pyrene ...........
Dibenzo(ah)anthracene
Dibenzo(ae)pyrene ......
Dibenzo(ah)pyrene ......
Dibenzo(ai)pyrene .......
Acenaphthene ............
Acenaphthylene ..........
Fluorene .......cccccocevvene
Naphthalene ..............

X
X
X
X
X
X
X
X
X
Benzo(a)fluorene ......... X
X
X
X
X
X
X
X
X

X

X X X X

X X X X X X

X
X
X
X
X
X
X
X
X

X X X X X X X X

xX X X X

X X X X

T NS3058-3 includes chrysene only. NS9815 also includes chrysene/triphenylene.? US-EPA: US Environmental Protection Agency.

Source: Finstad et al. (2001).
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of small sources. Most of this was from
burning of stubble, but these figures are
very uncertain. However, there has been
a reduction in the area of stubble burnt
during the 1990s, with a resulting drop in
emissions. Aluminium production ac-
counts for 35 per cent of total emissions.
This is 9.5 per cent less than in 1990,
despite an increase in production. The
drop is explained by changes in produc-
tion methods. The use of materials trea-
ted with creosote generated 18 tonnes of
PAH emissions, or 12 per cent of total
PAH emissions in Norway. However, the
data for emissions from this source are
very uncertain.

Emissions from mobile combustion have
been fairly constant since 1990, and
made up 7 per cent of the total in 1999.
However, emissions have dropped relati-
ve to the volume of traffic because of
stricter standards for the content of
particulate matter and VOCs (volatile
organic compounds) in exhaust. Today,
diesel is the main source of PAH emis-
sions from mobile combustion, whereas
emissions from petrol-driven vehicles
were equally important in 1990.

Lead

Lead is transported in the atmosphere
bound to particulate matter. It is readily
absorbed into the body, and accumulates
in the skeleton, where it has a half-life of
20 years. Lead damages the nervous
system. Children are more vulnerable
than adults, the concentration at which
brain damage becomes apparent in chil-
dren is only one-fifth of that which cau-
ses damage in adults. It has been shown
that children who have been exposed to
lead may show behavioural disturbances
and have reading and concentration
problems. It has also been shown that
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Figure 7.12. Emissions of total PAH to air, by
source. 1990 to 1999
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Source: Statistics Norway and Norwegian Pollution Control
Authority.

lead is harmful to the kidneys, but it is
uncertain whether it is carcinogenic.

In 1999, lead emissions to air totalled 6.3
tonnes. This is a drop of 97 per cent since
1990 (figure 7.13 and Appendix, table
F12). The main reason is that there has
been no leaded petrol on the Norwegian
market since 1997. Since 1995, emissions
have been reduced by 68 per cent.

Emissions from the process industry are
the most important source of lead emis-
sions to air in Norway today (Appendix,
table F13). In 1999, these accounted for
two-thirds of the total, and the largest
source was the manufacture of iron, steel
and ferro-alloys. Using the improved data
reported on industrial emissions, it has
been calculated that in 1998, emissions
were more than twice as high as previ-
ously assumed in the figures published by
Statistics Norway. Nevertheless, industrial
emissions have been reduced by 40 per
cent since 1990, mainly because of the
closure of industrial enterprises that had
high emissions. In 1999, 22 per cent of
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Figure 7.13. Emissions of lead to air by source.
1990 to 1999
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Source: Emission inventory from Statistics Norway and
Norwegian Pollution Control Authority.

total emissions were generated by statio-
nary combustion, mainly incineration of
wood waste, black liquor, heavy fuel oil
and waste oil. Mobile combustion ac-
counted for only 11 per cent of the total,
as compared with 95 per cent in 1990.
Today, leaded aviation fuel used in do-
mestic air transport is the largest source
of lead emissions from mobile combustion.

Mercury

Mercury is transported in the atmosphere
as vapour, but is converted to organic
mercury in contact with organic material
and anaerobic bacteria. Organic mercury
is extremely toxic, and is the most impor-
tant form of mercury in connection with
health damage resulting from exposure to
environmental pollution. The most seri-
ous effects in adults are damage to the
nervous system, and in the fetus, wide-
spread damage if the mother has been
exposed to mercury. Organic mercury has
also been shown to cause cellular chan-
ges. Organic mercury bioaccumulates
both in organisms and along food chains.

Inorganic and elemental mercury can
accumulate in the kidneys and cause
damage there.

In 1999, emissions of mercury to air
totalled 1.2 tonnes. This is 32 per cent
lower than in 1990, but 3.5 per cent
higher than in 1995 (figure 7.14 and
Appendix, table F12). The drop since
1990 is mainly explained by a 45 per cent
reduction in mercury emissions from the
manufacture of iron, steel and ferro-
alloys. In 1999, this industry accounted
for 28 per cent of total mercury emissions.

The largest percentage decrease has been
in mercury emissions from the use of
products containing mercury, such as
thermometers and amalgam fillings
(Appendix, table F13). The reduction
here was 85 per cent.

In 1999, half of all mercury emissions
were generated by stationary combus-
tion, mainly the combustion of wood and
black liquor. However, these figures are
relatively uncertain. Emissions from
mobile combustion have risen by 31 per
cent from 1990, and accounted for 13 per
cent of the total in 1999. The rise is
explained by higher consumption of
diesel by road vehicles and shipping.

Cadmium

Cadmium is readily absorbed by plants,
and accumulates in fish and mammals.
The most important route of exposure for
cadmium is via the lungs, while relatively
little is absorbed via the intestines. Cad-
mium accumulates in soft tissues, especi-
ally the kidneys, and has a biological half-
life of more than 30 years. Delayed ef-
fects of cadmium include reduced fertility
in men, pulmonary emphysema and
cancer.
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Figure 7.14. Emissions of mercury to air by
source. 1990 to 1999

Figure 7.15. Emissions of cadmium to air by
source. 1990 to 1999
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In 1999, emissions of cadmium to air
totalled 1.1 tonnes, which is a reduction
of 39 per cent since 1990 and 5 per cent
since 1995 (figure 7.15 and Appendix,
table F12). The large cut in emissions
since 1990 is explained by a 58 per cent
drop in emissions from metal manufactu-
ring in the same period, mainly a reduc-
tion in emissions during zinc production.
Nevertheless, more than half of all emis-
sions were still generated by process
activities in 1999, mainly the manufactu-
re of iron, steel and ferro-alloys (Appen-
dix, table F13). The emissions of cad-
mium from the process industry in 1998
reported here are about twice as high as
previously published figures. This is a
result of improvements in the reporting of
emission data by the enterprises
themselves. In 1999, 45 per cent of emis-
sions were generated by stationary com-
bustion, mainly the combustion of wood
and black liquor. However, these figures
are uncertain.
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7.8. Local air quality and emissions
to air in towns and urban
settlements

The most important pollutants in a de-

scription of air quality in towns and

urban settlements are particulate matter,
nitrogen oxides (NO ) and sulphur dioxi-
de (SOZ). In recent years, SO, emissions
have been so greatly reduced (see section

7.4) that they no longer make a signifi-

cant contribution to poorer air quality in

Norwegian towns.

Particulate matter is often defined as all
particles of diameter less than 0.01 mm.
Such particles are so small that if people
breathe them in, they are drawn right
down into the lungs. Road traffic (ex-
haust, wear and tear of asphalt) and
fuelwood use are the main sources of
particulate matter. In Oslo, these sources
accounted for 82 per cent of total emis-
sions in 1997. Both particulate matter
and NO_increase the risk of respiratory
diseases. Exposure to particulate matter
increases the risk of coughs, bronchitis
and sinusitis (Ministry of the
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Environment 1999b). Particulate matter
can worsen the condition of people who
suffer from chronic respiratory diseases.
Particulates may also carry allergens and
carcinogens.

In the worst case, exposure to particulate
matter may be a cause of death. Rosen-
dahl (2000) calculated that in Oslo, 330
to 600 deaths a year are hastened by
particulate matter, depending on the
assumptions used. On average, each
death represents a loss of residual life-
time of seven years. The Ministry of the
Environment (1999b) estimates that
particulate matter causes 1 200 cases of
illness and more than 400 premature
deaths a year in Oslo. In Norway as a
whole, calculations show that there may
be up to 2 200 premature deaths a year
(Rosendahl 2000).

The relationship between emissions to air
and air quality is not always straightfor-
ward. Emissions via chimneys from do-
mestic heating may not have the same
effect on air quality where people are
exposed to pollution as emissions from
car exhaust or the wear and tear of
asphalt. Emissions from road traffic are
released at a height where people are
exposed directly, whereas emissions from
chimneys take place 3 m or more above
ground level. Such emissions are there-
fore dispersed in the air masses and are
less concentrated when they reach
ground level. Asphalt dust is worn off
roads whenever studded tyres are in
direct contact with the road surface. If
the road surface is damp, the dust is not
raised by traffic, but collects on the road.
On days when the roads are dry, the dust
that has collected is whirled up into the
air. Weather conditions also influence air
quality. When air pressure is high and the
weather is cold and clear, there is little

air movement and dispersion conditions
are poor. Cold air sinks towards the
ground and a temperature inversion
develops: the temperature increases with
altitude in the lowest 50-200 m of the air
masses. Under such conditions, the con-
centrations of air pollutants may continue
to rise until the air masses are replaced,
for instance by wind.

The concentrations of benzene, carbon
monoxide (CO) and ozone (O,) are also
important for air quality. Benzene is
carcinogenic, and emissions originate
from incomplete combustion of petrol,
the use of fuelwood and other combus-
tion. Measurements in Oslo and Dram-
men suggest that benzene levels are
relatively high and in some cases higher
than in other countries where similar
measurements have been made (Report
No. 8 (1999-2000) to the Storting). CO
increases the risk of heart problems in
people with cardiovascular diseases.
Together with NMVOCs (non-methane
volatile organic compounds), NO_and
methane, CO also contributes to the
formation of ground-level ozone. Ozone
increases the risk of respiratory diseases
and damages vegetation.

Particulate matter

Total emissions of particulate matter in
Norway reached a peak of 25 000 tonnes
in 1997. In 1999, emissions were just
over 23 000 tonnes, about the same as in
1990. Preliminary figures for 2000 indi-
cate that emissions have been reduced by
a further 3.5 per cent from 1999.

In Norway, heating in private households
accounted for 61 per cent of emissions in
1999. Most of this was generated by

fuelwood use. Emissions in exhaust from
road traffic (mainly from diesel vehicles)
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Figure 7.16. Emissions of particulate matter in Bergen'. Basic units. 1996. Tonnes/km?
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accounted for 14 per cent and dust from
wear and tear of asphalt for 7 per cent.
Although national emission figures can
tell us something about pollution levels
and trends, it is primarily local emissions
that are important. Table F8 in the
Appendix shows emissions of particulate
matter to air by municipality. For a num-
ber of municipalities, emissions for cer-
tain years have been further split bet-
ween basic units (see box 7.9). Figure
7.16 shows as an example the geographi-
cal distribution of emissions of particula-
te matter in Bergen in 1996 by basic unit
(Haakonsen 2000).

The maximum concentrations of particu-

late matter recommended in Norwegian
air quality guidelines are 24-hour means
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of 35 mg/m? for particles measuring less
than 10 um in diameter (PM, ) and 20
mg/m? for particles measuring less than
2.5 um in diameter (PM, ). Norway’s
national target is that the 24-hour mean
concentration of particulate matter
(PM, ) shall not exceed 50 ug/m* on
more than 25 days per year by 2005 and
7 days per year by 2010 (Report No. 24
(2000-2001) to the Storting).

It is estimated that to meet the require-
ments of the current Regulations relating
to limit values for local air pollution and
noise, 80 per cent of the cars in Oslo,
Bergen, Trondheim and Stavanger must
use non-studded tyres in winter. Even
though the proportion of cars using non-
studded tyres has risen, calculations by
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the Directorate of Public Roads show that
the proportion using studded tyres will
still exceed 20 per cent in several of these
towns in 2002 (Report No. 8 (1999-
2000) to the Storting).

From winter 1999-2000, the municipali-
ties have had the authority to impose a
charge on vehicles using studded tyres. In
Oslo, a charge for the use of studded
tyres was introduced last year, combined
with a refund scheme if studded tyres are
replaced by new non-studded winter
tyres. The proportion of the volume of
transport carried out using studded tyres
in Oslo has been reduced from ca. 80 per
cent in 1995-1996 to 30 per cent in win-
ter 1999-2000 (Report No. 24 (2000-
2001) to the Storting). In winter 1999-
2000, the corresponding figures for Ber-
gen and Trondheim were just under 40
per cent and just over 60 per cent respec-
tively. Trondheim and Bergen will pro-
bably introduce charges for the use of
studded tyres from winter 2001-2002.
The Government will revise the Regula-
tions relating to limit values for local air
pollution and noise, partly in order to
implement new EU legislation (Report
No. 24 (2000-2001) to the Storting). In
connection with this, the possibility of
giving the municipalities more responsibi-
lity and authority for ensuring complian-
ce with the regulations will be conside-
red.

Other means of improving local air quali-
ty in addition to charging for the use of
studded tyres include road pricing sche-
mes, regulation of parking, improvements
in public transport and measures to make
cycling more attractive. The Government
will therefore make arrangements to
facilitate the use of road pricing schemes
where the local authorities wish to intro-
duce them, and has proposed that the

revenues from such schemes should be
earmarked for local transport purposes
(Report No. 24 (2000-2001) to the Stor-
ting). The Government also wishes to
modify the legislation to allow municipa-
lities to use regulation of parking as an
effective policy instrument.

Possible measures to reduce emissions
from domestic fuelwood use include
equipment to control emissions, speeding
up the replacement of old stoves and
information campaigns (Report No. 8
(1999-2000) to the Storting). Oslo has
run a scheme involving partial refunds to
encourage delivery of old, polluting
wood-fired stoves in central parts of the
town. The campaign ran during autumn
of two consecutive years, and about 800
old wood-burning stoves were replaced
with new, cleaner types (Kjgnnerud
2000). Bergen ran a similar scheme in
winter 1999-2000, which has resulted in
the replacement of 500 stoves (Grind-
heim 2000).

NO,
Norway’s total NO,_ emissions have drop-
ped by 6 per cent (14 000 tonnes) from
1999 to 2000. In the period 1990 - 2000,
the decrease was only 1 per cent (section
7.4). The distribution of NO_emissions by
municipality (Appendix, table F8) shows
that in general, emissions are highest in
municipalities where there are manufac-
turing industries, or where population
density is high and/or there are national
highways.

Norway’s national target is that by 2010,
the hourly mean concentration of nitro-
gen dioxide (NO,) shall not exceed 150
wug/m? for more than 8 hours per year
(Report No. 24 (2000-2001) to the Stor-
ting). At present, this limit is exceeded in
several of Norway’s larger towns.
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Calculations show that it will be difficult
to achieve the national target without
introducing new measures (Report No.
24 (2000-2001) to the Storting). Mea-
sures that can be implemented to reduce
particulate emissions from combustion
(see above), will also reduce NO_
emissions.

co

In 1999, carbon monoxide emissions
totalled 565 000 tonnes in Norway. This
is a drop of more than 30 per cent from
the 1990 level. Road traffic, mainly
petrol-driven engines, accounted for 55
per cent of total CO emissions. Heating
of housing, particularly with fuelwood,
accounted for 25 per cent of the total.
Manufacturing accounted for 9 per cent,
and the rest was generated by the use of
motorized equipment, small boats and
shipping.

Box 7.8. Emissions to air by county
and municipality

Tables F7 and F8 in the Appendix show
emissions of a number of pollutants by
county and municipality. These figures
include emissions to Norwegian territory
from international maritime and air trans-
port and domestic activities in Norway. The
figures for national emissions, on the other
hand, only include domestic activities in
Norway. The methods used to calculate
emissions to air are described in (Daasvatn
et al. 1994).

The reduction since 1990 is mainly
explained by a drop in emissions from
mobile sources as a result of improve-
ments in combustion technology and
lower petrol consumption. Preliminary
calculations for 2000 give emissions of
532 000 tonnes, which is a further
reduction of 6 per cent from the year
before.

Box 7.9. Calculation of air pollution per basic unit

Statistics Norway has calculated emissions to air per basic unit in 12 Norwegian municipalities
(Flugsrud et al. 1996, Haakonsen 2000 and Haakonsen et al. 1998a, 1998b) for the Norwegian
Pollution Control Authority. Basic units are the smallest geographical unit Statistics Norway uses
for statistical purposes, and an urban district consists of several basic units.

Emission figures are obtained from a model that calculates emissions of 11 components per
municipality in Norway. The figures are divided into three main groups: stationary combustion
(e.g. heating in housing and offices), process emissions (e.g. petrol distribution, solvents) and
mobile sources (e.g. road traffic, shipping). Emissions are allocated to basic units using various
methods (Flugsrud et al. 1996).

Emissions per basic unit are used in the air quality model AirQUIS (Air Quality Information System).
AirQUIS was developed by the Norwegian Institute for Air Research in cooperation with NORGIT.
The Oslo City Department of Environmental Health and Food Control uses AirQUIS for daily
monitoring of air quality and in impact assessment to evaluate measures to combat pollution.

Fuelwood use and road traffic are equally important as sources of particulate emissions in urban
areas. However, the figures for fuelwood consumption per municipality, their geographical distri-
bution within municipalities and emission factors (g particulates/kg wood) are very uncertain. The
emission factors for particulates depend for example on heating patterns and combustion techno-
logy. Statistics Norway is currently trying to improve the quality of these emission figures.
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Figure 7.17. Emissions of various pollutants to air split between the energy sectors, manufacturing

and other sectors. 1998
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7.9. Trends in emissions from
important sources
Earlier sections of this chapter present
emission levels and trends in emissions of
greenhouse gases and air pollutants. In
general, transport, oil and gas extraction
and various types of industrial production
are the most important sources of emis-
sions (Appendix, table F6 and figure
7.17). However, the overall emission level
is not the only fact of interest with regard
to trends in emission levels. In manufac-
turing industries, for example, emission
levels in relation to production and value
added are relevant indicators for trends
in emissions, while emissions relative to
transport work® are particularly signifi-
cant in the transport sector. Chapter 6
presents an analysis of energy use and
emissions relative to transport work for

various modes of transport (Holtskog
2001). Her, we present an analysis of
energy use and emissions to air relative
to production in certain industrial
sectors.

Indicators for industrial energy use
and emissions to air

Norway’s industries provide employment
and contribute to economic growth, but
their emissions to air of greenhouse gases
and other pollutants also give rise to
environmental problems. As part of
Statistics Norway’s project on industrial
energy use (Martinsen 2000), we have
looked at various indicators related to
industrial energy use and emissions to air.

In NOREEA (Norwegian Environmental
and Economic Accounts), energy use and

10 Transport work is measured in tonne-kilometres for goods transport and passenger-kilometres for

passenger transport.

11yalue added is the additional value created or income generated by the process of production in a sector,
and defined as the value of output less the value of intermediate consumption (Statistics Norway

1999a).
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emissions to air are linked to data from
the national accounts for each industry
(Hass and Sgrensen 1997, Statistics
Norway 1998b). By considering for exam-
ple emissions in relation to value added,
we obtain an indicator of how much air
pollution is associated with value added
in various industries. However, this indi-
cator will vary with the sales value of the
goods produced and other economic
factors.

An alternative is to calculate emissions in
relation to production expressed in physi-
cal units. This gives an indicator that is
independent of economic parameters and
that can supplement an indicator based
on value added. We have looked at emis-
sions and energy use in relation to pro-
duction in the following industries: ce-
ment, ferro-alloys, aluminium, crude oil
and natural gas, petroleum products,
pulp, and paper and board. These indus-
tries are considered to be particularly
important as regards both value added
and emissions to air. To obtain an indica-
tion of trends in specific energy use
(energy use per unit produced) and
specific emissions (emissions per unit
produced), indicators have been calcula-
ted for the years 1990 and 1998.

Table 7.4 shows the direction of trends in
energy use and emissions per unit produ-
ced when the years 1990 and 1998 are
compared. Only those pollutants that are
important in most industrial sectors have
been included. The data on which the
calculations are based are uncertain for
some of the types of production we have

Table 7.4. Changes' in energy use and emissions
relative to production from 1990 to
1998, expressed in physical units

Specific Specific emissions to air

energy use CO, SO, NO, NMVOC
Oiland gas........ - - - - -
Petroleum
products ........... o] o - - -
Pulp? .o o + -+ +
Paper and board  (+) + + & (+)
Cement............ (+) (+) 0 - +
Aluminium ....... o - - + -
Ferro-alloys® ... 0 (o) - - +

" +:increase, -: decrease, o: little or no change. Brackets
indicate that the underlying data or calculation methods make
the result particularly uncertain. 2 Includes only enterprises
where there was production in both years. 3 Includes process
emissions only.

Source: Kvingedal (2001).

considered, so that the changes indicated
by the table must be treated with some
caution.

Our material suggests that both energy
use and emissions per quantity of energy
extracted'? during the extraction of crude
oil and natural gas were lower in 1998
than in 1990. For the production of refi-
ned petroleum products, emissions of
most pollutants per unit of energy produ-
ced®® were also lower, but specific energy
use and specific emissions of CO, were
unchanged.

For the manufacture of paper and board,
the calculated values for both specific
energy use and specific emissions have
risen. However, a large proportion of the
increase can be explained by the fact that
certain enterprises have changed their
production systems to integrated manu-

12 production is defined as the sum of the quantities of crude oil, natural gas and condensate extracted,
expressed in energy units. There has been little change in the ratio between production of crude oil and
natural gas measured in energy units from 1990 to 1998, so that we assume that the results cannot be

ascribed to changes in production patterns.

13 production is given by the sum of the quantities of petrol coke, petrol, kerosene, middle distillates,
heavy fuel oil and liquefied petroleum gas, expressed in energy units.
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facture of pulp and paper. This makes
these indicators less relevant.

Before 1992, hazardous waste was not
included in the energy accounts. The
1990 figures for energy use and combus-
tion emissions in cement manufacturing
may therefore be underestimates. The
changes in energy use and CO, emissions
shown in table 7.4 are therefore uncer-
tain.

In general, there has been a reduction in
specific emissions of SO, for most of the
types of production we have considered,
whereas specific energy use and specific
emissions related to combustion of ener-
gy goods have generally remained un-

changed or shown only small changes.

In order to develop relevant indicators of
emissions in relation to production ex-
pressed in physical units, the range of
products involved must be homogenous
and suitable for pooling. Alternatively, all
significant energy use and emissions must
be related to a specific type of product.
Even though we considered the types of
production presented here to be suitable
for this kind of calculation, changes in
product ranges will affect the results. In
this analysis, this factor is particularly
important in the case of ferro-alloy manu-
facturing. The drop in specific NO_emis-
sions shown in table 7.4 is a result of
changes in production patterns.

In three sectors (extraction of oil and gas,
refining of petroleum products and
manufacture of pulp), there was little
change in the proportions of different
products from 1990 to 1998. The changes
shown in table 7.4 cannot therefore be
explained by changes in production
patterns alone. For the production of
primary aluminium and cement, the

calculations were made on the basis of
one main product, and all significant
energy use and emissions were related to
this product, so that in this case the
problem does not arise. As regards the
manufacture of paper and board, we
cannot exclude the possibility that chan-
ges in the product range are of some
importance, but a greater problem here is
the fact that the production process has
been changed in certain enterprises. A
more detailed analysis should be carried
out for both industries (ferro-alloys and
paper and board) in order to make the
indicators more relevant.

One purpose of this analysis was to test
the suitability of Statistics Norway’s data
for calculating indicators of this type.
Reorganization of the production statis-
tics and changes in the energy accounts
complicated the calculations and have
made some of the estimates more uncer-
tain. However, calculating complete time
series instead of figures for two years will
reveal changes related to reorganization
of the statistics and make it possible to
take them into account in evaluating
trends.

The results shown in table 7.4 can be
compared with NOREEA-based indicators
for the industrial sectors to which each
type of production belongs. For some
industries, the direction of trends in
energy use and emissions to air in rela-
tion to value added are the same in both
systems, but this is not true in all cases.
The discrepancies can mainly be related
to variations in value added for an indus-
trial sector or to differences in classifica-
tion, where an industrial sector as defi-
ned in the national accounts includes
other types of production as well. The
results are presented and discussed in
more detail in Kvingedal (2001).
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Project financed by: Norwegian Water
Resources and Energy Directorate.

Project documentation: Kvingedal (2001).

7.10. Measures introduced by the
authorities to reduce
emissions to air

Below, we describe measures that have

been introduced by the public authorities

primarily to reduce emissions to air, and
briefly mention some other measures.

The measures are not evaluated, nor is

this intended to be an exhaustive list, but

a review of some selected measures. A

number of other measures that for instan-

ce reduce fuel consumption in engines or
the amount of waste landfilled will also
result in lower emissions to air. If this is
not their primary purpose, the measures
are discussed in the appropriate chapters.

Legislation

The Pollution Control Act states as a
general rule that pollution is prohibited
without a permit from the pollution
control authorities. Emissions to air from
industry are therefore regulated by
means of discharge permits, and the
authorities can use clearly-defined sanc-
tions to ensure compliance with permits.
Discharge permits are used mainly for
major point sources of emissions. Direct
regulation is not an effective instrument
for dealing with smaller emission sources,
and these are generally governed by
regulations and economic instruments.

The Regulations of 30 May 1997 relating
to limit values for local air pollution and
noise lay down limit values for maximum
permitted concentrations in air of SO,,
NO,, particulate matter (PM, ) and lead.
If these values are exceeded near hou-
sing, day care centres, or health or educa-
tional institutions, measures shall be
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taken to reduce them. In 1999, the EU
adopted stricter limit values for SO,, NO,
PM, and lead. These are considerably
stricter than the concentrations currently
laid down in the Norwegian regulations.
These regulations will therefore be revis-
ed to bring them into line with the new
EU legislation in the course of 2001.The
EU’s new limit values apply to all outdoor
areas where the public may be affected.
The limit values are expressed as 24-hour
or annual mean concentrations, and air
pollution is required to be under these
levels by 2005 or 2010, depending on the
pollutant involved.

In 2000, the EU Commission adopted a
similar directive concerning limit values
for CO and benzene. This directive will
also be implemented in Norwegian legis-
lation by revision of the Regulations
relating to limit values for local air pollu-
tion and noise.

The first restrictions on exhaust emissions
from road vehicles were introduced in
the 1970s. They have been altered seve-
ral times since then and now apply to all
types of vehicles. There are limit values
for emissions of NO , CO, VOCs and
particulate matter (Report No. 58 (1996-
97) to the Storting). Since 1994, emis-
sions from all petrol-driven cars have
been controlled as part of the periodical
EEA roadworthiness tests.

Licences for landfills issued by the county
governors include requirements for gas
extraction to reduce methane emissions.
The municipalities can also regulate local
emissions indirectly by using the Planning
and Building Act, for example by introdu-
cing restrictions on parking.
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Voluntary agreements

The first agreement between the authori-
ties and business and industry in Norway
on quantified emission reductions was
adopted in 1997, when the Ministry of
the Environment and the aluminium
industry agreed to limit emissions of
greenhouse gases that at the time were
not taxed or regulated in any other way.
In practice, this applied to emissions of
PFCs (CF, and CF)).

Economic measures

A CO, tax was introduced in 1991, and
according to Report No. 29 (1997-98) to
the Storting applies to about 60 per cent
of all CO, emissions in Norway. The tax
system is such that some sectors pay the
full CO, tax, others pay tax at a reduced
rate and some are exempt. Civilian avia-
tion and domestic sea freight were
exempt from the tax until recently, but in
connection with the 1999 state budget it
was decided to introduce a CO, tax for
these sectors as well.

The Norwegian Pollution Control Autho-
rity has recommended the introduction of
an import tax on the greenhouse gases
hydrofluorocarbons (HFCs), perfluorocar-
bons (PFCs) and sulphur hexafluoride
(SF,). The three gases are regulated by
the Kyoto Protocol, and the Norwegian
emission inventory shows that consump-
tion is growing rapidly. Analyses made by
the Norwegian Pollution Control Authori-
ty show that a tax of around NOK 250
per tonne CO, equivalent will stimulate
measures to reduce emissions of HFCs,
PFCs and SF, by more than 40 per cent.

To reduce emissions of particulate matter,
the municipalities have been given the
authority to impose a charge on vehicles
using studded tyres. Currently, only Oslo
has done this, but Trondheim and Bergen

have decided to introduce a charge from
winter 2001-2002. See also section 7.8.

The sulphur tax applies to mineral oil,
coal, coke and emissions from oil refine-
ries (Proposition No. 1 (1999-2000) to
the Storting). For 2001, the tax rate for
mineral oil is NOK 17 per kg SO, relea-
sed. Mineral oil with a sulphur content of
less than 0.05 per cent by weight was
previously exempt from the tax. However,
from 1 January 2000, a tax of NOK 0.25
per litre was introduced for autodiesel
containing more than 0.005 per cent
sulphur. Reduction of the sulphur content
of autodiesel is an important means of
reducing emissions of particulate matter
from diesel vehicles. If fuel with a lower
sulphur content is used, it is possible to
install equipment in heavy-duty vehicles
that can reduce particulate emissions by
up to 90 per cent (Proposition No. 1
(1999-2000) to the Storting). A lower
sulphur content will of course also result
in lower SO, emissions. Last year, the oil
companies started to supply autodiesel
with a sulphur content of less than 0.005
per cent (Birkeland 2000).

Another measure related to road traffic is
differentiation of the weight-based road
tax for heavy-duty vehicles according to
their environmental impact. This was first
introduced in 2000 (Proposition no. 1
(1999-2000) to the Storting), and is an
extra tax that applies to diesel vehicles
weighing 12 tonnes or more. It is diffe-
rentiated by weight and according to the
emission standards that the vehicle satis-
fies. This tax is also being levied in 2001
(Proposition no. 1 (2000-2001) to the
Storting).

The Government will make arrangements

to facilitate the use of road pricing sche-
mes where the local authorities wish to
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introduce them. These schemes will be
designed in such a way that drivers must
pay for their adverse impact on others in
the form of noise, emissions and delays
(Report No. 24 (2000-2001) to the Stor-
ting.

Other measures

The Ministry of Transport and Communi-
cations has given the Norwegian Public
Roads Administration and the municipali-
ties the authority to introduce acute
measures to limit air pollution on days
when it is expected to be high. For the
winter season 1999-2000, the Public
Roads Administration decided that the
speed limit on the main roads in Oslo was
to be reduced to 60 km/h on days when
at least 20 000 people were expected to
be exposed to a concentration of particu-
late matter exceeding 100 ug/m?® (Norwe-
gian Public Roads Administration 1999).
Higher concentrations than 100 ug/m?
were measured on five days, but the
speed restrictions were only implemented
on one day (Oslo City 2000). On three of
the days, the forecast did not suggest that
the limit values would be exceeded.

Domestic fuelwood use is also an impor-
tant source of emissions of particulate
matter in many areas. Oslo has run a
scheme involving partial refunds to
encourage delivery of old, polluting
wood-fired stoves in central parts of the
town, and Bergen ran a similar scheme in
winter 1999-2000.

Further information may be obtained

from: Gisle Haakonsen, Ketil Flugsrud,
Kristin Rypdal and Knut Einar Rosendahl.
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The most important environmental problems directly associated with waste include emis-
sions of the greenhouse gas methane from landfills and emissions of various substances to
air from incineration plants. While the quantity of waste incinerated has risen, improved
technology for emission control has reduced most environmentally harmful emissions from
waste incineration in recent years. Strict standards for the establishment of new landfills
have improved control of discharges of polluted seepage. However, methane emissions from

landfilling of waste have risen.

The quantity of household waste has risen in recent years, and was equivalent to 328 kg
per person in 2000. Generation of waste by manufacturing industries has also increased,
and this fraction now accounts for more than half of all waste in Norway. Nevertheless,
the quantities of waste delivered for final treatment are decreasing steadily. During the
1990s, the quantity of waste incinerated rose. However, stricter emission standards and
the use of cleaner combustion technology led to reductions of the most important environ-
mentally hazardous emissions. Increased material and energy recovery and flaring of
methane are expected to keep methane emissions at about the current level during the next

few years.
8.1. Introduction

Environmental problems associated
with waste

Emissions of the greenhouse gas methane
from rotting waste in landfills constitute
one of the most serious problems associa-
ted with waste management. In 1999,
methane emissions from landfills accoun-
ted for just over 7 per cent of Norway’s
total greenhouse gas emissions (table 8.1
and Appendix, table F 6). These emis-
sions can be reduced, for example by
increasing the amount of biologically
degradable waste that is recycled. Alter-
natively, methane can be extracted from

the landfills where it is generated and
flared or burnt. The importance of increa-
sing recycling for the amount of methane
emitted by landfills can be illustrated by
the following example. In 1999, 250 000
tonnes more waste paper was used for
material recovery than in 1992. If this
waste had been landfilled, today’s model
indicates that total methane emissions
would have been 45 000 tonnes higher.
This corres-ponds to about one quarter of
current methane emissions from landfills,
or about the same amount as the estimated
potential for methane extraction from
Norwegian landfills using currently avail-
able technology (Report No. 8 (1999-2000)
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to the Storting, Report No. 24 (2000-
2001) to the Storting). Calculations
indicate that in 1998, about 200 000
tonnes of methane was generated in
Norwegian landfills, and about 10 per
cent was flared or burnt for energy reco-
very (see Chapter 7). Biologically degra-
dable waste that is landfilled has a half-
life of about 10 years (Norconsult 1999).
This means that even after a landfill has
been closed, methane emissions may
continue to be a problem for some deca-
des.

Incineration of waste reduces the quanti-
ty of waste landfilled and produces heat
energy that can be used, but results in
emissions of harmful gases and substan-
ces such as mercury, lead, cadmium and
dioxins. Calculations show that in 1999,
emissions from waste incineration and
landfill gas totalled about 0.6 tonnes of
lead, 53 kg of mercury and 41 kg of
cadmium (table 8.1 and Appendix, table
F 6). Some dioxins are also generated by
waste incineration, in 1999 about 5 g'. By
way of comparison, the known dioxin
emissions from industry were three times
as high, and emissions from fuelwood use
are estimated to be at least four times as
high as this (Lien 2000, Norwegian Pol-
lution Control Authority 2001a). Dioxins
are formed during the combustion of
wood, paper, etc. mixed with materials
such as PVC that contain chlorine. Thus,
sorting of waste at source can help to
reduce emissions further. Stricter emis-
sion standards are expected to reduce
dioxin emissions by about 80 per cent
compared with the current levels (Kleffel-
gérd 2001). Emissions of other substan-
ces from waste incineration make up only
a very small proportion of national

Table 8.1. Emissions from waste treatment.
Percentages of total emissions in
Norway in 1999 and percentage
change from 1990 to 1999

Percentage of Percentage
total Norwegian change
emissions from 1990
Incineration plants
Quantity of waste
incinerated .........ccccooo.... +26
Sulphur dioxide ... 0,7 -40
Nitrogen dioxide ........... 0,5 +6
Carbon dioxide ............. 0,3 +29
Particulate matter ... 0,3 +79
Lead .......... 9,9 - 65
Cadmium .. 3,9 -57
Mercury ......cccoeveeennnnnnn. 4,4 -46
Total PAH" ..., 0,3 -61
NMVOCS ..o 0,1 +29
Landfills
Methane (greenhouse
GAS) 7,32 +4
Seepage: heavy metals®. 1
Seepage: nitrogen®........ 2
Seepage: phosphorus?... 1

" According to NS9815 with the exception of emissions from
fuelwood use, where NS3058-3 has been used. 2 Calculated as
a percentage of total greenhouse gas emissions. 3 Figures from
1996.

Source: Statistics Norway, Norwegian Pollution Control
Authority and Ministry of the Environment.

emissions to air. Locally, NO_emissions
can be important. In Oslo, almost 9 per
cent of NO_emissions were generated by
waste incineration in 1998 (Statistics
Norway 2001f).

Incineration of a given quantity of waste
contributes less to the greenhouse effect
than landfilling the same quantity of
waste, even though combustion generates
CO, emissions. The reason is that landfil-
led waste generates methane, which is a
much more potent greenhouse gas than
co,.?

1 About half of this is generated by illegal waste incineration (Lien 2000).
2 Based on the assumption that up to 25 per cent of the methane from landfills can be extracted and that
oxidation through the cover layer of the landfill reduces methane emissions by 10 per cent.
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Polluted seepage from landfills can have
toxic effects and cause eutrophication.
Requirements for the containment, mea-
surement and control of seepage have
been tightened up in recent years. In
1998, 32 per cent of all municipal land-
fills treated seepage. The landfills that
did this handled 56 per cent of all muni-
cipal waste that was landfilled in 1998, as
compared with 48 per cent in 1995 (Sta-
tistics Norway 2001a). However, it is
difficult to determine exactly how great
the improvement is, since most pollution
from landfills is released in periods when
discharge volumes are very high, excee-
ding the capacity of treatment plants.

Waste management can also result in
local problems related to unpleasant
smells, littering and vermin, and occupy
areas of land. This can restrict the way
areas near waste treatment and disposal
plants can be used, and their quality.

Many types of waste contain materials
and energy that can be recovered and
used. Energy recovery from waste can
replace the combustion of fossil fuels,
and material recovery can for example
replace energy-intensive production
based on limited supplies of virgin raw
materials. If waste is dealt with in other
ways than by landfilling, there is also less
need to open new landfills. Landfilling is
primarily an alternative for waste frac-
tions which cannot as yet be recycled in a
way that provides social benefits, and
which do not result in polluting emissions
when landfilled.

Main objectives of waste policy
According to the environmental authori-
ties, waste must be managed in such a

Box 8.1. National targets for waste
and recycling

1.The growth in the quantity of waste
generated shall be considerably lower than
the rate of economic growth.

2.The quantity of waste delivered for final
treatment is to be reduced to an appro-
priate level in economic and environmental
terms. Using this as a basis, the target is
for 25 per cent of the total quantity of
waste generated to be delivered for final
treatment in 2010.

3. Practically all hazardous waste is to be
dealt with in an appropriate way, so that it
is either recycled or sufficient treatment
capacity is provided within Norway.

Source: Report No. 8 (1999-2000) to the Storting.

way as to minimize injury and nuisance
for people and the natural environment.
At the same time, the resources required
by waste and its management must be
minimized. Three national targets have
been set for waste and recycling. These
are shown in box 8.1.

Key figures are calculated for each of the
national targets. For the first target, the
key figure is the total quantity of waste
generated per year in relation to econo-
mic growth measured as GDP. As figure
8.1 shows, total quantities of waste have
risen very little since 1993, while GDP
has continued to rise. This shows a trend
that is in accordance with the national
target.

The key figure for national target 2 is the
proportion of the total quantity of waste
generated that is delivered for final treat-
ment (box 8.2). This proportion was
calculated to be 43 per cent in 1998,
which is a little lower than in 1996°. The

3 The figures for 1996 have been revised since last year. According to the new calculations, 47 per cent of

all waste was delivered for final treatment in 1996.
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Figure 8.1. Trends in the quantity of waste
generated and GDP. 1993 = 100
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! Excluding scrapped cars and other means of transport.
Source: Statistics Norway.

total quantities of waste generated in
Norway have been relatively stable in
recent years. Nevertheless, there has been
a reduction in the quantity of waste deli-
vered for final treatment.

The third key figure consists of two parts.
The first part is the quantity of hazardous
waste disposed of in unknown ways, i.e.

hazardous waste that we cannot be sure is

treated at approved facilities. The figures
for this category are very uncertain. The

second part is the quantity of hazardous
waste exported for final treatment. In
1999, slightly more was exported than in
1994 (about 6 per cent of the total), but
in the intervening years, the quantity
exported was considerably lower
(NORSAS 1996, 2000).

Policy instruments for waste
management

There have been rapid developments in
the field of waste management in the last
few years. A variety of policy instruments
have been established, targeted at both
municipalities and business and industry.
They include acts and regulations, taxes,
grant schemes, agreements with industry
and information campaigns, as well as
combinations of these. The Government
believes there is a considerable potential
for obtaining further effects from the
instruments already in place, and any
new instruments that are introduced
should therefore mainly supplement
those already in effect (Report No. 8
(1999-2000) to the Storting, Report No.
24 (2000-2001) to the Storting).

Table 8.2. Quantities (given in 1 000 tonnes) of waste generated in Norway and proportion delivered
for final treatment (in brackets, given as percentage), by material

Year Total’ Wet - Paper Wood Plastic  Glass Metal Tex-> Hazar- Other
organic and tiles? dous mate-
board waste rial

1027 . 247 .

. . 909 1051 1266 280 . . 106 .. ..
5927 (54.1) 1156 1065 1185 324 117 459 108 621 1513
6030 (50.3) 1197 1048 1169 337 123 658 109 640 1389
5797 (49.9) 1243 1027 1158 353 136 507 111 628 1262
5891 (47.00 1260 1007 1144 364 142 717 111 608 1146
5826 (455 1268 1092 1153 368 134 533 110 596 1168
5983 (429) 1295 109 1197 375 131 591 111 709 1187

1039 619

" Excluding hazardous waste. In addition, a large amount of waste consisting of stone, gravel and soil is generated. 2 Revised

august 2001.
Source: Statistics Norway and Norsas.
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Box 8.2. Waste and waste statistics - terminology and classification

According to the Pollution Control Act, waste is defined as discarded objects of personal property
or substances.*

Waste can be classified in many ways, for instance according to its origin, composition or environ-
mental impact. The result is a wide variety of terms, some of which have overlapping meanings.
The Norwegian General Standardizing Body has now drawn up a new standard for waste classifi-
cation. The objective is to encourage uniform use of categories when registering and reporting
waste quantities.

In the Pollution Control Act, waste is divided into three categories: consumer waste, production
waste and special waste (including hazardous waste). The Government is now considering
whether to propose a change in this classification. This would mean dividing waste into the three
categories household waste, industrial waste and hazardous waste, which is in accordance with
the classification system used by Statistics Norway in its waste statistics. In addition, the term
municipal waste has been used for waste treated or administered in the municipal system. Often,
waste fractions consisting of particular materials are discussed separately (paper, glass, metal,
etc.). These may form part of any of the previously mentioned categories. Waste may also be
classified according to product type (packaging, electrical and electronic products, household
appliances, etc.). These may also belong to any of the above-mentioned categories.

Consumer waste
Ordinary waste, including large items such as fittings and furnishings from private households,
shops, offices, etc.

Production waste

Waste from commercial activities and services which is significantly different in type or amount
from consumer waste. Includes all waste that is not classified as consumer waste or hazardous
waste.

Household waste
Waste from normal activities in private households.

Industrial waste

Waste generated by economic activities, both private and public. Includes both consumer waste
and production waste. In its waste statistics, Statistics Norway further subdivides industrial waste
according to the branch of industry from which it originates. The degree of aggregation in the
classification varies. Includes all waste that is not defined as household waste or hazardous waste.

Municipal waste

All waste treated or administered in the municipal system, in practice the same as consumer
waste. Municipal waste includes almost all household waste and a large proportion of industrial
waste.

Hazardous waste
Waste which cannot appropriately be treated together with municipal waste because it may cause
serious pollution or a risk of injury to people and animals.

Recycling
Includes both material recovery and incineration combined with energy use.

Final treatment
Means either landfilling or incineration without energy recovery.

4 Waste water and waste gases are not defined as waste.
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8.2. What does waste consist of?
It is difficult to give exact figures for the
total quantity of waste generated each
year in Norway. This is partly because it
can be difficult to define precisely which
materials are to be considered as waste
and partly because the quantities can be
difficult to measure precisely.

Statistics Norway is working on waste
accounts for various materials. The objec-
tive is to provide a better overview of
waste quantities and streams in Norway.
The waste accounts and the methods
used are described in box 8.3. Table 8.2
shows some of the main results of the

Box 8.3. Waste accounts for Norway

waste accounts that have been completed
so far.

Wet organic waste

Wet organic waste means readily degra-
dable organic waste, including food
waste. There are serious environmental
problems associated with landfilling of
wet organic waste. At global level, the
most important of these is the formation
of methane as the waste rots. Regionally,
inputs of nutrients and environmentally
hazardous chemicals with seepage from
landfills can contribute to eutrophication
and pollution of rivers and lakes. In
addition, there are problems associated
with vermin and unpleasant smells near

The waste accounts are being developed on the basis of traditional principles for natural resource
accounting, as a material balance between annual waste generation and the quantities treated or
disposed of each year. In practice, the accounts may be regarded as a multidimensional matrix,
where the dimensions are represented by a few selected characteristics of the waste. These are:

* material type

* product type

* origin

+ form of treatment/disposal.

As a general principle, existing data sources such as statistics on external trade, production and
waste have been used wherever possible, and new costly investigations have thus been avoided so
far. So far, accounts have been developed and published for paper and cardboard, textiles, glass,

wet organic waste, metals, plastic and wood.

Two different methods have been used to estimate waste quantities. One might be called the
«supply of goods method», and is a theoretical method of calculating waste quantities. It assumes
that waste quantities are equal to the supply of goods after correction for the lifetime of the
products. The supply of goods is estimated from statistics on import, export and production of
goods. The second method might be called the “waste statistics method” and uses existing waste
statistics where these are adequate. The calculations for the waste accounts are based on a
number of different data sources of varying quality. In cases where the basic data are too poor or
completely lacking, various estimation techniques have been used to fill the gaps. The two met-
hods use different points in the waste stream as their starting points. The supply of goods met-
hods estimates the quantities of waste that are generated, while the waste statistics method
shows the gquantities delivered for various types of treatment. There may be a small real difference

between these quantities.

The calculation methods will be further developed in the years ahead, and time series and already

published figures will be revised.
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Figure 8.2. Wet organic waste by method of
treatment/disposal
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Figure 8.3. Waste paper by product categories
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landfills. Strict restrictions on landfilling
of wet organic waste are intended to
ensure that a high proportion is recycled.
The quantity of wet organic waste gene-
rated has risen steadily in recent years. In
1998, the total quantity was 1.3 million
tonnes, which is 12 per cent more than in
1993 (Appendix, table G 1). However,
the quantity landfilled has dropped consi-
derably (see figure 8.2 and section 8.4).

Paper and cardboard

Waste paper and cardboard is readily
degradable, in the same way as wet
organic waste, and landfilling of this type
of waste therefore also generates metha-
ne. In addition, paper and cardboard has
a relatively high heat value (10 - 20 MJ/
kg, Hustad (2001)) and can be incinera-
ted and used to replace other energy
sources. Printing ink contains heavy
metals that can pollute seepage from
landfills and result in emissions to air if
waste is incinerated. If paper and card-
board is incinerated together with mate-
rials such as PVCs that contain chlorine,

dioxins are generated. Incineration at the
right temperature and improvements in
flue gas treatment at incineration plants
can reduce dioxin emissions, as does
sorting of waste paper and cardboard at
source.

During the 1980s, the quantity of waste
paper generated in Norway rose fairly
rapidly. By 1990, the quantity of waste
paper generated was 34 per cent higher
than in 1980. The rise stopped during the
1990s. In the last few years, total quanti-
ties of waste paper and cardboard have
varied but not shown any definite trend.
The largest product group is printed
matter, which totalled 500 000 tonnes in
1999, up from 440 000 tonnes in 1990
(see figure 8.3 and Appendix, table G 2).

Wood

The environmental problems associated
with wood waste are much the same as
for waste paper and cardboard. Waste
consisting of wood only generates only
low emissions of heavy metals, but inci-
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Figure 8.4. Wood waste by product categories

Figure 8.5. Plastic waste by product categories
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neration of wood that is impregnated,
painted or otherwise treated can result in
substantial emissions of coppet,
chromium, arsenic or other hazardous
chemicals. The heat value of wood is
somewhat higher than for a mixed paper
fraction of waste, and wood waste is
therefore suitable for energy recovery,
provided that the incineration process
results in low emissions.

There was an overall drop in the quantity
of wood waste in the period 1990 to
1998. However, since 1996 the quantity
has risen, and in 1998 about 1.2 million
tonnes of wood waste was generated in
Norway. The quantity of wood waste
generated in Norway has not been higher
since 1991 (see figure 8.4 and Appendix,
table G 3).

Plastic

Many different types of plastic are produ-
ced for various purposes. Some, such as
food packaging, give very “clean” waste.
However, other types contain various
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additives used to give the plastic the
required properties. Examples of additi-
ves include heavy metals (e.g. lead, cad-
mium and organotin compounds), phtha-
lates and brominated flame retardants. If
plastics are landfilled, these substances
may be discharged with seepage. If plas-
tic is incinerated, there is a risk of pollu-
tion with heavy metals. PVC also contains
large amounts of chlorine, and incinera-
tion can generate emissions of dioxins.
Most of the chlorine is released as HCI
vapour, which is acidic and corrosive in
the same way as SO,. Norwegian plastic
manufacturers have shown a growing
awareness of these problems, and as a
result, the content of certain additives
has been reduced (Kolstad 2001). For
example, cadmium has been eliminated
from new plastic products. Most types of
plastic break down very slowly in the
environment. Plastic waste that is dum-
ped will therefore cause long-term litte-
ring problems.
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Figure 8.6. Glass waste by product categories

[] Other products
[ EE products
[ sanitary and household products
I Packaging
1 000 tonnes Il windows

160
140 d —_.
120 ﬁ

100

80

60

40

20

1993 1994 1995

1996

1997 1998

0
Source: Statistics Norway.

Plastic waste is a very energy-rich fuel
(40 - 50 MJ/kg, with the exception of
PVC, which gives about 25 MJ/kg) and
therefore suitable for energy recovery
provided that flue gases are satisfactorily
treated (Hustad et al. 2001).

There has been a steady rise in the
quantity of plastic waste throughout the
1990s, and in 1998 a total of 375 000
tonnes of plastic waste was generated in
Norway. Between 1986 and 1998, the
quantity of plastic waste generated in
Norway rose by 52 per cent. Plastic waste
includes a number of product categories,
the most important of which are packa-
ging and sanitary and household pro-
ducts (see figure 8.5 and Appendix, table
G4).

Glass

Normally, there are only minor environ-
mental problems associated with glass
waste, largely littering. However, the

> With the exception of hazardous waste.
6 Electrical and electronic waste.
7 Calculated using the waste statistics method (8.3).

production of glass is energy-intensive,
and the authorities therefore consider
material recovery of glass to be prefer-
able, both because this results in lower
energy use and because it limits the envi-
ronmental impact of the extraction of
raw materials.

In 1998, 131 000 tonnes of glass waste
was generated in Norway. This is 7.3 per
cent less than in the peak year, which was
1996, but 12 per cent more than in 1993.
Windows and packaging were the most
important product categories (see figure
8.6 and Appendix, table G 5).

Metals

Metal waste®, like glass waste, does not
directly give rise to serious environmental
problems, but metal manufacturing is
also a very energy-intensive process. In
addition, extraction of metals may cause
severe acidification locally and result in
emissions of heavy metals to air and
water. Material recovery and reuse can
therefore help to reduce the overall
environmental impact. However, mixed
metal waste such as discarded cars,
household appliances and other EE was-
te® contains various hazardous chemicals
that can result in serious pollution if the
waste is treated inappropriately. Schemes
for the collection and treatment of such
waste have now been established.

In 1998, almost 600 000 tonnes of metal
waste was registered in Norway’. This
figure is very uncertain, and the true
quantity is probably somewhat higher.
The quantity of metal waste generated
has risen slightly since 1992, but there
are large variations from year to year and
it is therefore difficult to determine
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Figure 8.7. Textile waste by product type
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whether the rise is the result of a sustai-
ned trend. Metal waste originates from a
wide variety of products. Pipes, means of
transport, ships and other large
structures, machinery and tools, and
electrical and electronic products are all
categories that account for large quanti-
ties of metal waste. The variations from
one year to another are largely explained
by the rise in the number of cars scrap-
ped when the refund payment was tem-
porarily raised in 1996 and variations in
the numbers of ships to be broken up
(Appendix, table G 6).

Textiles

Textiles include natural and synthetic
fibres, various mixtures of these and
products manufactured from such fibres.
This means that textile waste is a very
variable waste fraction, and the environ-
mental problems associated with it are
correspondingly variable. Some synthetic
fibres contain environmentally harmful
additives that may be released to water if
waste is landfilled or emitted to air if it is
incinerated. Certain textiles, for example
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Figure 8.8. Quantities of hazardous waste
generated in Norway
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curtains, contain brominated flame retar-
dants as additives. Chemical additives are
also commonly used to improve the
performance quality of textiles. These are
often lost in the wash, and can thus
pollute rivers and lakes. Natural fibres
that are landfilled generate methane as
they are broken down, but since the
quantities of textile waste are relatively
small, this is not a very important
problem.

The quantity of textile waste generated
has been stable at around 110 000 tonnes
since 1990, which is barely 2 per cent of
the total quantity of waste in Norway
(figure 8.7 and Appendix, table G 7).

Hazardous waste

Because of its high toxicity, hazardous
waste represents a serious threat to
health and the environment, even though
the quantities of waste involved are
relatively small. In 1999, a total of

588 900 tonnes of hazardous waste was
registered in Norway (NORSAS 2000).

A large proportion of this consists of
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Figure 8.9. Per capita generation of household
waste and rise in GDP
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diluted acid, oil-contaminated waste and
slag from metal manufacturing contai-
ning heavy metals. In addition, a certain
amount of hazardous waste is for various
reasons not reported to the Norwegian
Pollution Control Authority or to Norsas.
Calculations suggest that in 1994, about
30 000 tonnes of hazardous waste was
dealt with outside official channels
(NORSAS 1996). No more recent calcula-
tions are available.

The total quantities of hazardous waste
generated in Norway in recent years have
shown some variation but not followed a
clear trend (figure 8.8 and Appendix,
table G 8).

Statistics Norway is currently working on
more comprehensive accounts for hazar-
dous waste, in which this fraction is split
both by substance categories (EWC co-
des) and by the branch of industry where
it is generated. In these accounts, special
emphasis is being put on making more
reliable estimates of the quantities of
special waste not being dealt with
through official channels, cf. national
target 3 (box 8.1). Another important

objective is to make the hazardous waste
statistics more complete and easier to
understand than they are at present.

8.3. Where is waste generated?
The sectors that produce most waste are
manufacturing industries, the construc-
tion industry and private households. The
composition of waste varies greatly from
one sector to another. In the manufactu-
ring industries, the largest fractions are
slag and wood waste. This is also the
sector that generates most hazardous
waste. Concrete makes up the largest
fraction of the waste generated by the
construction industry, whereas house-
holds mainly generate waste paper and
cardboard and food waste.

Household waste

Calculations show that in 2000, each
person in Norway generated an average
of 324 kg household waste, and the total
quantity of household waste was 1.45
million tonnes. The amount of household
waste generated has been rising ever
since the first survey was made in 1974,
when each person generated an average
of 174 kg household waste (Appendix,
table G 9). Some of the rise may be ex-
plained by better registration methods
and the fact that a larger proportion of
waste is delivered to approved facilities.
Nevertheless, it is clear that per capita
generation of household waste is still
rising.

On the basis of projections of waste
quantities made by Statistics Norway
(Bruvoll and Ibenholt 1999), it has been
expected that the growth in quantities of
household waste up to the year 2010
would be lower than the growth in priva-
te consumption. However, more recent
statistics show that the quantity of house-
hold waste is rising faster than both GDP
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Figure 8.10. Composition of household waste

Figure 8.11. Manufacturing waste and GDP
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(figure 8.9) and household consumption.
See also figure 8.1.

People from the southern third of the
country generate more household waste
than those who live further north. In
1998, per capita generation of household
waste by the population of the ten
southerly counties was 328 kg, while the
average figure for the nine northerly
counties in the same year was 265 kg.
This corresponds to a difference of 24 per
cent. There is a tendency for people in
towns and nearby areas to generate more
household waste than people in more
remote areas. In 1998, average per capita
generation of household waste was 340
kg in the ten municipalities with the
highest populations and 261 kg in the ten
with the lowest populations (Statistics
Norway 2001a).

Manufacturing waste

The manufacturing industries generate
more waste than any other sector. Manu-
facturing is responsible for more than
half of all waste generated in Norway?®.
Waste quantities have risen since the last

8 Stone, gravel and soil excluded.
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two sample surveys in 1996 and 1993,
and were 14 per cent higher in 1999 than
in 1996 (Appendix, table G 11). The
waste quantities generated by manufactu-
ring do not appear to follow the same
trend as GDP (figure 8.11).

Since 1996, the quantity of slag, dust and
ash has almost doubled, while the quanti-
ty of wood waste has dropped (figure
8.12 and Appendix, table G 12). Slag,
dust and ash is now the largest waste
category and wood waste the next lar-
gest. More than 80 per cent of all slag,
dust and ash in manufacturing waste
originate from the manufacture of metals
and metal products and over 90 per cent
of all wood waste from the manufacture
of wood and wood products and pulp
and paper manufacture. Wet organic
waste consists almost entirely of food,
slaughterhouse waste and fish waste
from the manufacture of food products
and beverages. The quantity of hazardous
waste generated by manufacturing has
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Figure 8.12. Manufacturing waste by material
types. 1999

Figure 8.13. Waste generated by building, re-
habilitation and demolition in 1998
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risen throughout the period. In 1999, this
accounted for about two thirds of all
hazardous waste in Norway. Much of the
hazardous waste is generated by the
chemical industry and manufacturing of
metals and metal products.

Construction waste

Construction waste accounts for a large
proportion of total waste quantities in
Norway. Calculations show that in 1998,
the total quantity of waste from building,
rehabilitation and demolition was 1.5

Table 8.3. Production and consumer waste from
manufacturing industries, by branch
of industry. 1 000 tonnes

Branch of industry 1996 1999
Manufacturing, total ...... 2731 3115
Metals and metal products 555 827

Food products, beverages and
tobacCo .o 573 619
Pulp, paper and paper products;

publishing and printing ..... 495 525
Wood and wood products 626 453
Mineral products .........cc.ccccoeeeeen. 104 269
Chemicals and chemical products 87 143
Other manufacturing.................... 291 279

Source: Statistics Norway.
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million tonnes (figure 8.13 and Appen-
dix, table G 14. A great deal of this (1.1
million tonnes) consisted of concrete and
bricks, and three-quarters of this fraction
was generated by demolition. Wood was
the next largest fraction, and 240 000
tonnes of wood waste was generated in
1998. In addition, more than 7 700 ton-
nes of hazardous waste was generated in
1998, and 6 400 tonnes of this was
asbestos.

Oslo, Akershus, Rogaland and Hordaland
were the counties where most construc-
tion waste was generated. There is a
more detailed discussion of waste from
building, rehabilitation and demolition in
Natural Resources and the Environment
2000.

Waste from service industries

Statistics Norway is developing waste
statistics for the service industries. Calcu-
lations show that 630 000 tonnes of
waste was generated by wholesale and
retail trade in 1999. This corresponds to
almost 10 per cent of all waste generated
in Norway. Almost 300 000 tonnes of this
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Figure 8.14. Waste' from wholesale and retail
trade. 1999

Figure 8.15. Waste delivered for final treatment’
and recycling? in Norway
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was waste paper and cardboard (figure
8.14). This is more than the previous
estimate for the total from all service
industries. In addition, the unsorted
fraction will contain some paper and
cardboard. Wholesale and retail trade
also generated 11 000 tonnes of hazar-
dous waste. Half of this was from car
repair workshops and almost a quarter
from petrol stations and car dealers.

In all, grocery retailing generated

200 000 tonnes of waste in 1999, or
more than 30 per cent of all waste from
wholesale and retail trade. More than 20
per cent of this was food waste (Appen-
dix, table G 15).

Other industries

There are no complete waste statistics for
the primary industries in Norway, nor for
electricity and water supplies. Statistics
Norway carried out a sample survey of
mining and quarrying in 1994, which
indicated that this sector generated 3.5
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million tonnes of waste, including 3
million tonnes of stone, etc. However, the
results of the survey were relatively
uncertain. Thus, there is some way to go
before the waste statistics are complete
for all branches of industry.

8.4. How do we treat and dispose of
waste?
Once waste has been generated, some
form of treatment or disposal is necessa-
ry. This may be reuse, material recovery,
incineration with or without energy
recovery, composting or landfilling. Some
forms of treatment, such as material
recovery and incineration combined with
energy use, utilize the resources in the
waste. Final treatment is a collective term
for landfilling and incineration without
energy recovery. These forms of treat-
ment make little use of the resources in
waste. One of Norway’s national targets
is to reduce the proportion of waste
delivered for final treatment (box 8.1).
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The quantity of Norwegian waste delive-
red for final treatment is dropping, even
though the total quantity of waste is
stable. In 1998, 2.6 million tonnes of
waste was delivered for final treatment?,
as compared with 3.2 million tonnes in
1993, which corresponds to a drop of 20
per cent. The proportion of all waste
delivered for final treatment was 43 per
cent in 1998. The quantity used for mate-
rial recovery was 300 000 tonnes higher
than in 1996, while the quantity incinera-
ted with energy recovery was more or
less unchanged.

How are different material types
treated as waste?

The waste treatment methods used vary
widely from one material type to another
(figure 8.16). A relatively small proport-
ion of wet organic waste is landfilled, and
the Government’s goal is to reduce this to
a minimum because landfilling results in
methane generation and poses a risk of
eutrophication of lakes and rivers. In
1998, 242 000 tonnes of wet organic
waste was landfilled, almost 40 per cent
less than in 1993 (see also figure 8.2).
More and more wet organic waste has
been composted or incinerated in recent
years. Advanced technology has made it
possible to produce good