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1. Introduction

In order to mitigate climate change, the
Nordic countries have committed to re-
ducing greenhouse gas (GHG) emissions
to net zero by 2050, a process common-
ly referred to as the 'green transition'
Ambitious policies and initiatives are
needed towards this end, with profound
implications for Nordic economies and
societies (Flaom & Hassler 2023, Tapia et
al. 2022).

The impacts arising will not
be evenly distributed across the Nor-
dic countries (Dixon et al. 2023, Rodri-
guez-Pose & Bartalucci 2023). Rather,
the more dependent a region or com-
munity is on energy-intensive and car-
bon-heavy industries, the greater the
transformation faced. This not only
implies changes in production routines,
but also potential job losses and com-
pany closures. On the other hand, those
regions with access to renewable ener-
gy and raw materials will likely benefit
from investments, expanded economic
activity and job creation.

Analysing the regional impacts
of the green transition is therefore vital
for identifying regional opportunities,
obstacles and challenges; maximising
benefits and reducing disruptions; and
supporting affected workers and com-
munities (OECD 2023). Conducting such
an analysis is, however, challenging due
to the uncertainty surrounding emission
forecasts, technological advancements
and the precise policies that will be
pursued. In addition, various other pro-
cesses - such as ongoing automation,
digitalisation and demographic shifts
— intersect with the green transition,
making it difficult to separate out the
impacts of each.

Against the above backdrop, this
report explores the challenges to and
regional impacts of the green transition
in the Nordic Region. More specifically,
the subsequent chapters each focus on
a particular Nordic country and a key
challenge it faces in achieving its climate
targets. These chapters seek answers to
the following questions:

+  What is the nature of the challenge
and how can it be met?
+  What are the impacts on output, in-
come and employment?
+ Do theimpacts differ across regions?
« How could regionally concentrated
negative impacts be mitigated?
The remainder of this introductory
chapter unfolds thus. Section 2 provides
an overview of Nordic and European cli-
mate goals and policies, as well as cur-
rent GHG emission levels by sector, with
the latter indicating a relevant key chal-
lenge in each Nordic country. Section 3
then summarises the report'’s five coun-
try chapters, before section 4 presents
some overarching conclusions and re-
flections.

2. Nordic climate goals and cli-
mate challenges

2.1 Nordic and European climate goals

All five Nordic countries have commit-
ted to ambitious climate goals (Table
1. In the shorter term, this means GHG
emission reductions of between 40%
(Iceland) and 70% (Denmark) by 2030
(compared to 1990 levels). In the longer
term, Finland, lIceland and Sweden aim
to achieve carbon neutrality by, respec-
tively, 2035, 2040, 2045. Carbon neutral-
ity — or 'net zero' carbon emissions — im-
plies a net balance between the amount
of carbon emitted into the atmosphere



Table 1. Medium- and long-term climate goals in the Nordic countries

Medium-term climate
goals (2030)

Reduction of GHG
emissions by 70% by
2030 (compared to
1990)

Reduction of GHG
emissions by 60% by
2030 (compared to
1990)

Carbon neutrality by
2035

Reduction of GHG
emission by 40% by 2030
(compared to 1990)

Reduction of GHG
emissions by 55% by
2030 (compared to
1990)

Reduction of GHG
emissions by 63% by
2030 (compared to
1990)

Denmark

Finland
1990)

Iceland 2040

Norway
1990)

Sweden

and the amount absorbed from the at-
mosphere via carbon sinks. Denmark
aims to be climate neutral by 2050. Nor-
way, meanwhile, has declared it intends
becoming a 'low-emission society' by
2050, which translates into GHG emis-
sion reductions of 90-95% compared to
1990 levels.

In addition to their national cli-
mate goals, the Nordic countries are
bound by climate targets at the Europe-
an Union (EU) level, which stipulate that
net domestic GHG emissions be reduced
by at least 55% by 2030 compared to
1990 levels. Moreover, the EU aims to
achieve climate neutrality by 2050 - that
is, union-wide net zero GHG emissions.
As EU member states, Denmark, Finland
and Sweden are legally bound to take
action, while not-EU members Norway
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Long-term climate
goals (2040-2050)

Climate neutral by 2050

Carbon neutrality by

Carbon neutral by 2045

Source

LOV nr 965 af
26/06/2020

Reduction of GHG
emissions by 90-95%
by 2050 (compared to

lImastolaki/Klimatlag
423/2022

Lég um loftslagsmdl
2012 nr. 70 29. jUni

Reduction of GHG
emissions by 90-95%
by 2050 (compared to

Lov om Klimamdél LOV-
2017-06-116-60

Klimatlag SES 2017:720

and Klimatpolitisk
ramverk

and Iceland have reached agreement
with the EU to cooperate on reaching
these climate targets (Lind et al. 2023).
The latter two countries also participate
in the EU Emissions Trading System
(ETS) and are negotiating national tar-
gets for non-ETS emissions (see below).
As such, the EU's climate goals matter
for all five Nordic countries. While the
nationally defined Nordic climate goals
are for the most part more ambitious
than current EU targets, recent efforts
at the EU level to intensify climate ambi-
tions has narrowed the gap substantial-
ly, in some cases removing it entirely.

2.2 Climate policies

In order to achieve the climate goals,
both the EU and the Nordic countries
have implemented a diverse set of cli-



mate policies. At EU level, the most im-
portant initiatives when it comes to re-
ducing GHG emissions are the ETS, the
Effort Sharing Regulation (ESR) and the
Land Use, Land Use Change and Forest-
ry (LULUCF) Regulation (Dixon et al.
2023).

+ The European ETS was the world's
first carbon market and remains one
of the largest, covering EU member
states as well as Iceland, Norway
and Liechtenstein. It is based on a
‘cap and trade' principle, which in-
volves setting an annual limit (‘cap’)
on the total amount of GHG emis-
sions that can be emitted under the
system.?® This cap is lowered every
year in order to bring emissions in
line with EU climate targets. Emit-
ting entities (such as large industri-
al facilities and installations) must
purchase allowances at auctions for
each tonne of CO, equivalents they
plan to emit. Alternatively, com-
panies can buy allowances from
each other (‘trade’). Some high car-
bon-emitting industries receive free
allowances so that they can remain
competitive relative to third-country
exporters. Companies are required
to monitor and report annual emis-
sions to the European Commission —
if they exceed the acquired allowanc-
es, sanctions are imposed. Revenue
from the ETS mainly flows into the
national budgets of participating
countries, where it is used for green
investments such as renewable en-
ergy or low-carbon technologies. The
ETS covers electricity and heat gen-

eration, industrial manufacturing, as
well as intra-European aviation* and
maritime transport, which togeth-
er account for roughly 40% of EU-
wide emissions. Since 2005, emis-
sion levels covered by the system
have decreased by 47% (European
Commission n.d.a). In 2023, a new
emissions trading system (ETS2)
was created, covering emissions
from buildings, road transport and
other sectors, and is set to be imple-
mented from 2027 (European Com-
mission n.d.b). At the same time, a
Social Climate Fund will address the
social impacts of ETS2 and support
vulnerable groups. Moreover, a car-
bon border adjustment mechanism
(CBAM) is being introduced gradu-
ally, meaning that by 2026 export-
ers to the EU will have to pay a tax
equal to the cost of ETS allowances.

The ESR sets binding annual GHG
emission limits for each member
state for the period 2021-2030. It
applies to sectors not covered by
the ETS, including domestic trans-
port (except aviation), buildings, ag-
riculture, small industry and waste
treatment. Together, these sectors
account for around 60% of EU-wide
emissions. The ESR's overall goal is
to achieve a 40% reduction in joint
EU emissions by 2030 compared to
2005 levels. Each member state is
assigned a reduction target for 2030,
as well as an annual emissions allow-
ance subject to certain flexibilities.
Denmark, Finland and Sweden all
have a reduction target of 50%, while

3 Unused allowances are saved in the so-called 'market stability reserve' and can be used later.
4 Temporary exceptions exist for Icelandic aircraft operators due to Iceland's geographical location and

stronger dependence on air transport (Dixon et al. 2023).
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Norway's and Iceland'’s contributions
are set to be revised in the near fu-
ture, likely resulting in similar targets.
While national reduction targets are
set at the EU level, it is up to member
states to implement the necessary
measures and policies, backed up by
EU-wide actions. For example, all new
cars and vans in the EU must be ze-
ro-emission vehicles from 2035 (Eu-
ropean Commission n.d.c). The new
ETS2 system will also support mem-
ber states in achieving ESR targets.

The LULUCF Regulation sets out
how CO, emissions and removals
from land use and land use change -
including forest, grassland, cropland,
wetlands and settlements - should
be accounted for. It applies to all EU
member states, as well as Norway
and Iceland. Land management can
contribute both to releasing GHGs
into the atmosphere (e.g. through
deforestation) and carbon seques-
tration (e.g. via afforestation). The
regulation stipulates that up un-
til the end of 2025, emissions from
LULUCF sectors should not exceed
removals. Thereafter, from 2026 on-
wards, net emissions should be neg-
ative — in other words, the sector is
to act as a carbon sink. For the EU
area as a whole, the LULUCF Regula-
tion specifies the net removal target
of 310 million tonnes of CO, equiva-
lents (mtCO,e) by 2030. Similar to
the ESR, a national target will be
set (applicable from 2026) for each
member state, with the respective
government responsible for putting
in place domestic legislation and pol-
icy instruments (European Commis-
sion n.d.d).
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The EU's increasingly ambitious policy
framework means national climate poli-
cies have a crucial role to play in meeting
emission reduction goals, particularly in
the ESR and LULUCF sectors. Nordic
countries have also used national-level
policies to lower emissions beyond what
is required by EU legislation, including in
sectors covered by the ETS system (Flam
& Hassler 2023). Norway, for example,
has imposed additional carbon taxes on
petroleum extraction and domestic avi-
ation (Golombek & Hoel 2023).

2.3 Greenhouse gas emissions in the
Nordic countries

Nordic national climate policies vary in
terms of scope and targets (Flam & Has-
sler 2023). This is at least partly a reflec-
tion of the differing climate challenges
each of the five countries face in light
of their respective economic special-
isations and energy mixes (Dixon et al.
2023). Figure 1 provides an overview of
GHG emissions by sector for each Nor-
dic country, showing how emission tra-
jectories have changed over time. As can
be seen, a number of interesting similar-
ities and differences between countries
emerge (see also Lind et al. 2023).

In Denmark, Finland and Sweden,
total annual GHG emissions declined
between 1990 and 2022. This trend was
most pronounced in Denmark, which
saw emissions (excluding negative emis-
sions from forestry) fall from 80 mt-
CO,e in 1990 to 47 mtCO.,e in 2022 (a
41% reduction). In Finland and Sweden,
emissions declined by 28% and 39% re-
spectively over the same period. The
declines seen in Finland and Denmark
were driven in particular by successively
lower emissions from fuel combustion in
energy industries, including public elec-



Figure 1. Greenhouse gas emissions by source sector, 1990-2022 (in million tonnes of CO,

equivalents)
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with the exception of international aviation.®
Source: Eurostat (env_air_gge).

tricity and heat production. In Sweden,
emission reductions took place across
various sectors, including fuel combus-
tion in manufacturing industries and
construction, other fuel combustion sec-
tors, which includes households, and in
transport. By contrast, GHG emissions
increased in Iceland between 1990 and
2022, mainly driven by industrial pro-
cesses and product use, including alu-
minium production, as well as fuel com-
bustion in transport and international
aviation. In Norway, total emission levels
have remained relatively stable since the

mid-1990 and have only declined some-
what in recent years.

In 2022, fuel combustion in trans-
port was one of the biggest sources of
GHG emissions in all Nordic countries. In
addition to that, fuel combustion in en-
ergy industries, including in oil and gas
extraction and petroleum refining, was
a large emission source in Finland and
Norway. Regarding the former country,
it is also worth noting that the forest
sector's role as a carbon sink has been
much reduced over the past ten years.
In Iceland, the LULUCF sector, industri-

5In the United Nations Framework Convention on Climate Change's GHG emission reports, memo items
refer to emissions from international aviation, marine bunkers and multilateral operations, as well as
CO, emissions from biomass. These are not accounted for in the calculation of total GHG emissions for

the respective country.
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al processes and product use as well as
international aviation - the latter two
tied at least in part to tourism - had the
largest emission shares, while in Den-
mark, this status goes to agriculture.
Finally, in Sweden, fuel combustion in
energy industries and industrial process-
es and product use were responsible for
large shares in emissions.

3. Chapters summaries

The report examines the specific chal-
lenges faced by each Nordic country,
together with the green transition's re-
gional impacts in terms of employment
and output. More specifically, the focus
is on the agricultural and LULUCF sec-
tors in Denmark; the forest sector (in-
cluding its role as a carbon sink) in Fin-
land; the tourism sector (including the
role of transport) in Iceland; and the oil
and gas sector in Norway. The case of
Sweden is somewhat different. Given
the large-scale investments made in fos-
sil-free steel-making and battery manu-
facturing in the country's north, the rele-
vant chapter focuses on the challenge of
how to support private sector expansion
through providing sufficient public sec-
tor labour.

3.1 Denmark: Curbing greenhouse gas

emissions from agriculture and land use
In order to meet its national climate
goals and EU-level obligations, Den-
mark must cut its GHG emissions — of
CO,, methane and nitrous oxide - in the
agricultural and LULUCF sectors by 3.3
mtCO,e. Bearing this in mind, Stewart
and Berg's chapter analyses three sets
of policies aimed at reducing GHG emis-
sions in agriculture and LULUCF, with
the social costs calculated in terms of
loss of gross domestic product (GDP)
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and loss of employment in agriculture
and food production. The chapter also
considers the regional implications and
possible effects on income distribution.
Towards this end, the authors employ a
dynamic computable general equilibrium
model of the Danish economy, enriched
with detailed sector-specific modelling
of the agriculture and LULUCF sectors.

The first set of policies consists of
gradually introducing a tax of €100 per
tonne of CO,-equivalent emissions from
agriculture — the LULUCF sector is ex-
cluded - over the course of 2027-2030.
Throughout, the balance of the govern-
ment budget would remain constant,
with proceeds from the tax directed in
lump sum fashion to households. As a
result, agricultural product prices will
increase relative to other prices in the
economy, prompting households to shift
their demand away from agricultur-
al products towards other goods and
services. The prices of livestock sector
products will increase relatively more
than the prices of products derived from
crops, as the tax depresses the price of
land, meaning the latter sector's prices
do not rise as fast as the former's. Under
this scenario, land prices fall by as much
as 18%, with some of the least produc-
tive land no longer used. Overall, total
emissions are reduced by 1.9 mtCO.,e -
much less than the goal of 3.3 mtCO,e.

Here, the short-term loss in GDP
is negligible, as agriculture's value-add-
ed share of Danish GDP is only 1.3%.
Short-term loss of employment is also
relatively small, amounting to a few
thousand workers among the roughly
3 million strong Danish labour force. As
a percentage of the 65,000 people em-
ployed in agriculture, however, the loss is
sizeable.



Although the agricultural sector
is spread across Denmark, Northern
Jutland - which has the highest share
of labour in agriculture and food pro-
cessing (6%) and the lowest income per
capita - will be particularly affected. In
terms of absolute numbers, Mid-Jutland
and Southern Denmark will be the most
affected, as these regions have more
people employed in agriculture and food
processing, as well as a higher share of
livestock in their agriculture.

The second set of policies exam-
ined by the chapter involves subsidies
for afforestation and the flooding of
carbon-rich soils, introduced on top of
the €100 per tonne tax on GHG emis-
sions. While the subsidy for afforesta-
tion only has a small effect on emissions
in the short term (by 2030), it becomes
substantial over the longer term. By
contrast, a €40,000 per hectare subsidy
for creating wetlands would have a sub-
stantial effect by 2030. Overall, the ad-
ditional policies would reduce emissions
by a further 0.4 mtCO,e by 2030, for a
total reduction of 2.3 mtCO_e.

One drawback of taxing GHG
emissions from agriculture is so-called
‘carbon leakage', whereby the resultant
fall in Danish agricultural and food pro-
duction leads to increased production
elsewhere. Thus, carbon leakage will,
to some extent, negate the global ef-
fects of Danish GHG taxation. Carbon
leakage effects are, however, subject to
a high degree of uncertainty, with dif-
ferent studies finding significantly dif-
ferent levels of carbon leakage arising
from changes in Danish agricultural pro-
duction. Nonetheless, carbon leakage
does provide an argument for subsidis-
ing carbon abatement technologies. An
example of such a subsidy is the €300
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per tonne of CO, needed to support the
conversion of biomass into carbon-rich
biochar and its subsequent storage -
a form of carbon capture and storage
(CCS). Other technologies require dif-
ferent (lower) levels of subsidy.

Under the third set of policies,
the chapter therefore looks at the com-
bined effect on GHG emissions of a
€50 per tonne carbon tax, subsidies to
afforestation and wetland creation on
carbon-rich soils, and subsidies to vari-
ous carbon abatement technologies. To-
gether, these polices yield an estimated
reduction of 2.9 mtCO._e by 2030. Break-
ing this figure down, LULUCF emissions
fall by 1.2 mtCO,e, half of which stems
from afforestation and the wetting of
carbon-rich soils, and the other half from
the production and storage of biochar.
The remainder of the reduction (1.7 mt-
CO,e) comes from a fall in agricultural
emissions, almost matching the amount
seen in the first two policy scenarios, de-
spite the carbon tax being lowered from
€100 to €50. This is due to the imple-
mentation of various carbon abatement
technologies in agriculture.

It should be stressed that these
results, which arise from a very large
and complex model of the Danish econ-
omy, rely on an array of parameter val-
ues and assumptions, and are therefore
quite uncertain. The chapter’'s authors
are well aware of this, and as such in-
vestigate how sensitive the quantita-
tive results are to changes in parameter
values and assumption. The overarching
conclusion is that, if climate goals are to
be met and regulations adhered to, pol-
icymakers must monitor the effects of
their climate policies and be constantly
prepared to reassess tax rates and oth-
er measures.



3.2 Finland: Increasing carbon uptake in
Finnish forests

About 75% of Finland's land area is cov-
ered by forests, with the forest sector
— forestry and forest-based industries
— accounting for about 3% of Finland's
GDP, 2.5% of its employment and 20%
of its goods exports. Employment in for-
estry and forest-based industries (pro-
ducing wood products, pulp and paper)
is almost exclusively located outside the
country's main cities, in rural areas and
small cities. Given this, the forest sector
has a much greater role in rural Finland
that the aggregate figures suggest.

The role of Finland's forests as
a carbon sink is crucial to the country's
climate policy and ambitious goal of cli-
mate neutrality by 2035. In setting that
goal, it was assumed that forests would
absorb 21 million tonnes of CO, in 2035.
However, while Finland's forests have
historically absorbed very large amounts
of carbon, this has declined drastically
over recent years. Here, the analysis fo-
cuses specifically on CO, (thus excluding
methane and other non-CO, GHGs) and
the carbon stocks and stock changes of
live trees. These stocks are not only large,
but the least uncertain elements of the
LULUCF sphere. The carbon sink of Fin-
land'’s live trees peaked in 2009 at about
48 million tonnes, fell as low as 6 million
tonnes in 2018, and has since fluctuated
around the 10 million tonne mark. Thus,
the gap between the projected 21 million
tonnes in 2035 and present day levels
poses a considerable challenge for Finn-
ish climate policy.

There are various reasons behind
the decline in carbon absorption by Fin-
land's forests, one of which is their age
structure, with recent years seeing an
abatement of the accelerated growth
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that took place over previous decades.
Another issue is increased harvesting of
forests due to growing product demand
and a reduction in raw wood imports
following the imposition of export tar-
iffs by Russia in 2006, and the complete
halt in imports following Russia's full-
scale invasion of Ukraine in early 2022.

Kauppi and Honkatukia's chapter
thus evaluates — with the help of a quan-
titative model — several policy measures
aimed at increasing carbon absorption
by forests. The first such measure is to
intensify forest growth, with a 10-20%
gross increment potentially leading to
an increased annual absorption of 9-23
million tonnes of CO,. This could be
achieved by, among other means, im-
proving forest management, fertilising
poor soils, ensuring adequate watering
and engaging in better logging practis-
es. All this is feasible within the relevant
time period.

The second measure is to reduce
harvesting. If the current annual 70-78
million cubic metres of harvesting were
taken down to 60 million, annual carbon
uptake would potentially increase by
14-25 million tonnes of CO, within 2-5
years. There are, however, several nega-
tive side-effects, including higher prices
if imports are not increased to compen-
sate for the fall in harvesting, or alter-
natively carbon leakage if this increase
does occur. Moreover, the measure
would result in income and employment
losses in forestry.

The third measure is more effi-
cient production, using less wood for a
given output. For example, modern pulp
mills have become more efficient in us-
ing wood, recovering chemicals in the
process and producing energy. Increas-
ing efficiency in wood-using industries is



feasible within the timeframe, provided
the necessary actions and investment
takes place.

The fourth measure is to import
roundwood and possibly pulp. Finland's
carbon emissions would potentially fall
by 1.4 million tonnes of CO, for every
million cubic metres of wood imported
to replace Finnish wood. In recent years,
Finland has imported roundwood from
Sweden, Brazil, the United States, Po-
land and other countries. While pursuing
this measure would help Finland reach
its climate goals, it would decrease car-
bon absorption in the exporting coun-
tries and so not lead to a global reduc-
tion in emissions.

The fifth measure is to capture
and store CO, emissions in forest indus-
tries. More than half of a modern pa-
per mill's wood input is used as energy
and combusted, emitting CO,. Although
CCS technology is being developed, it is
unclear whether it can be implemented
before 2035 or how much CO, can be
captured and stored.

In summary, it seems possible
that Finland can, through a combination
of the proposed measures, sufficiently
increase absorption of CO, in its forests
to reach the required annual carbon sink
of 21 million tonnes by 2035. To achieve
this, however, the government would
need to provide economic incentives to
forest owners and forest industries, as
well as introduce appropriate regula-
tions.

3.3 Iceland: Curbing CO, emissions from
the tourist industry

Tourism plays an important role in Ice-
land's economy. In 2022, tourist services,
such as land and air transport, hotel and
restaurant services, accounted for 9%
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of the country's GDP, 13% of its employ-
ment and 31% of its exports. By com-
parison, fishing and fish processing ac-
counted for 4% of GDP, 40% of exports
and 4% of employment.

Tourism and fishing have about
the same carbon footprint: 32% and
28% respectively of Iceland's total CO,
emissions. The emissions from tour-
ism mainly stem from two sources - air
travel (60% of tourism'’s total) and road
transport — while those from fishing and
fish processing mainly come from diesel
fuel combustion by fishing vessels.

Karlsson, Grénfeldt and Tryg-
gvadoéttir's chapter deals primarily with
policies aimed at reducing CO, emissions
from tourism-related land transport.
More specifically, it looks at the effect
these policies will have on the number of
tourists visiting lceland, along with the
regional impacts on income and employ-
ment.

Iceland is well on course to reach
the EU goal of a 40% emissionsreduction
in the ESR sectors by 2030 compared to
2005 levels, with the government tar-
geting an even more ambitious 55% re-
duction. Towards this end, Iceland's par-
liament has approved a climate action
plan for land transport (which is part of
the ESR). The plan includes support for
purchasing electric vehicles, sustainable
fuels for heavy vehicles, and charging
stations.

It is clear that both the measures
already in effect and those planned
for the future will increase the cost of
land transport for tourists (as well as
air transport costs). While the chap-
ter refrains from estimating these cost
increases and the impact on demand,
a study of Australia’s tourist industry
places the estimated price elasticity of



demand at -0.36, which means demand
will fall by 3.6% in response to a 10%
price increase (Divisekera 2010). Here,
it can be presumed that the elasticity of
demand is higher for air travel to Iceland
than it is for land travel within the coun-
try.

Income from and employment in
tourism is unevenly distributed across
Iceland. Most tourists visit Reykjavik and
the surrounding areaq, together with the
country’ south, particularly along the
coast. About 12% and 36% of wage in-
come is directly attributable to tourism
in, respectively, the Reykjavik area and
the South Peninsula. Here, it should be
noted that these figures do not encom-
pass the indirect effects of tourism ac-
tivities, despite various other parts of
the country's economy being dependent
on the tourism sector to some degree.

Turning to the regional impacts
of a decrease in tourism on income, the
sparsely populated parts of the south
and the interior would be most affected
in percentage terms, while Reykjavik and
its surrounding area would be most af-
fected in absolute terms. In some parts
of the south and interior, tourism ac-
counts for nearly half of wage income,
whereas the corresponding figure in the
Reykjavik area is in line with the national
average (12%).

Overall, Iceland should be able to
achieve climate neutrality at a relatively
low cost, as it is endowed with consid-
erable hydro and thermal energy. These
resources are used to heat homes and
three aluminium smelters, and could be
used to produce hydrogen for land, air
and sea transport. Thus, Iceland’s main
challenge is ensuring the substitution of
sustainable alternatives for fossil fuel in
transportation.
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3.4 Norway: Making the oil and gas sec-
tor carbon free

The oil and gas sector plays an all-im-
portant role in the Norwegian economy.
As of 2024, it is estimated to account
for 20% of GDP, 31% of state revenue,
20% of total investment and 44% of ex-
ports. In terms of the number of people
employed, direct and indirect (in related
activities) employment amounted to an
estimated 205,000 people in 2019, or
about 10% of total employment in Nor-
way.

The sector’s activities are locat-
ed along the long Norwegian coastline,
from the southwest to the very north,
with a particular concentration in and
around the city of Stavanger on the
southwest coast, in Rogaland region. As
many as 73,000 people are employed in
Rogaland's oil and gas sector, or 31% of
the region’s total employment. In Vest-
land, the region north of Rogaland, the
share of total employment is 11%, while
along the rest of the coast the figure is
around 5%.

The oil and gas sector is also the
greatest emitter of GHGs. In 2023, it
was responsible for 25% (11.5 mtCO2e)
of the country's emissions, slightly more
than manufacturing and mining. The
sector's emissions arise primarily from
burning diesel fuel in turbines on plat-
forms at sea. While emissions from oil
and gas have been largely constant for
several years, emissions from manufac-
turing have been falling rapidly.

At present, the oil and gas sec-
tor must buy emission permits via the
EU ETS, as well as pay a national car-
bon tax. In 2023, the combined cost of
these two measures was €132 per tonne
of CO,. Going forward, the government
aims to increase the tax, with the envis-



aged sum cost reaching €200 per tonne
of CO, in 2030. This will not, however,
curb emissions sufficiently for Norway
to reach its goal of a 55% reduction by
2030. The sector is very profitable given
current oil and gas prices, meaning the
cost of electrifying oil and gas extraction
is high compared to the costs of paying
for emissions. Moreover, it is possible
that placing a high price on emissions
will result in some carbon leakage, with
extraction in Norway transferred to oth-
er parts of the world, where emissions
may also be higher.

If the country's 2030 goal is to be
achieved, oil and gas extraction will have
to switch from fossil fuels to sustainable
energy derived from wind and hydro-
power. This means large investments in
wind turbines, bolstered by substantial
government subsidies. Most of this new
capacity will probably have to be built
at seaq, as there is often opposition from
environmentalists and reindeer-herd-
ing Sami to land-based wind turbines.
Reaching the goal will also require large-
scale CCS in depleted wells, a technol-
ogy where Norway is a leader. In the
longer term, the oil and gas sector must
turn to the production of hydrogen from
gas, alongside CCS, in order to become
climate neutral.

Aside from technological uncer-
tainties, the main obstacle to Norway's
climate policy is political conflict around
several contentious aspects of the oil
and gas industry, specifically: expansion
or contraction of industry; expansion in
the north; building wind turbines (both
on- and off-shore); and connecting the
Norwegian and European electricity
grids, which most experts assume will
lead to higher electricity prices in Nor-
way. Both the country's main parties —
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Labour and the Conservatives - favour
maintaining the policy followed in the
past, namely expanding and greening
the oil and gas sector, in combination
with paying for emissions or their abate-
ment in other parts of the world.

3.5 Sweden: Effects on public sector
employment of new mining and manu-
facturing in the north

In recent years, Sweden's two northern-
most regions — Norrbotten and Vdster-
botten - have seen large investments
in mining and manufacturing aimed at
supporting the transition to carbon neu-
trality. The most prominent examples in-
clude a battery plant, carbon-free steel
production and the mining of certain
minerals. Overall, switching from fossil
fuels to sustainable energy in making
steel is projected to reduce Sweden's to-
tal CO, emissions by 10%.

Increased economic activity in
mining and manufacturing creates in-
creased demand for labour. A recent re-
port estimates that the private sector in
Norrbotten and Vdsterbotten will need
36,000 more employees over the course
of 2024-2026, translating into a 20%
increase in employment (SKR 2023).
Increased private sector employment
in turn requires increased public sector
employment in health and social care,
education, infrastructure, and adminis-
tration. Thus, the projected increase in
the two regions' public sector employ-
ment over the same period is 11,600,
which equates to a 17% increase.

This increased demand for pri-
vate and public sector employees cannot
be met by increased labour supply with-
in the two regions. Rather, it requires a
net inflow of labour roughly correspond-
ing to the additional number of workers



needed. This poses a huge challenge not
only for Norrbotten and Vdsterbotten,
but for the national government.

Another feature of the green
transition investments made in manu-
facturing and mining in these regions is
that the private sector tends to pay (of-
ten much) higher wages than the pub-
lic sector. This poses another challenge
for regional and municipal governments
— how can they prevent employees from
leaving while also attracting replace-
ments for those who do go?

Adjej, Eriksson and Lundberg's
chapter deals primarily with the latter
challenge. Based on the expansion of
mining and manufacturing seen in the
two regions in 2006-2008, the authors
estimate the extent to which a given in-
crease in private sector employment will
lead to employment being reallocated
from the public to the private sector, as
well as the specific impacts on different
parts of the private sector (health and
social care, education and administra-
tion). They also estimate the degree to
which different types of employees - in
terms of age, income, educational level
and type of education — will be affected.

The main finding is that the pri-
vate sector primarily attracts younger
individuals employed in public adminis-
tration with a relatively high income and
a social sciences university education.
Public sector employees in the educa-
tion sector are much less affected, while
health and social care employees are
barely affected at all. The reason under-
lying this difference is presumably that
public sector employees with the former
profile possess general skills demanded
by both the public and private sectors.

The demand for more mining and
manufacturing labour in 2006-2008
was small compared to the envisioned
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increase in labour needed for 2024-
2026. In the previous instance, most of
the private sector demand could be met
by reallocating labour from the local
public sector, rather than resorting to
recruitment from outside the regions.
Considering that the transition to a
greener economy will inevitably lead to
some labour being poached by the pri-
vate sector from the public sector in
the two regions, the public sector will
need to recruit more than the project-
ed 11,600 employees mentioned above.
These new employees will have to be at-
tracted either from other parts of Swe-
den or abroad.

The chapter suggests a number
of potential policies for attracting la-
bour to the public sector. One is increas-
ing relative wages in the public sector.
Another, perhaps just as important, is
raising the status of public sector em-
ployment among young people in the
process of choosing education and em-
ployment. This is not a task that can or
should be undertaken by the local public
sector alone, whether regional or munic-
ipal. Rather, national policymakers must
also share responsibility.

Three municipalities in particu-
lar are affected by the green transition
in manufacturing: Boden and Luled -
where investments in fossil-free steel
production are taking place — plus Skel-
lefted, where the Northvolt battery fac-
tory is located. These municipalities face
huge financial risks, having financed the
building of new infrastructure through
greatly increasing their debt. They are
also under considerable administrative
strain.

While private investments made
in making carbon-free steel have re-
ceived substantial public subsidies — in-
cluding from EU funds - in the form of



grants and loan guarantees, very little
subsidies have been directed towards
the large infrastructure investments
municipalities have been forced to
make. Given that both private and pub-
lic investments are necessary to meet
Sweden's climate goals, it is legitimate
to ask whether municipalities should
bear all the financial risk in anticipation
of future benefits. If a municipality's in-
vestments fail, it will be saddled with an
unsustainable debt burden, forcing cen-
tral government to step in.

4. Key findings

The topics covered by this project were
chosen on the basis of the key challeng-
es faced by the Nordics in pursuit of a
green transition, and what meeting
these challenges may entail for the vari-
ous regions of the countries in question.

Common to all the Nordic coun-
tries is that they follow EU climate pol-
icy, although two of them - Iceland and
Norway - do so voluntarily by formal
agreements. This means emissions from
the ETS sector of the economy are regu-
lated at the EU level. While emission tar-
gets for the LULUCF sector are set by
the EU, measures to achieve them are
decided at the national level. The same
currently applies to the ESR sector.
Starting from 2027, however, emissions
from road transport, small-scale indus-
try and the heating and cooling of build-
ings — which together account for most
of the ESR sector — will be regulated by
a new emission trading system, ETS2.
In contrast to the EU ETS, suppliers of
combustible fuels — not end users - will
have to buy emission allowances.

The main challenges to meeting
the Nordic countries' 2030 climate goals
can be found in the ESR sector in Iceland
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(road transport) and Norway (fossil fuel
extraction), and the LULUCF sector in
Denmark (agriculture and land use) and
Finland (forestry). Sweden is the excep-
tion — here, the challenge is supplying
appropriately skilled labour to the public
(and private) sector in order to enable
fossil-free steel-making and battery
production.

All five countries have detailed
climate action plans, meaning there
is a wealth of measures available for
achieving their respective climate or la-
bour supply goals. The issue is therefore
not so much one of finding appropriate
measures, but rather whether political
obstacles can be overcome: is the rul-
ing party or coalition willing to pursue a
given measure, and can it muster a ma-
jority in parliament? Experience shows
that climate policies can be highly con-
tentious. The reindeer-herding Sami in
Norway and Sweden oppose the land-
based wind turbines and new mineral
mines required for the green transition;
municipalities in Sweden oppose land-
based wind turbines unless they receive
economic compensation for the envi-
ronmental impact; and people living in
rural areas who are dependent on cars
for transportation oppose making fossil
fuels more expensive.

There is also considerable un-
certainty around, among other things,
emission forecasts, which are used to
set emission-abatement goals. For in-
stance, the Danish goal of cutting GHG
emissions from the LULUCF sector by
3.3 mtCO.e in 2023 was lowered to 1.5
mtCO2e in 2024 due to new emission
and uptake forecasts. Another source
of uncertainty is technological, with one
example being CCS. It remains open to
question whether the Norwegian CCS
project will prove to be feasible, and in



particular whether sufficient economic
incentives will be put in place to ensure
use of the technology. The latter de-
pends on the resource cost, the price of
ETS allowances and the amount of CCS
credits (provided a carbon credit system
comes into being).

Turning to the regional effects
on income and employment of pursuing
national-level climate goals, it is broadly
clear which parts of the Nordic countries
will be most affected. Nevertheless, es-
timating the extent of these effects is
difficult, as it depends on the specific
policy measure; how it is applied and to
what extent; and the relation between a
policy measure and the outcome, which
in turn may depend on technological, be-
havioural or scientific uncertainty.

Here, increasing the carbon up-
take of Finland's forests offers a useful
example. It is evident that increasing
forest growth or reducing harvesting will
raise costs and reduce profitability for
forest owners, who are spread through-
out the country and are largely individu-
als rather than corporations. Increasing
the yield per unit of input in saw, pulp
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and paper mills requires investment,
thereby potentially making some mills
unprofitable and forcing their closure. In
this case, the effects are concentrated in
small communities across Finland, many
of which are dependent on a single mill.
There is also a great deal of uncertain-
ty regarding how many measures need
to be taken, and to what extent they
should be implemented, as their effects
on carbon uptake are not currently clear.

Overall, it seems the effects of
maintaining social equity through deal-
ing with regional income and employ-
ment impacts are quite limited at the
macro level. The affected share of total
employment is very small in Denmark,
Finland and Sweden, although it is a
slightly larger in Iceland and Norway. In
all cases, compensation for any negative
effects encountered should not pose a
problem for the respective countries’
public finances. More significant neg-
ative distributional effects may occur,
however, in cases where these effects
are highly localised, particularly in Nor-
way and Sweden, and to a lesser extent
Finland and Iceland.
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ABSTRACT

A carbon tax on emissions from agriculture, as well as land use, land use change
and forestry (LULUCF), is widely regarded as a necessary tool if Denmark is to
achieve its greenhouse gas reduction obligations. In assessing the impact of
levying such a tax, the present study finds that the combination of a carbon tax of
€50 per tCO, e, combined with subsidies for emission-reducing technologies, would
provide roughly three-quarters of the remaining national reduction required by
2030. These results are based on the GreenREFORM model: a dynamic multisector
model focused on the interactions between economic and environmental policies.
Crucially, given a significant portion of emission reductions are achieved through
drops in agricultural and food processing production, the results are reliant on
assumptions made about the market structures of these sectors, especially
regarding export elasticities and expectations around future prices. The study
investigates, through a series of sensitivity analyses, how altering these
assumptions impacts emission reductions. The drop in production is expected to
have different impacts on e.g. employment and production in different regions of
Denmark, as some regions have a larger share of production within the agriculture
and food processing sectors than others.

At the time of editing (October 2024), political negotiations are ongoing with respect to an
implementation of a carbon tax on the Danish agricultural sector. Nothing is settled yet, but all
things point towards a political agreement that could be characterized as a softer version of this
paper's “Scenario 3". The headlines are a tax of €40 per tCO,e (in 2030) on livestock emissions
with a 60 percent bottom deduction along with subsidies for afforestation, re-wetting of organic
soils as well as technology subsidies. Politically, the softer approach has been made feasible by the
development in the latest Danish green-house-gas emissions forecast (the Climate Outlook 2024).
In the 2024-edition, the projected outstanding reductions have been reduced by 2.5 mtCO,e. The
reduction-effects found in the paper remain up-to-date irrespective of this latest development in

the Danish reduction needs.
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1. Introduction

Denmark is subject to a dual obligation
in terms of reducing greenhouse gas
(GHG) emissions: at a supranational
level, the country is required by the Eu-
ropean Union (EU) to reduce emissions,
while at a national level, it has adopted
legislation requiring a 70% reduction in
GHG emissions by 2030 relative to 1990
levels (Lov om klima 2020). Additionally,
a national-level sub-target was negoti-
ated in 2021 for, firstly, the agricultural
land use sector, and, secondly, the land
use change and forestry (LULUCF) sec-
tor, with both required to achieve 55-
65% emissions reductions by 2030 (Re-
geringen et al. 2027). In the longer term,
the Danish government aims to reach
net-zero emissions by 2045 (Regeringen
2022).

At the current trajectory, there
will be a 4.2 mega tonnes of COe (mt-
CO,e) reduction deficit when it comes
to reaching the 70% target by 2030.
Moreover, to meet the national targets
for agriculture and LULUCF, at least 3.3
mega tonnes of this 4.2 mtCO,_e shortfall
needs to come from these two sectors.
With respect to meeting EU targets, the
current trajectory will leave a 7.6 mt-
CO,e reduction gap in 2030 under the
Effort Sharing Regulation. Over recent
decades, emissions from the agricultur-
al and LULUCF sectors have undergone
a decline: down by 40% in 2022 com-
pared to 1990 levels.® This trend is not,

however, set to continue under current
policies. With other sectors expected to
undergo an emissions reduction of 74%
by 2030, emissions from the agricultural
and LULUCF sectors are consequently
expected to constitute around half of
Denmark’s total emissions by this time.
Thus, regulation of these emissions are
pivotal to the country reaching its cli-
mate goals — both for 2030 and in the
longer run.

1.1 Carbon taxation in Denmark
Although Denmark has had a carbon
tax since the early 1990s, the taxation of
emissions has been very uneven across
sectors and emission sources (Klimard-
det 2022).* In 2022, the national carbon
tax was reformed - based on the rec-
ommendations of an Expert Group on
Green Tax Reform (Ekspertgruppen for
en Gren Skattereform 2022) - with an
increased focus on emissions from the
industrial sector. This led to a more uni-
form carbon tax rate, an expansion of
the tax base and a substantial increase
in the carbon tax rate going forward:
when fully phased in, the tax rate is set
to reach €100 (DKK 750) per tCO,e in
2030, though numerous exceptions exist
to the uniform rate.®

While the 2022 reform expand-
ed the tax base for Denmark’s carbon
tax, a range of sectors were left out -
most prominently the agricultural and
LULUCF sectors. Consequently, non-en-
ergy emissions from these two sectors

* Around half of this decline (4.4 mtCO,e) stems from increased carbon stock in forests; roughly 20% (1.7
mtCO,e) from drained organic soils releasing their stored carbon into the atmosphere and so ceasing
their emissions; approximately 10% (1.1 mtCO_e) from decreased emissions from energy use; and the
remainder (2.1 mtCO,e) from reduced N,O and CH, emissions arising from husbandry and fertiliser use.
At the time of writing, 2022 is the latest available historical year with consolidated data.

“ For further background on Denmark’s CO, Tax Act, see: https://info.skat.dk/data.aspx?0id=2060515.

5 Exceptions are the Emissions Trading Scheme (ETS) sectors and non-energy emissions outside the ETS

sectors, heating and transportation.
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remain exempt from carbon taxation.
The sectors not covered by the reform
are set to be addressed in another round
of legislation in 2024, which will rely on a
second report by the Expert Group pub-
lished in February 2024 (Ekspertgrup-
pen for en Gran Skattereform 2024). The
new recommendations revolve around
three taxation 'models’, each with a dif-
ferent emphasis:

+ The first model emphasises achieving
reduction targets at the lowest so-
cial cost. In short, it achieves reduc-
tions through a €100 per tCO,e tax
on emissions from enteric fermenta-
tion, manure management, manure
applied to fields, inorganic fertilisers
applied to fields, and liming.

« The second model emphasises
achieving reductions while also cut-
ting carbon leakage, as well as mit-
igating the structural effects of the
tax. Like the first model, the margin-
al tax rate is set at €100 per tCO,e,
but farmers can secure so-called
'bottom deductions' per animal and
per hectare of farmland, resulting
in an effective tax rate of €50 (DKK
375) per tCO,e.

« The third model puts an even higher
emphasis on reducing carbon leak-
age and mitigating the tax's struc-
tural effects. Thus, the marginal
tax rate on emissions from enteric
fermentation and manure manage-
ment is reduced to €33 (DKK 250)
per tCO,e. It is envisaged that the
lost reductions caused by the lower
marginal tax rate will be offset by a
subsidy for negative emissions aris-
ing from the production and storage
of biochar.

Across all three models, the Expert

Group recommends schemes for re-wet-

ting organic soils and subsidies for af-

forestation.
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At the time of editing (October
2024), political negotiations are ongoing
with respect to an implementation of
a carbon tax on the Danish agricultur-
al sector. Nothing is settled yet, but all
things point towards a political agree-
ment that could be characterized as a
softer version of this papers "Scenario
3". The headlines are a tax of €40 per
tCO,e (in 2030) on livestock emissions
with a 60 percent bottom deduction
along with subsidies for afforestation,
re-wetting of organic soils as well as
technology subsidies.

Politically, the softer approach
has been made feasible by the develop-
ment in the latest Danish green-house-
gas emissions forecast: the Climate
Outlook 2024. The present analysis uses
the Climate Outlook 2023 as its vantage
point. In the 2023-projections the out-
standing reductions were more than 4
mtCO.e. In the 2024-projections the out-
standing reductions have been reduced
to 1.5 mtCO,e, with the biggest drivers
of change being revisions of uptake in
forest (-1.7 mtCO,e), emissions from
organic soils (-1.8 mtCO,e), and waste
incineration (+1.0 mtCO,e). Though
projections and reduction targets have
changed, the economic forecast for ag-
riculture has not changed much with
the Climate Outlook 2024. Furthermore
the organic soils emission in the present
analysis was updated in the last minute
to reflect 2024-data. Lastly, even though
forest-uptakes have been revised with
the Climate Outlook 2024, the expect-
ed uptakes from afforestation has (the
revision of forest uptakes is only a revi-
sion of uptake in forests-remaining-for-
est). We therefore maintain that the re-
duction-effects in the present analysis
largely remains up-to-date and relevant.



1.2 Scope and structure of the chapter
In analysing how different regulation
schemes affect both Denmark’'s macro-
economy, agricultural production and its
emissions, the chapter sets out to an-
swer the following questions:

«  What are the effects (both on the
macroeconomy, agricultural produc-
tion and emissions) of a regulation
incentivising a reduction of agricul-
tural and LULUCF emissions at the
same tax rate as that imposed on
industry (€100 per tCO,e), i.e. the
same tax rate as in the first model of
the Expert Group?

« How are these effects impacted if
the concept of a uniform carbon
taxation is abandoned, and a lower
tax rate is levied on the agricultural
sector than on the industrial sector?
Further emission reductions in the
agricultural sector could then be pur-
sued by subsidising abatement tech-
nologies (e.g. feed additives reducing
methane emissions from enteric fer-
mentation), thereby mitigating some
of the economic burden on farmers.

« Finally, how will the economic (in-
come, employment) and environ-
mental (nitrogen leaching) effects of
the various regulation schemes dif-
fer across Denmark's regions?®

Our analysis has been carried out using
the same workhorse model as in the sec-
ond report of the Expert Group, namely
the GreenREFORM model. The model
was developed with the aim of bridging
the gap between economic and environ-
mental policies, and so can be used to
analyse how, for example, climate poli-
cies affect the macroeconomy and vice
versa. It consists of a dynamic multi-
sector computable general equilibrium

(CGE) model, with sub-models that
compute agricultural production and
non-energy-related emissions (main-
ly nitrous oxide and methane) and LU-
LUCF emissions (mainly CO,), as well as
how the two interact.

Three main scenarios for carbon
tax and subsidy schemes were devel-
oped, involving a carbon tax on non-en-
ergy emissions from agriculture and
LULUCF of between €50 and €100 per
tCO.e, supplemented by different sub-
sidy schemes. Although these policy
scenarios resemble those of the Expert
Group on Green Tax Reform, they differ
— most importantly — in terms of the ap-
plied export elasticities. All the analyses
give results for Danish climate obliga-
tions, regional effects (employment and
nitrogen leaching), and standard mac-
roeconomic variables such as the gross
domestic product (GDP) components.

As will be elaborated on in re-
maining sections, our results show that
imposing a carbon tax of €100 pertCO,e
(Scenario 1) willreduce agricultural emis-
sions by almost 2 mtCO,e by 2030, with
agricultural production falling alongside
reduced demand arising from higher
Danish food product prices. The decline
in production will be most pronounced in
the cattle sector, which has the greatest
baseline emissions intensity, translating
into a loss of around 5,000 agriculture
and food industry jobs. With cattle -
and husbandry more generally — concen-
trated in Jutland, 90% of these lost jobs
will be situated there. Crop and vegeta-
ble prices will only undergo a limited rise,
as land prices will decrease due to higher
production costs. The tax will only have a
limited effect on the total area of agri-
cultural land in production.

¢ Section 2.4 elaborates on what nitrogen leaching is, as well as its environmental impact.
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Figure 1. Danish greenhouse gas emissions and reduction targets, past (1990-2022) and

projected (2023-2035) trends
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Source: Danish Energy Agency (2023), Regeringen et al. (2021) and Lov om Klima (2020).

Adding subsidies to afforesta-
tion and the wetting of carbon-rich soils
(Scenario 2) increases emission reduc-
tions by 0.4 mtCO,e in 2030, making for
a total reduction of 2.3 mtCO,e.” Most
of this additional reduction stems from
wetting carbon-rich soils, since affor-
estation has a limited effect on short-
term emissions. Carbon uptake will in-
crease in the longer term. Reducing the
tax rate to €50 alongside an emphasis
on subsidising emission-reducing tech-
nologies (Scenario 3) will increase emis-
sion reductions by around 0.6 mtCO.e
compared to Scenario 2. Hence, subsi-
dies to technological emission reduc-
tions more than offset the effect of the

reduced tax rate, which also mitigates
the impact on agricultural production
and employment.

The remainder of the chapter
proceeds as follows. Section 2 outlines
the Danish context for climate policies
targeted at agricultural and LULUCF
emissions. Section 3 then describes the
GreenREFORM model, particularly the
sub-models for agriculture and LULUCF.
Next, section 4 presents the model re-
sults from our three primary policy sce-
narios, together with perspectives on
the regional economic and environmen-
tal effects. To assess the robustness of
the model results, we conducted multi-
ple sensitivity analyses that evaluate the

7 When organic soils are kept underwater - as they were before being drained - carbon does not react
with the oxygen in the air, thus preventing emissions.
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effects of altering core parameters and
assumptions - these are covered in sec-
tion 5. Finally, section 6 discusses the re-
sults before providing some concluding
thoughts.

2. Agricultural and LULUCF
sectors in Denmark

2.1 Emissions and reduction targets
Agricultural and LULUCF emissions con-
stitute a large share of Denmark’s to-
tal emissions, with this share expected
to increase over the coming years giv-
en current policies (Figure 1). In 2022,
non-energy-related emissions from the
agricultural and LULUCF sectors consti-
tuted 28% of Denmark’s total emissions
(12.6 mtCO,e out of 44.8 mtCO,e). By
2030, while emissions from these sec-
tors are expected to remain largely un-
changed (12.0 mtCO,e), their share of
total emissions will have increased to
46% due to declining emissions in other
sectors.? Against this backdrop, the fol-
lowing sub-sections set out the Danish
context in terms of agricultural and LU-
LUCF emissions and reduction targets,
as well as the emissions regulation, eco-
nomic importance and regional distribu-
tion of these sectors. Here, it is worth
highlighting the fact that the current
Danish government has explicitly stated
in their Vision for Government that cli-
mate targets shall be achieved without
impacting the competitiveness of the ag-
ricultural sector (Regeringen 2022, p. 29).
As mentioned in the introduction,
the Climate Law passed by the Danish

parliament in 2020 specified a 70% re-
duction in total emissions by 2030 com-
pared to 1990 emission levels (Lov om
klima 2020). The target implies that to-
tal emissions in 2030 should be below
23.5 mtCO,e - given the projected emis-
sions level of 27.7 mtCO,e, there remains
a shortfall in reduction efforts of 4.2
mtCO,e. Furthermore, the agricultural
agreement made in 2021 set a reduction
target - based on the same timescale -
of 55-65% for the agricultural and LU-
LUCF sectors (Regeringen et al. 2021).
This target implies emission reductions
of 3.3-5.4 mtCO,e by 2030 compared to
the baseline scenario.

Aside from these national targets,
the EU has set reduction obligations
for Denmark under the Effort Sharing
Regulation (ESR) and LULUCF Regula-
tion. The ESR sets binding annual GHG
emission targets for the included sec-
tors, including agriculture.’ These mean
that by 2030 Denmark must achieve a
50% reduction in emissions from ESR
sectors compared to 2005 levels. The
LULUCF Regulation imposes a 'no debit’
rule for the period 2021-2025, meaning
Denmark has to ensure emissions from
land use are compensated for by equiva-
lent reductions. By 2030, Denmark must
reduce net emissions from the LULUCF
sector by 0.44 mtCO,e compared to the
years 2016-2018.

2.2 Regulation of emissions

Historically, non-energy GHG emissions
from agricultural production and LU-
LUCF emissions have largely gone un-

8These expectations are contained in the ‘Climate Outlook 2023' (Danish Energy Agency 2023), an annual
publication containing the official Danish projection of GHG emissions. Up until 2023, the publication was
produced by the Danish Energy Agency. From 2024 onwards, however, responsibility for the publication
will rest with the central administration in the Ministry of Climate, Energy and Utilities.

? The full list of regulated sectors under the ESR encompasses domestic transport (excluding aviation),

buildings, agriculture, small industry and waste.

31



Table 1. Emissions, employment and gross value added in agriculture and food industries, 2019

Emissions Employment Gross value added (GVA)

Million Share of 1,000 Share of € (billions) Share of

tonnes total (%) persons  total (%) total (%)
Agriculture 16.5 29.0 65.0 2.2 3.4 1.3
Agriculture and 31.0 129 39 7.6 2.8

food industries

Note: Agriculture includes LULUCF emissions as well as employment and GVA from the forest
sector. Emissions include both energy-related and non-energy-related emissions. We look at

20179 dataq, as it is the last consolidated data year in the national accounts.
Source: Danish Energy Agency (2023) and Danish National Accounts.

regulated in Denmark. Most regulation
of the agricultural sector does, however,
have indirect effects on such emissions.
Here, examples include restrictions on
manure applied to fields, local restric-
tions on expansion of husbandry, re-
quirements on fallowed areas, and reg-
ulation of nitrogen leaching to coastal
waters. Meanwhile, LULUCF emissions
have to some extent been regulated
through afforestation subsidies, as well
as subsidies for flooding carbon-rich
soils since 2015 (Ministeriet for Fedevar-
er, Landbrug og Fiskeri 2015).

In 2020, the Danish parliament
agreed to form the previously men-
tioned Expert Group on Green Tax Re-
form tasked with examining possible
models for introducing a uniform carbon
tax (Regeringen et al. 2020). The Expert
Group duly published its first report on
the carbon taxation of industrial pro-
cesses in February 2022, leading to an
agreement being adopted by parlia-
ment in June 2022 (Ekspertgruppen for
en Gren Skattereform 2022). Following
this, a second and final report was pub-
lished in February 2024 focused on the
regulation of non-energy emissions from
the agricultural and LULUCF sectors
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(Ekspertgruppen for en Gren Skattere-
form 2024).

2.3 Economic importance

Economically, the agricultural sector
plays a smaller role in Denmark relative
to its share of Danish emissions, with
the same holding true when measuring
employment. As shown in Table 1, agri-
cultural gross value added (GVA) was
€3.4 billion in 2019, equating to 1.3% of
total GVA in Denmark (Table 1). Total
employment in agriculture was 65,000
persons, constituting 2.2% of total em-
ployment. It is often argued that the
food processing industries should be in-
cluded when measuring agriculture's im-
portance to the Danish economy - doing
so would increase GVA to 2.8% and total
employment to 3.9%.

As previously noted, despite
non-energy-related agricultural emis-
sions constituting a significant part (ap-
proximately 28%) of Danish emissions,
they remain subject to only limited regu-
lation. Here, a strong argument against
further regulation is carbon leakage:
in other words, if Denmark reduces its
emissions through lower agricultural
production levels, then production and



emissions will simply increase elsewhere
in the world. Hence, carbon leakage be-
comes an argument for driving climate
mitigation through subsidies — thereby
maintaining production levels - rath-
er than taxation.”® It should be noted,
however, that some studies have found
carbon leakage rates to be substantially
below 100% for the agricultural sector
(De @konomiske RA&ds formandsskab
2021, Beck et al. 2023).

2.4 Regional distribution

Given the majority of Danish GHG emis-
sions are at this point regulated by a
carbon tax, any expansion of regulation
to encompass agriculture and LULUCF
is likely to increase the cost-efficiency of
meeting reduction targets. Even so, re-
ductions still come at a cost, which wiill
not be evenly distributed among Danish
households. Rising food prices dispro-
portionately hit low-income household
budgets, factory workers in the food in-
dustries will lose their jobs, and the least
profitable farmers will go bankrupt. As
Table 2 demonstrates, these character-
istics — being a low-income household

and/or food industry factory worker or
farmer — correlate strongly with living in
the more rural parts of Denmark.

In Northern Jutland, 6.1% of the
regional workforce was employed in pri-
mary agriculture or the food processing
industries in 2019." This represents the
highest proportion of the total regional
workforce employed in these two sectors
across all regions. People from Northern
Jutland also had the lowest wage levels
of all Danish regions. At the other end
of the spectrum, the capital region only
employs 0.3% of its workforce in the ag-
riculture and food industries and has the
highest wage levels.

Aside from regulating GHG
emissions, a carbon tax on agriculture
has spill-over effects on other agricul-
ture-related externalities, such as nitro-
gen leaching and ammonia emissions.
Nitrogen leaching in particular has re-
peatedly attracted media attention in
Denmark due to its adverse effects on
marine wildlife through oxygen deple-
tion of coastal waters.”” Table 3 shows
the present situation and projected
status in 2027 for Danish coastal areas

° Carbon leakage was also considered in the re-shaping of the national carbon tax on industry in 2022.
Different models were suggested by the Expert Group on Green Tax Reform. In models focused on limiting
leakage, a reduced tax rate (€17, or DKK 125, per tCO,e) on the mineral industry combined with subsidies
for carbon capture and storage (CCS) were put forward. The final legislation (Gren Skattereform for
industri mv. (24. juni 2022)) adopted this emphasis on reducing leakage and applied a reduced tax rate
on the mineral industry, as well as subsidies for CCS.

2019 is the most recent year with fully consolidated national accounts data.

2 Nitrogen leached from agricultural soils works as a fertiliser for the sea, spurring, in particular, algae
growth. When this additional algae dies, it is broken down by aerobe bacteria on the sea bed. This
process depletes coastal waters of oxygen, and in severe cases leads to the death of marine wildlife in
affected areas. For further background and information on how, in 2023, Denmark experienced the worst
case of oxygen depletion in 20 years, see the Danish Environmental Agency website (https:/mst.dk/
erhverv/rent-miljoe-og-sikker-forsyning/vandmiljoe/havet/iltsvind and https:/mst.dk/nyheder/2023/
september/markant-forvaerret-iltsvind). From a search in the online archives of the newspaper
Politiken we have compiled a few examples of media coverage of oxygen depletion in Denmark from
the past decade: (1) 'Oxygen depletion is developing rapidly’, 29 September 2020, https://politiken.dk/
danmark/art2550358/%C2%BBlltsvindet-udvikler-sig-virkelig-hurtigt%C2%AB; (2) 'Oxygen depletion
is on its highest level in 20 years', 2 October 2020, https:/politiken.dk/klima/art7948265/1ltsvind-i-
danske-farvande-er-p%C3%A5-h%C3%B8jeste-niveau-i-20-%C3%A5r; (3) 'Impactful oxygen depletion
in deep Danish waters', 31 August 2018, https://politiken.dk/danmark/art6682402/Kraftigt-iltsvind-
pr%C3%Abger-dybe-danske-farvande; and (4) 'Fish and lobsters in bulk numbers washed ashore in
Limfjorden', 17 June 2014, https://politiken.dk/danmark/art5521076/D%C3%B8de-fisk-og-hummere-i-
hobetal-driver-i-land-i-Limfjorden.
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Table 2. Employment in Danish agriculture and food industry (2019)

Region Agriculture and
food industries
(1,000s employed) in region
Copenhagen
2.6
and larger area
Zealand 10.8
Southern
Denmark 34.0
Mid-Jutland 323
Northern
Jutland 17.4
Total 97.0

As percentage
of employment employed)

Total (1,000s Average
hourly wage
(€ per hour)

0.3 956.2 47.7
2.7 403.5 40.4
5.8 589.7 40.9
4.8 669.9 41.4
6.1 284.9 40.0
33 2,904.2 43.4

Note: Data for the regional distribution of employment comes with a relatively high degree
of uncertainty. To split the national employment data for the primary agricultural sectors, we
rely on tables from Statistics Denmark combined with own assumptions. For food industry, we
collected data from Paqgle, combined with numbers taken from Danish Crowns website.
Source: For agriculture, Statistics Denmark tables (LONS30, RAS370, JORDT), authors’ own
assumptions and calculations in the GreenREFORM model. For food industry, authors’ own
queries on www.paqle.dk and Danish Crowns website, conducted in January 2024.

in terms of reaching a ‘good environ-
mental status' under the EU's Water
Framework Directive (WFD) Currently,
Denmark is obliged to reduce nitrogen
leaching in 78 out of 108 coastal areas,
with a total reduction need of 13 ktN per
year. The table also shows the project-
ed status in 2027 under existing policy.
A good environmental status is expect-
ed to be reached in most coastal areas
under a frozen policy scenario. Only 18
out of 108 coastal areas are expected
to have a reduction need in 2027, with a
total nitrogen reduction need of 2.8 ktN
per year.

Turning to ammonia emissions,
ammonia reacts with various com-
pounds in the atmosphere to form par-
ticle matter smaller than 2.5 microns in
width (PM, ), which has been linked to
chronic respiratory illnesses and prema-
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ture mortality (Wyer et al. 2022). Am-
monia is carried by the wind to neigh-
bouring countries, with more than 78%
of the adverse effects on human health
caused by Danish ammonia emissions
estimated to take place beyond the
country's borders (Brandt et al. 2023).
Table 4 shows the current projected
ammonia emissions in 2030, as well as
the estimated health-costs associated
with these emissions. Regulations that
reduce fertiliser use will have a positive
impact on nitrogen leaching and ammo-
nia emissions as shown in the analyses in
section 4.

3. Model and data description
This section provides a full description

of the GreenREFORM model, together
with the agricultural, abatement and



Table 3. Nitrogen leaching, current status and 2027-projection

Current status (Average of 2016-2018) Projected status (2027)

Number of coastal areas
with a reduction need

78 out of 108

Total reduction need,
ktN per year

18 out of 108

13.0 2.8

Source: Data graciously shared with the authors by the Danish Environmental Protection Agency.

Table 4. Ammonia emissions (2030) and incurred costs to society

Total ammonia
emissions from

agriculture (kt NH,) billion EUR

59.6

Incurred costs to Danish residents,

Incurred costs to
foreign residents, billion
EUR

0.3

Note: Effects on Danish residents are 22 per cent of total incurred costs, cf. Table 10 in the source.

Source: Brandt et al. (2023).

LULUCF sub-models used to supple-
ment it.

3.1 The GreenREFORM model
The core of GreenREFORM is a dynam-
ic CGE model, as shown in Figure 2. The
CGE model builds on an extended ver-
sion of the national accounts provided
by Statistics Denmark, which disag-
gregates input-output (IO) tables into
146 sectors instead of the usual 117. For
example, the single agricultural sector
used in the standard version of the na-
tional accounts is split into 13 sectors in
the extended version.™

Each sector is modelled using a
generic  constant-elasticity-of-substi-
tution (CES) production function, with
capital and energy modelled as comple-

mentary. Each sector's energy use is di-
vided into six purposes - 1) transporta-
tion;2) internal transportation; 3) special
processes; 4) normal processes; 5) in the
emissions trading scheme (ETS); and
6) heating — and split into 26 different
energy inputs.” The complementarity of
energy and capital arises due to the as-
sumption that each sector's representa-
tive firm will react to changes in energy
prices by switching its production tech-
nology to the lowest-cost alternative,
with the change in technology based
on smoothed marginal abatement cost
curves (Berg et al. 2021). The method
is implemented vutilising data from the
technologies (so-called 'technology cat-
alogues') used in producing official Dan-
ish emission forecasts. In other words,

" In the GreenREFORM model, the 146 sectors are aggregated into approximately 60 sectors.

% 'Special processes' encompasses energy used for mineralogical processes, metallurgical processes,
electrolysis, chemical reactions and large-scale horticulture, as well as energy used for the production of
electricity and district heating not in the ETS. ‘Normal processes' refers to energy not used for heating

or special processes.
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the abstract modelling of abatement
through elasticity of substitution is re-
placed by abatement through changes
in well-described real technologies. Such
modelling is useful for the purposes of
this chapter, as it provides better esti-
mates when evaluating different levels
of taxation and/or subsidies aimed at
incentivising technological abatement.
To allow for a more detailed de-
scription of environmental and climate
effects, the CGE model is accompanied
by multiple sub-models. While some
sub-models add information to the mod-
el (e.g. the LULUCF sub-model), others
change the structure of some of the pro-
duction sectors already accounted for in
the CGE model - this is the case for the
agricultural model or the above-men-
tioned abatement technologies. All the
sub-models are partial equilibrium mod-
els that can be solved independently or
simultaneously in combination with the
CGE model. For the present analysis, the
CGE core was enriched by the agricul-
tural model, the bottom-up technology
model tailored specifically for the agri-
cultural model, and the LULUCF model.

3.2 The agricultural sub-model

The agricultural sub-model describes
agricultural production and emissions
in more detail than the CGE model. Ag-
ricultural production is divided into ten
different sectors: three of these de-
scribe crop and vegetable production;
six describe livestock production; and
the remaining one describes agricultur-

al contractors hired by the other sectors
as a production input.® Both crop and
livestock production consists of conven-
tional and organic sectors. The produc-
tion flows of the agricultural sectors
are depicted in Figure 3, while Beck et
al. (2020) and Stewart and Berg (2023)
describe the agricultural model in more
detail.

The crop sectors (conventional
crops, organic crops and horticulture)
produce four goods: 1) a generic non-en-
ergy crop composite (e.g. different
grains); 2) energy straw; 3) a coarse feed
composite; and 4) straw-bedding. The
former two are used by other sectors of
the economy, including the food industry
and agricultural sectors, as well as for
final consumption. Flows of these goods
are accounted for in the IO tables in the
national accounts” Coarse feed and
straw-bedding are not represented in
the national accounts, but are account-
ed for in the Agricultural Accounting
Statistics, as they are partly comprised
of deliveries within the same farm. It is
assumed that these products are only
delivered to the livestock sectors (organ-
ic and conventional cattle, poultry and
pigs).

The production structure of the
crop sectors (see Appendix B, Figure
B1) is modelled using a nested CES pro-
duction function. The crop sectors use
agricultural land as a production input
and so compete in the land market over
the total amount of agricultural land
available (the determination of which

»The 13 sectors in the extended national accounts are reduced to 10 sectors in the GreenREFORM model.
Cattle related to conventional dairy production and conventional meat production are aggregated into
a single sector, with the same applying to their organic equivalents, thus reducing the number of sectors
to 11. Additionally, given ‘fur animals' is almost entirely consisting of the production of mink, and since
all mink in Denmark were culled during the COVID pandemic, the sector is removed from the model's

forecasts.
® See: www.dst.dk/grenreform.
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Figure 2. Overview of the GreenREFORM model
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Source: Authors’ own illustration.

is described in the endogenous amount
of land sub-section below). Further-
more, the crop sectors use fertilisers
and chemicals as production inputs.
Fertilisers may be comprised of manure
from the livestock sectors and/or inor-
ganic fertiliser from the chemical indus-
tries.”

The livestock sectors (organic and
conventional cattle, poultry and pigs;
Figure 3) produce two goods: manure
and a non-energy composite animal
good. As with the crop sectors, the com-
posite good is used by a range of sec-
tors in the economy, as well as for final
consumption. Manure is assumed to be
used only by the crop sectors and is not
accounted for in the national accounts.

Agriculture

LULUCF

Waste

The production structure of the livestock
sectors (see Appendix B, Figure B2) dif-
fers from the other sectors, as animals,
straw-bedding and animal feed are used
as production inputs - these are mod-
elled proportionately to building stock.

Non-energy-related emissions
Non-energy-related emissions, which
constitute the majority of agricultural
sector emissions, are modelled as be-
ing proportional to the emitting inputs.
Non-energy-related emissions in 2030
are shown in Table 5, which also con-
tains emission intensities calculated as
emissions divided by production values
in the baseline scenario.

7 For organic crop production, only manure enters the production function.
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Figure 3. Intra-agricultural flows
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Source: Beck et al. (2020).

Emission intensities are pivotal
to understanding the effects of a car-
bon tax. The majority of emissions stem
from conventional crop production, con-
ventional cattle and conventional pigs,
which are also the three largest sectors
measured by production value. Within
the crop sectors, the main emission cat-
egories are fertiliser use; crop residues;
nitrous oxide from leaching; and nitrous
oxide from organic soils in production.
The production inputs responsible for
emitting in the model are fertilisers
(both organic and inorganic) and agri-
cultural land. For the livestock sectors,
the main emission categories are enter-

ic fermentation and manure manage-
ment, with all emissions linked to the
number of animals in production in the
model.

Emission intensities are great-
est in conventional and organic cattle
production.”® Hence, these sectors are
expected to increase prices the most
should a uniform carbon tax be intro-
duced. Organic sectors generally have
lower emission intensities than their
conventional counterparts. This is due,
among other things, to organic produc-
ers being able to obtain higher output
prices compared to conventional pro-
ducers.

'8 Defined as emissions per value of production (see Table 5).
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Endogenous amount of land
The modelling of the land market -
which sets out to capture the hetero-
geneity of geography, soil quality etc. -
distinguishes the GreenREFORM model
from the other macroeconomic models
normally used for policy analysis in Den-
mark, which simply depict each sector as
an average. The underlying assumption
is that the productivity of agricultural
land varies, meaning that if a tax were
imposed on, say, emissions, some pieces
of land would be rendered unprofitable.
The land market is modelled as
a two-step procedure (Stewart et al.
2023). Firstly, the total amount of agri-
cultural land in production is determined
by a ‘land withdrawal function' based
on heterogeneity in land productivity.
In other words, agricultural land will be
taken out of production if an alternative
option - such as fallowing, afforestation
or flooding of carbon-rich soils — is more
profitable.” Secondly, the total amount
of available land allocated to the three
crop sectors is determined based on
their relative willingness to pay for the
land.

Food industries and market conditions

The 10 tables of the national accounts
reveal considerable interdependence be-
tween the agricultural sectors and the
food processing industries. This is espe-
cially true for the livestock sectors and
the dairy and meat processing sectors.
Most of the livestock sectors' outputs
are delivered to the dairy and meat pro-
cessing sectors, which use only very lim-
ited amounts of imported agricultural
products. This means the effects of a

carbon tax on agricultural emissions is
very much dependent on how the mar-
ket conditions of the food industries are
modelled.

The market structure built into
the GreenREFORM model is based on
export elasticities empirically estimat-
ed using the BACI dataset, which en-
ables extremely detailed product-level
estimates.?° For example, we estimate
export elasticities on 20 different prod-
ucts (e.g. cheese, butter, milk powder),
which are then weighted into an aver-
age export elasticity for the dairy sector.
We also estimate export elasticities for
the agricultural sectors' direct exports
— in the cases of pigs and poultry, the
estimated direct exports are significant
(27% and 17% respectively in 2030). Nev-
ertheless, the main driver of the model's
results — even for pigs and poultry - is
Denmark's food industries, where the
majority of the country's agricultural
production is processed.

The estimated export elasticities
are shown in Table 6. The fact that all
elasticities are below -10 and most are
around -5 indicate that Denmark's food
industries have some degree of market
power when exporting food products.
That is, demand for their products will
not vanish completely if prices are in-
creased — which is the claim often made
by opponents of a carbon tax on ag-
riculture. Various factors explain the
empirical result, one of which is that
Danish companies are able to exert pric-
ing-to-market, thereby allowing them to
sell to the markets with the highest pric-
es (Stephensen et al. 2023).

" Fallowed land can still receive EU subsidies if kept as agricultural land.
20 For more information about the dataset used, see the BACI website:
www.cepii.fr/CEPIl/en/bdd _modele/bdd modele item.asp?id=37.
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Table 5. Non-energy related emissions and emission intensity for agricultural sectors, 2030

Emissions,
mt CO,e
Crop and vegetable
. . 3.5
production, conventional
Crop and vegetable
. . 0.4
production, organic
Horticulture 0.0
Cattle, conventional 3.8
Cattle, organic 0.8
Pigs, conventional 1.6
Pigs, organic 0.0
Poultry, conventional 0.0
Poultry, organic 0.0

Emission
intensity, tCO,e

Production value,
billion EUR (2019

prices) per million EUR

1.9 1,816
0.3 1,258
0.4 29

1.8 2,103
0.4 1,878
2.2 754
0.1 434
0.3 1

0.1 74

Source: Statistics Denmark, Climate Outlook 2023 and authors’ own calculations.

3.3 Abatement technologies

Some non-energy emissions from the
agricultural sectors can be abated using
technology. For instance, the feed addi-
tive Bovaer reduces methane emissions
from enteric fermentation in cattle by
supressing the enzyme in the cows ru-
men that combines the hydrogen and
carbon dioxide to methane. These tech-
nologies are modelled using a bottom-up
approach, as is the case for abatement
technologies in the rest of the mod-
el (Beck & Kirk 2020, Stephensen et al.
2020). The main idea behind the ap-
proach is to model technologies as ap-
proximately discrete choices, as is the
case in engineering models. Thisisin con-
trast to the normal top-down approach
in CGE modelling, where technological
adaptation is modelled through sub-
stitution elasticities in the production
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functions. Technologies used to abate
agricultural non-energy emissions are
modelled as end-of-pipe technologies,
implying that while the emitting input
is kept in production, its emission coef-
ficient is reduced (Stewart & Kirk 2024).

The cost of technologies is fed
back into the model as increased de-
mand from other sectors. The standard
assumption is that technology costs are
related to increased capital demand, but
the approach employed in this chapter
allows for a more detailed description of
technology costs. The technologies used
in the current version of the model are
shown in Appendix A, Table A1.

3.4 The LULUCF sub-model

GreenREFORM's LULUCF sub-model,
which revolves around tracking land use
and changes in land use, largely repli-



Table 6. Export elasticities for agriculture and food industry sectors, 2030

Elasticity

Agricultural sectors

Crop and vegetable production,
conventional

Crop and vegetable production,
organic

Horticulture
Cattle

Pigs

Poultry

Food industries

Production of meat and meat
products

Fishing industry

Dairy products

Manufacture of grain mill and
bakery products

Other food industries

Source: Kirk & Hansen (2023).

cates the official models and methods
used to produce Denmark’'s Nation-
al Emissions Inventory and its Climate
Outlook.?’ The total area of Denmark is
split into 12 area categories. These are
displayed in Table 7 below, which not

Export share of

production
-4 37.7%
-3.0 33.4%
-31 19.1%
-3.9 2.9%
-4.0 29.8%
-8.5 18.8%
-5.0 61.8%
-3.9 69.1%
-5.4 541%
-9.7 26.6%
-5.6 421%

only highlights that Denmark is an ag-
ricultural land — with roughly 65% of its
area designated for agricultural culti-
vation (‘cropland’) - but that crop- and
grasslands are responsible for signifi-
cant levels of GHG emissions.

21 The Climate Outlook is the official forecast of the National Emissions Inventory. While the LULUCF
sub-model encompasses the major sources and sinks in the LULUCF sector, it abstains from modelling
the smaller sources and sinks. This modelling choice is made to minimise run-time, while also providing
a more accessible model for the end-user. For further detail on the LULUCF sub-model, see the model

documentation in Beck and Berg (2023).
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LULUCF emissions

Aside from the case of forestry (and a
few smaller exceptions), LULUCF emis-
sions are modelled as an emission coef-
ficient multiplied by the area of a partic-
ular land use or the change in land use
from one area category to another. The
most prominent example of this sim-
ple modelling are the emissions from
drained organic soils, which are the cat-
egories 'OC (organic carbon) 6-12%' and
'OC>12%' on both crop- and grasslands
in Table 7.

For forestry, emissions are com-
puted as the change in carbon stock.
The carbon stock - which consists of
stock above ground (stem and canopy),
below ground (roots), and in deadwood
and forest litter — is modelled as a Mar-
kov-chain, whereby forest adhering to
certain specifications (e.g. conifers in
Jutland aged 10-15 years) transitions to
its subsequent age class with a survival
probability.?? Forest that does not 'sur-
vive' is renewed as the same species in
the O-5 years age class. Thus, the forest
produces an in-flow of harvested wood
products (HWP), with emissions in this
sector equating to the difference be-
tween this in-flow and the depreciation
of HWP stock.?

Links to the rest of the model

HWP can be divided into two major cat-
egories: use wood and energy wood. The
flow of these two types is linked to the
rest of the model, which determines the

domestic supply of use wood and ener-
gy wood. The supply of use wood and
energy wood is therefore largely fixed
to the logging patterns implied by the
forest model's survival probabilities. In
order to allow prices to clear the mar-
kets of use wood and energy wood, the
margin (mark-up) between the costs of
maintaining/renewing the forest and
the prices of the wood products is en-
dogenised.?*

The exception to use and ener-
gy wood supply being completely fixed
is afforestation on agricultural land. As
discussed in section 3.2, the model's rep-
resentative farmer faces a choice be-
tween, on the one hand, long-term land
returns from farming and, on the other,
returns from a range of competing land
allocations — one of which is afforesta-
tion. Thus, land on which afforestation
yields the highest return is converted to
forest. Perhaps unsurprisingly, sizeable
subsidies are required if afforestation is
to compete with extensive farming, as
well as other uses covered by the EU's
common agricultural policy.

4. Results

This section presents the results arising
from three main scenarios in which car-
bon taxes of between €50 and €100 per
tCO,e are levied on non-energy emis-
sions from agriculture and LULUCF, sup-
plemented by different subsidy schemes.
We follow the Expert Group on Green Tax

2 Forest litter refers to the layer of non-living organic debris, e.g. leaves, bark, twigs, flowers, fruits and

other vegetable matter.

% The forestry model replicates the official model used in the Climate Outlook and was developed by
researchers at the Department of Geosciences and Natural Resource Management at the University of

Copenhagen (Johannsen et al. 2022).

% 1t is a long-term ambition to implement a degree of price reaction in the timing of forest renewal,
rather than - as is currently the case - the timing of forest renewal being solely determined by the
Department of Geosciences and Natural Resource Management's estimated survival probabilities.
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Table 7. LULUCF sector areas and emissions, 2022

Aggregate Land- Thousand Share of total Total emissions
land-categories categories hectares area (%) (mio. tCO,e)
Cropland, OC
onder 6% 2,752 63.9 0.12
Cropland, OC
Cropland between 6-12% 28 0.7 0.63
Cropland, OC
over 12% 1 0.2 0.48
Grassland, OC
onder 6% 88 21 0.02
Grassland, OC
between 6-12% 43 1.0 0.73
Grassland G land. OC
rassland,
over 12% 35 0.8 118
Other 26 0.6
Forest 615 14.3 -2.22
Forest R d und
Christmas Trees 30 0.7 ( eplorte le er
Forest')
Settlement Settlement 545 12.6 0.28
Wetland 72 1.7 0.03
Wetland Water 59 1.4 0.02
Total 4,306 100 3.05

Note: Cropland and grassland areas are split into three subdivisions based on the level of organic
carbon (OC) in the soil.

Source: Background data from the Danish Climate Outlook 2023 (Klimafremskrivning 2023).
For organic soils, emissions have been adjusted based on revised data in Beucher et al. (2023).

are primarily related to fertiliser use
(both manure and inorganic fertilisers).
In the livestock sectors, we tax emis-
sions related to enteric fermentation,
manure management and deposition

Reform in refraining from levying a tax
on selected emissions considered espe-
cially difficult to tax in practice.?® In the
crop sectors, we tax approximately 50%
of non-energy-related emissions, which

2 Emissions exempt from a carbon tax encompass those stemming from crop residues and mineralisation,
as well as N,O from leaching, histosols and indirect N,O emissions.
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from grazing animals, which constitute
99% of non-energy-related emissions.

4.1 Scenario 1: Tax on agricultural
emissions

Under Scenario 1, a carbon tax of €100
per tCO,e is announced in 2024, then
phased in linearly from 2027 to 2030.
The tax focuses specifically on non-en-
ergy emissions from agriculture, with
LULUCF excluded. The government bud-
get is kept unchanged compared to the
baseline, with the tax revenue given back
as a lump-sum transfer to households.

Production response

In order to put the model predictions
into perspective, it is useful to do some
simple computations based on baseline
production and emissions. In this case,
tax revenue before behavioural effects
(i.e. multiplying the tax rate by base-
line emissions) amounts to €0.8 billion
in 2030 - or 31% of baseline GVA. Fur-
thermore, simply adding the carbon tax
to the final prices of agricultural prod-
ucts in baseline yields a price increase
of 10%, although this covers a wide dis-
tribution — ranging from 20.2% in cattle
production to 0.3% in horticulture (see
the 'Price change before behavioural
change’ column in Table 8).

We now turn to the actual model
predictions — i.e. what happens in eco-
nomic equilibrium, where all behavioural
adjustments have taken place. In the
case of the livestock sectors, the equi-
librium price change after behavioural

effects is similar to the change before
behavioural effects are accounted for,
although the former is lowered some-
what by the ability of these sectors to
adopt emission-reducing technologies.
This ability is greatest in convention-
al cattle farming, where feed additives
are assumed to reduce emissions from
enteric fermentation.? The remainder
of the price increase is, however, passed
on in the supply chain, leading to a sig-
nificant drop in demand and production
(see column "Quantity change in equilib-
rium" which reports the drop in demand/
production).

By contrast, the equilibrium price
change for the crop and vegetable sec-
tors is very limited. This is because the
tax lowers the price of agricultural land,
thereby neutralising some of the tax's
effect (land price effects are explored
further in the next sub-section).

Higher prices have a relative-
ly small effect on demand for products
from the livestock sector. In other words,
implicit own price elasticities are rela-
tively low for the agricultural sectors
producing livestock.?” This may appear
surprising at first sight, as especially
export elasticities (see Table 6) for agri-
cultural livestock products as well as for
meat and dairy products are quite high.
In this case, the reason behind the fair-
ly low own price elasticities is the strong
interdependency between the agricul-
tural sectors and the food industries:
the former delivers the majority of its
products to the latter, while the food in-

% For example, Bovaer is a feed additive for cattle that suppresses the enzyme in the cow's rumen that
would otherwise combine hydrogen and CO,, turning them into methane.

% Implicit own price elasticity is defined as the percentage change in output over the percentage change
in output price. The measure indicates how price-sensitive demand for a product is when its price

increases by a percentage point.
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Table 8. Price and quantity change in agriculture and food industries, 2030

Gross Value Tax revenue Price Price Quantity Implicit
Added, before change change in change in own price
baseline behavioural before equilibrium equilibrium elasticity
(billion change behavioural (%) (%)
EUR) (billion change (%)

EUR)

Agricultural sectors

Crop and

vegetable 011 0.2 2.4 2.2 8.0 37
production,

conventional

Crop and

vegetable 0.0 0.0 9.8 -0.4 5.5 13.5
production,

organic

Horticulture 0.2 0.0 0.3 -0.4 0.3 -0.7
Cattle, 0.6 0.4 20.2 16.3 17.4 11
conventional ) ) ) ) ) )
Cattle, organic 0.2 01 17.9 14.5 -13.4 -0.9
Pigs, conventional 0.8 01 7. 6.2 -9.2 -1.5
Pigs, organic 0.0 0.0 4.0 3.6 -3.1 -0.8
Food industries

Dairy 1.3 - - 5.4 -13.8 2.6
Bovine meat 01 . . 13 268 2.4
products

Pig meat 1.2 - - 2.2 -6.3 -29
Poultry 01 - - -01 0.2 -1.5
Bread products 0.8 - - 0.2 -0.6 -3.8
Beverages and 15 . . 0.2 2.4 135

tobacco

Note: Price change before behaviour calculates how much the tax constitutes of production value in baseline, i.e.
the price change that would occur, if production and consumption are left unchanged. Price and quantity change
in equilibrium are the changes in production prices and quantities in the tax scenario compared to baseline.
Implicit own price elasticity is calculated as Quantity change in equilibrium divided by Price change in equilibrium.
Gross Value Added for the agricultural and food processing industries do not sum to the numbers in Table 1. This
is due some sectors being left out of Table 8 for simplicity.

Source: Author's own calculations in the GreenREFORM model.
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Figure 4. Relation between land amount and total production revenue
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Note: When total production revenue falls below €0.57 billion, i.e. the kink where the supply-
curve goes from being vertical to non-vertical, the least productive areas will be taken out of

intensive agricultural production.

Source: Olsen & Pedersen (2022) and author’s own calculations in the GreenREFORM model.

dustries have only a limited number of
competing imports. Hence, the demand
response in the agricultural sectors is
mainly driven by the demand response
in the food industries.

The equilibrium price increase for
food industries is about half that of the
agricultural sectors - this is because the
food industries require various other in-
puts aside from agricultural products. In
2030, the animal food industries' implic-
it own price elasticities will fall between
-1.5 and -2.9 depending on the compo-
sition of exports and domestically sup-
plied products. As such, the demand
response in the food industries is signifi-
cant compared to the price increase. The
production decrease in the agricultural
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sector mimics that of the relevant food
industries due to the aforementioned in-
terdependency.

Land market
The land price is calculated as the sum
of future discounted revenue from hold-
ing land. Introduction of the carbon tax
significantly decreases future produc-
tion value and hence agricultural land
prices. At the announcement of the tax
scheme, land prices decrease by around
18%, although this is somewhat mit-
igated by a decrease in the amount of
agricultural land in production.

As displayed in Figure 4, the to-
tal amount of agricultural land in pro-
duction in 2030 is estimated to have



Figure 5. Change in total emissions
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Source: Authors’ own calculations in the GreenREFORM model.

decreased by 36,000 hectares (2%)
compared to the baseline scenario. This
withdrawal of agricultural land from
production dampens the fall in land
prices, as output prices on crop and
vegetable products increase slightly as
supply decreases (scarcity effect). Land
use decreases by 4% in the conventional
crop sector, whereas land use increases
by 10% in the organic crop sector. These
sectoral differences are due to different
emission intensities at the outset, as
well as abatement possibilities.

Emissions

Figure 5 shows that total emissions are
projected to have been reduced by 1.9
million tCO,e in 2030. Reductions then
gradually increase until 2033 due to
short-term rigidities in the model (ad-
justment costs on capital, labour mar-
ket rigidities, and rigidities in export
responses), following which, reductions
are slowly eroded by productivity gains
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in the agricultural sectors. This 'erosion’
arises from the assumption that the tax
rate will be adjusted according to long-
run inflation, rather than productivity
growth. Hence, when productivity in-
creases, the agricultural sectors will re-
gain some of their competitiveness, as
the tax will constitute a smaller share of
production value, leading to increased
agricultural production.

Changes in emissions vary sig-
nificantly between the agricultural
sectors, as revealed in Figure 6. In ab-
solute terms, emission reductions are
greatest in conventional cattle, conven-
tional pigs, and conventional vegetable
and crop production, as these are the
greatest emitters in the baseline sce-
nario. Emission reductions are divided
into reductions due to changes in pro-
duction quantity (output), and those
arising from technological change and-
input substitution. The latter is largest
in conventional cattle and conventional



Figure 6. Sector-specific emissions change, ktCO e in 2030

Poultry (organic)

Poultry (conventional)
Horticulture

Pigs (organic)

Plant production (organic)
Cattle (organic)
Plant production (conventional)
Pigs (conventional)

Cattle (conventional)

-1,200 -1,000 -800 -600 -400 -200 0
kt. COze
Eoutput M substitution and technology

Source: Authors’ own calculations in the GreenREFORM model.

pigs, which also gives rise to the largest
differences between the mechanic and
equilibrium price increases contained in
Table 8.28

Macroeconomy and welfare

Total investments in the capital-inten-
sive agricultural sectors and food in-
dustry drop upon announcement of the
carbon tax. Alongside decreases in pro-
duction, labour moves to less capital-in-
tensive sectors of the economy (see Fig-
ure 7). Private consumption and total
imports also decrease, but to a lesser
extent. Although total exports increase

in the short run due to a time lag in the
change of production capacity (build-
ings and machine capital), they decease
in the long run. GDP, meanwhile, under-
goes a decrease of 0.2% in 2030 and
0.1% in the long run (2040). This very
small percentage change is due to the
fact that the agricultural sectors consti-
tute only a small share of total Danish
production.?

Figure 8 shows sectoral changes
in employment in the short run (2025-
2030) and long run (2040 and 2050). Al-
though total employment decreases in
the short run as a result of reduced de-

8 Substitution and technology contribute to increased emissions in the conventional and organic crop
sectors. This is due to agricultural land being more of a fixed factor than other production inputs,
meaning the amount of land falls less than production output. As there are significant emissions tied to

land use, this leads to a positive substitution effect.

% The tax also reduces ammonia emissions, which has positive welfare effects, resulting in a €0.01 billion
drop in the social cost of ammonia by 2030 for Danish residents and €0.03 billion for foreign residents

(see Table 10, final row).
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Figure 7. Change in GDP components (quantities)
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Figure 8. Change in employment (number of persons)
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mand, the employment effects are rel-
atively small compared to total Danish
employment of around 3 million people.
Labour productivity decreases slightly
in the long run, leading to a short-term
drop in private consumption and invest-
ments. The most-affected sectors in
terms of having to lay people off are the
construction sector (in ‘'other industry’),
due to decreased investments, and the
labour-intensive service sectors. In the
long run, real wages decrease in order
to re-establish equilibrium in the labour
market, meaning total employment re-
mains unchanged. However, the sectoral
composition differs from the baseline
scenario: as expected, employment falls
in both the agricultural sector and the
food processing industries, while rising
in the other industry and service sectors
due to increased competitiveness aris-
ing from lower wage costs.

Regional effects

As touched on above, unemployment is
temporary in the model, with laid-off
agricultural and food industry workers
finding alternative work in other sectors
of the economy. We therefore zoom in
on the partial effect on unemployment
caused by the drop in agriculture and
food industry vacancies (i.e. before em-
ployment moves to other sectors). As
shown in Figure 9, employment in agri-
culture and the food industries (mea-
sured in number of persons) is expected
to decline the most in Southern Den-
mark and Mid-Jutland and the least in
the capital area. The large reduction in
Southern Denmark is due to the region
having the largest amount of people
working in agriculture and the food pro-
cessing industries in the baseline scenar-
jo. Moreover, Southern Denmark has a
large share of cattle production relative
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to total agricultural production, further
contributing to the decrease in employ-
ment. Meanwhile, Northern Jutland -
which under the baseline scenario has
the largest share of people employed
in agriculture and the food processing
industries — is expected to face the big-
gest drop in the employment rate.

The regulation scheme has a lim-
ited effect in fulfilling the EU's WFD,
which Denmark needs to comply with
by 2027. Introducing the carbon tax re-
duces fertiliser use in crop and vegetable
production, with the use of manure and
inorganic fertiliser falling by an average
of 11% (47 kilotons N) in 2030 compared
to the baseline scenario. The effect is
somewhat smaller — only a 3% reduction
(13 kilotons N) — in 2027, the year when
the tax is phased in. Only a fraction of
fertiliser use results in reduced nitrogen
leaching. Table 9 shows that total reduc-
tions of nitrogen leaching amount to 0.8
and 2.8 kilotons N per year in 2027 and
2030 respectively. Of these reductions,
roughly a quarter are in areas that face
a reduction need when it comes to ful-
filling the WFD. The effect of the carbon
tax is limited in 2027, indicating it will
not be effective in reaching the target
set for that year. In the longer run, how-
ever, a carbon tax can contribute both
to a positive environmental status in the
remaining coastal areas and reducing
the total cost of implementing the WFD
by diminishing the need to reach the tar-
get using other instruments.

4.2 Scenario 2: Tax on both agricultural
and LULUCF emissions

Secondly, we explore the effects of ex-
panding the regulation scheme to in-
clude LULUCF emissions. Again, we
follow the Expert Group on Green Tax
Reform and focus on emissions from



Figure 9. Contribution to change in total regional employment from agriculture and food
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of uncertainty. To split the national employment data for the primary agricultural sectors, we
rely on tables from Statistics Denmark combined with own assumptions. For food industry we
collected data from Paqle combined with numbers taken from Danish Crowns website.

Source: For agriculture, Statistics Denmark tables (LONS30, RAS310, JORD1), authors’ own
assumptions and calculations in the GreenREFORM model. For food industry, authors’ own
queries on www.paqle.dk and Danish Crowns website, conducted in January 2024.

carbon-rich soils and emissions/uptake
from forests.

Afforestation increases the up-
take of CO, from the atmosphere, thus
holding the potential to lower Denmark’s
net emissions. As per the Expert Group,
we set the maximum potential for af-
forestation at 250,000 hectares (up
to 2045), with the limiting factor being
the production of small trees. Against
this backdrop, we introduce an affor-
estation subsidy of €40 per tCO.,e and
a subsidy for re-wetting of carbon-rich
soils. The process of abating emissions
from carbon-rich soils can be broken
down into two steps. Firstly, the farmer
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ceases intensive production in these ar-
eas (i.e. stops fertilising and ploughing),
which will only have a limited impact on
LULUCF emissions compared to the ef-
fect on agricultural emissions. Second-
ly, the farmer floods the area in order
to significantly reduce LULUCF emis-
sions. This second stage is much more
complex, often requiring coordination
between multiple farmers (Klimarddet
2020). As such, a tax scheme alone is
not very effective in reducing LULUCF
emissions. The subsidy is €40,000 per
hectare, which equates to €65 per tCO,e
on average. Regulation of agricultural
emissions is the same as in Scenario 1.



Table 9. Change in nitrogen leaching

2027 2030
Total reduction, ktN 0.8 2.8
Reductions that contribute to WFD, ktN per year 0.2 0.7
Regions with reduction need after regulation 16 16
Reduction need after regulation, ktN per year 2.5 2.1

Note: Estimations were made in 2022.

Source: Data graciously shared with the authors by the Danish Environmental
Protection Agency, and authors’ own calculations in the GreenREFORM model.

Main results
Including regulation of LULUCF emis-
sions alongside taxation of agricultural
emissions lowers total emissions by 2.3
million tCO.e. As shown in Table 10, LU-
LUCF emissions fall by 0.4 million tCO.e
while agricultural emissions fall by 1.8
million tCO e by 2030.

Thereductionin agricultural emis-
sions is greater than simply imposing a
tax on agricultural emissions (Scenario
1). This is because subsidising afforesta-
tion means larger amounts of land are
taken out of agricultural production as
the need for forest land increases. With
regulation of LULUCF emissions, the
area used for agriculture decreases by
2.7%, compared to a decrease of 1.7%
when only taxing agricultural emissions.

The decrease in land prices is
smaller when regulation of LULUCF
emissions is included. There are two
main explanations for this. Firstly, the
increasing amount of land needed for
forests and wetlands means agricultur-
al land will become an ever more scarce
resource. Thus, all else being equal, agri-
cultural land prices would be expected to
increase. Secondly, afforestation is ex-
pected to happen in the least productive
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areas, which therefore have the lowest
alternative value in terms of agricultural
production. Removing low-productivity
areas from agricultural land will increase
average productivity, and hence average
prices.

Approximately 32% of the de-
crease in LULUCF emissions expected
in 2030 stems from forests, with the re-
mainder arising from the wetting of car-
bon-rich soils. The relatively low impact
of afforestation in 2030 is primarily due
to two factors. Firstly, afforestation
happens over a timespan of 2025-2045,
as shown in Figure 10. Consequently, the
lion's share of the 250,000 hectares is
not afforested in 2030. Secondly, up-
take from the afforested areas is quite
limited in 2030, as forest uptake follows
an 'S-shape': low uptake in the begin-
ning and end of the growth cycle, and
much higher uptake for forests aged
20-60 years. Hence, afforestation will
have a limited impact in reaching 2030
climate targets but can contribute with
significant uptake from 2035 to 2080,
as shown in Figure 11.

On the other hand, emission re-
ductions from wetting carbon-rich soils
are fairly constant over time, and - as



Table 10. Main results of different regulation schemes, 2030

Scenario 2: Scenario 3: Tax
Scenario 1: Tax on and subsidies
Tax on agriculture for agriculture
agriculture and LULUCF and LULUCF
subsidies subsidies
GDP (%) -0.2 -0.2 0.0

Emissions change, mtCO,e

Total emissions -1.9 -2.3 -29
Agricultural emissions -1.7 -1.8 -1.7
- of which from technologies -0.6 -0.6 -1.0
- of which from output change -1.2 -1.2 -0.7
- of which from input substitution 0.0 0.0 0.0
LULUCF emissions 0.0 -0.4 -1.2
- of which from technologies 0.0 0.0 -0.8

Residual reduction needs towards

national 70% target 2.4 1.9 1.3

Residual reduction needs towards
lower bound (55% reduction) in 1.5 1.1 0.4
agricultural and LULUCF sector

Production quantity (%)

Production, conventional cattle 17.4 -17.6 -10.1
Production, conventional pigs -9.2 -9.3 -5.1
Production, conventional crop -8.0 -8.3 -4.7

Employment, 1,000 persons
Agriculture -3.3 -3.4 -1.9
Food processing industries -1.9 -2.0 -1.1
Land market (%)
Agricultural land, quantity -1.7 -2.7 -2.7
Agricultural land, price -18.0 -39 6.9

Water Frame Directive,% of outstanding reductions (2027)

Contribution to outstanding

reductions 6.7 3.8 4.0

Ammonia, €billion

Reduction in social cost (Danish

residents/Foreign residents) (0.01/0.03) (0.01/0.03) (0.00/0.02)

Source: Author's own calculations in the GreenREFORM model.
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Figure 10. Change in forest area
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Source: Authors’ own calculations in the GreenREFORM model.

Figure 11. Change in carbon stock and uptake from forest

90 4.5

80 4

70 3.5

60 3
v 50 25 o
S 40 2 8
£ 30 15 E

20 1

10 0.5

0 ]

-10 -0.5

2020 2030 2040 2050 2060 2070 2080 2090
e Carbon stock e Uptake

Note: The forest module runs at intervals of five years in order to reduce the dimensionality of
the model. Hence, output from the model is ‘stair-shaped.
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Figure 12. Change in drained area of carbon-rich soils and emissions
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demonstrated by Figure 12 — will have
fulfilled most of its potential by 2030.
This is based on the assumption that
carbon-rich soils can be wetted fairly
quickly, reaching full potential by 2032.
The wetting of carbon-rich soils is also
assumed to stop most emissions im-
mediately, which is in line with United
Nations Framework Convention on Cli-
mate Change (UNFCCC) accounting
guidelines.

4.3 Scenario 3: Lower carbon tax
combined with technology subsidies
Lastly, we explore a scenario in which the
emphasis shifts from taxing emissions
to subsidising the use of abatement
technologies. This scenario reflects how
climate policies have been carried out
in Denmark thus far. For example, the
taxation scheme on industries passed
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in June 2022 included tax rebates on
emission-intensive sectors, while allo-
cating subsidies to, among other things,
carbon capture and storage. It is often
argued that, aside from cost effective-
ness, a greater emphasis on technology
subsidies supports the Danish Climate
Law's other ambitions such as reduction
of carbon leakage and maintaining com-
petitiveness.

Concretely, we impose a carbon
tax of €50 per tCO,e on agricultural
non-energy emissions and assume the
effects on afforestation and wetting
of carbon-rich soils are the same as
in Scenario 2. In terms of the subsidy
scheme, it is assumed that all relevant
technologies have been fully implement-
ed by 2030. As shown in Appendix A, the
second most expensive technology is
the production and storage of biochar,



which costs around €300 per tCO,e.*°
However, this is also a technology with
a large emission removal potential (0.8
mtCO,e). Given biochar generates neg-
ative emissions, a subsidy covering the
entire technology cost is given. In all oth-
er cases, the subsidy is calculated such
that the tax plus the subsidy provides
sufficient incentive to fully implement
the technology in question.

Main results
As shown in Table 10, an emphasis on
subsidies for abatement technologies
combined with a lower carbon tax leads
to emission reduction of 2.9 mtCO.e in
2030 compared to the baseline. Within
this, LULUCF emissions are lowered by
1.2 mtCO,e, half of which stems from
afforestation and the wetting of car-
bon-rich soils, and the other half from
the production and storage of biochar.
The remainder of the reduction - 1.7
mtCO_e - comes from a fall in agricul-
tural emissions, almost matching the
amounts seen in scenarios 1 and 2, de-
spite the carbon tax in those instances
being double that applied in Scenario 3.
This is attributable to abatement tech-
nologies playing a significantly larger
role in reducing agricultural emissions.
More specifically, the use of nitrifica-
tion inhibitors to reduce crop production
emissions is introduced in this scenario,
requiring a subsidy of around €110-140
per tCO.e.

The drop in agricultural produc-
tion is almost halved as a consequence
of the lower carbon tax, causing emis-

sion reductions related to the change in
output to fall from 1.2 to 0.7 mtCO.e.
The higher level of agricultural produc-
tion seen under Scenario 3 also means
the negative impact on employment in
agriculture and the food processing in-
dustries is dampened.

Finally, agricultural land pric-
es increase under this scenario. This is
because of the scarcity effect of land,
where increased land prices dominate
over the fall in production value deter-
mined by the reduced carbon tax.

5. Sensitivity analyses

In conducting the three sensitivity anal-
yses described in this section, we restrict
our scope to Scenario 2 (i.e. the combi-
nation of a tax on agricultural emissions
alongside subsidies for the re-wetting of
organic soils and for afforestation). Be-
fore going into further detail, it is worth-
while setting out the motivation under-
lying the analyses:

1. In the first sensitivity analysis, we
investigate how the model results
change when we alter the price elas-
ticities of demand for agricultural
goods (including processed goods in
the food industry). Here, we explore
both a scenario where elasticities in
agriculture and the food industry are
doubled, and a scenario where they
are halved. Given the results of the
main analysis rely on the magnitude
of the elasticities, discovering how
these results change in response to
changes in these deep model param-

30 Biochar is a carbon-rich residue derived from the pyrolysis of biomass. When ploughing biochar
into fields, the carbon is stored rather than released into the atmosphere. As the biomass has taken
up carbon in its growth production, the storing of biochar gives rise to negative emissions (the same

concept as bio-energy carbon capture and storage).
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eters is naturally of great interest.

2. In the second sensitivity analysis, we
investigate what happens if the more
productive cattle and pig farmers
buy up the less productive farmers.
Highly productive farmers produce
output more efficiently, and one of
the ways this manifests in data is
through lower CO,e input per value
created.

3. In the third sensitivity analysis, we
investigate what happens if farm-
ers abroad are also subject to some
degree of climate regulation. Should
other countries pursue similar agri-
culture-related climate regulation,
this may water down the effects
of Denmark’s climate policy, as the
carbon tax will have less of an im-
pact on Danish competitiveness if
foreign farmers are faced with a
comparable situation. Although this
would potentially corrode Danish re-
duction efforts, foreign regulation
would contribute to reducing carbon
leakage, thereby resulting in great-
er global emission reductions than a
Danish standalone tax could achieve.
On this point, it should be noted that
climate regulation of agriculture is
already part of the current outlook
within the EU, where agriculture is
regulated under the ESR.

5.1 The effect of higher/lower response
in demand to changes in price

The scope of this sensitivity analysis is
to see how the main results of Scenar-
io 2 are affected by changes in the de-
mand elasticities of the agriculture and
food industry sectors. More specifically,
we explore two cases: in the first (Sen-
sitivity 1), we set demand elasticities to
half of what they are in the main analy-
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sis, and in the second (Sensitivity 2) we
double them. The results are displayed in
Table 11 below.

The effect of halving demand elasticities
Halving demand elasticities results in
a 'loss’ of 0.3 mtCO,e in emission re-
ductions, arising from production that
would otherwise have shut down under
the usual demand elasticities. This is re-
flected by the fact that production in
agriculture as a whole falls by 6.5% com-
pared to 9.5% in the main analysis.

Meanwhile, reductions  from
abatement technologies remain rough-
ly the same, as the technology incentive
resulting from the tax remains unaltered
by the change in elasticities. In fact, re-
ductions from abatement technologies
increase slightly, as the larger remaining
production provides a greater potential
base for the technology to be applied to.

When it comes to land prices,
halving demand elasticities has a pos-
itive effect, as a larger portion of the
tax can be passed on to suppliers and,
ultimately, consumers. This reduces the
drop in land prices caused by the tax.
More importantly, we assume that the
subsidy for afforestation is sufficiently
large that 250,000 hectares of crop-
land will still be converted to forestland.
This scarcity of cropland in turn pushes
up returns on land still in agricultural
production. While the scarcity effect is
also at work in Scenario 2, it is only in
conjunction with low demand elasticities
that the net effect is an increase in land
prices.

Finally, job losses in agriculture
and food industries are, unsurprisingly,
also lower in light of the halved demand
responsiveness, with 1,700 jobs in these
sectors 'saved..



Table 11. Main results from sensitivity analyses 1 and 2, 2030

GDP (%)

Total emissions

Agricultural emissions
— of which from
technologies

- of which from
output change

— of which from input
substitution
LULUCF emissions

- of which from
technologies

Agricultural, total
Production,
conventional cattle

Production,
conventional pigs

Production,
conventional crop

Agriculture

Food processing
industries

Agricultural land,
quantity

Agricultural land,
price

Scenario 2: Tax
on agriculture
and LULUCF
subsidies

-0.2

Sensitivity 1: Low demand
elasticities (2 of baseline)

Change Change

compared to  compared to

baseline scenario 2
-01 0.1

Emissions change, mtCO_e

-2.3 -1.9 0.3
-1.8 -1.5 0.3
-0.6 -0.6 0.0
-1.2 -0.9 0.4
0.0 -01 0.0
-0.4 -0.4 0.0
0.0 0.0 0.0
Production quantity (%)
-9.5 -6.5 3.0
-17.6 -12.2 53
-9.3 -5.8 3.5
-8.3 -6.2 2.1
Employment, 1,000 persons
-3.4 -2.3 11
-2.0 1.4 0.6
Land market (%)
-2.7 -2.7 0.0
-39 6.0 9.8

Source: Authors’ own calculations in the GreenREFORM model.
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Sensitivity 2: High demand
elasticities (2 times

baseline)

Change Change

compared to compared to

baseline scenario 2
-0.3 -0.1
-2.8 -0.5
-2.3 -0.5
-0.5 0.0
-1.8 -0.6
0.0 0.1
-0.4 0.0
0.0 0.0
-14.0 -4.5
-25.2 -7.6
-14.1 -4.7
-13.0 -4.8
-51 -1.7
-2.8 -0.8
-3.0 -0.3
-1.4 -7.5



The effect of doubling demand elasticities
Doubling demand elasticities results in
an additional emissions reduction of 0.5
mtCO,e, stemming from an additional
closing down of agriculture production
by 4.5%. This translates into, respective-
ly, 1,700 and 800 more jobs being lost in
primary agriculture and the food indus-
try.

5.2 The effect of highly productive cat-
tle and pig farmers buying out their less
productive counterparts

In the agricultural sub-model, the sec-
tors are modelled using so-called 'rep-
resentative farms' - that is, the model
describes the economic behaviour of
the ‘average’ farm. In practice, there
will be a degree of heterogeneity be-
tween farms, including the productivity
of individual farmers when it comes to
CO,e emissions (i.e. the carbon intensity
of production). For instance, the fourth
quantile of cattle farmers produce
roughly €34 worth of output per kg of
CO,e emitted, whereas the first quan-
tile only produces €26 worth. The idea
underling this sensitivity analysis (Sensi-
tivity 3) is that a sufficiently high tax will
push the first quantile of cattle farmers
out of business, to be bought up by the
less carbon-intensive farmers. The net
result is that emissions are lowered but
at smaller loss of production than would
be the case if only the representative
farm is considered.

We use data on cattle and pig
farmers from Klimarddet (2023) and
apply it as described by Stewart (2024).
In essence, we apply the productivity
data in the same fashion as we apply
end-of-pipe technologies to agriculture.

This method keeps the production input
mix largely unchanged, which was an at-
tractive feature in this case, as there has
not - to our knowledge - been any in-
depth studies of the underlying mecha-
nisms leading to observed variations in
emission intensity.®

As shown in Table 12, the effect
of low-emission intensity farmers ‘tak-
ing over' farms operating with high
emission intensities leads to significant
emission reductions: a further 0.5 mt-
CO,e reduction compared to Scenario
2. Aside from the emission reductions,
the results closely resemble those seen
in Scenario 2, which was the outcome
aimed for with the chosen modelling ap-
proach.

5.3 The effect of agricultural climate
regulation abroad

In this sensitivity analysis (Sensitivity
4), we investigate the effects of foreign
agricultural sectors also being subject
to a degree of climate regulation. As
we do not have a model for other coun-
tries’ agricultural and food process-
ing sectors, the analysis is approached
in an abstract but simple manner: we
assume that climate regulation is go-
ing to be milder abroad and that it will
have effects symmetrical to those seen
in Danish agriculture. More specifically,
we assume that price levels in foreign
agriculture and the food industry follow
their Danish counterparts, but with half
the Danish magnitude. For instance, in
the analysis there is an 18% increase in
the price of outputs from Danish cat-
tle farming, which translates into a 9%
price increase in outputs from foreign
cattle sectors.

31 Emission intensity defined as emissions per produced value (e.g. kg of CO,e per euro).
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Table 12. Main results from sensitivity analyses 3 and 4, 2030

GDP (%)

Total emissions

Agricultural emissions
— of which from
technologies

- of which from
output change

— of which from input
substitution
LULUCF emissions

- of which from
technologies

Agricultural, total
Production,
conventional cattle

Production,
conventional pigs

Production,
conventional crop

Agriculture

Food processing
industries

Agricultural land,
quantity

Agricultural land,
price

Scenario 2: Tax Sensitivity 3: Increased

on agriculture
and LULUCF
subsidies

-0.2

average productivity from
concentration on most
productive farmers

Change Change

compared to  compared to

baseline scenario 2
-0.2 0.0

Emissions change, mtCO_e

-2.3 -2.8 -0.5
-1.8 -2.3 -0.5
-0.6 -1.0 -0.5
-1.2 -1.2 0.0
0.0 0.0 0.0
-0.4 -0.4 0.0
0.0 0.0 0.0
Production quantity (%)
-9.5 -9.6 -0
-17.6 -17.6 0.0
-9.3 -9.5 -0.2
-8.3 -8.3 0.0
Employment, 1,000 persons
3.4 -3.4 0.0
-2.0 -2.0 0.0
Land market (%)
-2.7 -2.7 0.0
-39 -39 0.0

Source: Authors’ own calculations in the GreenREFORM model.
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Sensitivity 4: Foreign
agricultural climate policy

Change Change

compared to compared to

baseline scenario 2
-01 0.0
-1.9 0.4
-1.5 0.4
-0.6 0.0
-0.8 0.4
-0.1 0.0
-0.4 0.0
0.0 0.0
-6.2 3.3
-1.3 6.2
-5.9 3.5
-5.9 2.4
-2.2 1.2
1.4 0.6
-2.7 0.0
8.6 12.4



To briefly sum up the results, also
shown in Table 12, we find that agri-
cultural production falls by 6.2% com-
pared to 9.5% in the main analysis. This
smaller drop in production leads to a 0.4
mtCO,e lower reductions in emissions,
mainly driven by cattle production fall-
ing by only 11.3% compared to 17.6% in
the main analysis.

The qualitative effects of this
simulation are unsurprising. The inter-
esting part, however, is getting the mod-
el to quantify the risks posed to Danish
climate regulation of agriculture by for-
eign counterparts enacting similar pol-
icies. In this respect, the risk looks to be
significant, even is it is assumed that
foreign agriculture is subject to milder
policies that those imposed on Danish
farmers. The upside of foreign climate
regulation of agriculture is, of course,
that it reduces the leakage issue and
most likely leads to larger reductions
globally.

The increase in foreign prices
means consumers have less reason to
substitute away from Danish agricul-
tural products, which in turn means a
larger portion of the tax is passed on to
them. This, combined with the subsidies
for afforestation, re-wetting of organic
soils and the scarcity effect discussed
in sub-section 4.2, ensures farmers ex-
perience substantial capital gains in the
form of an 8.6% land price increase.

6. Conclusion and discussion

In setting out to analyse different regu-
lation schemes incentivising emission re-
ductions in the agricultural and LULUCF
sectors, our research finds that a tax
on non-energy emissions from agricul-
ture, combined with subsidies aimed at
cutting LULUCF emissions, would lower
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total Danish GHG emissions by 2.3 mt-
CO,e in 2030 compared to the baseline
scenario. Hence, regulation can contrib-
ute just over half the reductions neces-
sary to fulfil Denmark's 70% emissions
reduction target, as well as 70% of what
is needed to fulfil the national reduction
target for the agricultural and LULUCF
sectors. The remaining reductions must
therefore be achieved through even
stronger regulation of the agriculture
and LULUCF sectors than has been in-
vestigated in this chapter, or further
regulation of other sectors (or, alterna-
tively, a combination of the two).

Around 0.6 mtCO,e of these re-
ductions stem from emission-reducing
technologies, with feed additives play-
ing a major role. This contribution from
technologies is relatively limited due to
two factors: firstly, only a limited num-
ber of technologies are sufficiently ma-
ture to have a reliable effect in 2030,
and secondly, some technologies have
higher costs than the marginal incentive
of €100 per tCO.e (e.g. biochar and ni-
trification inhibitors).

A regulation scheme with a lower
taxrate of €50 per tCO,e, combined with
subsidising emission-reducing technolo-
gies, improves the total reductions deliv-
ered by the agricultural sector. While the
drop in agricultural output, and hence
emissions, is around half of what occurs
with a tax rate of €100 per tCO.g, this
loss of emission reductions is more than
compensated for by increased reduc-
tions arising from emissions-reducing
technologies. Most significantly, the pro-
duction and storage of biochar contrib-
utes 0.8 mtCO,e in reduced emissions
from the LULUCF sector.

These quantitative reduction ef-
fects are highly dependent on the model
assumptions, as also demonstrated by



the sensitivity analyses. Reduction tech-
nology effects rely heavily on assump-
tions made about reduction potentials,
as well as the time scales for phasing
in technologies currently unproven at
a larger scale. From a regulatory point
of view, it would be wise to take into
account the uncertainties surrounding
these calculations. One way of doing so
would be to incorporate rules into the
legislation increasing/decreasing the
general carbon tax if reductions appear
to be lower/higher than expected.

The research anticipates that the
regulation schemes will only have a lim-
ited effect in achieving the targets set
by the EU's WFD. This is mainly based
on the assumption that ‘targeted regu-
lation' will have significantly lowered ni-
trogen leaching by 2027, by which time
only 17% of coastal areas will need to
further reduce nitrogen leaching. Hence,
an overall drop in fertiliser use does not
offer a very effective means of achiev-
ing the remaining reduction demand.
The regulation schemes analysed in this
chapter will, however, make some of the
targeted regulation redundant. Given
that several studies have argued tar-
geted regulation comes with significant
costs (Jacobsen 2017), this would lower
the costs of the carbon tax.

The three regulation schemes ex-
plored all have a very limited effect on
the macroeconomy: GDP falls by 0.0-
0.2%, while total employment drops by
around 0.1% in the short term. This is
not an unusual result when it comes to
measuring the macroeconomic effects
of climate policies — the costs of achiev-
ing significant reductions in emissions

are very limited when measured as a
share of GDP (De @konomiske Rads for-
mandsskab 2021).

Nevertheless, the costs faced
by individual sectors, firms or persons
may be significant. Our model predicts
an 18% fall in agricultural land prices
under regulation that solely consists of
levying a €100 per tCO,e tax on agricul-
tural emissions. A fall in land prices of
this magnitude implies an approximate-
ly €5.5 billion drop in the value of land.
Unless compensated for, this would sig-
nificantly decrease current land owners'
assets. Moreover, employment in agri-
culture and the food processing indus-
tries would fall by around 5,000 persons,
with Northern Jutland and Southern
Denmark — which have the largest share
of employment in these sectors in the
baseline scenario — bearing the great-
est unemployment costs. Even for these
two regions, however, the unemploy-
ment effect is negligible, as the jobs lost
would only constitute less than 0.5% in
regional employment.®? In addition, the
numbers involved are somewhat negli-
gible when placed alongside the roughly
700,000 people who change jobs every
year in Denmark (Statistics Denmark
2024).

GreenREFORM is a macroeco-
nomic model and so not built to explore
the distributional effects of climate poli-
cies. Thus, to answer questions about the
effect on, for example, income inequali-
ty or the solvency of specific firms, other
models or calculation principles are re-
quired. The Expert Group on Green Tax
Reform has combined average change
in income and asset values from the

%2 As displayed in Figure 9, the partial contribution to unemployment in Northern Jutland from job losses
in agriculture and the food industries amounts to just 0.4% in 2040.
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GreenREFORM model with farm-level
accounting data in order to calculate
each farm's default risk. Similarly, aver-
age changes in prices and income have
been used to calculate the expected
effects on average disposable income
and the Gini-coefficient. Here, the Ex-
pert Group found that its 'toughest’ tax
scenario — resembling Scenario 2 in the
present analysis — led to a 0.26% fall in
real disposable income for the lowest in-
come decile, and that the change in Gi-
ni-coefficient was zero (when rounded
to two decimals) (Ekspertgruppen for
en Gron Skattereform 2024).33

The calculations in our analyses
are based on the assumption that con-
sumer preferences are unaffected by a
particular policy scenario. This means it
is only relative prices that can change

food consumption from animal to veg-
etable foodstuffs. As such, some of the
decrease in Denmark's production of
animal foodstuffs is substituted by im-
ports. According to international com-
parisons, Danes' food consumption has
a relatively high climate impact, and in
recent years there has been increased
focus on changing the country's di-
etary preferences (Klimarddet 2021).
If this were to occur on a large scale, in
conjunction with emissions regulation,
there could be a radical shift from the
consumption of animal foodstuffs to
Danish-produced plant products, with
their associated lower emissions. At this
point, however, we leave the interaction
between changes in dietary preferences
and the regulation of emissions to fu-
ture research.

3 We would have like to have quoted the exact change in Gini-coefficient, but the Expert Group on Green
Tax Reform has only published the change in Gini-coefficient rounded to the first two decimals.
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1. Introduction

The term 'green transition' refers to
the process of shifting from traditional
— often fossil fuel-based - energy sys-
tems and practices to more sustainable,
environmentally friendly alternatives.
This process encompasses a range of
strategies aimed at reducing carbon
footprints; promoting renewable en-
ergy sources (e.g. solar and wind); and
improving energy efficiency in sectors
such as transportation, agriculture and
industry. The ultimate goal of the green
transition is to not only mitigate the
impact of climate change, but ensure a
sustainable, resilient future for the plan-
et and its inhabitants. As such, the tran-
sition requires collaboration across gov-
ernments, industries and communities
worldwide.

Forestry can contribute to the
green transition through carbon seques-
tration, biodiversity conservation and
sustainable resource management. Sus-
tainable forestry practices allow for the
harvesting of timber without degrading
the environment. This involves manag-
ing forest regeneration, maintaining
biodiversity and using the best logging
methods to ensure woodland can pro-
vide resources over the long term.

Trees absorb carbon dioxide from
the atmosphere as they grow, which
helps to mitigate the effects of climate
change. Thus, sustainable forest man-
agement ensures forests can continue
to act as carbon sinks without diminish-
ing their capacity through overexploita-
tion. Moreover, given forests are home
to a significant portion of the world's
terrestrial biodiversity, protecting them
helps preserve a wide range of species
and maintains ecological balance, which
is crucial for the planet's health.
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The stock of carbon embedded in
forests changes over time, either neg-
atively (thus triggering CO, emissions,
‘source’) or positively (thus removing
CO, from the atmosphere, 'sink’). Trees
capture CO, through photosynthesis
and release it during biomass decompo-
sition, combustion and harvest remov-
als. The difference between CO, gains
and CO, losses defines the strength of
the carbon source/sink, which is esti-
mated and reported annually at both a
global and national scale.

Beyond carbon storage and bio-
diversity, forests provide a range of
ecosystem services, including water
regulation, soil conservation and pollu-
tion control, all of which are essential
for maintaining environmental quality
and supporting agriculture and human
well-being. In addition, biomass from
forestry, such as wood and wood waste,
can — when managed sustainably - be
used as a renewable energy source.

Sustainable forestry can also
stimulate local economies through jobs
in planting, management, logistics and
the processing of forest products. Such
economic activity can be particular-
ly important in rural areas where oth-
er employment opportunities are lim-
ited. Forests can also help landscapes
adapt to the effects of climate change,
for instance by improving watershed
management, reducing flood risks and
combating desertification. Meanwhile,
urban forestry helps improve air quality,
provides cooling effects, reduces energy
usage in buildings, and enhances urban
quality of life.

Incorporating sustainable for-
estry practices into national and inter-
national environmental policies is cru-
cial for leveraging these benefits and
advancing the green transition more



broadly. Forests are particularly import-
ant to the green transition in Finland, as
the country's woodlands are large and
easily accessible, with many people en-
gaged in jobs related to forest manage-
ment and the forest industries.

1.1 Objectives of this report

The Finnish government has set a na-
tional target for the country to become
carbon neutral by 2035. This will be diffi-
cult to achieve simply by reducing fossil
fuel consumption. As such, maintaining
the carbon sink of forest vegetation and
increasing renewable energy production
represent vital planks in Finland's cli-
mate policy. Against this complex back-
drop, this chapter attempts to address
the following questions:

« Can the role of Finland's forest car-
bon sink be enhanced?

« What options exist to achieve this
goal?

+  What would the regional-level impli-
cations be for Finland's forest and
energy sectors in terms of economic
growth and employment?

The remainder of the chapter proceeds
as follows. Section 2 describes Finland's
climate policy goals and CO, emission
trends. Next, section 3 presents past de-
velopments of the Finnish forest carbon
sink, while section 4 describes the eco-
nomic and regional characteristics of
Finland's forest sector. Section 5 then
outlines six strategies for promoting
the contribution of forests to climate
change mitigation and discusses the
opportunities and constraints associ-
ated with implementing these various
strategies, particularly in terms of their
regional impacts. Section 6 concludes by
outlining the limitations and uncertain-
ties of the study’s analysis.
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2. Policy goals and emission
trends in Finland

The nationalgovernment hasformulated
Finland's climate policy in 2022, setting
emission reduction targets for both the
medium and long term. By 2030, emis-
sions shall decline by 60%, compared
to the levels in 1990. By 2050, an emis-
sions decline of 90% shall be reached.
Carbon neutrality shall be achieved al-
ready in 2035. By 2030, emissions must
be reduced to 28.5 million tonnes of CO,
equivalents (CO.,e), corresponding to
-60% from the 1990 baseline. At the EU
level, it has been agreed that the carbon
sink provided by Finland's land use sec-
tor must amount to -17.8 million tonnes
of CO,e in 2030 (Ministry of the Envi-
ronment 2023).

Fossil fuels in Finland are mainly
used in energy production and domes-
tic traffic (Dixon et al. 2023). In the in-
dustrial sector, steel industries are large
consumers of fossil fuels. The energy
production sector’s fossil CO, emissions
peaked in 2003, before decreasing over
time. Combined CO, emissions from
energy production and domestic traf-
fic amounted to 30.6 million tonnes in
1990, increased to 49.6 million tonnes in
2003, and then decreased to 22.3 million
tonnes in 2022.

In 2023, new wind power was
installed, and a new 1,600 megawatt
(MW) nuclear plant was completed and
taken into operation (Olkiluoto 3). In re-
sponse, the CO, emissions decreased by
11% compared to those in 2022 (Statis-
tics Finland 2024). In 2023, national to-
tal CO, emissions excluding the LULUCF
sector were reported at 31,673 thousand
tons with 27,500 thousand tons relat-
ed to energy for the production of heat,
power, industrial processes and traffic/
transport (Statistics Finland n.d.).



In 2024, energy production emis-
sions and domestic traffic emissions are
roughly equal, contributing about 10 mil-
lion tonnes of CO, each. In addition, Fin-
land's steel and cement industries emit
5-6 million tonnes of CO, each year. De-
spite the significant progress in 2003-
2023, further reductions in emissions are
likely to prove challenging. Combustion
engines are set to remain in widespread
use in the near-to-mid-term despite the
active promotion of electric vehicles.

If the trends observed over the
2003-2023 period are linearly extrapo-
lated, energy and traffic emissions will
not be completely negated by 2035, al-
though emissions would be relatively
low: about 3-4 million tonnes of CO..
This projection is, however, optimistic
given the slow pace of Finland's vehicle
fleet evolution. Moreover, the prospects
are uncertain regarding CO, emissions
from the steel and cement industries by
2035.

In light of the 60% reduction tar-
get for 2030, emissions from Finland's
energy production and its domestic traf-
fic would need to be reduced to 10-15
million tonnes by 2030. Despite the ac-
tive modernisation of the former and the
adjustments made to the latter, achiev-
ing this objective will be challenging as
things stand. Searching for options to
maintain and enhance the role of forests
in the green transition is relevant in this
context.

National statistics include both
CO, and the contribution of certain oth-
er greenhouse gases (methane and ni-
trous oxides) converted to CO, equiva-
lents. In this report we address CO, only,
excluding other greenhouse gases.
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3. Forest carbon sink trends

The role of forests in climate change
mitigation is subject to active debate in
Finland. While reducing emissions from
fossil fuel combustion remains the gov-
ernment’s main policy objective, reach-
ing carbon neutrality by 2035 will be
near impossible without significant con-
tributions from carbon sinks.

The National Forest Inventory
programme, which has been in opera-
tion since the 1920s, forms the basis for
assessing forest carbon sinks (Aakala
et al. 2023). Originally — and even now
— the primary motivation behind the rel-
atively expensive, technically elaborate
programme has been estimating the
sustainable limits of timber harvests.
The programme’'s main reported attri-
butes include Finland's forest growing
stock, as well as the annual increment of
trees in Finland expressed as cubic me-
tres/cubic metres per year (stem volume
including bark). In terms of carbon sink
assessments, volume metrics are con-
verted to carbon mass, specifically the
mass of CO, sequestered annually from
the atmosphere into forest biomass.

The carbon sink in forest trees
can be empirically assessed using two
independent methods: the stock meth-
od and the flow method (Kauppi et al.
2022).

3.1 Stock method

The stock method relies on estimates of
the total stem wood volume - often re-
ferred to as 'growing stock' (GS) - of all
trees in a given area (in this case, Fin-
land) at two points in time separated by
an interval of multiple years. The annual
change in growing stock is determined



Table 1. Growing stock as observed in Finland's forests, 1990-2020

Year Growing stock (Mm?3)
1990 1,874
2000 2,003
2010 2,306
2020 2,529

Source: Forest Research Institute (1992, 20017, 2012), Natural Resources Institute Finland (Luke)

(2023).

based on the difference between two
consecutive estimates. If the growing
stock expands, the forest is a CO, sink. If
it shrinks, the forest is a CO, source. Al-
though the conversion from stem wood
volume to whole-tree carbon stock in-
volves some uncertainties, the method
is robust, highlighting any significant
change in growing stock. With this in
mind, Table 1 shows how the growing
stock of Finland's forests has evolved
over the period 1990-2020.

Over the course of 30 years, Fin-
land's growing stock has expanded by
655 million cubic metres (Mm3), which
equatestoa35%increase. Here, it should
be noted that there are uncertainties re-
lated to sampling and measurements,
and the rotating fieldwork means mea-
surements do not refer to any exact year.
Moreover, there are inter-annual fluctu-
ations arising from, among other things,
growing seasons being subject to differ-
ing weather conditions and harvest rates
responding to business cycles. However,
this change from 1,874 Mm3to 2,529 Mm?
is so large that forest resources have,
beyond doubt, acted as a significant and
continuous carbon sink during this time.

The stock method suggests that,
using a standard conversion, the aver-
age annual forest carbon sink amounted
to nearly 30 million tonnes CO, annually
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during the period in question. The meth-
od indicates that the sink was largest
from 2001 to 2010 (2,306-2,003=303)
and then declined from 2011 to 2020
(2,529-2,306=223). If the latter seques-
tration rate is sustained alongside the
downward trend in fossil fuel combus-
tion referred to above, the prospects
for Finland becoming carbon neutral by
2035 are good. However, more detailed
data for the 2011-2020 period obtained
using the flux method raises concerns.

3.2 Flux method

The flux method is a slightly more com-
plicated procedure than the stock meth-
od, requiring a variety of measurements
and statistics. All attributes in the flux
method are estimated at annual inter-
vals, with wood decrements for any giv-
en year subtracted from the correspond-
ing wood increments. If increments are
larger than decrements, the forest is a
carbon sink, and vice versa. Increments
are measured in the National Forest In-
ventory as the gross annual increments
of stem wood volume, including bark.
Decrements, meanwhile, include natu-
ral mortality, harvest removals and har-
vest losses. Figure 1 provides an example
wood flows in Finland in 2021, distin-
guishing between increment and various
sources of decrement.



Figure 1. Finland's wood flows, 2021
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Table 2. Annual changes of growing stock and carbon sequestration attributes, 2006-2023

(EIEES Annual Net ?::nge NCREE, SRl e ]

Year T oment decrement  [CCCS ent decrement | Toundwood growing  [RUETEELEN CIEIRST netco,

o) (D) import ?:Tf;() (MTons) — sequestration

Mm?3 Mm?3 Mm?3 Mm? Mm?3 Mm? Mtons Mm?3 Mtons
2006 99.5 691 56.9 121 19.2 30.4 419 1.3 15.5
2007 99.5 76.8 63.9 129 16.0 22.7 31.3 6.8 9.3
2008 105.5 71.5 58.3 13.1 14.7 34.0 46.8 19.3 26.5
2009 105.5 60.3 483 12.0 7.3 45.2 621 379 521
2010 105.5 73.0 59.7 13.3 9.4 325 447 231 31.8
2011 105.5 73.8 60.4 13.4 89 31.7 43.6 22.8 31.4
2012 105.5 731 59.9 13.2 8.5 32.4 44.5 239 328
2013 107.8 79.3 65.3 14.0 10.0 28.5 39.2 18.5 25.5
2014 107.8 79.3 65.3 14.0 89 28.5 39.2 19.6 27.0
2015 107.8 82.4 68.0 14.3 8.5 25.5 35.0 16.9 233
2016 107.8 84.8 70.3 14.5 8.5 23.0 31.6 14.5 19.9
2017 107.8 87.2 72.4 14.8 7.5 20.6 28.3 131 181
2018 107.8 93.7 78.2 15.5 9.1 141 19.4 5.1 6.9
2019 103.2 88.0 729 151 9.8 15.2 20.9 5.5 7.5
2020 103.2 83.4 68.9 14.5 9.7 19.8 27.3 10.1 13.9
2021 103.2 91.6 76.4 15.3 9.8 11.6 15.9 1.8 2.4
2022 103.7 89.5 751 14.4 39 14.2 19.5 10.3 14.2
2023 103.7 86.8 72.7 141 3.3 16.9 23.2 13.6 18.7
TOTAL 1890.3 1443.4 1192.9 250.6 172.9 446.8 614.4 2739 376.6

Note: A standard conversion from stem wood volume (cubic metres) to whole-tree CO, sink (tonnes) is to multiply
by a factor of 1.375 (when growing one cubic metre of stem wood, trees need to sequester 1.375 tonnes of CO, from
the atmosphere). "Net CO, sequestration in live trees” refers to trees within Finland, and “International net CO,
sequestration” is calculated deducting the impact of “Net roundwood imports” from domestic sequestration.
Source: Natural Resources Institute Finland (Luke); based on Né&jd et al. (2021) including updates 2022-2023.
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The pulp (41.8 Mm3yr") and wood
product (30.4 Mm3yr") industries are
the largest, economically most import-
ant elements of the forest bioeconomy.
Heating, power plants and wood com-
bustion in private homes consumes 13.1
Mm3yr?, although this does not give a
full picture of wood's role as a primary
source of energy in Finland. If industrial
residues such as bark, saw dust, residu-
al lignin and hemicellulose are taken into
account, approximately half of Finland's
domestic wood harvests enters into en-
ergy combustion. Industrial forest prod-
ucts made in Finland are predominantly
exported, while energy flows — which are
mainly industrial by-products - remain
within the country.

While natural mortality (‘natural
drain') is worth noting, it is the industri-
al consumption of roundwood (‘round-
wood removals') that acts as the main
driver of decrements. Domestic round-
wood is the main raw material used by
the wood product industries, though im-
ported wood has also been used. Finland
has for decades been a net importer of
roundwood.

Completing a flux calculation of
the forest carbon sink requires annual in-
crement and decrement estimates. The
decreasing trend in the forest carbon
sink revealed in Table 2 gives cause for
national concern.

As Table 2 indicates, 2009 saw
the largest estimated change in grow-
ing stock (+45.2 Mm?3). This occurred in
response to the 2008 financial crisis,
with industrial roundwood consumption
plummeting from 58.3 Mm? of domes-
tic harvests (along with 14.7 Mm?3 of im-
ported wood) the previous year to 48.3
Mm?3 of domestic harvests (and 7.3 Mm?3
imported wood) in 2009. Exceptionally,
less than half of the annual increment
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was actually harvested in 2009. In terms
of carbon sequestration, the estimat-
ed change corresponded to +62 million
tonnes of CO, (= 45.2 x 1.375). Even if
the decrements abroad are taken into
account, the sink in 2009 was very high
(52.1 million tonnes of CO,).

Overall, the results produced by
the flux method are broadly consistent
with those of the stock method, with
the cumulative change in growing stock
over the period 2011-2020 estimated at
+239 Mm? using the former method, and
+223 Mm?3 using the latter. The sink has,
however, decreased over time, with a
minimum level estimated for 2021 (15.9;
internationally only 2.4 million tonnes of
CO,).

All these estimates, using stock
method and flux method, refer to se-
questered CO, in live trees. The eventual
carbon sinks/sources in forest detritus,
harvest residues, peat soils, forest min-
eral soils, aquatic ecosystems in forested
landscapes, or carbon in harvested wood
products are not included.

4. Forestry and the forest
industries in Finland's regional
economies

This section provides a comprehensive
overview of Finland's forest sector, fo-
cusing in particular on its regional and
temporal patterns and its role in the en-
ergy sector.

4.1 Regional and temporal patterns of
Finland's forest sector

In Finland, forests are prevalent in rural
regions, while forest industries are scat-
tered across small and mid-sized cities.
The sector's manufacturing industries
face increasing challenges in modern
Western economies, but still have an im-



Table 3. Forestry and forest industries in the national economy of Finland

Sub-sector
Forestry

Forest product industries
Upstream industries (machinery and
equipment)

Logistics and road transport of
roundwood and products

Share of GDP No. of jobs
11% 11,300
2.6% 38,400
0.2% 3,700
0.3% 7,200

Source: Statistics Finland, National Accounts and Finnish Forest Industries (2023).

portant role to play in generating medi-
um- and high-income jobs (Smil 2020).
Finland's peripheral regions — which of-
ten have difficulties offering alternative
employment - benefit in particular from
the forest sector.

The majority of Finland's forests
are privately owned - indeed, the coun-
try has some 600,000 owners of forest
land. Meanwhile, the Finnish Forest Ser-
vice (Metsdhallitus, Forststyrelsen) gov-
erns public forests, which account for
about a third of the country's woodland.
Industrial facilities are almost exclusive-
ly privately owned.

Wood-based industries generate
a diversity of products and services, in-
cluding sawn wood, laminated wood,
board, pulp, printing paper, tissue paper,
stickers, veneers, chemicals, solid and
liquid fuels, industrial steam, heat and
electricity. Finland's forest products are
mainly shipped to international mar-
kets, with the largest country recipients
of Finnish exports ranked as follows
(2022): Germany 11.7%; China 9%; USA
8.4%; UK 6.7%; Japan 5%; and Swe-
den 4.9%. About 60% of Finland's for-
est products were delivered to other EU
countries, while only a small fraction of
production was delivered to the domes-
tic market.
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Mechanical products (lumber,
laminated wood, veneers, etc.) are used
for construction; board is used for pack-
aging (both in business applications and
retail); and pulp is partly used in the
domestic board and paper industries,
and partly delivered directly to corre-
sponding foreign industries. Global de-
mand for printing paper has declined
with the transition to digital commu-
nication, while demand for board, san-
itation paper and lumber has increased.
Overall, Finland's forest industries have
remained relatively competitive in the
international market as indicated by the
rising forest harvests. Investments in
industrial capacity have continued over
recent years, including the Kemi pulp mill
(completedin 2023) - the second largest
investment in Finland's industrial histo-
ry. The share of gross domestic product
(GDP) and number of jobs provided by
forest sub-sectors in 2021 are shown in
Table 3.

While these numbers may seem
relatively small, the 2023 share of for-
est products in Finland's total exports
came to 21%, while sales of roundwood
amounted to around €3 billion.

The most abundant timber re-
sources are found in northern, central
and eastern Finland, with the ten mu-



Figure 2. The ten municipalities hosting the largest timber resources in Finland
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nicipalities highlighted in Figure 2 host-
ing the largest reserves of growing stock
- in total, about 430 Mm3. By contrast,
the growing stock in the Helsinki met-
ropolitan region (the cities of Helsinki,
Espoo and Vantaa) only came to 7 Mmé.
As this suggests, forests are truly a rural
resource.

The regional geography of Fin-
land's wood-processing industries does
not correlate with the location of forest
resources, nor the location of the coun-
try's main population centres. Instead,
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the largest mills are to be found near
water courses, rail connections or har-
bours in relatively small industrial com-
munities scattered across the country
(Figure 3).

As of 2024, Finland is estimated
to have a population of 5.6 million peo-
ple. Of these, only 1.15 million live in mu-
nicipalities where large wood-processing
industries are located, with such indus-
tries mostly absent in many of Finland's
large cities, including Helsinki, Espoo,
Vantaa and Turku.



Figure 3. Locations of Finnish wood-processing industries
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Finland's wood-processing indus-
tries have evolved over time, with the
long-term trend - aside from a swift
phase-out of printing paper production
since 2008 - being a slow expansion of
production volumes. Even so, a rapid ex-
pansion in other industrial and service
sectors since the 1970s has meant a
gradual decline in the relative economic
and social importance of the country's
wood-processing industries.

Over the past few decades, the
international market for forestry-relat-
ed items has experienced fluctuating cy-
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cles of about 2-4 years (Figure 4). More
recently, the COVID-19 pandemic gener-
ated an unforeseen upturn. Lockdowns
and remote work policies prompted peo-
ple to spend more time at home, in turn
leading to an increase in home improve-
ment projects and swelling demand for
associated wood products such as lum-
ber. Moreover, the surge in online shop-
ping arising from the pandemic meant
higher demand for packaging materi-
als, much of which is derived from wood
pulp. Demand for other forestry-related
items, particularly disposable health-



Figure 4. Pulp price volatility
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Note: Business cycles generate inter-annual variation in the demand for industrial wood. This
figure exeplifies this by showing variation of international market price of short-fiber pulp.

Source: AFRY (2023).

care and sanitation products (e.g. paper
towels, toilet paper, cardboard parti-
tions), was also heightened during this
time. Inevitably, this upswing was fol-
lowed by a downturn, which intensified
following Russia's February 2022 inva-
sion in Ukraine.

4.2 Role of wood in Finland's energy
sector

Bioenergy is regarded as carbon neutral
due to the fact that biomass combus-
tion recycles CO, previously extracted
by photosynthesis back into the atmo-
sphere (Pyne 2021). This perception of
bioenergy as carbon neutral reflects the
established Intergovernmental Panel on
Climate Change (IPCC) view but has
been challenged by arguments relat-
ed to the short-term ‘opportunity cost’
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of combustion, as well as the ‘carbon
debt' depleting the forest carbon stock
(Holtsmark 2012, Searchinger et al.
2009).

Energy generation is a by-prod-
uct of the Finnish forest sector, rather
than a strategic primary product, with
the value added lower than in producing
paper, board, tissue, veneers or lumber.
Even so, about half of Finland's harvest-
ed timber ends up in combustion due
to the large volumes of bark, sawdust,
lignin and hemicelluloses that cannot
be used as raw materials for high-value
products (see Figure 1). Biomass com-
bustion is economically unattractive to
the forest products industries, which
perceive it more as a waste manage-
ment solution than a means of energy
generation. Regardless, the incinera-



Figure 5. Top three sources of primary energy in Finland, 2021
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wind and solar power.
Source: Statistics Finland (2022).

tion of industrial waste provides surplus
power that is delivered to the grid, espe-
cially from modern pulp mills.

Finland's sawmills and pulp and
paper mills are almost entirely energy
self-sufficient and fossil free. The 2023
COP28 meeting in Dubai called for 'tran-
sitioning away from fossil fuels in energy
systems', which lends support to sectors
such as the forest product industries,
which can operate without fossil fuels in
their industrial processes (albeit fuel is
required for road and vessel transport).

There is a small bioenergy market
that is separate from the forest prod-
uct industries. About 15% of Finland's
bioenergy is produced by combusting
small-sized trees in the furnaces of mu-
nicipal district heating systems, farms
or small-scale industries. In addition,
the traditional wood-fired stoves and
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cookers used in some Finnish homes
consume a small fraction of national
timber harvests. It is, however, bioener-
gy production within the forest product
industries — based on the combustion of
wood fractions, which do not qualify for
products - that is quantitatively deci-
sive.

The role of forests in Finland's
energy production is exceptional within
the European Union (EU), comparable
only with Sweden. Although producing
bioenergy is only a marginal goal for
the forest sector, wood biomass is nev-
ertheless the most important source
of primary energy in Finland (Figure 5).
Industrial products are mostly shipped
abroad, while industrial waste combus-
tion serves the domestic energy market
and is thus reflected in domestic energy
statistics.



4.3 Leakage and the global demand for
wood products

If the forest product industries were
scaled down across the EU region, in-
cluding Finland, harvests elsewhere
would increase to meet international de-
mand for wood-based products (Kallio
et al. 2018). Such a shift from one area
to another is referred to as ‘leakage’ or
‘teleconnection’' (see Mayer et al. 2005,
Roux et al. 2022).

Wood-based products are not ir-
replaceable within modern, middle-class
lifestyles: printing paper can be replaced
by electronic media; lumber by steel or
concrete; board packaging by plastics;
and wood fuels by other sources of pri-
mary energy (e.g. fossil fuels, nuclear en-
ergy, wind and solar power).

According to Kallio et al. (2018), if
forest harvests in the EU were reduced,
incremental non-EU harvests would fill
80% of this reduction, as increased in-
ternational prices for products would
lower demand. This could trigger transi-
tions from wood-based products to al-
ternative products, leading to both pos-
itive and negative effects on the green
transition that lie beyond the scope of
this chapter.

5. Enlarging Finland's forest
carbon sink

This section explores how the Finnish au-
thorities might go about increasing the
country's carbon sink, setting out the
current situation regarding land use and
land cover changes, before going on to
outline six policy changes that could -
potentially in combination — address the
challenges faced.

5.1 Land use changes
Land use changes affect the carbon
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balance. Clearing forests for urban de-
velopment (e.g. building roads, pow-
er lines, new arable lands, wind farms)
is a source of carbon emissions, while
the reverse process provides a carbon
sink. At the global scale, land cover con-
version from forest to non-forest (de-
forestation) is a significant problem
(Moreira-Dantas & Séder 2022). This is
not, however, the case in Finland. Since
1950, the land area covered by forests
has remained largely unchanged, with
the abandonment of former agricultural
(and other) lands roughly equalling land
demand for new settlements and infra-
structure. Boreal forest vegetation has
covered Finland continuously through-
out human history, with moderate areas
of land reserved for agriculture, animal
husbandry and settlements since the
Middle Ages. Finland has about 20 mil-
lion hectares of forest and about 2 mil-
lion hectares of agricultural land, most
of which has been cleared from forests.
Although agricultural land could in theo-
ry be converted back to woodland, such
a programme - even if implemented at a
large scale — would only contribute mar-
ginally to enhancing the carbon sink by
2035, as it takes 20-40 years for forest
vegetation to build up on newly forested
lands.

5.2 Land cover changes

Given the relative consistency of Fin-
land's forested area over time, the coun-
try's carbon sink since the turn of the
century has been maintained almost
entirely by increased forest biomass
density: trees in Finland have become
more numerous, with stems becoming
on average taller and thicker (Kauppi et
al. 2006, Henttonen et al. 2019). In oth-
er words, while land use is not changing,
land cover is.



Given how crucial enhancing the
forest carbon sink is, the question arises
of how best to promote forest density
change within the current 2024-2035
timeframe. Is it realistic to expect the
number of trees in existing forests to
continue rising indefinitely? How can the
average tree become thicker and taller,
year after year? Can current trends per-
sist alongside the harvesting of suffi-
cient trees to fulfil industrial and energy
demand? As the latter question implies,
reconciling harvests with the carbon sink
is at the core of these debates.

5.3 Climate mitigation policy options

Option 1: Increase the gross annual
increment
Finland's gross annual carbon sink in-
crement for 2023 was recorded at 103.7
Mm?3y™ (Table 2). If this figure was in-
creased using silvicultural actions to
110 or 120 Mm3y™, this would strength-
en the carbon sink rate and contribute
to sustainable harvests. The incremen-
tal wood growth could be directed into
making wood products (with economic
and social benefits); producing bioen-
ergy (substituting fossil fuels); and/or
enhancing the growing stock (piling up
forest biomass in forest ecosystems at
an accelerated rate). While bolstering
the increment would be difficult within
a 2-5 year time period, it may be feasi-
ble by 2035.3

Strong laws and regulations pre-
venting the misuse of forests are essen-
tial for sustainably building the gross
national increment. When it comes to
silvicultural actions, the relevant deci-
sions are made by the forest owners.
As such, effective enforcement mecha-

nisms are key to ensuring the law is ad-
hered to.

Allocating resources to manage-
ment and restoration projects offers
another means of facilitating the sus-
tainable management of forests, with
financial support provided by public
funding or private sector investments. In
Finland, timber sales have acted as the
main source of financing for silviculture
and forest management. Thus, engaging
forest owners, local communities and
stakeholders regarding the importance
of forests and how to care for them can
empower individuals to contribute to
more effective, sustainable forest man-
agement practices.

Monitoring and controlling pests
and diseases is also critical to maintain-
ing healthy forests. This can be achieved
through biological control methods and
resistant tree varieties. Alongside this,
maintaining soil health and ensuring
adequate water supply are crucial for
forest growth. In some cases, applying
the right type and amount of fertiliser
is a useful approach, especially in de-
graded soils. Doing so must, however, be
balanced with the risk of environmental
pollution.

Implementing sustainable log-
ging practices that minimise damage to
the surrounding trees and forest floor
can help maintain ecosystem integrity
and promote regrowth. Finland's sea-
sonal climate allows for a forest grow-
ing period of 100-180 days (Aalto et al.
2022). Here, avoiding spring harvests
while favouring autumn harvests can
help sustain growing stock during the
critical summer weeks. Reducing the risk
of fire by creating fire breaks and pro-
moting less-flammable species offers

3 For a recent analysis from Sweden, see Paulsson et al. (2023).
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another way of protecting forests and
maintaining their health and productivi-
ty.

Finland's forest increment nearly
doubled during 1970-2008, but has since
stagnated (see also Table 2) (Henttonen
et al. 2024). Whether there can be any
return to the earlier trend is unclear. The-
oretically, if the increment were raised to
110-120 Mm?3y™, with the entirety of the
extra increment incorporated into grow-
ing stock (and assuming the decrement
remained unchanged), an additional sink
of 9-23 million tonnes of CO, would be
delivered annually.

Option 2: Reduce domestic harvests
Reduced harvesting allows forests to
grow denser, thereby enhancing their
carbon stocks and combat global warm-
ing, especially in the short term. If har-
vests were reduced (from 70-78 Mm?3y™,
Table 2), surplus biomass would accu-
mulate in forests. Even if natural mor-
tality were to increase, coarse woody
debris would accumulate in forest eco-
systems, contributing to the ecosystem
carbon sink.

Forest owners decide how much
to harvest. Balancing the pros and cons
of reducing harvests requires careful
management, as well as policies that
take into consideration both environ-
mental sustainability and the needs of
local communities - forest owners in
particular. In this respect, adaptive man-
agement strategies and investments in
alternative livelihoods can help mitigate
the negative impacts of reduced forest
harvesting.

Lowering forest harvesting rates
can help preserve biodiversity, protect
species from habitat destruction, and
maintain ecosystems that provide such
crucial services as water purification
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and carbon sequestration. Given forests
play a key role in preventing soil erosion
and maintaining water cycles, reduced
disruption through harvesting will help
maintain soil structure and reduce sed-
imentation in rivers and lakes. Intact
forest landscapes also offer greater rec-
reational opportunities and aesthetic
value, which can be beneficial for local
communities, especially those reliant on
eco-tourism.

On the negative side, reduc-
ing timber harvests may lead to wood
product shortages, including construc-
tion materials and paper. This is likely
to drive up prices and lead to increased
imports from EU, potentially with high-
er environmental costs if sourced from
less regulated countries. Forestry rep-
resents a significant economic activity
in Finland, with reduced harvesting po-
tentially causing job losses and econom-
ic downturns in areas dependent on log-
ging. In some cases, strategic harvesting
is necessary to maintain forest health,
such as reducing the risk of wildfires by
removing excess fuel or managing pests
and diseases. Here, reduced harvesting
might impede these essential manage-
ment practices.

Hypothetically, reducing harvests
is an attractive option in the context of
a 2-5 year timeline as it would immedi-
ately impact the carbon balance of Fin-
land's forests. On the negative side, this
option contributes only marginally to
the global carbon balance once leakage
effects are accounted for. Moreover, re-
ducing harvests would adversely impact
the local economies of forest dependent
municipalities.

To give a statistical example of
this policy option, if harvests were low-
ered to 60 Mm3y™, this would provide an
additional 14-25 million tonnes of CO, to



Finland's carbon sink (assuming the in-
crement and natural decrements do not
change).

Option 3: Improve the material efficiency
of wood processing (‘more from less’)
The phrase 'more from less' — often em-
ployed in discussions about sustainabil-
ity, business processes and technology
— generally refers to a strategy aimed
at increasing efficiency and productivi-
ty while using fewer resources, whether
this be materials, energy or time (Beyel-
er & Jaeger-Erben 2022). Often, achiev-
ing more from less requires innovation,
which may be achieved via new technol-
ogies, processes or practices that facili-
tate more effective use of resources.

In environmental contexts, 'more
from less' encompasses reducing the
consumption of limited or finite resourc-
es, minimising waste and shrinking the
environmental footprint of activities. For
businesses, 'more from less' can trans-
late into cost savings. Through optimis-
ing processes and reducing resource use,
companies can lower their expenditure
while maintaining — or even increasing -
productivity.

In a broader societal context,
achieving more from less can also imply
improving quality of life by making sys-
tems more efficient, thereby ensuring
they require less work and generate less
waste, contributing in turn to a healthier
living environment. This concept of max-
imising value from available resources
by minimising waste and redundancy is
central to a number of modern practices
and philosophies, including lean manu-
facturing, minimalism and the circular
economy.

Improving the efficiency of indus-
tries and logistics can be seen as a con-
stant, ongoing process driven by busi-
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ness interests. In the context of Finland's
forest industries, for example, surplus
electricity (bioenergy) is produced more
efficiently in newer pulp mills than their
more aged equivalents. In light of the
‘more from less' approach, the economic
returns provided by the forest industries
could theoretically improve even as raw
material use rates fall. In recent years,
however, Finland's forest industries have
not adapted well in this respect.

Until the end of the 1990s,
high-quality printing paper used for off-
set printing was a key product coming
out of the country's forest industries.
Since then, the physical media forms
making use of such paper (magazines
and glossy journals) have been super-
seded by electronic modes of commu-
nication, such as social media. While
the emergence of electronic media may
contribute to the 'more from less' par-
adigm given the lean resources required
to transmit information, from a Finnish
perspective the economic earnings per
harvested cubic metre of wood have
been constrained, with the most re-
warding product (high-quality printing
paper) now phased out of the market.
While new products may emerge over
time, it will take many years to create in-
dustries capable of large-scale produc-
tion.

‘More from less' offers an attrac-
tive environmental management strate-
gy due to the fact that it can contribute
to the forest sector's economic perfor-
mance. In contrast to options 1 and 2,
forest owners cannot contribute much
— instead, it is the role of private com-
panies in re-organising industrial pro-
cesses and logistics that is decisive. For
decades, material efficiency has been a
key strategic goal for the sector. In this
respect, there are several opportunities



forimprovement, especially given a num-
ber of existing factories are so old as to
be approaching obsolescence. For exam-
ple, of the 17 major pulp mills currently
in Finland, just two were constructed in
the 21st century (Adnekoski in 2017 and
Kemi in 2023). The recovery boiler is the
heart of a pulp mill, with more modern
models demonstrably more efficient
when it comes to using wood, recover-
ing chemicals and producing energy.
Modernising pulp mills therefore offers
a strategic opportunity for companies
operating in Finland — while this may not
be feasible within the next five years, it is
certainly a possibility by 2035.

Option 4: Change the product palette
'‘Long-lived forest products’ refers to
materials derived from forests that
have a long and useful life, while serving
as carbon storage to help mitigate cli-
mate change. This includes wood used
to construct buildings, bridges or other
structures, as the timber used stores
the carbon absorbed by its constitu-
ent trees for the entire duration of the
building/structure's lifespan - which
may be several decades or even centu-
ries. High-quality wooden furniture that
lasts for years and may be passed down
through the generations also encapsu-
lates carbon for a long period. Other ex-
amples include wooden flooring, which
can last for decades with proper care,
and utility poles and cross-arms, which
are designed to last many years under
harsh environmental conditions.

In sum, the concept underlying
long-lived forest products is to extend
the period that carbon is sequestered
from the atmosphere. By harvesting
wood and turning it into durable goods,
the carbon captured by the trees is
locked away in the products rather than
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quickly being released back into the at-
mosphere through decomposition or
burning. As such, the strategy provides
an additional tool for sustainable for-
estry and climate change mitigation ef-
forts.

Finland's pulp and wood prod-
uct industries consumed, respectively,
41.8 Mm?3 and 30.4 Mm?3 of wood in 2021
(Figure 1). While some adjusting of this
ratio in favour of long-lived products is
certainly possible, further research is
needed on market demand and possible
leakage. Assuming there is no change in
harvest volumes, altering the product
palette could improve the carbon sink
provided by harvested wood products,
but would not change the forest carbon
sink.

In some instances, renewable,
wood products may have to compete
with non-renewable, products (see
Braun et al. 2016). Here, one approach
often adopted in climate change mit-
igation efforts is to develop and use
those products that can most efficiently
replace their fossil fuel-intensive equiv-
alents. While science is inconclusive re-
garding the quantitative substitution
effect of using harvested wood products
instead of their non-renewable coun-
terparts, it has the potential to be sub-
stantial, influencing economic patterns,
technological development, and global
environmental outcomes (Brunet-Na-
varro et al. 2021, Geng et al. 2017). As
such, it should be seen as an integral
part of achieving broader sustainability
and climate goals.

The substitution effect revolves
around how consumers and industries
might best be induced - via changes in
relative prices, technological advance-
ments and policy incentives — to switch
from goods and services with a high



carbon footprint to alternatives that
are more environmentally friendly.
As renewable technologies become
more cost-effective, so the econom-
ic incentives for switching to renew-
ables increase. For example, falling
prices for solar panels has meant
more businesses and households are
turning to solar energy for their elec-
tricity needs. The same holds true for
wood-based products, provided their
performance can meet required envi-
ronmental and economic standards.

Governments can influence
the substitution effect through pol-
icies that affect building standards,
carbon pricing, subsidies for renew-
able materials and penalties for
high-emission products. Through
such policies, fossil fuel-intensive
products can be made more expen-
sive relative to their renewable coun-
terparts, thereby encouraging sub-
stitution.

Advances in technology can
lead to renewable products not only
being cheaper, but more efficient and
convenient - for instance, making
wood-fibre packaging competitive
with plastics made from natural gas
or oil. Moreover, consumer preferenc-
es may be shifted by growing aware-
ness of climate change and environ-
mental issues, with people driven
towards choosing greener, renewable
alternatives.

Industries can adapt to in-
creased demand for renewables by
altering their supply chains, further
reinforcing the substitution effect.
On a global scale, the substitution
effect has the potential to cause
changes in market dynamics and in-
ternational trade, with the countries
and companies taking the lead in re-

newable technologies gaining com-
petitive advantages.

Option 5: Import roundwood or pulp
The international forest sector has
become increasingly globalised, with
Bosch et al. (2023) observing: 'For
example, roundwood is harvested in
Laos and transported to Vietnam,
where it is processed to sawnwood.
Then, the sawnwood is transported
to China, where it is processed to fur-
niture. Finally, the furniture is shipped
to Spain, where it is consumed'. This
in turn has driven tropical deforesta-
tion, mainly through tropical forests
being converted to agricultural use
(Abman & Lundberg 2020). On top
of this, illegal logging remains an un-
resolved problem (Piabuo et al. 2021).
Teleconnected inter-country trade
impacts are highly relevant to the
global ecology and therefore subject
to intensive scientific research (Hen-
ders et al. 2015).

While Finland's primary role
in the forest sector from an interna-
tional perspective is one of export-
er, exchanges of raw materials and
products occur both ways. In the
past, roundwood imports have main-
ly been sourced from Russia, although
wood-containing materials have also
been imported from, among other
countries, Sweden, Poland, the USA,
France and Brazil (Bésch et al. 2023).

Imports from Russia declined
gradually after 2006, then dramat-
ically after 2022 (Table 2). The first
reduction came in response to new
customs fees imposed by the Russian
government, effective from 1 June
2006, aimed at attracting forest in-
dustrial investments by penalising
exports of unfinished wood. The pro-
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cessing of Russian wood in Finland then
ceased completely in 2022 following Rus-
sia’'s full-scale invasion of Ukraine. These
changes imply an increasing pressure
within Finland to use domestic round-
wood, with the consequent potential to
relax domestic harvests if raw material
can once again be sourced from abroad.
Imported roundwood does not affect
the carbon sink of forests in the country
where the raw material is processed. In-
stead, harvest decrements occur in the
forests of the exporting country (Mayer
et al. 2005).

One feasible option is to import
pulp to Finland. Unlike roundwood, pulp
is a global commodity sufficiently valu-
able to justify shipping around the world.
Finnish companies produce pulp in Uru-
guay and Brazil, from where production
is directed, in particular, towards the
Chinese market (Cheng et al. 2023).

Imports can replace domestic raw
materials. If domestic harvests were to
be reduced and imports increased, in-
dustrial production volumes would not
be affected, meaning the adverse social
and economic effects would be limited
mainly to harvest operations and for-
estry. As such, the forest products in-
dustries could remain at full capacity,
assuming imported raw materials are
available at approximately at same cost
as their domestic equivalents.

As an example, let us assume the
2006 ratio for imported wood/domestic
wood could be reintroduced. That year,
industries consumed 75.5 Mm? of wood:
approximately 56.9 Mm?3 from Finland
and 19.2 Mm?3 from abroad (Table 2).# If
Finland purchased new imports equiva-
lent to harvesting 10 Mm?3y™" domestic

harvests would fall, in theory lifting the
carbon sink by about 14 million tonnes of
CO.,.

While increasing imports of raw
materials would be beneficial to Fin-
land's carbon sink statistics, howev-
er, shifting harvests out of the country
might not be helpful in advancing global

climate mitigation goals.

Option 6: Implement BioCCS (carbon
capture and storage from bioenergy)
Biomass combustion in Finland equates
to 30-40 million tonnes of biogenic
CO, returned to the atmosphere each
year. Figure 1 depicts the pathways of
this flux, from photosynthesis and for-
est increment to being partly contained
within products. Solid and liquid fuels
derived from harvest and wood residues
are burned in large quantities, with pulp
mills — where black liquor is treated in re-
covery boilers — hotspots for these bio-
genic CO, emissions.

In a modern pulp mill, more than
half the inserted wood material is com-
busted for energy. Thus, if a plant con-
sumes 5-7 Mm3 wood annually, it re-
leases 4-5 million tonnes of CO, in flue
gases. The concentration of such large
emissions in a single place has drawn
attention to capturing and storing the
CO, from flue gases, thereby preventing
it from returning to the atmosphere and
generating negative CO, emissions (Hu
et al. 2023). Currently, no such facilities
exist in Finland, and efforts elsewhere
also remain in the pilot phase. A large-
scale project is advancing in Stockholm
that promises to be an important Nordic
test case for the new technology (Lofst-
edt 2024).

“ The total figure for wood consumption does not correspond exactly with the combined domestic and
imported wood figures as non-industrial users absorbed some domestic harvests.
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Figure 6. Summary of options potentially changing the carbon sink of forest vegetation in
relation to the wood flows of the forestry/forest industry system
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While the potential for BioCCS
in Finland is in theory huge, the obsta-
cles standing in the way of the required
carbon capture and, especially, storage
processes have yet to be fully surmount-
ed. As such, it is unrealistic to expect
this option to be implementable at an
industrial scale in the near term (i.e.
before the end of the 2020s). Theoret-
ically, however, if 10% of Finland's bio-
genic CO, emissions were captured and
stored, emissions would be reduced by
3-4 million tonnes.

5.4 National economy responses

The six options discussed above can also
be compared in terms of their econom-
ic impact. For this purpose, we make
use of FINAGE - a computable general
equilibrium model of the Finnish econo-
my. While the effects of the policy op-
tions would by their nature be concen-
trated in the regions where the forest
industries are located, the focus here is
on the national level, as a more regional
approach would require detailed, facto-
ry-level scenarios that are beyond the
scope of this chapter. Moreover, option
6 is excluded from the economic analysis
given that the implications of BioCCS
technology are not yet fully understood.
Options 1-5, however, can be simulated
assuming changes in technology and/or
the availability of roundwood.

The economic effects of these
five options are summarised with the
help of growth decompositions. Here,
GDP can be evaluated in terms of sup-
ply (factors of production) or demand
(final use of products and services), with
growth decompositions splitting the
overall change in GDP into its compo-
nent contributions. Figure 7 below sum-
marises the effects on supply-side GDP
in terms of a growth decomposition
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displaying the supply-side components
of GDP growth by 2030 (compared to
the baseline). The dots show the overall
change in GDP, which is then split into
the contributions made by technological
change, labour and capital. By definition,
supply-side GDP also takes into account
the effects of indirect taxes.

For option 1, we assume a year-
ly 1% improvement in forest growth. By
2030, this will amount to 5% growth in
gross annual increments, which allows
for more harvesting. GDP grows 0.24%
more than in the baseline, with the ma-
jority of this growth (0.18%) due to (new
silvicultural) technology. This productivi-
ty growth induces more investment and
employment, which respectively contrib-
ute 0.01% and 0.05% to GDP. Turning
to option 2, it can be seen that reducing
harvests amounts to a negative tech-
nological shock to the economy, as it
limits the use of a key factor of produc-
tion. This also occurs in option 5, where
harvesting is also reduced but the loss
in lumber is offset by increased imports.
To understand why GDP suffers a great-
er fall in option 5 compared to option 2,
however, we must turn to demand-side
effects. Meanwhile, options 3 and 4 in-
crease factor productivity in the forest
sectors — material efficiency production
in the former case and also changes in
the product palette in the latter case.

Figure 8, meanwhile, shows de-
mand-side GDP decomposition, specif-
ically private and public (government)
consumption, investment and exports.
Imports also contribute to demand-side
GDP but tend to have a negative effect.
In option 1, increased annual increments
allow for the expansion of forest sector
production and, hence, exports. Exports
contribute 0.24%, which is also the net
effect on GDP. The small negative con-



Figure 7. Supply-side contributions of policy options 1-5 to Finland’'s GDP growth (%) by 2030
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tribution of -0.03% provided by imports
implies they have only grown by a small
amount. There is also a small negative
contribution from consumption, as in-
creased supply of lumber affects factor
prices and therefore household income.
In options 2 and 5, the main effect stems
from falling forest sector exports due to
reduced harvests. In option 5, this reduc-
tion is compensated for by an increase
in roundwood imports and is therefore
smaller. However, these increased im-
ports have a negative impact on GDP,
the magnitude of which depends on the
price of roundwood imports, as well as
the substitutability of imported round-
wood and domestic lumber. In options
3 and 4, improved material efficiency
in the forest sectors (option 3) and the
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introduction of new, higher-value prod-
ucts (option 4) boost exports and thus
the economy.

In summary, while our analysis
suggests that changes within the forest
sector will have impacts on the forest
carbon sink, breakthroughs in industri-
al processes when it comes to efficiency
improvements and changes in the pro-
duction palette are difficult to predict.
New and novel industrial processes are,
by definition, not fully known or under-
stood. Nevertheless, if potential chang-
es can be quantified in terms of chang-
es in wood flows (as shown in Figures
1 and 6), they can also be quantified in
terms of CO, emissions and sinks. With
this in mind, the analysis adopts a 30-
year timeframe in exploring the poten-



Figure 8. Demand-side contributions of policy options 1-5 to Finland's GDP growth (%) by

2030 compared to baseline
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W Consumption
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Table 4. Estimated theoretical potential of emission reductions within a time range of 30 years

Intervention

Increase gross annual increment (option 1)
Reduce harvests (option 2)

‘More from less' (option 3)

Change the product palette (option 4)
Import more roundwood or pulp (option 5)

Implement BioCCS (option 6)

tial of options 1-6 (Table 4). If a shorter
timeframe (until 2035) is applied, two
options in particular stand out as having
the largest carbon sink potential: reduc-
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Theoretical

potential, MtCO, Decision maker

9-23 Forest owner
14-25 Forest owner
n.a. Industrialist
n.a. Industrialist
~14 Industrialist
3-4 Industrialist

ing harvests (option 2) and importing
roundwood or pulp (option 5). These ac-
tions would assist Finland in most swift-
ly attaining carbon neutrality, notably at



the cost of promoting forest harvests in
other countries.

5.5 Regional economic effects of policy
alternatives

The national and regional economic and
social effects differ significantly be-
tween policy options. Here, we adopt
a simple approach in which: 1) nation-
al economic impacts correlate with the
volume and unit market price of (ex-
ported) products; 2) in the small- and
mid-sized municipalities where indus-
tries are located, economic and social
impacts correlate with the profitability
of forest industrial companies; and 3) in
rural Finland, economic effects correlate
with the changes of income from timber
sales experienced by forest owners.

The results of this approach in-
dicate options 1 (increase annual in-
crement) and 3 (‘'more from less') offer
win-win strategies that promote the
carbon sink while enabling econom-
ic and social development (Table 5). By
contrast, options 2 (reducing harvests)
and 5 (importing more roundwood or
pulp) would not provide co-benefits for
the national or regional economies. Nev-
ertheless, given the comparatively diffi-
cult pathway of phasing out fossil fuels,
they may offer a means of achieving na-
tional climate targets in the short term
and at a reasonable cost.

None of the six policy options are
under the national government's direct
control, as they require the involvement
of forest owners and forest industrial
companies (Table 4). Nonetheless, eco-
nomic instruments may have a role to
play in terms of aligning economic inter-
ests with environmental sustainability,
encouraging compliance through finan-
cial (dis)incentives rather than direct
regulation. For example, environmental
taxes and fees levied on forest-deplet-

1

ing activities not only generates revenue
that can be put towards environmen-
tal projects, but makes polluting activ-
ities more expensive, thus discouraging
them. Conversely, subsidies can encour-
age businesses and consumers to adopt
environmentally friendly practices, with
incentives such as tax rebates for pro-
moting silviculture making sustainable
choices more financially attractive. An-
other option is environmental perfor-
mance bonds - used in Finland in the
1970s and 1980s to safeguard forest
regeneration — which require companies
to post a bond that may be forfeited if
they fail to meet environmental stan-
dards or rehabilitate a site after use.

Lastly, environmental policies
may seek to employ information cam-
paigns and labelling to help reduce mar-
ket friction. For example, sustainability
labels on appliances could assist con-
sumers and businesses in making more
informed choices conducive to environ-
mental quality.

5.6 Caveats, uncertainties and limita-
tions

The evaluation provided by this chap-
ter draws on the relevant forest scienc-
es and economics literature, as well as
empirical observations and statistics on
CO, emissions, carbon sinks and timber
resources. A more complete assessment
of radiative forcing (the change in ener-
gy balance in the Earth's atmosphere)
would require analysis of the trends as-
sociated with all the attributes compiled
by the IPCC under the title 'short-lived
climate forcers' (SLCFs).

Although the carbon sink of for-
est trees is an important component of
land use, land use change and forestry
(LULUCF) emissions and sinks, a num-
ber of important items fall outside the
analysis provided by this chapter.



Table 5. Direction of policy option impacts on national and regional economies

Intervention

Increase gross annual
increment (option 1)

Reduce harvests (option 2) -

‘More from less' (option 3) +

Change the product
palette (option 4)
Import more roundwood
or pulp (option 5)

Implement BioCCS
(option 6)

Firstly, while the carbon sink of
forest vegetation is addressed in our
analysis, changing stocks of soil carbon
are not. Research indicates that soils
can act as a carbon sink or source, with
complex processes also affecting meth-
ane and nitrous oxide (Holmberg et al.
2021). Monitoring and verifying changes
in soil carbon is, however, challenging,
as soil carbon is spatially highly variable
(Muukkonen et al. 2009). As such, man-
aging soil carbon appears less feasible
compared to managing timber resourc-
es.

Terrestrial ecosystems such as
forests affect organic material flows in
downstream rivers, lakes and coastal
waters. In Finland, these impacts may
be quantitatively significant to the na-
tional carbon budget given the humid cli-
mate, extensive freshwater systems and
relatively long water retention times in
watercourses, which leads to significant
sedimentation (Syvitski & Kettner 2011).

Some uncertainties also remain
in assessing the carbon stock and stock
change of forest trees. As previous-
ly mentioned, a simple approach is to
assume that one cubic metre of stem
wood corresponds to 1.375 tonnes of
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sequestered CO, in whole-tree biomass
(Kauppi et al. 2022). As trees grow tall-
er, this coefficient decreases due to the
fact that incremental biomass increas-
ingly accumulates in stems (Kauppi et
al. 2006). Conversions from volume to
carbon units are approximations with
temporal and spatial variations.

Unknown agents have affected
forest growth, hampering in particular
the growth rate of pine trees (Hent-
tonen et al. 2024). Inter-annual varia-
tions in tree growth can therefore be
significant, but do not show up in sta-
tistics such as those shown in Table 2,
where increments are typically based
on a five-year moving average. Given it
is not possible to obtain precise forest
statistics for any given year, however, a
five- or ten-year horizon remains a more
feasible and solid approach.

Finally, while stand-replacing
forest disturbances have historically
been rare in modern Finland - wheth-
er in association with storms, wildfires,
tree pathogens or insect outbreaks -
they may become more frequent and/or
damaging over the coming years in re-
sponse to the changing climate.



6. Conclusion: The forest
sector's green transition in
global perspective

Wood is a renewable resource that -
when harvested sustainably - offers
eco-friendly alternatives to plastics,
concrete or steel, which require high
energy inputs and produce more emis-
sions during production. Moreover,
wood products can store CO, over their
lifespan, further contributing to car-
bon reduction. Wood and other forest
biomass - including wood-based resi-
dues and waste - can be also used as
renewable energy sources that, when
managed sustainably, present a viable
alternative to fossil fuels. In this chap-
ter we addressed the potential of forest
growing stock in carbon sequestration.
The national government has set a goal
of Finland becoming carbon neutral
by 2035. While the emissions from the
combustion of fossil fuels have been re-
duced significantly during 2003-2023, it
is almost certain that a contribution of
the forest carbon sink will be needed as

a component of national climate policies

to meet the goal of the national govern-

ment.

This chapter attempted to address the

following questions:

« Can the role of Finland's forest car-
bon sink be enhanced?

+  What options exist to achieve this
goal?

+  What would the regional-level impli-
cations be for Finland's forest and
energy sectors in terms of economic
growth and employment?

We conclude that the carbon sink of Fin-

land’s forests can indeed be enhanced

and identify six potential options to
achieve this goal. Two of the options
are available in the short time frame, at
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least theoretically. The remaining four
options are more sustainable, but diffi-
cult to put in place within the short time
frame of 5-15 years.

It is important regarding suc-
cessful implementation of any of these
options to adopt policies and practises
which are economically and socially vi-
able. The forest sector provides jobs in
forest management, restoration, and
the sustainable production of forest
goods such as timber, pulp and non-tim-
ber products. Importantly, forest relat-
ed jobs are typically located in rural and
semi-urban regions, where other eco-
nomic opportunities are scarce.

Innovations in forest manage-
ment, wood-processing and reforesta-
tion techniques can enhance both pro-
ductivity and sustainability. Through
educational programmes and sustain-
able practices, the forest sector can pro-
mote greater environmental awareness,
encouraging responsible consumption
and production patterns among con-
sumers. Alongside this, the sector can
take a proactive role in shaping environ-
mental policies, advocating for global,
national and local policies that priori-
tise conservation and sustainable forest
management.

Forests act as significant carbon
sinks, absorbing CO, from the atmo-
sphere through photosynthesis (Pan et
al. 2024). Managing forests sustainably
ensures they can continue to seques-
ter carbon effectively, which is vital for
mitigating climate change. Through fo-
cusing on the various areas discussed
in this chapter, the global forest sector
— Finland included - can make a signif-
icant contribute to the green transition:
reducing carbon footprints, conserving
biodiversity and promoting sustainable
development.
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1. Introduction

This chapter focuses on emerging chal-
lenges to Iceland’'s tourism sector - a
relatively new addition to the country's
economy - arising from its commit-
ments to increasingly ambitious climate
and environmental goals. Most notably,
the European Union's 'Fit for 55' pack-
age means requirements concerning
the lowering of transport emissions wiill
become more stringent. Given this sec-
tor is integral to tourism, especially for
an island country with underdeveloped
public transport, the implications for
Iceland are significant.

Our analysis relies on a broad
definition of tourism that is generally
accepted by public bureaus of statistics
(see Table 1). This definition incorpo-
rates transportation, as tourists trav-
el to Iceland using planes or ships, and
move around the country by car.

The key question underlying this
chapter is: How will intensified climate
goals affect growth, employment and
labour income trends in Iceland’s tour-
ism industry? In answering this question,
the chapter will explore the spatial vari-
eties of these impacts — between Reyk-
javik and the country's rural areas - in
order to identify which actions can mi-
nimise the green transition's rural eco-
nomic costs and so prevent an increase
in regional economic disparities.

More specifically, the questions posed by

the research are as follows:

+  Whatis the share of the tourism sec-
tor within Iceland's economy?

+  How will European and national cli-
mate and environmental goals influ-
ence lceland's tourism industry (e.g.
in terms of economic growth, em-
ployment and labour income)?
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+  How will these impacts differ across
regions?

« Which policy recommendations
are best placed to minimise the ru-
ral economic costs arising from the
green transition?

Following this introduction, Section 2
outlines the methods and data used in
this chapter. Section 3 goes on to pro-
vide an overview of the Icelandic gov-
ernment's public policy concerning the
green transition, as well as key inter-
national agreements, before Section 4
discusses the size of Iceland's tourism
industry and its carbon footprint. The
overall economic impacts of the green
transition on the tourism industry are
discussed in Section 5, with Section 6
then focusing in on the spatial dispari-
ties arising. Building on all of the above,
Section 7 offers a set of proposals for
minimising the negative local econom-
ic impacts of climate policies. Finally,
Section 8 provides a brief summery and
some concluding remarks.

2. Methods and data

This chapter is based mainly on data
from Statistics Iceland, with the defini-
tion of tourism in line with section A1in
Table 1 below (Frent 2015, p. 23).

Accommodation services, restau-
rants, bars, various leisure activities and
passenger transportation are all clas-
sified as tourism, despite the fact that
many of those industries also serve lo-
cals. For example, locals may require tax-
ies and hotels for professional or private
purposes and may eat at restaurants or
avail themselves of leisure activities in
their free time. As such, this classifica-
tion is open to criticism.



Table 1. Definition of tourism according to Statistics Iceland

No UNWTO Icelandic categories
categories  |GAT codes Name

A.1. Tourism characteristic products/industries (for international comparability)

55101 Hotels and similar accommodation, without restaurants
55.10.2 Hotels and similar accommodation, with restaurants
1. Accc?mmodotlon 55.20.0 Holiday and other short-stay accommodation
services
55.30.0 Camping grounds, recreational vehicle parks and trailer parks
55.90.0 Other accommodation
56.10.0 Restraurants and mobile food service activities
Food-and
2. bevarage- 56.29.0 Other food service activities

serving services
56.30.0 Beverage serving activities

Road passenger 49.32.0 Taxi operation

3. .
transportation 49.39.0 Other passenger land transport not elsewhere classified (n.e.c)
Water 50.10.0 Sea and coastal passenger water transport
4, passenger
transportation 50.30.0 Inland passenger water transport
Aj 51101 Scheduled air transport
5 ir passenger
transportation 51.10.2 Non-scheduled air transport
Transport 7711.0 Renting and leasing of cars and light motos vehicles
6. equipment
rental 7712.0 Renting and leasing of trucks
Travel agencies 7911.0 Travel agency activities
7. and othgr 7912.0 Tour operator activities
reservation
services 79.90.0 Other reservation service and related activities

90.01.0 Performing arts
90.02.0 Support activities to performing arts
90.03.0 Artistic creation

8. Cultural services 90.04.0 Operation of arts facilities

91.02.0 Museums activities

Operation of historical sites and buildings and similar visitor

91.03.0 attractions

91.04.0 Botanical and zoological gardens and nature reserves activities
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77.21.0 Renting and leasing of recreational and sports goods
92.00.0 Gambling and betting activities
93.11.0 Operation of sports activities

Sport and

9. recreational 93.13.0 Fitness facilities

services
93.19.0 Other sports activities
93.21.0 Activities of amusement parks and theme parks

93.29.0 Other amusement and recreation activities

A.2. Other consumption products

Goods 46.00 Wholesale trade
10.  purchased from
trade activities 47.00 Retail sale
11. Other services All the rest of industries providing services to tourists

Note: The Icelandic Classification of Economic Activities (ISAT) is based on the Statistical Classification of
Economic Activities in the European Community (NACE).
Source: Statistics Iceland.

Figure 1. Regional classification by Statistics Iceland

estfjord

Capital Area

A
South Peninsula

Source: Statistics Iceland.

101



Bearing in mind such limitations,
data on tourism was collected according
to this classification wherever possible,
with the approach based on three NACE
classifications: 1) accommodations and
food and beverages service activities
(NACE 551-553, 561, 563); 2) trans-
portation (NACE 491, 4932, 4939, 501,
503, 511); and 3) renting motor vehicles
(NACE 771, 7711).

The data was classified either by
municipalities (as in Figure 16) or regions
(as in Figure 15). The traditional classifi-
cation of regions is shown in Figure 1, al-
though occasionally some regions were
merged for the purposes of the study:
for example, combining Nort West and
North East into a single North region
(Figure 15), or West and Westfjords into
a single West region (Figure 14).

3. Domestic climate policies
and international agreements

Iceland’s first climate policy was ap-
proved in 2002 with the aim of curbing
emissions, keeping Iceland's obligations
under the Kyoto Protocol, and increas-
ing carbon sequestration through affor-
estation and revegetation programmes.
In 2007, the government adopted a new
climate change strategy that set out a
long-term vision for achieving a 50-75%
reduction in net emissions by 2050 com-
pared to 1990 levels. Although an action
plan for climate change mitigation was
adopted in 2010, it took until 2018 for
the first Climate Action Plan containing
specified actions and funding to be pub-
lished, with a second version following
two years later.

In July 2021, the European Com-
mission presented the 'Fit for 55' pack-
age, which contains a set of legislative

102

proposals designed to make the EU’s
climate, energy, land use, transport and
taxation policies fit for reaching the
goal of a minimum 55% reduction in
emissions by 2030. The package seeks
to both amend existing EU climate and
energy legislation and put forward new
proposals that can contribute to the
achievement of the EU's climate targets.
In particular, the 'Fit for 55' action pack-
age proposes significant changes to the
Emissions Trading System (ETS), the
Effort Sharing Regulation (ESR) system
and the land use, land use change and
forestry (LULUCF) system. To imple-
ment new or updated measures to meet
requirements in the Fit for 55 package,
the Icelandic Climate Action Plan must
be revised and updated. This chapter
bases its analysis on the currently appli-
cable second version of the Climate Ac-
tion Plan, published in the year 2020.

3.1 Effort Sharing Regulation (ESR)

The EU's ESR sets out binding green-
house gas emission targets for member
states for the period 2021-2030. These
annual targets concern emissions which
are under the direct responsibility of
each member state, from sectors not
currently included in the EU Emissions
Trading System (ETS), such as road
transport, ships and ports, agriculture,
small industrial installations and waste
management.

The current aim of the ESR is to
reduce emissions by 40% by 2030 com-
pared to 2005; setting more ambitious,
fair and cost-efficient national targets
for member states; and contributing to
the European Green Deal objective of
EU-wide climate neutrality by 2050. The
ETS operates in all EU countries, as well
as the three EEA-EFTA (European Eco-



nomic Area - European Free Trade As-
sociation) states (Iceland, Liechtenstein
and Norway).

3.2 The Climate Action Plan

Iceland’'s 2018 Climate Action Plan was
the country's first long-term, compre-
hensive plan concerning the green tran-
sition, and saw a substantial increase in
government funding for key climate mit-
igation actions. Going further, the up-
dated June 2020 version of the Action
Plan presented new actions (a total of
48, up from 33 in the first edition) and
increased funding. Moreover, it incorpo-
rated analyses estimating the individu-
al and collective mitigation gains of the
presented actions and took account of
suggestions received through a consul-
tation process with stakeholders and
civil society.

The Action Plan is Iceland’'s main
instrument for fulfilling its Paris Agree-
ment commitments and to meet Ice-
land’s ESR commitments, in particu-
lar its 2030 emission reduction goals,
as well as the country's stated goal of
achieving carbon neutrality by 2040. It
also takes into account the United Na-
tions Sustainable Development Goals,
which were universally adopted in Sep-
tember 2015 and require the participa-
tion and cooperation of diverse stake-
holders.

Analyses indicate that Iceland is
on course to meet its ESR climate com-
mitments. According to the Action plan
the country should be able to reduce
emissions in the relevant sectors by 35%
through the confirmed measures. On
top of this, it has been estimated that
measures currently in preparation will
lead to an additional 5-11% cut in ESR
emissions, for a total decrease of 40-
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46%. Beyond this, the Icelandic govern-
ment signalled in 2021 that it is willing
to aim for an even greater reduction
in emissions in ESR sectors by 55% by
2030 compared to 2005 (Helgaddttir et
al. 2023).

The Action Plan will be assessed
according to its impact on different in-
come groups and analysed in terms of
its costs and benefits, including the
macroeconomic impacts of measures.
As such, it will be important to ensure
that climate mitigation measures sup-
port efforts to increase economic equal-
ity and equal rights. Here, consideration
must be given to how the measures may
affect particular jobs or societal groups,
and how such impacts may be addressed
or mitigated. As yet, no data has been
published on the effects of the Action
Plan measures on different income
groups or geographical areas. For ex-
ample, given electric cars are expensive,
it may be assumed that changing from
fossil fuel cars will be more challenging
for those on lower incomes, meaning it
is important to simultaneously focus on
developing public transport infrastruc-
ture.

Overall, the ESR-related policies
and measures presented in Iceland's
2020 Action Plan are set to lead to a de-
crease of more than a million tonnes of
CO, equivalents in the relevant sectors
by 2030 compared to 2005. To achieve
these goals, emissions must be reduced
in different sectors of the economy,
amongst others tourism, especially re-
garding transport.

A minimum of EUR 300 million
(ISK 46 billion) is expected to be spent on
key climate actions in the period 2020-
2024, with the goals and measures di-
vided into different sectors depending



Figure 2. Estimated reduction (2005-2030) in Iceland’'s Effort Sharing Regulation emissions

under the Climate Action Plan
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Source: Government of Iceland (2020).

on the origin of emissions (Figure 2). An
array of actions in various sectors aim
to reduce emissions by up to 67% in indi-
vidual sectors and 35% in total. Turning
to land transport (Category A) specifi-
cally, ten distinct actions have been put
in place with the ultimate aim of reduc-
ing emission by 21% (see also Figure 3)
(Government of Iceland, Ministry of the
Environment and Natural Resources
2021).

3.3 Land transport

Emissions from road transport consti-
tute the single largest element of the
ESR emissions in Iceland, amounting to
776,000 tonnes in 2005 and 979,000
tonnes in 2018. Assuming the measures
defined in the Climate Action Plan are
followed, it is estimated that by 2030
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emissions will have fallen to 615,000
tonnes of CO,-equivalents: a 21% de-
crease compared to 2005. It is worth
emphasising that given road transport
emissions have increased considerably —
around 25% over the period 2005-2018
— this would represent a total decrease
of 37% compared to 2018 emission lev-
els. A considerable part of this increase is
the consequence of tourist traffic. More
generally, passenger cars (64%) are re-
sponsible for the largest proportion of
road transport emissions, followed by
transport vehicles (16%), vans (14%),
group buses (6%) and other types of
vehicles such as motorcycles and quad
bikes (1%) (Ministry of the Environment,
Energy and Climate n.d.).

The availability of electric cars
and plug-in hybrids is growing rapidly,



Figure 3. Actions aimed at reducing land transport emissions according to the Climate Action

Plan
Actions aiming to reduce emissions that fall under the EU Effort Sharing Regulation (ESR)
A1 Infrastructure for active mobility A.2 Incentives for active mobility A.3 Encouraging public transport
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Note: Actions in dark grey boxes are in preparation; actions in boxes with pink outlines are new
to the 2020 edition of the Action Plan; all others actions have been implemented.

Source: Government of Iceland (2020).

as is the infrastructure for electric ve-
hicles (i.e. charging stations). A record
number of electric cars was registered
in March 2020, equating to 41% of newly
registered passenger cars. As of the end
of May 2020, around 10% of the total
number of passenger cars in circulation
were eco-friendly. Even so, there remain
around 200,000 petrol and diesel pas-
senger cars in use in Iceland, as well as
numerous transport vehicles, vans and
other larger vehicles, which implies that
reducing road transport emissions will
take time. It is worth noting, howev-
er, that the emission rate of new fossil
fuel cars is around 30% less than those
which entered the market at the turn of
the century.

The Land Transport section in the
Climate Action Plan is divided into two
parts: changing travel habits (actions
A1-A.3) and energy exchange (actions
A.4-A10) (Figure 3).4

Changing travel habits

Action A1 focuses on infrastructure sup-
porting active means of travel (e.g. cy-
cling and walking), while A.2 covers tax
subsidies designed to encourage people
to use these modes of transport. The
promotion of public transport (A.3) has
gained importance due to the planned
construction of new public transport in
the Capital Area (the City Line), with a
transport agreement between the state
and Capital Area municipalities signed
in autumn 2019. The first two actions
are predicted to bring about an emis-
sions reduction of 10,000 tonnes of
CO,-equivalents by 2030, while action
A.3 is expected to reduce emissions by
16,000 tonnes of CO,-equivalents by the
same time.

Energy exchange
Action A.4 sets out financial incentives
for ecological vehicles, some of which

“ An overview of the Climate Action's Land Transport (Sector A) policies and measures can be found in

the appendix (A1).

105



were recently extended and some of
which have been newly added. Under
action A.5, infrastructure support for
eco-friendly vehicles will be greatly in-
creased, with various projects already
launched towards this end, such as in-
creasing the number of fast charging
stations across the country. Even so,
there remains a lack of infrastructure
for other energy sources, such as meth-
ane and hydrogen, which are a prerequi-
site if trucks are to be powered by fossil
fuel alternatives - this is also dealt with
by A.5.

Action A.6 aims to ensure that all
relevant laws and regulations support
the energy conversion, while A.7 bans
the registration of new petrol and diesel
passenger cars after 2030. In addition,
a special new action (A.8) will be taken
to speed up energy exchange in heavy
transport: emissions from a heavy ve-
hicle are many times higher than from
a passenger car, and such vehicles tend
to be driven more. Another new feature
of the Action Plan concerns eco-friend-
ly rental cars (A.9), which represents a
significant move given that rental cars
make up almost half of Iceland's newly
registered vehicles (Ministry of the En-
vironment, Energy and Climate n.d.).
The impact on greenhouse gas emis-
sions is two-fold: firstly, tourist driving
constitutes at least a quarter of all pri-
vate driving in the country, and secondly,
ex-rental cars end up being purchased
as household cars for citizens. Final-
ly, action A10 imposes obligations on
government entities to buy eco-friendly
vehicles, a measure that has been im-
plemented since the first edition of the
Action Plan. Since 2020, government en-
tities have, in principle, been prohibited
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from purchasing new gasoline and diesel
vehicles.

Actions A.4-A.7 are evaluated
together with action G.1 (carbon tax)
from the category 'transition incentives'
(see Figure 2). They are predicted to
bring about a 51,000-tonne reduction in
CO,-equivalent emissions by 2030. Ac-
tions A.8 and A.9 have not been evalu-
ated, while A0 is estimated to reduce
emissions by 1,000 tonnes of CO,-equiv-
alents.

For the most part, the impacts of
the various transport activities on green-
house gas emissions are not assessed
separately for each policy or measure
— rather, they are assessed collectively
due to their mutual, synergistic effects.
While a reduction caused by one action
does not necessarily lead to a similar
reduction elsewhere, the actions never-
theless mutually influence each other.
Incentives for electric cars that lead to
increased use of clean energy vehicles
can, for example, lead to reduced emis-
sions arising from public transport, as
people wishing to avoid fossil fuels may
choose to buy electric cars rather than
use public transport.

Emissions from land transport
is the single largest category in Iceland
that falls under the ESR scheme and
increased greatly in the years 2005 -
2018. In that same period, there was a
high growth in tourism in the country. In-
dividual measures in the Action Plan are
therefore specifically focused at tour-
ism e.g. infrastructure and incentives
for ecological vehicles and low emission
of rental cars, since rental cars are the
most popular form of travel for foreign
tourists in Iceland. This is discussed in
more detail in the next chapter.



Figure 4. Number of foreign tourists in Iceland 1949-2024
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and the 2024 figure is a forecast.
Source: Icelandic Tourist Board.

4. Tourism in Iceland

4.1 The economic importance of tourism
Iceland is a geographically isolated is-
land in the far North Atlantic. With
its cool, wet climate, the country has
historically not been attractive to Eu-
ropeans or North Americans seeking
warmer destinations for their relatively
short summer vacations. More recent-
ly, however, Iceland has been attracting
increasing numbers of overseas tourists
due to cheaper flights, successful mar-
keting, rising wealth worldwide, and
greater demand for different types of
leisure and travel experiences. Repeated
surveys have shown that foreign tourists
visit Iceland because of its exceptional
natural features (Ferdamdalastofa 2023,
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Oladéttir 2020). The country is sparse-
ly populated and can boast a variety of
glaciers, geysers, varied waterfalls and
black beaches, as well as the northern
lights at winter times, all of which have
proven popular among foreign guests
and promoted a positive national image.

Tourism in Iceland did not take
off until the 21st century, in particular,
after the bank crisis of 2008 (Figure 4).
The devaluation of the lcelandic Kro-
na (IKR) by approximately 50% played
a significant role in this, reinforced by
several others factors, such as the erup-
tion of Eyjafjallajokull in 2010, which
was followed by a successful market-
ing strategy (‘Inspired by Iceland’) and
the foundation of the low-cost Icelandic
airline WOW air. Around 300,000 tour-



Figure 5. Foreign passengers arriving in Iceland 2002-2023, by mode of transport
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Source: Statistics Iceland.

ists came to Iceland in 2000, rising to
500,000 in 2009 and reaching 2.3 mil-
lion in 2018, two years prior to Covid-19
pandemic. The increase in tourism, how-
ever, slowed down several months prior
to the pandemic due to the apprecia-
tion of the Icelandic Krona and the sub-
sequent bankruptcy of WOW air on 28
March 2019 (V. Karlsson 2022).

Most foreign tourists travel to
Iceland by air, with a much smaller num-
ber arriving by ships (Figure 5). There
is only a single ferry running scheduled
tours between Iceland, Denmark and
the Faroe islands. While the ferry port
at Seydisfjordur — a small village on the
east coast - is geographically one of the
closest places to mainland Europe, it is
far from the Capital Area on the south-
west coast. A growing number of cruise
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ships also visit Iceland. The size of the
cruise ships has become a problem for
many small villages and towns, which
struggle to provide services for large (al-
beit brief) influxes of tourists. The Capi-
tal Area and Akureyri on the north coast
are better able to accommodate cruise
ships.

Tourists arriving by air mostly
travel around theislandin smaller groups
in rented cars, meaning their demands
are better suited to the local supply of
services compared to cruise ship pas-
sengers. Icelandair has been the largest,
most resilient and very often only oper-
ating Icelandic international airline. They
have several times had Icelandic com-
petitors but almost always only one at
every given time. WOW-air, founded in
2011, was one of the most successful



Table 2. Share of tourism in export income, employment and GDP

Industries Export income 2023 Employment 2022 GDP 2022
Tourism 31% 12.5% 8.8%
Fisheries 19% 3.8% 6.4%
Industrial products* 28% 7.8% 8.3%
Others 22% 75.9% 76.5%

* Industrial products equated to manufacturing in terms of employment and GDP

Source: Statistics Iceland.

competitors during the years it operated
(Mbl 2014) and had a strong impact on
the growth in tourism as mentioned ear-
lier. In addition, a number of foreign air-
lines offer scheduled flights to Iceland. In
2022, it was 27 airlines (Isavia 2022).
According to Statistics Iceland,
tourism accounted for 31% of the coun-
try's total exports of goods and services
(the current account in macroeconomic
terms) in 2023 - or more precisely, the
last quarter of 2022 and the first three
quarters of 2023 (Table 2).° This figure
is less than it was prior to the Covid-19
crisis, when an all-time high of 41% was
reached in 2017, falling to 36% in 2019.
Here, it should be noted that fisheries
had only a 19% share in Iceland's goods
and services exports in 2023, compared
to approximately 53% in the first half of
the 1980s when they were central to the
Icelandic economy (Statistics Iceland
1992, p. 204). The transportation sector
— which accounted for 17% of goods and
services exports over the period 1981-
1985 - was serving the fisheries more
than tourism but was not included in the
figure of 53%. By contrast, it has been

included in the more recent numbers for
tourism (2017, 2019, 2023).

The share of tourism in Iceland'’s
gross domestic product (GDP) was 8.2%
in 2016-2019, reaching its highest point
since 2009. It was 3.5% in 2009 and 2.9%
in 2020, although it now seems to be ris-
ing back to its high-water mark, hitting
8.8% in 2022 (Statistics Iceland n.d.a).

Tourism accounted for just un-
der 15% of total employment in Iceland
in 2017 and 2018, when it reached its
highest point of the period 2008-2022
(Figure 6). Recent figures indicate that
the current proportion has risen again
to around 15%, or possibly higher. Both
fisheries and manufacturing contribute
considerably lower employment percent-
ages compared to tourism, despite each
generating a substantial proportion
of Iceland's export income. Combined,
fisheries, tourism and manufacturing
have been very significant for the local
economy outside the Capital Area, con-
tributing proportionately more in terms
of employment than is the case for the
Capital Area's economy.

5The 2023 figures are preliminary. See Statistics Iceland webpage: www.hagstofa.is (accessed 8 January

2024).
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Figure 6. Share of tourism in Iceland's total employment compared to selected other branches,
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In 2008, tourism accounted for
5.4% of total labour income in Iceland
(Figure 7). By 2018, this had risen to
12.3% — an increase of 127% — while tour-
ism's share of employment increased
from 7.1% to 14.8% over the same period
(a108% increase) (Figure 6). The region-
al disparity underlying the 2018 figures
for total labour income is notable: in the
South Peninsula, the figure was a lofty
30.9%, compared to 4.1% in North West
— 7.5-fold difference (Figure 7). Accord-
ingly, the South Peninsula, South, Capi-
tal Area and North East have the largest
tourism industries, while the West, East,
Westfjords and North West have rela-
tively smaller tourism industries.

Interestingly, one could think that
tourism would have a relatively larg-
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er economic impact outside the Capi-
tal Areq, given one of the main reasons
tourists come to Iceland is to see its
natural and ecological attractions. This
does not, however, appear to be borne
out by the figures for share of tourism
in labour income by region, which is the
closest available indicator. According to
the 2018 figures, only the South Penin-
sula has a larger share than the Capital
Area, while the South is on a par. How-
ever, when the country was classified
according to municipalities, Reykjavikur-
borg, the capital city, only came out as
having the 21st largest share of tourism
(Table A2 in the Appendix), with Skuo-
tustadahreppur, Myrdalshreppur and
Skaftarhreppur claiming the top three
spots.



Figure 7. Tourism share of local labour income in Iceland’s total labour income and by regions,
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4.2 The carbon footprint of tourism

In 2021, a report was published com-
paring and classifying Iceland's green-
house gas emissions across various in-
dustries for the years 2005 and 2019
(Loftslagsvegvisir atvinnulifsins 2027).
Although tourism is not well represent-
ed in the standard classification of busi-
nesses or industries used in the report,
air transport, rental cars and land trans-
port did feature: this does not cover the
entirely of tourism greenhouse gas emis-
sions (other possible sources include ac-
commodation, sea transport, consump-
tion, waste disposal and electricity),
but nevertheless represents its largest
share. Another caveat is that not all air
and land transport and rented cars are
for tourists - fisheries, for example, also
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make considerable use of land transport
and cargo flights to transport fresh fish
exports. Three cargo airlines operate in
Iceland, compared to 27 airlines geared
towards passenger transport (Isavia
2022).

The report puts Iceland's total
emissions in 2019 at 6,210,000 tonnes
of CO,-equivelents, an increase of 28%
compared to 2005. Tourism-relat-
ed branches were responsible for 22%
of total emissions in 2005 and 32% in
2019, reflecting an 83% increase in tour-
ism-related emissions over this period.
Meanwhile, Statistics Iceland - which
has been reporting on greenhouse gas
emissions since 1995 estimates a
somewhat higher level of total emis-
sions for 2019: 7,509,190 tonnes (Figure



Figure 8. Tourism-related sources of greenhouse gas emissions
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8). The organisation'’s figures show that
the share of flight transport alone in the
Icelandic economy's total emissions fell
from a high of 40% in 2018 to 29% in
2019. As noted earlier, this was mainly
due to the bankruptcy of WOW air, be-
fore Covid-19 drove it down further to
8% in 2021- the lowest level seen in the
period 1995-2022. By 2022, it had risen
again to 22% of total emissions, equat-
ing to 1,342,050 tonnes of CO,-equive-
lents. It should be noted that, thanks to
hydroelectricity and geothermal heat-
ing, hotels and restaurants produce
near-zero emissions. Overall, however,
the tourism sector's high share of total
emission means it is unavoidable that
the industry must make efforts to re-
duce its emissions.

A study by Sharp et al. (2016)
suggests that tourism-related activities
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in Iceland were responsible for 1.8 million
tonnes of CO, equivalents in 2015, com-
pared to 600,000 in 2010. This equates
to 28% of Iceland's total emissions in
2015 and 11% in 2010: an almost three-
fold increase. Aviation is responsible for
50-82% of a tourist's emissions foot-
print, depending on the flight distance
travelled to get to the country.

Breaking the carbon footprint
down into its constituent parts is in-
structive. Such an analysis was conduct-
ed for the year 2013, although no com-
parable figures are available for more
recent years (Table 3) (Sharp et al. 2016).
Even so, it is unlikely that the respective
shares of the various emissions sources
have changed much in the past decade,
even if the total volume has risen (Figure
8).



Table 3. Sources of carbon footprint within Icelandic tourism, 2013

Sources of carbon footprint of tourism Kg CO_-eq. per tourist

Flight

Local transport

Accommodation and restaurant services
Retail goods

Recreation and leisure services

Sum

Source: Sharp et al. (20176).

As can be seen in Table 3, the
average total carbon footprint per for-
eign tourist amounted to 1,350 kg of
CO,-equivalents, with flights accounting
for 59% of this and local transport 24%.
The three other categories listed ranged
from 4% to 7% of the total - substan-
tially lower than the two transport cat-
egories.

The reasons behind the large car-
bon footprints caused by flight and lo-
cal transport appear straightforward. In
the case of the three other sources (ac-
commodation and restaurant services;
retail goods; and recreations and leisure
services), it seems likely the recorded
emissions arise from the transportation
of raw materials and goods necessary
for the provision of these services, as
well as the transportation of the clients
making use of such services.

5. Economic impacts of climate
policies on Iceland's tourism
industry

The international agreements and other
commitments signed up to by the Ice-
landic government will, in all likelihood,
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have a number of negative impacts on
the country's tourism industry in the
short run. The necessity of investing in
environmentally friendly technology will
increase fixed costs, as those operating
in the tourist industry will have to buy
more expensive equipment, such as new
airplanes and e-fuel vehicles. On top of
this, having to buy more expensive prod-
ucts on an ongoing basis, such as e-fuel,
will increase marginal costs (Martin et
al. 2023). Marginal costs will also be af-
fected if the tourism industry is required
to purchase quota permits for increased
emissions. At the same time, and for
similar reasons, tourists, will have to pay
more for food while travelling around
Iceland. As Figure 9 demonstrates, full
activation of the agreements will lead to
an upward shift in the supply curve, with
consumers and tourists facing higher
prices, the level of which is partly deter-
mined by elasticity of demand.

If fixed costs rise, so too will trav-
el costs (price), while the corresponding
number of tourists will decrease (q, to
g,). Although this means a fall in the
tourist surplus, this will not translate
into a fall in the social surplus, provid-



Figure 9. Supply and demand in Iceland’s tourist market
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Note: Figure expresses prices (p), quantity (q), supply curves (S) and a demand curve (D).

ed the increase in travel costs reflects
the true social costs of pollution dam-
age (Rosen & Gayer 2008). Instead, it
would lead to increased social surplus, if
g, < g% since the harmful climate effect
(the area between the supply curves, a
rectanguloid) exceeds the consumer and
producer surplus (the triangle between
the old supply curve and the demand
curve) on the amount of tourism given
by a,-q,

The climate issue is one type of
externality that could explain the differ-
ence in the supply curve (S, S)). It should
be mentioned that externalities could
be of other origin as well, as has been
discussed in Iceland in relation to the
country's capacity in tourism. Discus-
sion of Iceland’'s maximum tourism ca-
pacity (S,,,,) has led to the formulation
of a number of estimations aimed at
addressing the issue. S,,,, encompass-
es three aspects: 1) social capacity; 2)
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natural capacity; and 3) infrastructure.
Social capacity refers to the number of
tourists that locals are able and willing
to tolerate and serve. Natural capacity,
meanwhile, reflects the natural land-
scape's vulnerability to tourist traffic,
with some vegetation or natural phe-
nomena more at risk than others. There
are, for example, very sensitive Icelandic
cave formations that can easily be dam-
aged or ruined. Regarding infrastruc-
ture, Iceland faces limitations in light
of the fact it only has around 400,000
inhabitants, spread across a relative-
ly large geographical area. As such, the
road network, telecommunications, and
hiking, cycling and riding tracks struggle
to meet the demands of 3 million or so
tourists each year.

Building on the above, it is neces-
sary to look separately at, firstly, inter-
national travel to Iceland and, secondly,
tourist travel within Iceland. The price



elasticity of international flights to and
from Iceland can be different than the
price elasticity of domestic transport to
and from tourist destinations, with the
latter mainly dependent on the demand
for rental cars and a willingness to drive
around the country.

5.1 International travel to Iceland

When it comes to international flights,
hydrogen appears to be the way for-
ward (Krein 2022, Lawson 2023). Icelan-
dair, the largest local airline company in
Iceland, has already begun taking steps
— albeit small - in this regard. E-fuel is
more expensive than fossil fuels, and
according to a recently published paper
was estimated to increase fuel costs by
between 104% to 159% (depending on
electricity source) in the year 2020, fall-
ing to 24%-67% by 2050 (Martin et al.
2023). Here, it should be borne in mind
that fuel costs constitute 30-40% of
operating expenses (Swidan & Merkert
2019), or, according to another source,
close to 40% (Ryerson & Hansen 2013).
That means the price of plane tickets
to/from Iceland is likely to rise 31-64%
in the short run, and 7-27% in the long
run (assuming high competition in the
market).

The level of reduction in tourist
numbers depends on the elasticity of
demand and supply. According to recent
research, the price elasticity of airplane
tickets is low: -0.03 to -0.005, depend-
ing to the day of the week and length of
time to the flight's departure (Meyer et
al. 2022). Based on the expected rise in
flight tickets and elasticity of demand,
the number of tourists would decrease
by 0.5-11% in the short run and 0.1-
0.5% in the long run.® Another research

¢ The average number for price elasticity was used.
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paper focused on demand for outbound
tourists in Australia also indicated very
low ticket-price elasticity (Seetaram
2012), although not all studies on the
topic reach this conclusion, with anoth-
er paper looking at flights from the UK
suggesting the contrary (Seetaram et
al. 2014). If price is very inelastic, the de-
mand curve is relatively steep. Assuming
this is the case for overseas tourists to
Iceland, the reduction in tourist numbers
will be relatively small. Thus, increases in
travel price (for whatever reason) will
harm tourists more than producers (the
flight companies) and those working in
tourism-related industries.

Price elasticity may, however, dif-
fer between people going about their
daily routine (workers) and those en-
gaging in leisure activities (tourists)
(Divisekera 2010). In this context, Hef-
fer-Flaata et al. (2021) conducted an
interesting study on how sensitive de-
mand for international flight tickets or
outbound travel is against accommoda-
tion taxes in Europe. The results suggest
that the level of sensitivity varies de-
pending on the chosen destination and
peak/off-peak seasons. It is more elastic
than the previous studies suggested. Ac-
cordingly, one would expect higher plane
tickets prices arising from the green
transition to decrease demand as well,
although not as dramatically as the rise
in price might suggest.

5.2 Tourist travel within Iceland

Information about rental car prices was
provided by Holdur ehf., one of the larg-
est car rental companies in Iceland. The
average fixed one-week fee charged by
Holdur for a rented car is approximate-
ly €636 if it runs on fossil fuels or €700



(based on exchange rates at the time of
writing) if it runs on electricity. Accord-
ing to the company, the fee for an e-car
should in fact be considerably higher in
order to cover their costs, but they need-
ed to decrease it due to low demand.”
Furthermore, the government had stipu-
lated that no value added tax (VAT) was
to be applied to purchases of e-cars in
Iceland, equating to a government sub-
sidy of about 20%, but this was rescind-
ed at the beginning of 2024. As such,
it would be reasonable to increase the
fixed fee for e-cars by about 35% in or-
der to accurately reflect the cost differ-
ence.t It is, however, cheaper to drive an
e-car in lceland, costing approximately
€0.03 per km on average compared to
€0.15 per km for a fossil fuel car.? If this
is true, a simple breakeven analysis sug-
gests that tourists would have to drive
2,517 km per week to be better off in an
e-car than a fossil fuel car® Given this
equates to almost two times the length
of Iceland’s ring-road, it is unlikely in
the extreme that a foreign tourist will
drive this distance over the course of a
week’s holiday, which is roughly the av-
erage duration an overseas visitor stays
(Ferdamadlastofa 2023). A foreign study
supports this notion as well (Beben et
al. 2022).™ Thus, any prohibition of fos-
sil fuel cars will almost certainly have a
negative effect on tourists' budgets, po-
tentially reducing their overall demand
for activities while on holiday.

To what extent is a tourist's will-
ingness to drive a rental car in Iceland
sensitive to fuel prices? A 2010 Austra-
lian study offers some guidance in this
regard: like Iceland, Australia is an island
that for most tourists requires a plane
journey to visit, while its geographical
size and low population density outside
urban areas means travellers are often
dependent on rental cars (Divisekera
2010). As such, the price elasticity of
tourists concerning domestic transport
is low: -0.36, therefore price inelastic. In
other words, in the event of a 10% rise
in the marginal cost of domestic travel
- encompassing domestic flights, rental
cars and buses — demand for such travel
would fall by 3.6%.

5.3 Steps already taken
Small but significant steps have been
taken towards lowering Iceland's tour-
ism-related emissions: airlines are us-
ing e-fuel supplements (A.P. Karlsson
2023), e-cars have become more prev-
alent in car rentals, and new, greener
passenger ships are entering lcelandic
waters (Claesen & Einarsson 2023). Re-
garding car rentals in particular, figures
from Statistics Iceland indicate the use
of e-cars has increased rapidly in recent
years, shooting up from 1.2% of total
numbers of cars in use in 2019 to 15.9%
in 2022 (Figure 10).2

Information provided by Holdur
suggests that, given it cannot charge

7 Email from Héldur; Reynir Hallgrimsson, 1 November 2023.

8 Emails from Hoéldur; Sigurdur Gudmundsson, 30 October 2023 to 1 November 2023.

? See Orkusetur webpage: https://calc.orkusetur.is/ElectricCar (accessed 31 October 2023).

0] yse Icelandic krénur in this calculation: 95,147 +23x=140,451+5x=18x=45,304=x=2,517.

™ The ring-road is 1,321 km long and road passes through every region of the country apart from the
Westfjords, which can be accessed by a detour. See the Icelandic Road and Coastal Administration
webpage: https:/www.vegagerdin.is/vegakerfid/vegalengdir/ (accessed 8 November 2023).

2 This is based on numbers for the industry in the NACE code 'Administrative and support service
activities' (The N-category), where car rentals are included and are the largest owner of cars within that
industry: NACE no 7711 called ‘Renting and leasing of cars and light motor vehicles' (ISAT numer 77.11).
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Figure 10. Share of electric and hybrid car use in Iceland, 2005-2022
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the prices needed to cover its costs,
the number of e-cars in its fleet will not
continue to increase as fast as was the
case over the 2019-2022 period. More-
over, until recently, no VAT was applied
to e-cars purchased in Iceland. Going
forward, the purchase of e-cars will be
subsidised post hoc, but capped at ap-
proximately €6,000 per car (based on
exchange rates at the time of writing).®

6. The rural economic impacts
of tourism-related climate
policies

As has been set out above, Iceland’s at-
tempts to address climate policies will
likely increase the costs of overseas

2016

Households

Industries

Car-rentals

2017
2018
2019
2020
2021
2022

tourists flying into the country, as well as
domestic travel costs for both local and
foreign tourists. This will in turn reduce
the number of tourists coming to and
travelling around Iceland. What remains
to be determined, however, is how the
impacts of this might differ spatially.

6.1 Spatial impacts of increased travel
costs to and from Iceland

While it would be natural to assume
that more expensive plane tickets to Ice-
land would harm tourism to the capital
area and the rest of the country even-
ly, this is not necessarily true. Iceland is
host to a variety of attractions, some of
which may be categorised as ‘must see’
destinations and others of which are vis-

B Emails from Holdur; Sigurdur Gudmundsson, 30 October 2023 to 1 November 2023.
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Figure 11. Modes of transport used by tourists in Iceland in 2022
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Source: Icelandic Tourist Board (2023).

ited more ‘out of curiosity'. Iceland's two
most prominent 'must see' destinations
- the Golden Circle and the Blue Lagoon
— are both within the vicinity of the cap-
ital. Given that those flying into to Ice-
land are more likely to give priority to the
country’'s ‘must see' destinations, the
number of tourists visiting destinations
‘out of curiosity’ will likely fall if travel
budgets become more constrained due
to higher plane ticket costs.

Moreover, the capital area is clos-
er to the international airport than most
other parts of the country, making it
more accessible in terms of travel time
and cost. Accordingly, Iceland's other
districts are more at risk from the im-
pacts of air travel price rises.

Rented cars
651%

6.2 Spatial impacts of increased travel
costs within Iceland

Rented cars are the most common
means of travel used by foreign tour-
ists in lceland (Figure 11). Given that -
as touched on above - Iceland's 'must
see' destinations are for the most part
relatively close to the capital areq, in-
creased travel costs will likely reduce
the number of tourists travelling to the
country's more distant regions. Here,
the perceived value of a destination has
a direct effect on tourist behaviour: if a
destination is regarded as a 'must see’,
the number of tourists visiting it will not
decline much relative to other (‘'want to
see' or 'perhaps see') destinations.™

" The demand curve is close to vertical and so almost perfectly price inelastic.
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Figure 12. Two different tourist destinations located within a one-day range from Reykjavik
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Take the Golden Circle - Iceland's
best-known tourist attraction - as an
example. The Golden Circle consists of
Thingvellir, Geysir, Gullfoss and the Blue
Lagoon. Of these, Gullfossis the furthest
from the capital area (around 88.5 km),
while the Blue Lagoon is approximately
50 km away. Compare this with Kirk-
jufell mountain, which is around 183 km
from the capital area and not as highly
appreciated (‘must see' vs. 'see out of
curiosity'). As demonstrated by Figure
12, the two attractions' different elas-
ticities of demand (demand for Golden
Triangle is more inelastic as shown by
a steeper demand curve) mean that if
travel costs rise identically per km and all
else remains equal, the number of tour-
ists visiting Kirkjufell will decrease more
than is the case for the Golden Circle.”

As discussedin Section 5.2, choos-
ing to rent an e-car over a fossil fuel car

would only be advantageous cost-wise
if the visitor would end up driving more
than 2,517 km over the course of a week,
which is a very unlikely prospect. Giv-
en this, it would be logical to assume
that the higher fixed cost attached to
the e-car would render it uneconomi-
cal and therefore unattractive to tour-
ists looking to rent a car. This outcome
is, of course, dependent on both fossil
and e-fuel cars being available, which is
currently the case. However, many coun-
tries around the world are imposing pro-
hibitions on selling new fossil fuel cars
that will become active over the coming
years: in lceland, it is scheduled to take
effect in 2030. After this time, although
the total number of tourists coming to
Iceland will likely fall due to increased
travel costs, the disparity between the
capital area and the rest of the country
will be narrowed due to the lower mar-

> The supply curve shifts up, with the magnitude of the shift comparable to the changes in travel cost.
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Figure 13. Proportion of tourist overnight stays by region in 2019

Source: Statistics Iceland.

ginal costs of travelling further distanc-
es.”® That could result in a net gain for
Iceland’s rural areas because, as argued,
demand is more sensitive to the costs
of travelling within the country than the
cost of travelling to it. Here, it should be
borne in mind that such a scenario re-
quires adequate infrastructure for elec-
tric cars, especially charging stations.
The vast majority of foreign tour-
ists arrive by plane at Keflavik airport
at the South peninsula, following which
many will drive for half-an-hour to the
capital, Reykjavik. Almost all foreign vis-
itors visit the Capital Area (Figure 15 A),
and this is where half of all overnight
stays take place (Figure 13). As such,
the capital area represents the main
hub from which tourists can embark on
day trips to adjacent regions — such as

W East
H Capital
H North
H South
South peninsula

W West

the South, West and South Peninsu-
la - where they might spend the night
if they need to travel any further. The
South is the second most popular region
for overnight tourist stays, followed by
the North, the South Peninsula and the
West. The least popular region for over-
night stays is the East, which is farthest
from the Capital Area and so accords
with the argument put forward above.
Although the North is the second fur-
thest region from the capital areaq, its
strong performance can be ascribed to
both strong infrastructure and the beau-
ty of the regional capital, Akureyri, which
is the second largest urban communi-
ty in the country (assumed the greater
capital area is counted as a single con-
urbation). Akureyri also serves as a hub
for visiting the Diamond Circle, which

® Here the income and substitutional effect of the demand is needed to decide the net impact of the

change (Eaton & Eaton 1997).
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Figure 14. Proportion of rooms available to tourists by region in 2019

Source: Statistics Iceland.

consists of five highly attractive tourist
destinations (Go&dafoss waterfall, Lake
Myvatn, Dettifoss waterfall, Asbyrgi
canyon and Husavik). A new travel circle
— the Silver Circle - is currently being es-
tablished in the West.

It should be noted that there are
no significant regional disparities when
it comes to the number of overnight
stays relative to the number of available
rooms for tourists (Figure 13 and Figure
14), which indicates that accommoda-
tion capacity is either too low or close to
its equilibrium.

On the other hand, a consider-
able disparity becomes apparent when
overnight stays are compared with vis-
its by region (Figure 15). The numbers for
overnight stays are based on accommo-
dation registrations reported by hotels,

W East
H Capital
H North
H South
South peninsula

m West

hostels and other accommodation pro-
viders, while those for visits are based
on a survey conducted among foreign
tourists in which the following question
was asked: 'Did you visit any of the fol-
lowing regions (for a longer or shorter
period)? Please indicate all the regions
you visited'” According to the results of
the survey, the vast majority of tourists
visited the South region (79%), despite
the fact it only accounts for 23% of over-
night stays (Figure 13).

Tourists were also asked whether
they would like to visit Iceland again, and
if so, were presented with the question:
‘Which region(s) would you like to visit
on your next trip to Iceland? Please se-
lect all that apply'’® The Westfjords and
the North were both named by 30% of
those answering the question, with the

7 Email from Icelandic Tourist Board; Oddny béra Oladéttir, 29 November 2023.
8 Email from Icelandic Tourist Board; Oddny Péra Oladéttir, 11 December 2023.
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Figure 15. Popularity of Icelandic regions among tourists in 2022 (actual and desired visits)

A: Regions visited by tourists

Source: Icelandic Tourist Board (2023).

other regions all lagging behind (Figure
15 B). Only 18% wanted to visit the Cap-
ital Area again, and 13% the South Pen-
insula. According to an Icelandic Tourist
Board survey, 17.3% of foreign tourists in
2022 had visited Iceland previously, and
16.5% in 2023

Here, it is worth highlighting that
an earlier 2017 study suggests munici-
pality (or local authority) revenue attrib-
utable to tourism is higher if tourists stay
overnight rather than just pass through
or visit for a few hours (Karlsson et al.
2017). The study even indicated that if a
municipality receives a large number of
tourists but almost none stay overnight
in accommodation, then the cost to the
municipality will exceed the income gen-
erated. Accordingly, municipalities gain
more by getting tourists to stay for one
or more nights, thereby ensuring a posi-
tive impact on their income.

An additional way of assessing
the local economic impacts of climate
policies is by looking at tourism's share
of local labour income within each re-

B: Desired destinations for next trip to Iceland

gion. Towards this end, data down to
the municipality level is presented in
Figure 16 and Table A2 in the Appendix,
with the distance from Reykjavik — the
largest hub for foreign tourists — added
in the latter source in order to indicate
the likelihood of visitors travelling there
for an overnight stay. According to the
data, Skutustadahreppur, Myrdalshrep-
pur and Skaftdrhreppur are in the most
vulnerable economic position should
levels of tourism fall, since the local la-
bour income is to large extent depen-
dent on tourism. Skitustadahreppur is
part of the North, while the other two
municipalities are in the South. Skutu-
stadahreppur is in a far more vulnerable
state than the other two when distance
to Reykjavik is kept in mind as well as
the observation that the South is the
most popular tourist destination. Over-
all, there may be considerable spatial
disparities when it comes to green tran-
sition policy impacts, similar to those
experienced during the Covid pandemic
(Arnason & Skuladéttir 2020).

% Email from lcelandic Tourist Board; Oddny béra Oladéttir, 7 March 2024,
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Figure 16. Tourism share of local labour income in Icelandic municipalities, 2018
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Source: Figure by borkell Stefdnsson, specialist at the Icelandic Regional Institute based on
Statistics Iceland (see also Table A2 in the Appendix).

Across all the municipalities, tour-
ism generates between 0% and 50% of
local labour income: the average is 10%
and the standard deviation 0.1. As this
suggests, some Icelandic municipalities
are economically highly dependent on
tourism, while others are not. Moreover,
some of the highly dependent municipal-
ities are far away from the Capital Area
as well and the level of attractiveness
of tourists destinations in some cases
magnify the blow marginally, as argued
earlier. When presented graphically (Fig-
ure 16), the distribution becomes clearer,
with the municipalities displaying the
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highest tourism shares of local labour
income located in the South, North
East, Capital Area and South Peninsu-
la. By contrast, the East and West lag
behind, and Westfjords and North West
have the lowest shares. Accordingly, one
could expect some kind of polarization
where the municipalities farthest away
from the capital area would experience
relatively greatest loss following green
transition policy, especially those who
already have the highest share of their
labour income in tourism, while loss will
be relatively lower in the proximity of the
capital area.



7. Actions to minimise the rural
economic costs of climate

policies

A number of potential actions could be
undertaken to minimise the impact of
tourism-related climate policies:

1. Provide subsidies for domestic trans-
port (buses and airplanes) to mitigate
impacts arising from more expensive in-
ternational travel due to the green tran-
sition.

2.Increase use of electric buses and rent-
al cars by strengthening subsidy policies
and facilitating the construction of ap-
propriate infrastructure (e.g. charging
stations).

3. Improve public transport coverage
and links across the country.

4. Provide support for producers of lo-
cal food and other potential local tourist
goods.

5. Conduct more research on tourist be-
haviour in relation to demand for flights,
rental cars and other transportation
modes, as well as food.

7.1 Subsidies for domestic transport
Air travel is responsible for the greatest
portion of tourism's carbon footprint
(Table 3). Plane ticket prices will likely
increase once the authorities put their
green transition policies in action be-
cause e-fuel is more expensive. As set
out above, some regions will probably be
harder hit than others by this, in partic-
ular those further away from Reykjavik.
The rise in plane ticket prices aris-
ing from the green transition could po-
tentially be mitigated by increasing the
subsidies already given to scheduled
domestic flights or any other passen-
gers' transport (or even all transport),
although this may not be deemed wise
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from an environmental perspective.
Such measures may, however, prove not
as necessary in light of developments in
the field of electric airplanes (driven by
electric motors and fuelled by charged
batteries), which could be conducive to
the shorter distances involved in domes-
tic flights. According to a report pro-
duced by Kackus (2023), flights on these
electric planes may even prove to be
cheaper than the flight services offered
today - at least in Iceland.

If that suggestion is not feasi-
ble, the authorities could as well sub-
sidise e-fuel consumption of interna-
tional flights. This would however be
more complicated without internation-
al agreements since the vast majority
of flight companies offering scheduled
flights to and from Iceland are of foreign
origin.

7.2 Subsidy policies and infrastructure
facilitating increased use of electric
buses and rental e-cars
As described previously, the main obsta-
cle standing in the path of increased use
of rental e-cars in Iceland is the fact that
they are more expensive to rent than
fossil fuel cars unless the person renting
the car is willing to drive over 2,517 km in
a week (the 'breakeven point'). As such,
the average tourist will choose a fossil
fuel car. If, however, the breakeven point
could be reduced by 50% or more, then
this situation will be reversed. There are
two ways of achieving this (aside from
prohibiting the use of fossil fuel cars): in-
creasing taxes on fossil fuels cars and/
or subsidising electric vehicles. This inev-
itably leads to the question of how much
taxes should be raised by or alternatively
what level of subsidy is required.

Recall that the fixed fee charged
by the car rental company is highly de-



pendent on the price the company must
pay for its cars, while also taking into ac-
count factors such as operational costs
and anticipated profits/dividends within
a very competitive market (there were
145 car rental companies in Iceland au-
thorised to operate in Iceland in Novem-
ber 2023) (Jénsdéttir 2017).2° With this
in mind, we use the rental fee as a proxy
number for the price the rental company
must pay to purchase a car. An electric
car (priced at €936) is 48% (€302) more
expensive than a fossil fuel car (€634),
which gives us the aforementioned
2,517 km breakeven point. According-
ly, this difference in price between the
two types of vehicles must be reduced
by 50% (to €151) in order to reduce the
corresponding breakeven point by 50%.
This can be done either by reducing the
price of an e-car from €936 to €785 (a
16% reduction) or increasing the price of
a fossil fuels car from €634 to €785 (a
24% increase) — in other words, provid-
ing a 16% subsidy on electric vehicles or
imposing a 24% tax on fossil fuel cars (or
a mixture of the two).

Despite what might be suggest-
ed by these calculations, however, the
experience thus far has been that tour-
ists are not choosing e-cars over fossil
fuel cars despite there being almost no
difference in rental price. As mentioned
earlier, a manager at Holdur explained
that the company had been forced to re-
duce its rental fee for e-cars due to low
demand. Given that it has not been pos-
sible for the company to gain the higher
income on electric cars it needs in order
to counter-balance the higher purchase
costs involved while achieving sufficient

turnover, the incentive is to keep only a
limited number of e-cars in its fleet. This
translates into a lower supply of electric
cars for rent in Iceland.

The fact that the e-cars pur-
chased by Holdur were seldom hired de-
spite the low price of electricity (which
translates to a calculated breakeven
point of 493 km driven per week)? and
the presumed appeal to tourists' con-
sciences regarding fossil fuel emissions
begs the question: Why are so few elec-
tric cars rented in Iceland? Is it the infra-
structure? If so, would increased invest-
ment in electric vehicle infrastructure
be a more effective policy in steering
tourists towards e-cars? However, how
would a foreigner know prior to renting
a car that Iceland's infrastructure is in-
sufficient for electric vehicles? Is it a rep-
utational issue? Or is it simply that peo-
ple tend to use goods and services they
are already used to, particularly when
faced by having to drive in an unfamiliar
country?

As mentioned, until recently VAT
(19.35%) was not applied to purchases
of new e-cars. However, car rental com-
panies are obliged to pay VAT should
they choose to resell the car on the sec-
ond-hand market - a rule that does not
apply to ordinary households in Iceland
(Arnarson 2023). This reduces the gain
provided to the car rental companies by
the subsidy: for example, the effective
subsidy would fall from 19.35% to just
under 10%, if the market value of the
second-hand caris half of what the com-
pany initially paid for it. Given this, the
government would be well advised to re-
think how a subsidy designed to address

20 See Icelandic Transport Authority webpage: https://island.is/listi-bilaleigur (accessed 17 November

2023).
2195147 + 23x = 104,038 + 5x = > x = 493.
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this problem might be applied. There are
two ways: 1) higher share of the VAT to
be cancelled when for car rental compa-
nies sell e-cars; and 2) a subsidy for ev-
ery rented car. Here, better knowledge
of tourist behaviour in response to price
changes is needed. If demand for rental
cars is sensitive to the prices charged -
as one local research article suggests is
the case (Jonsdottir 2017) — it could be
wise to use subsidies to stimulate e-car
turnover. However, subsidizing e-cars is
not warranted unless they have some
positive climate effects not accounted
for in the price.

7.3 Improve public transport coverage
and links
While public transport outside the Cap-
ital Area has improved in recent years,
coverage remains poor compared to
most other comparable countries. That
is due to a number of reasons, includ-
ing relatively high investment and op-
erational costs, the sparsely populated
countryside, and the low density of ur-
ban areas. Scheduled domestic flights
use small planes, tickets are very ex-
pensive, and Reykjavik — despite acting
as the hub for such flights - is only con-
nected to four regions (now 11 destina-
tions points - i.e. airports) out of seven.??
Buses run to all regions but are poorly
connected to international flights. In ad-
dition, four ferries operate along domes-
tic routes in Iceland. Unlike most other
countries, there is no central station in
Reykjavik to connect all travel modes do-
mestically and internationally.

All means of public transport
must be considered from the perspective

of finding cost-efficient ways of reduc-
ing emissions. This may mean directing
attention towards e-fuel planes, as pre-
viously discussed, which appear to pres-
ent small-scale advantages in that they
are becoming cheaper for short-distance
flights and can operate with fewer pas-
sengers than present airplanes (Kackus
2023).

While an express train between
the international airport and Reykjavik
has been discussed and a cost-benefit
analysis implemented, a final decision
has not been made by the authorities,
as there remains political contention re-
garding the matter.

Public transport is poor in the
Capital Area as well, consisting solely of
a bus network that only 5% of the area's
population use (Hrafnsson & Arnason
2023aq, p. 16). A new public transport sys-
tem is being prepared but remains the
subject of heated political debate. Mon-
ey had already been spent on the first
stages of the project by both the munic-
ipalities and the central government be-
fore the latter paused proceedings in the
wake of a revised investment plan issued
in autumn 2023.

Interestingly, local public trans-
port is good and free of charge in Ak-
ureyri, an urban community of close to
20,000 inhabitants - it was even rated
better than in the Capital Areain a 2020
survey (Karlsson & Pétursdoéttir 2021).
Moreover, the local administration has
shown no indication that it intends to
start charging for bus tickets in Akurey-
ri in the near future.® Official data on
municipality operating costs suggests
that Akureyri's bus network is in fact

2 See Isavia webpage: www.isavia.is/reykjavikurflugvollur/flugupplysingar/afangastadir (accessed 27

November 2023).

2 Asthildur Sturludéttir; communications on 22 November 2023.
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Figure 17. Imported food in Iceland in the period 2017-2021

Source: Statistics Iceland.

cheaper to operate per inhabitant than
in Reykjavik (Sneevarr & Jdbhannesson
2023), despite the fact that Akureyri is
a much smaller urban community than
the Capital Area, which is also 42% more
densely populated.?* At the same time,
traffic congestion is greater in the Cap-
ital Area than Akureyri (Karlsson & Pé-
tursdéttir 2021): only around 4% of Ak-
ureyri's population make use of the bus
network (Hrafnsson & Arnason 2023b,
p. 10), compared to the previously men-
tioned 5% figure for Reykjavik. In conclu-
sion, it is hard to run a public transport
in Iceland. Not only because the country
is large in size and population density is
low but also because relatively few peo-
ple use it, even when it is available for
free.

B Beverages
B Meat
Fish

B Plant products

7.4 Increase availability of local food
and other tourist necessities

By increasing the supply of local foods,
one could potentially reduce tourism's
carbon footprint by shortening the dis-
tance between the producer and con-
sumer. This would also have a positive
economic impact on rural areas, off-
setting the increased costs arising from
the green transition. According to Sta-
tistics lceland (Statistics Iceland n.d.b),
750,000 tonnes of food was produced
in the country in 2021, of which 550,000
tonnes was exported. At the same time,
close to 200,000 tonnes of food was
imported. 400,000 tonnes of food is left
when the export has been subtracted.
Taken together, the net food supply for
2021 amounted to almost two times the

% Based on numbers from Statistics Iceland and National Land Survey of Iceland.
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total annual need for Iceland's recorded
population, which, as of January 2023,
stands at 387,758 (Directorate of Health
n.d.).® This discrepancy cannot be ex-
plained by the number of tourists: al-
though 2.2 million foreign visitors came
to Iceland in 2023, they only stayed for
an average of seven days, which equates
to 42,192 '‘permanent inhabitants’. Given
half of Iceland's net supply of food is im-
ported, what possibilities are there for
reducing the quantity of imported food?

In order to answer this question,
it is necessary to determine which food-
stuffs Iceland is importing and whether
it is possible or realistic from the point of
view of competitiveness to produce do-
mestic substitutes. The numbers reveal
that more than half (57%) of Iceland's
imported foodstuffs for the period
2017-2021 consisted of plant products
(fruits, vegetables, cereals, grain etc.)
(Figure 17). Although it is difficult and
unprofitable to grow many things in Ice-
land, there are opportunities presented
by greenhouse production, while devel-
opments in the growing of vegetables
and grain have opened the door to out-
door harvests. The numbers indicate
that domestic production of plant prod-
ucts equated to 18.4% of total imports
of such foodstuffs over the five-year pe-
riod. In 2017, there were approximately
200 Icelandic producers operating in this
sectorial branch — a decline compared to
2008, although total income increased
over this time in real terms, as did re-
turns, possibly due to increased econo-
mies of scale (V. Karlsson 2019). While
there may still be opportunities for scal-
ing up, it should be borne in mind that
the market share of domestic vegeta-

bles fell from 48% in 2010 to 27% in 2018
(V. Karlsson 2019, p. 82).

Drinks and beverages were the
second largest sectorial branch in terms
of import share, at 29%. It seems like-
ly, however, that the recorded figures
are misleading, as no domestic produc-
tion was registered for beverages and
drinks, and approximately 80% of these
imports were subsequently exported.
Here, the (lack of) numbers recorded for
domestic production are the problem,
rather than the import figures.

Interestingly, fish accounts for
11% of Iceland's food imports, compared
to 88% of its food exports. On average,
Icelanders only eat around 315 grams of
fish per week, so it does not loom over-
ly large in local consumption (Gunnars-
dottir et al. 2022). It is possible, however,
that greater quantities are consumed by
tourists given Icelandic fish is reputed
to be of high quality and is the country's
most popular food export. Increased
fish consumption by tourists could pro-
vide opportunities to local districts both
during holiday visits and after travellers
return home, through increased interna-
tional demand. The same principle also
applies to for other Icelandic products.

The share of meat in Iceland's
food import is very small, at just 3%.
Traditionally, lamb has enjoyed a rel-
atively large market share among Is-
landic meat producers, although more
recently it has lost ground to pork and
chicken (Karlsson et al. 2015, Statistics
Iceland n.d.c). However, some have sug-
gested that it would be better to import
lamb meat to Iceland due to the carbon
footprint caused by domestic produc-
tion (Matthiasson 2019a). To what ex-

% The Directorate of Health (i. Embeetti landlaeknis) estimates the per capita consumption of food in
Iceland 1956-2020 kg/person/year. It turned out to be approximately 580 kg.
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tent is this argument valid, and might it
also apply to other domestic products
(Matthiasson 2019b)? Here, it should be
noted that while red meat production
in Iceland is largely based on domestic
input factors (aside from fossil fuels and
fertilisers), pork and chicken production
relies mainly on imported animal food.
Given this complex situation, care must
be taken when it comes to public poli-
cies aimed at stimulating domestic food
production, with consideration given to
what is most cost efficient in terms of
emission reductions.

Overall, it seems that Iceland has
an opportunity to increase domestic
plant-based food and possibly drink pro-
duction, while the situation regarding
meat is more questionable. Lamb is pro-
duced across the island and so supports
a geographically broader cross-section
of residents but is not especially popu-
lar among tourists. Conversely, although
tourist demand for chicken and pork is
greater, most production takes place in
and around the Capital Area, with ani-
mals fed on imported grain. Given these
complications, pork and poultry might
offer the best means of serving tourists
a domestic meat they wish to eat, while
also lowering the sector's carbon foot-
print.

On the other hand, seeking to in-
crease pork and poultry production may
be seen to run contrary to the key ob-
jective of encouraging cultural tourism
through the promotion of local food.
Most of Iceland’'s traditional food is
based on lamb meat and ocean prod-
ucts (e.g. fish, shellfish, seaweed), rath-
er than pork, poultry or beef. From this
point of view, it could be wise to keep
supporting sheep farming, both for the
production of lamb meat and due to
the fact that handmade sheep's wool
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sweaters are one of Iceland’'s most cher-
ished tourist souvenirs. Furthermore,
Iceland’'s food and wool processing are
both based on traditional work practic-
es, using technology that can be traced
back many years.

7.5 Conduct more research on tourist
behaviour

When determining the most efficient
policy approaches for dealing with envi-
ronmental challenges and their region-
al economic impacts, it is necessary to
gather accurate, in-depth information
concerning, among other things, social
costs and deadweight loss. How ac-
curate can a public policy using green
taxes be if policy-makers are not ful-
ly aware of the tourism-related social
and consumer benefits, or the relevant
costs and price elasticity of demand of
relevant goods (Baumol & Oates 1988)?
How might such policy affect local
economies? And how effective is it like-
ly to be if policy-makers cannot rely on
strong models to forecast its effects?
As these questions imply, there is a need
for studies addressing issues of this
kind. In particular, it would be useful to
explore: 1) demand for plane tickets to
Iceland; and 2) tourist demand for var-
ious transport modes within Iceland.
Doing so would provide much-needed
knowledge regarding how the supplied
quantity and price of a transport mode
affects demand both for the transport
mode in question and for other possible
transport modes. Such data could feed
into discussions around whether, for ex-
ample, it would be worth investing in
another international airport located in
the vicinity of Akureyri, or whether an ac-
cess fee or tourist tax should be applied
to those entering the country. Another
possible avenue of enquiry would be to



look into tourists' consumer behaviour
regarding Icelandic food products.

8. Summary and concluding
remarks

The tourism industry plays a significant
role in the Icelandic economy, especial-
ly when considered in terms of export
income (the current account), where
it generated 31% of Iceland's exported
goods and services in 2023. Put another
way, tourism was lIceland's largest ex-
port industry. Moreover, the tourist in-
dustry accounted for 8.8% of Iceland's
GDP and 15% of the country's labour
force prior to the Covid-19 crisis, with
levels returning close to these levels in
2022.

Tourism's carbon footprint ac-
counted for 32% of Iceland's greenhouse
gas emissions in 2019 and it is the fast-
est growing branch in that regard. Air
flights alone were responsible for 29%
of the country's emissions that year, al-
though this was a fall from the high of
40% seen the previous year. Given these
figures, it is crucial that lceland ad-
dresses tourism's carbon footprint if the
country is to achieve its green transition
goals.

While tourismisimportantforlce-
land as a nation, it means more to some
regions than others. When the share of
labour income is used as an indicator,
the South Peninsula benefits most from
tourism, with the South and the Capital
Area in second and third place. Alterna-
tively, if we divide the country into mu-
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nicipalities, two out of the top three (out
of 74) are located in the South, and one
in the North.

The green transition will most
likely affect the tourism industry nega-
tively, at least in the short run, given that
more expensive technology, the need
for emission licences and/or the impo-
sition of green taxes all inevitably lead
to higher prices when travelling to and
within Iceland. This may prompt fewer
tourists to visit Iceland while impacting
the spending budgets of those who do
choose to come. There is also the issue
of spatial disparities, with higher travel
costs more likely to affect tourist areas
located further away from the Capital
Area than those within the region.

The government has a number of
options when it comes to minimising the
impact on communities that are high-
ly dependent on tourism. First, it could
provide subsidies aimed at increasing
the number of domestic flights using
e-fuel. Second, in order to encourage the
use of rented e-cars among tourists, it
could increase subsidies on electric cars
and/or increase taxation on fossil fuel
cars, while at the same time improving
the national infrastructure for electric
vehicles. Third, it could improve public
transport coverage and links across the
country. Fourth, it could provide sup-
port to local food producers (and other
local tourism-reloted businesses). And
fifth, it could facilitate further research
on, among other things, how tourist be-
haviour is affected by increased travel
costs.
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1. Introduction

Norway's pursuit of environmental lead-
ership in the 21st century presents a pro-
found paradox, reflecting its dual role as
a country that is both a sustainability
pioneer and deeply reliant on a petro-
leum-based economy. This apparent
contradiction has evolved over time -
Norway was once in a prime position to
lead the way towards a sustainable fu-
ture, thanks to its abundant hydroelec-
tric power resources developed in the
19th and 20th centuries. Thus, when the
climate challenge emerged in the ear-
ly 1990s, Norway's renewables-based
electricity sector stood out in marked
contrast to many other nations strug-
gling to move away from coal-powered
energy sources.

The rise of offshore petroleum
activities in the late 20th century and
early 2000s, however, posed a substan-
tial challenge to Norway's green aspira-
tions. The country's pursuit of petroleum
development, primarily aimed at cater-
ing to a broader North European mar-
ket, triggered a surge in CO, emissions
that have tarnished Norway's standing
in international climate rankings, engen-
dering a complex petro-climate conun-
drum.

This chapter delves into how Nor-
way might navigate this conundrum, in
particular whether the country’s climate
leadership ambitions can be reconciled
with its substantial petroleum produc-
tion. In doing so, the chapter sets out
the challenges this presents to both the
business sector and the political land-
scape and explores possible solutions
through reform or innovation. The anal-
ysis is framed against the backdrop of
the Paris Agreement and the Europe-
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an Union (EU)'s climate commitments,
which Norway has pledged to uphold.
Furthermore, the chapter considers
what role regional divides play in ad-
dressing the petro-climate dilemma.

The remainder of the chapter
is structured as follows. Following this
introduction, Section 2 delineates the
petroleum industry's significance for
Norway, encompassing macroeconom-
ic, industrial and regional perspectives.
Section 3 then examines Norway's cli-
mate commitments, detailing national,
industry-specific and regional climate
emissions, before outlining strategies
for their reduction. Section 4 explores
potential solutions to the petro-climate
dilemma, showcasing industrial strate-
gies and public policies aimed at achiev-
ing climate neutrality. This includes both
the transformation of the petro-indus-
trial complex and the emergence of new
industrial approaches across the coun-
try's regions. Next, Section 5 investi-
gates the divergent political views and
initiatives that have become apparent
across various political arenas, includ-
ing territorial disputes with traditional
herding communities. Finally, Section 6
serves as an epilogue, assessing wheth-
er and how Norway can fulfil its climate
objectives in the face of its commercial,
political and regional divides.

The analysis is based primarily on
existing open sources - including policy
documents, industrial studies, press ar-
ticles and civil society communiques -
supplemented by interviews conducted
with a view to gaining background infor-
mation. Among those who participat-
ed in the interviews are representatives
from the Norwegian Forum for Devel-
opment and Environment (Lillian Bredal
Eriksen), the Norwegian Environmental



Agency (Hans Kolshus and Hanne Bir-
gitte Laird) and Offshore Norge (Hilde-
gunn T. Blindheim). While we are grate-
ful for the openness shown in sharing
their perspectives and factual insights,
responsibility for the report and its anal-
ysis rests entirely with the authors.

2. Norway's petroleum
dependency

Although Norway does not feature
among the world's leading petroleum
producers, it has assumed a crucial role
in Europe. As highlighted in Table 1, the
country supplies 25% of the continent's
gas and 13% of its oil — an increasingly
significant position against a Europe-
an policy agenda backdrop of growing
energy security concerns. As will be dis-
cussed, Norway's and Europe's paths to-
wards reducing petroleum dependency
are deeply interconnected.

Petroleum's importance to Nor-
way's domestic economy cannot be
overstated. As detailed in Table 1, Nor-
way ranks just behind Kuwait and the
United Arab Emirates in oil production
per capita, and leads the world in per
capita natural gas output. Norway's
more than 50 years of experience in pe-
troleum-related activities has seen it de-
velop an inextricable bond with a sector
that has become pivotal to the country's
macroeconomic stability, as well as the
industrial growth enjoyed by various
regions. This profound dependence un-
derlies Norway's reluctance to heed en-
vironmentalists' calls to cut back on oil
and gas production in order to curb the
sector'’s significant CO, emissions. Such
hesitancy stands in stark contrast to
the country's commitment to ambitious
climate goals, illustrating the complex
challenges Norway faces in aligning its
environmental aspirations with its eco-
nomic dependencies.

Table 1. Norway's position as a petroleum economy in 2022

Norway's world
ranking as an oil
and gas nation

Oil production 12
Oil export 8
Qil production per 3
capita

Gas production 8
Gas export 5
Gcg production per ;
capita

*After Kuwait and UAE.

Source: Kearney et al. (2022).
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Norway's share of
world production

Norway's
production as
a share of EU
consumption

2% 13%

3% 25%



Figure 1. Macroeconomic indicators for the petroleum sector, 1971-2024
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2.1 Macroeconomic benefits

Today, the petroleum sector is by some
distance Norway's largest industry in
terms of value added, export value, in-
vestments and state revenues. Further-
more, the prosocial organisation of the
petroleum economy — based in part on
ground rent taxation and extensive pub-
lic ownership — means that large busi-
ness profits are combined with exten-
sive transfers to society. These transfers
reached over 30% of state revenues in
the first decade of the 21st century and
have since increased to over 40% fol-
lowing the energy price hikes seen in the
wake of Russia's invasion of Ukraine. Oil
and gas has constituted over 40% of
Norwegian exports and 20% of gross
domestic product (GDP) for several
years, reaching 60% and 30% respec-

3 Based on exchange rates in July 2024.

tively in 2022 under the Russian embar-
go (Figure 1).

Since production started on the
Norwegian continental shelf in the ear-
ly 1970s, petroleum activities have - at
the time of writing - contributed over
NOK 24,000 billion (€2,136 billion)® to
Norway's GDP* (Norwegian Petroleum
2024). Despite this, only about half the
estimated recoverable resources on the
Norwegian shelf have so far been pro-
duced and sold.

In part motivated by fear of the
so-called ‘Dutch disease’ — in which rev-
enues from abundant natural resourc-
es heat up the domestic economy but
subsequently cause abrupt contraction
when reserves are depleted - govern-
ment revenues from petroleum activi-
ties are transferred to the Government

“This does not include related service and supply industries.
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Figure 2. The Oil Fund: Market value development (in billion NOK)
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Figure 3. GDP per capita (constant 2015 US$): Denmark, Finland, Iceland, Norway, Sweden
and the OECD members
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Pension Fund Global, nicknamed the
'‘Oil Fund' (Norwegian Petroleum n.d.a).
Government spending from the fund is
then restricted to its expected real re-
turn: currently estimated at 3% (Norwe-
gian Petroleum 2024).

Concerns about macroeconomic
stabilisation are accompanied by a de-
sire to ensure financial sustainability for
future generations — hence the ‘Pension
Fund' labelling. The Oil Fund is currently
valued at more than NOK 15,000 billion,
making it is now one of the world's larg-
est funds (Figure 2). This is exemplified
by the fact that it owns almost 1.5% of
all shares in the world's listed compa-
nies.

Despite the measures taken to
prevent an overheated economy, Nor-
way's GDP per capita has surged ahead
of its Nordic counterparts since the on-
set of the petroleum boom in the 1970s
(see Figure 3). As of 2022, Norway's GDP
per capita was more than 30% higher
than that of Denmark when adjusted
for constant 2015 US dollars.

2.2 Industrial impacts

Beyond its significant macroeconom-
ic contributions, the oil and gas sector
serves as a cornerstone of Norway's in-
dustrial strategy. The nation’'s abundant
petroleum resources have attracted
some of the world's most sophisticated
petroleum companies, which have pro-
ceeded to engage in pioneering deep
sea oil and gas extraction activities. The
sector's growth has been strategically
supported by Norwegian government
policies focused on national competency
development, with robust participation
from the state. Initiatives have led to the
establishment of Statoil (now Equinor)
and other Norwegian 'industrial cham-
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pions', which serve as foundational pil-
lars of this strategy.

The oil industry has been instru-
mental in rejuvenating Norway's mar-
itime sectors, as well as the country's
shipbuilding and advanced engineering
industries, demonstrating its extensive
influence beyond direct operations. The
Norwegian-based service and supply
industry, encompassing approximate-
ly 2,000 companies, generated a to-
tal turnover of NOK 374 billion in 2020,
about 30% of which came from interna-
tional markets. This sector’'s expansive
impact highlights Norway's strategic
positioning and its outsize contribution
to global energy and engineering mar-
kets (Menon Economics 2021).

Supply and service companies
play a crucial role across all stages of
the petroleum value chain. During the
exploration phase, specialised firms of-
fer seismic surveys, data processing,
and geological and geophysical services,
in addition to drilling and well services.
Engineering services, platform solu-
tions, and a diverse range of equipment
requiring production and installation are
provided by various yards. Meanwhile,
supply companies focus on developing
and installing production equipment for
seabed placement.

In the operational phase, the in-
dustry offers shipping, maintenance
and a suite of other services. Given the
production phase's potentially lengthy
duration — which may span several de-
cades - there is often demand for sub-
stantial upgrades, including integrating
new processing equipment and drilling
additional wells. Moreover, when main-
taining a field eventually becomes eco-
nomically unfeasible, work is required to
decommission its infrastructure.



Figure 4. Direct and indirect petroleum-related activity
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Figure 4 delineates the interac-
tions between oil companies/operators
(represented in dark blue) and the vari-
ous service and supply segments (shown
in light blue). The industry also encom-
passes a variety of other services (de-
picted in orange), as identified by Menon
Economics (2021), although activities
within these segments prompted by the
petroleum sector are not classified un-
der the service and supply industry.

2.3 Regional impacts

Petroleum has played a pivotal role in
Norway's economy, contributing signifi-
cantly to wealth generation and job cre-
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ation across various regions. As depicted
in Figure 5, the country has progressively
extended its petroleum extraction ac-
tivities from the North Sea in the south,
moving across the Norwegian Sea and
into the Barents Sea in the north. This
expansion along Norway's rugged
coastline has sparked debate due to the
escalating ecological and technologi-
cal challenges associated with advanc-
ing petroleum production into the Arc-
tic. Despite these concerns, numerous
counties and local communities have
sought to secure an equitable portion of
the petroleum-derived wealth. Regional
employment opportunities, particularly



Figure 5. Petroleum fields in the Norwegian economic zone

Source: Norwegian Petroleum (n.d.c).

in under-developed costal districts, has
been one of the key benefits of the pe-
troleum economy and a basis for secur-
ing its social legitimacy. Such opportu-
nities are also expected to be central to
the green transition.

The influence of petroleum ac-
tivities on employment in Norway was
meticulously analysed by the Menon
Economics group in a 2021 study. The
research reveals that the petroleum
sector sustained 180,000 full-time posi-
tions in 2019, equivalent to 205,000 in-
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dividuals being employed and account-
ing for approximately 10% of Norway's
private sector employment (Figure 6).
The scope of this impact encompasses
the full extent of the petroleum indus-
try's value chain.

A significant portion of these em-
ployment benefits stem from the off-
shore supply industry's contributions
to both the domestic and international
petroleum sectors, supporting around
32,000 jobs. Similarly, some 89,000 po-
sitions are attributed to 'ripple effects’ -



Figure 6. Employment generated by the petroleum activity (2019)

® Ripple effects

Source: Menon Economics (2021).

the economic activities generated when
concession holders and their suppliers
procure goods and services from enter-
prises outside the petroleum sector. By
contrast, direct employment within con-
cession holding companies only amounts
to approximately 24,000 individuals.®
Given its offshore character, it
is no surprise that a large part of the
Norwegian petroleum industry is locat-
ed in Western Norway. As highlighted
in Figure 7, Rogaland, in southwestern
Norway, has felt the most pronounced
impact, with over 30% of the county's

Offshore supplier ® License holders

total employment stemming from the
petroleum sector. Vestland and Mgre og
Romsdal, in Western Norway, also ben-
efit notably from the industry, with 11%
and 8% of their total employment linked
to petroleum-related activities. This is
fuelled by the presence of suppliers and
the headquarters of several leading con-
cession holders. The petroleum sector
also accounts for more than 5% of total
employment in Agder, Trendelag, Vest-
fold, Telemark and Oslo, underscoring its
significance across various Norwegian
locales.

51t should be emphasised that the indirect effects are distributed based on a model calculation by Menon
(2021) and thus are subject to significant uncertainty. It is also worth noting that Menon has not included
consumption effects (i.e. the effects of employment that support consumption), which in turn supports
further economic activity. If they had done so, the effects would likely have been about 20% higher. The
reason why consumption effects are not included is that a significant proportion of those who today
have a job supported by petroleum industry demand would likely, in the event of lower demand from the

industry, have found employment regardless.

143



Figure 7. Regional employment effects of the oil and gas-based economy, with ramifications

in 2019
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The Menon study reveals that in
Rogaland county up to 40% of the work-
force in Stavanger and Sola municipali-
ties are engaged in petroleum-related
roles. When it comes to Solq, this figure
can be attributed to the presence of ma-
jor industry players such as Halliburton,
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ConocoPhillips and Schlumberger, while
Stavanger — known as the country's oil
capital —is home to Equinor’'s headquar-
ters, as well as offices for Aker Solutions
and Archer.

In Sandnes, another municipality
in Rogaland, employment in the petro-



leum sector ranges between 30% and
40%, buoyed by major establishments
such as Var Energi's headquarters and
numerous oil company offices. Similar-
ly, Randaberg, which as has a 30-40%
petroleum job ratio, benefits from the
Risavika harbour, a key logistics centre
for the oil industry that hosts several
prominent national and international oil
companies.

In Vestland county, municipalities
such as Austrheim, where Veltec is locat-
ed in the Mongstad industrial park, and
Stord, where Kvaerner operates a signif-
icant shipyard, also have a substantial
portion of jobs tied to the petroleum
sector.

Conversely, smaller communi-
ties — such as Kvitsgy and Sokndal in
Rogaland - experience minimal direct
involvement in the oil and gas industry,
with their employment impact largely
down to residents commuting to other
areas hosting major petroleum business-
es. In this respect, Tysveer — which has a
Kdrstg gas processing and condensate
plant owned by Equinor - stands out
as an employment destination. As all of
the above illustrates, the employment
impacts of the petroleum industry vary
widely between municipalities.

The influence of the petroleum in-
dustry is not limited to the petro-indus-
trial strongholds of Rogaland and Vest-
land (Menon Economics 2021). In Oslo
and Akershus, engineering firms, seismic
companies and knowledge-based ser-
vice providers cater to the petroleum
sector. Trondheim has distinguished it-
self with robust petroleum-oriented
research and educational institutions,
while the Bergen area has emerged as
a centre for maintaining offshore plat-
forms and subsea equipment.

145

In Buskerud - particularly the mu-
nicipality of Kongsberg - a specialised
environment has evolved in subsea tech-
nology, automation and dynamic posi-
tioning systems. This has in part been
facilitated by defence industry expertise.
Southern Norway is home to world lead-
ers in drilling technology, while a com-
prehensive maritime cluster has sprung
up in the northwest of the country. This
cluster encompasses the entire ship-
building and ship equipment spectrum,
including advanced offshore vessels.

As exploration and production ac-
tivities have extended into the Barents
Seaq, the petroleum industry's reach has
expanded into Northern Norway, further
illustrating its widespread impact across
the country.

2.4 An industry with global reach

The Norwegian petroleum sector ex-
tends far beyond national borders, with
the country’s oil service and supply in-
dustry having established a significant
presence in offshore markets worldwide.
According to the Norwegian Offshore
Directorate, exports to internation-
al markets generated NOK 374 billion
(€38.07 billion) in 2020 (accounting for
approximately 30% of the industry's
revenue (Norwegian Petroleum n.d.b).
The subsea equipment and installation
sector led the way in international turn-
over, closely followed by operations and
professional services, alongside topside
and processing equipment. The United
Kingdom, the United States and Brazil
were the top three markets by revenue
in 2020. Additionally, shipping hubs such
as Singapore and South Korea have
served as significant markets for well
packages and various platform and drill-
ing equipment.



The petroleum economy's sub-
stantial contributions to Norway's mac-
roeconomic stability, state finances and
regional industrial development mean
the country has become heavily reliant
on the sector. This dependency under-
scores how important it is to strategi-
cally balance economic benefits with
environmental responsibilities in the na-
tion's transition towards more sustain-
able energy practices.

3. The climate footprint

In the years since climate change
emerged as a major issue in the early
1990s, Norway has fallen from climate
front runner to laggard in terms of CO,
per capita emissions. This period coin-
cides with the country's move beyond its
20th century hydropower-based indus-
trialisation into its late-20th and early
21st century petroleum-based growth.
Having previously engaged in
friendly competition with Sweden over
who was foremost in the climate lead-
ership arena, Norway had by 2022 fall-
en far behind its Scandinavian rival.
While Sweden had managed to halve its
emissions down to less than 3.2 tonnes

per capita by this time (Table 2), Nor-
way's emissions remained largely sta-
ble around 6.5. This is also larger than
Denmark's 4.4 tonnes and the EU's 5.7
tonnes and is also beaten by Finland's
6.15 tonnes (all in 2022 numbers).
Despite its petro-industrial tran-
sition, Norway has kept up its sustain-
ability leadership ambitions, leaving
the country with a challenging discrep-
ancy between ideals and practice once
it aligned its climate strategy with the
Paris Agreement. Highlighting the coun-
try's dedication to climate action, Nor-
way revised its nationally determined
contribution in 2022, setting a target
to cut emissions by at least 55% below
1990 levels by 2030 (Government of
Norway 2023a). The formation of the
EU-Norway Green Alliance in 2023, as
part of the European Green Deal, fur-
ther detailed Norway's commitment to
being a climate frontrunner. The alliance
underscores a mutual commitment
between Norway and the EU to meet
their 2030 climate targets and pursue
climate neutrality by 2050. It also em-
phasises Norway's commitment to be a
major producer of renewable energy by
2030 (Government of Norway 2023b).

Table 2. Greenhouse gas emissions (CO,), tonnes per capita, 1990-2022

1990 2022
Norway 6.48 6.52
Denmark 9.92 442
Finland 10.8 6.15
Sweden 6.00 3.16
EU28 8.44 5.74

Source: OECD (n.d.).
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However, combining such aspi-
rations with European-scale oil and gas
production remains a major test, which
has only gained increased urgency as
Norway faces mounting pressure to
put its climate strategy into operation-
al practice towards the 2030 deadline.
The main approach is ‘clean petroleum’,
which involves Norway promoting sus-
tainable development through the ef-
ficient, low-emission production of oil
and gas, while playing a part in devel-
oping and deploying new green tech-
nology (Government of Norway 2020).
Although the idea of clean production
and the potential environmental bene-
fits derived from petroleum technology
are valid, petroleum extraction's most
significant climate impacts occur during
its end use: for example, in vehicles and
heating. Nonetheless, this downstream
use, often referred to as '‘Scope 3/, is pri-
marily the responsibility of consuming
countries.

While Norway has gradually fallen
behind its Nordic and European counter-
parts in terms of reducing climate emis-
sions, managing to stabilise emissions
amidst a significant expansion of its
petroleum economy is no small achieve-
ment. Between 1990 and 2020, ener-
gy consumption in petroleum produc-
tion doubled from 34.3 terawatt-hours
(TWh) to 68.3 TWh. Since 2005, annu-
al energy use has fluctuated between
63 and 73 TWh, predominantly reliant
on fossil fuels (NVE n.d.). As illustrated
in Figure 8, the primary sources of CO,
emissions include natural gas and die-
sel combustion in turbines, engines and
boilers. Further emissions are contribut-
ed by the flaring of natural gas, which
is permitted only for safety purposes.
Other sources include direct releases of
hydrocarbon gases into the atmosphere
through cold venting and leaks, as well
as emissions associated with oil loading
and well testing (Norwegian Offshore
Directorate n.d.)

Figure 8. Sources of CO, emissions in petroleum production
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Source: Norwegian Offshore Directorate (n.d.).
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Figure 9. Greenhouse gas emissions in Norway by sources
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Norwegian Ministry for Climate and Environment.

3.1 Emissions by sectors of the economy
A systematic overview of CO, emis-
sions in various sectors of the Norwe-
gian economy has been provided by the
Norwegian Environment Agency (n.d.a).
As indicated in Figure 9, the broad pic-
ture is that emissions from oil and gas
extraction have risen by 40% since 1990,
with most of this increase occurring be-
fore 2000. Since then, emissions have
stabilized around 14 million tons of CO,
equivalents, with notable reductions in
2020 and 2021 due to a fire and shut-
down at Hammerfest LNG. Historically
the largest source of emissions in Nor-
way, the industry has reduced emissions
by 43% since 1990, mainly through tech-
nical and operational improvements, es-
pecially before 2010.

In road traffic the Agency points
out that emissions have increased by
8% from 1990 to 2023, driven largely by
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arise in freight transport. Passenger car
emissions remained stable until 2015,
thanks to improved fuel efficiency and
a higher proportion of diesel vehicles.
Since 2015, emissions have declined due
to the growing use of electric and hybrid
cars and biofuels. From 2022 to 2023,
road traffic emissions dropped by 7.8%.

Emissions from other transport
sectors—including shipping, aviation,
and railways—rose by 46% from 1990 to
2023, with domestic shipping and mo-
torized equipment contributing signifi-
cantly to this increase. Meanwhile, agri-
cultural emissions, accounting for 9.5%
of the total, have remained stable since
1990, predominantly consisting of meth-
ane and nitrous oxide from livestock and
manure.

Emissions from heating of build-
ings, representing 1.2% of the total,
have, according to the Agency, signifi-



cantly decreased since 1990, largely due
to a ban on fossil heating oil in 2020.
Waste-related emissions, constituting
4.6% of the total, are primarily from
methane at closed landfills and CO,
from waste incineration. Other sources
contribute 3.1% of emissions, with fluo-
rinated gases from products being the
largest single contributor. Emissions
from these gases increased until 2013
but have since stabilized due to regula-
tory controls.

3.2 Regional variation®

Norway's petro-industrial challenge is
unevenly distributed across the coun-
try's regions, with some facing very dif-
ferent CO, emission obstacles to others
(Figure 10).

The location of industries plays a
major role, as demonstrated by the fact
that the highest emissions are found in
the industrial, oil-rich counties of Vest-
land, Vestfold, Telemark and Rogaland.
In Vestfold and Telemark, nearly 70%
of emissions come from the industrial
sector. Porsgrunn, with a heavily indus-
trialised economy (housing companies
such as Norcem Brevik and Yara), is the
municipality with the highest emissions
registered in the official climate ac-
counts. In Vestland and Rogaland, indus-
trial emissions accounted for 40-45% of
total emissions.

In Viken, Oslo and Innlandet, by
contrast, road traffic accounts for the
majority of emissions. Furthermore, ag-
riculture contributes a relatively large

Figure 10. Greenhouse gas emissions by county and activity (2022), CO, equivalents
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¢ This section is largely based on data and descriptions from the Norwegian

Government of Norway (n.d.a).
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proportion of emissions in key agricul-
tural counties such as Innlandet, Tren-
delag and Rogaland. Finally, maritime
transport is responsible for relatively
significant emissions in coastal counties
in Vestlandet and Northern Norway.

4, Strategies for addressing
the petro-climate dilemma

With much of the low-hanging industrial
CO, reduction potential already tapped,
Norway faces significant challenges
when it comes to meeting the European
Economic Agreement targets of halving
total CO, emissions by 2030 and achiev-
ing net-zero emissions by 2050. Main-
taining the status quo in the petroleum
industry is no longer viable.

Figure 11. The petroleum industry value chain
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('beyond petroleum'). Both strategies
leverage the extensive resources and ex-
pertise available within the petroleum
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In order to coax the petroleum
industry into pursuing greening strat-
egies, Norway is exposing the sector to
increasing CO, costs. Towards this end,
the government has not only joined the
European emissions trading system
(ETS) but added on a carbon tax that
is set to be increased up to NOK 2,000
(€176)7 per tonne (Government of Nor-
way 2020). This combination of carbon
tax and ETS means that companies on
the Norwegian shelf in 2023 paid approx-
imately NOK 1,500 (€132)8 per tonne for
their CO, emissions - significantly high-
er than the amount paid by most other
businesses in Norway and much higher
than in other countries with petroleum
activities (Norwegian Petroleum n.d.d).
As pointed out by environmental NGO
Bellona, the Norwegian government's
ambition to increase the sum of the
ETS and petroleum carbon tax to €200
(NOK 2,000)? per tonne in 2030 is prob-
ably the most ambitious carbon tax in
the world (Bellona 2021).

After incorporating the petro-
leumindustryintothe ETS, Norway could
theoretically rely solely on this carbon
market mechanism to address the sec-
tor's emission challenges. However, the
high profitability of petroleum produc-
tion suggests that the carbon price set
by the ETS only exerts limited influence,
even with the special Norwegian car-
bon tax added on. Consequently, emis-
sion reductions are only likely to occur in
countries where industrial production is
less profitable, rather than in countries
such as Norway. As such, relying on the
ETS would not be sufficient for Norway
to meet its commitments under the Par-
is Agreement.

7 Exchange rate 25 july 2024.
8 Exchange rate 25 july 2024.
? Exchange rate 25 july 2024.
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The Norwegian government is
therefore attempting — on top of fi-
nancial incentives — to stimulate the
green transition through Enova, a state-
owned enterprise owned by the Ministry
of Climate and Environment. Enova's
activities are focused around late-phase
technology development and early mar-
ket introduction. The aim has been to
increase the pace and scale of pilot and
demonstration projects, as well as full-
scale testing, allowing new technologies
and solutions to reach the market more
rapidly (Government of Norway 2020).

4.1 Clean petroleum: Integrating climate
strategies in the petroleum value chain
In line with global industry trends, Nor-
way's petroleum sector has embraced
a 'clean petroleum’ strategy to mitigate
its environmental impact. This approach
includes reducing flaring and methane
emissions, and transitioning energy
portfolios towards natural gas in order.
Moreover, the sector has initiated pilot
projects for biofuels and invested in car-
bon capture and storage (CCS) tech-
nologies. There has also been targeted
investment in renewable energy sources,
such as wind and solar, as delineated in
the green boxes and circles in Figure 12.
By integrating these green ini-
tiatives into its existing framework, the
petroleum industry has started reduc-
ing CO, emissions while preserving the
sector's core functions. This approach
has enabled Norway to navigate its pet-
ro-climate dilemma, maintaining a pres-
ence in both the traditional fossil fuel
market and the emerging renewable
energy landscape. It delicately balanc-
es preservation of the fossil fuel value



Figure 12. The clean petroleum perspective
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chain's essential elements with incorpo-
ration of a modest array of renewable
resources. The strategy thus not only
mitigates environmental impact but
aligns with evolving global energy de-
mands.

Green electrification of offshore petro-
leum

Green electrification of offshore petro-
leum has been a primary climate-target
for Norway. As previously mentioned,
the main sources of CO,emissions from
petroleum production are natural gas
and diesel combustion in turbines, en-
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gines and boilers. By shifting to hydro
and wind-powered electrification, the
industry may significantly reduce its car-
bon footprint, aligning with broader en-
vironmental objectives and sustainabili-
ty goals. The aim has been to convert as
many of the more than 160 turbines on
offshore oil and gas platforms as possi-
ble from gas to green electricity. How-
ever, for several reasons this strategy
has been lagging behind, and only 9 out
of the 63 TWh of energy used offshore
in 2022 came from renewable sources
(Figure 13).



Figure 13. Energy use in Norwegian offshore petroleum production
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The electrification of offshore pe-
troleum production initially came from
onshore hydropower and wind, driven
largely by market prices and carbon tax-
es. Though, as competition for electricity
increased and public opposition to wind
and large hydro escalated, the onshore
supply of green electricity dried out.
Further onshore wind power construc-
tion has been seen as too invasive to
the natural and/or social environment,
prompting local protests, as described
in later sections. Offshore wind, which
could be an alternative, has becomes far
more expensive and has made it more
difficult to expand the electrification of
petroleum production programme.

The regional dimension
One of the challenges of offshore elec-
trification has been its regional implica-
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tions. Firstly, large offshore electricity
consumption increases onshore electric-
ity prices, which is not well received by
the public at large. Secondly, offshore
electrification has had diverse effects
on different onshore regions. Norway is
divided into five price areas for electric-
ity. These are the result of power grid
bottlenecks that limit the physical flow
of electricity between different regions.

As indicated in Figure 14, the
oil fields are spread out from north to
south of Norway and are well adapt-
ed to the existing production and grid
structure. Increased power consump-
tion arising from the electrification of
offshore installations using power from
the mainland will largely occur in areas
that currently have a power surplus. This
applies to Southwest Norway (NO?2),
Northern Norway (NO4), and Western



Figure 14. Electricity price areas and future transmission grid, with assumed connection
points for land-power projects and assumed maximum power demand
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Norway (NOS5) (see overview in Figure
14), with the exception being Central
Norway (NO3), which has experienced
a negative power balance in recent
years. Historically, Central Norway has
faced challenges with supply security,
but these have been addressed by the
network investments carried out since
2008. Even when prices are equalised
across regions, however, such efforts are
not necessarily greeted with enthusi-
asm. Offshore electrification will reduce
the price differences between the north
and south of the country, with great-
er demand in Northern Norway arising
from increases in offshore electricity use
leading to increased prices. This will re-
duce the region's attractiveness when
it comes to other types of industrial in-
vestment, while also increasing electric-
ity costs for households in the northern
regions.

4.2 Beyond petroleum
With pressure mounting to accelerate
the green transition, Norway and its
petroleum industry have committed to
stepping up from the reformist ‘clean
petroleum’ strategy outlined above to a
more radical 'beyond petroleum’ strat-
egy. A core element of this strategy is
speeding up the green repowering of
petroleum production through offshore
wind development. Offshore Norway
(the petroleum industry trade associ-
ation) and the government are in col-
laboration aiming for a 50% reduction
of oil and gas emissions by 2030 (Off-
shore Norway 2023). In the longer run,
offshore wind and other initiatives will
be used to foster a transition towards
a sustainable offshore hub for floating
wind, hydrogen and carbon sequestra-
tion (Equinor 2022).

Such objectives require a shift in
business practices and policy directives
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from incremental reform to transforma-
tive approaches. Businesses will have to
leverage their resources and capabilities
not merely for the purposes of adjusting
their existing product sphere, but to pi-
oneer new market sectors. Similarly, in
a transformative stance, government
will engage not solely through financial
incentives but also via innovation-driven
measures.

Key business models forthe petro-
leum industry's green transition include:
1) transitioning to biofuels; 2) adopting
blue hydrogen with CCS; and 3) gener-
ating green electricity as a substitute to
petroleum. Figure 15 demonstrates how
these models can be integrated into the
petroleum value chain.

In the Nordic context, the move
beyond petroleum is already taking
place: Finnish company Neste is pursu-
ing a biofuel strategy, while the Danish
Oil and Gas Consortium (now Drsted) is
transitioning to green electricity genera-
tion. Equinor in Norway, with abundant
upstream reserves, has moved more
slowly towards a mixed strategy of blue
hydrogen with CCS, as well as offshore
wind. Meanwhile, the company’'s down-
stream petroleum outlets — which were
sold to the Canadian Circle K company
in 2012 — have adopted a multifuel ap-
proach, adding biofuel and electrical
charging to their fossil fuel repertoire.

Although these initiatives may
not be inherently transformative when
implemented within limited portfolios,
their potential to become predominant
practices and replace petroleum-based
products on a large scale signifies a
transformative shift.

On the governmental side, advo-
cating for a transition beyond petroleum
requires an innovation-driven agenda
that encompasses, among other things,
the creation of strategic partnerships;



Figure 15. Business models for radical transition
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provision of early-stage investments;
encouragement of technology-oriented
public procurement; and development of
supportive infrastructure.

Three major initiatives indicate a
repositioning beyond petroleum in the
Norwegian case: 1) the move towards
offshore and floating wind, 2) the estab-
lishment of a CO, capture and seques-
tration value chain, and 3) the develop-
ment of natural gas-based hydrogen
production. The two first initiatives will
likely matter in the fulfilment of the
2030 climate goals, moreover hold po-
tential for the necessary evolution into
a post-carbon future. The third initia-
tive, meanwhile, carries the promise of a
close-to-CO,-free fossil future: in other
words, it is not strictly ‘beyond petro-
leum’ but rather beyond petroleum'’s
negative side effects.
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Offshore wind

The scale and scope of offshore wind
goes far beyond simply being a means
of removing CO, emissions from off-
shore oil and gas production. In the first
round, the government's vision is to have
30 GW of new offshore wind capacity
before 2040, most of which will come
from floating installations. Even though
this level of capacity is close to Norway's
total electricity production in 2023, it is
only seen as the start: as has been the
case with petroleum, the long-term in-
tention is to facilitate industrial engage-
ment of North European dimensions.

In contrast to onshore wind, off-
shore wind - particularly floating wind
— needs extended support beyond emis-
sion quotas and carbon taxation. Off-
shore wind projects have therefore only
been initiated once the government has



put in place deeper financial support
mechanisms. With this in mind, wind
projects have received heavy investment
from Enova, Innovation Norway and
specialised vehicles for financial devel-
opment support, such as contracts for
difference (CFDs) that involve heavy
state engagement. All this on top of
emissions trading and CO, tax regimes.

Against this backdrop, Hywind
and Southern Northsea Il (Serlige
Nordsje II) are two pioneering offshore
wind projects that have already been
initiated, while several new initiatives
are planned for the near future.

The Hywind project, which
Equinor inherited from Norsk Hydro, was
initially a demo-project outside Karmay,
Haugesund, in southwestern Norway.©
However, the design was first put into
operative use by Equinor in Scottish
waters. Later, the Hywind concept was
applied to a larger wind farm 86 miles
off the Norwegian coast outside Sogn,
with production - again under Equinor
— starting in November 2022. The com-
pany has 11 floating wind turbines with
a capacity of 88 MW (Shea n.d.), serving
the Snorre and Gullfaks platforms with
what amounts to 35% of their energy
use — equating to a 200,000 tonne re-
duction in CO, per year (Inpex Idemitsu
Norge n.d.).

Equinor claims that, between the
Hywind Demo and Hywind Scotland,
extensive savings have been achieved:
Capital expenditure per Megawatt
(CAPEX/MW) has been reduced by
70%, with a further 40% drop expected
between Hywind Scotland and Hywind
Tampen (Equinor n.d.).

In attempting to re-invent itself
as an offshore floating wind industry,
the petroleum industry is drawing on its
offshore petroleum experiences. Equinor
claims that most offshore wind floater
designs are similar to those used by oil
and gas platforms: floating turbines
are moored to the seabed with multi-
ple mooring lines and anchors in much
the same way as a floating oil platform.
Equinor has thus opened a gateway to
massive wind potentials with its Hy-
wind engagement, both regionally in the
North Sea/Norwegian Sea and globally.

Meanwhile, the Southern North
Sea Il project - which uses bottom-fixed
turbines - is expected to be developed in
two phases, each with a capacity of ap-
proximately 1,500 MW. The first phase
focuses on supplying power to the Nor-
wegian mainland in order to allow fur-
ther electrification of offshore petro-
leum, while the second phase includes a
potential hybrid project capable of deliv-
ering power both to Norway and other
European countries.

As with Hywind, the project only
became attractive after the govern-
ment secured a NOK 23 billion transfer
as part of a CFD. Unlike Hywind, how-
ever, the project is being undertaken by
foreign investors and will be jointly built
by IKEA's parent company Ingka along
with Parkwind, the Belgian subsidiary
to Japan's largest power company Jera
(Government of Norway 2024). The
project is anticipated to generate a to-
tal capacity of 3 GW.

° The Hywind concept was originally developed by Dagfinn Sveen in 2001 at Norsk Hydro's new energy
division. The concept was patented and industrial relations were established with, among others,
Siemens. When Statoil took over Hydro's oil division in 2008, Hywind was also transferred to Statoil.
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Figure 16. Areas for ocean wind in Norway
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The regional dimension

Regulatory frameworks and infrastruc-
ture are a core element of the beyond
petroleum innovation strategies that
government and the petroleum industry
are developing together. Based on the
areal conflicts experienced in onshore
wind farms, the Norwegian government
has mapped competing seawater use
and stakeholder interests in various lo-
cations (see Figure 16, Panel a).

As shown in Figure 16 (Panel a),
the Norwegian Water Resources and
Energy Directorate (NVE) has mapped
out 20 offshore areas for offshore wind
in dialogue with agencies representing
potentially affected interests, such as
fisheries, defence, aviation, communica-
tion and meteorology.

These 20 areas are those that the
directorate group considers the most
viable for offshore wind, both in terms
of technical suitability and attempting
to avoid conflicts of interest. Further
development of offshore wind is likely
to come in the southern North Sea and
Utsira in the west. Based on studies al-
ready conducted, the directorate group
believes it will be possible to carry out
an allocation in 2025. Should this be the
case, it will involve expansions of South-
ern North Sea Il and Utsira Nord, where
potential for both capacity expansion
and new areas have been identified (See
Figure 16, Panel b).

The Longship and Northern Lights
project

Carbon sequestration and storage is an-
other key strategy beyond petroleum for
Norway. Several of the large CO, reser-
voirs emerging out of depleted offshore
oil fields hold the potential to be turned
into excellent storing facilities for CO..
In line with circular thinking, CO, - which

159

is unleashed when burning petroleum
products — may in many cases be cap-
tured and returned to the ground. Nor-
way is currently initiating the Longship
and Northern Lights project, a full-scale
CCS project that involves capturing CO,
from industrial sources, transporting
it, then permanently storing it beneath
the North Sea seabed (Northern Lights
n.d.).

The Northern Lights part of the
project — the transport and storage of
CO, -isajoint venture between Equinor,
Shell and TotalEnergies, representing a
significant collaboration in efforts to
mitigate climate change by addressing
CO, emissions from industrial activities
around the North Sea. The project aims
to transport CO, from capture sites to
a receiving terminal in Western Norway,
where the CO, will be pipelined for safe,
permanent storage at depths of around
2,500-2,600 metres under the seabed.
The first phase of the project will pro-
duce the capacity to handle up to 1.5
million tonnes of CO, per year, with fa-
cilities scheduled to become operational
in 2024.

The project's total costs have
been estimated at NOK 25.1 billion, with
the Norwegian government covering
NOK 16.8 billion - around two-thirds
of the project costs. Given the activ-
ities involved are first-of-a-kind, the
uncertainties are higher than usual for
the industrial partners, requiring max-
imal cost-sharing from the state. The
Longship and Northern Lights project is
therefore heavily reliant on government
playing a supportive role. This function
is co-ordinated by Gasnova, the Norwe-
gian state enterprise for carbon capture
and sequestration. Beyond generous
cost-sharing that extends far beyond
emissions trading and CO, taxation, this



state partnership is necessary for or-
chestrating licences and helping co-ordi-
nate a complete CO, value chain.

One of Longship and Northern
Lights's key customers, Heidelberg's Bre-
vik cement plant in Norway, is currently
in the process of installing the world's
first cement plant CCS facility, which is
expected to become operational in 2025.
The facility aims to immediately reduce
carbon emissions from the cement pro-
duction by 50% (Heidelberg Materials
n.d.).

The other industrial customer,
Hafslund Celsio, which operates one
of Oslo's largest waste-incineration
plants, has halted its carbon sequestra-
tion project due cost increases. The plan
was for the plant to go carbon negative
through burning organic waste, thereby
reducing Oslo's carbon footprint by up
to 400,000 tonnes (Norwegian Environ-
mental Agency 2023). In April 2023, how-
ever, Hafslund Oslo Celsio announced
project implementation had been put on
hold to reduce costs and that the com-
pany is considering various cost-reduc-
ing alternatives.

In the meantime, Northern Lights
has started contracting CO, deposits
with actors outside Norway. For exam-
ple, it has entered into a transport and
storage agreement with Drsted to store
430,000 tonnes of biogenic CO, per
year from 2026 produced by two pow-
er plants in Denmark. Northern Lights
sees this as an essential step towards a
commercial market for CCS in Europe.
In August 2022, Northern Lights agreed
main commercial terms with the large
fertiliser company Yara on cross-border
CO, transport and storage. From early
2025, up to 800,000 tonnes of CO, will
— if things proceed according to plan - be
captured from Yara's ammonia and fer-
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tiliser plant in Sluiskil in the Netherlands,
before being transported and stored by
Northern Lights (CCS Norway 2024).

A pathway to blue hydrogen

The Longship and Northern Light project
also provides a pathway towards the ex-
port of so-called 'blue hydrogen', which
involves the petroleum industry using
its gas reserves to produce hydrogen
while catching and sequestering CO.,.
The EU Commission envisages hydro-
gen as playing a substantial role in the
repowering of Europe, but has signalled
a preference for renewables-based hy-
drogen production. Nevertheless, it ac-
knowledges that blue hydrogen may
have a role to play as a transition fuel,
especially given its much lower costs and
the EU's envisaged step-up towards 40
GW of hydrogen capacity in 2030 (Euro-
pean Commission n.d.).

Blue hydrogen projects are al-
ready appearing on the horizon. Encour-
aged by their respective Norwegian and
German political leaders, Equinor and
RWE are working to develop large-scale
value chains for low-carbon hydrogen.
Initially, this will involve blue hydrogen:
hydrogen produced from natural gas us-
ing CCS, with more than 95% of the CO,
generated from hydrogen production to
be captured and permanently stored un-
der the Norwegian continental shelf. The
long-term goal, however, is to transition
to a solely green hydrogen supply (hy-
drogen produced from renewable energy
via electrolysis) (Equinor 2024).

Green transition beyond petroleum

Norway's move away from a fossil-based
economy has impacts that extend well
beyond the petroleum industry. This
broader focus is exemplified by Innova-
tion Norway's cluster programme, which



Figure 17. Sustainability-oriented clusters in core Norwegian industrial complexes 2023

Maritime CleanTech

Maritime knowledge for dev. of energy efficient
and sustainable technologies

Maritime Complex
Blue Maritime

Knowledge for commercially exploiting the ocean
in a safe and sustainable way

Node

Hydro - elec. Ind. Complex

Petro-industry & supply chain to Oil & gas to renewable energy
support new sustainable tech.

Petro Ind. Complex
Energy Valley (En. Tech.)

Renewables, digital solutions, oil & gas in
transition to net zero

Eyde Smart Energy

Process industry Markets
(e-chem &emet) g4 IT, public,
(mature) academic

(mature)

Ocean Tech.

and CCS

Source: Based on Innovation Norway's ‘Norwegian Centres of Expertise’ (NCE) and ‘Global

Centres of Expertise’ (GCE) cluster registration.

has seen a diverse array of companies
come together to collaborate on ad-
vancing green transitions across various
key sectors of the Norwegian economy
(Innovation Norway 2023).

The programme, backed by gov-
ernment funding, is designed to initiate
and enhance collaborative sustainabil-
ity-focused development efforts within
major industrial complexes. An illustra-
tive example of this dynamic can be seen
in Figure 17, which provides an overview
of the programme's major sustainabili-
ty-oriented innovation clusters.

Starting with the petro-industri-
al complex, core stakeholders have syn-
ergised their endeavours within three
innovation clusters: 1) Node; 2) Energy
Valley; and 3) Ocean Tech. All three, from
various regional competency bases, seek
to transcend their petroleum heritage
by engaging in the green transition.
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Node is an industry-driven clus-
ter for ocean technologies, located
in Southern Norway. It represents a
world-leading value chain that predom-
inantly serves as supplier to the oil and
gas, offshore, energy and maritime in-
dustries. The cluster is exploring new in-
dustrial opportunities, coupled with the
seamless transfer of technology from
the oil and gas sector to offshore renew-
ables and emerging green markets.

Energy Valley, strategically situ-
ated in the capital region, envisions itself
as a catalyst for innovation and sustain-
able growth in the energy sector with a
broader mission to position Norway as a
global hub for energy technology.

Ocean Technology, centred in Ber-
gen in Western Norway, is dedicated to
championing the green transition and
fostering sustainable growth within the
ocean industries. This cluster spans the



entire offshore value chain - from tra-
ditional subsea oil and gas extraction
to renewable energy, carbon capture
and storage, and deployment in marine
transport. Again, we can observe the
alignment of various parts of the fossil
fuel value chain with novel green agen-
das.

The hydroelectric industrial com-
plex is an old centre of gravity in the
Norwegian economy. Given its green en-
ergy basis, this sector has experienced
renewed appraisal under intensified
climate policy. Together with public au-
thorities like NVE and Statnet it plays a
central role in facilitating the transition
to an ‘electric society. However, its as-
sociated electro-metallurgical and elec-
tro-chemical industry (often referred to
as 'process industry') has a major set of
climate emissions that needs innovative
technological solutions.

Within this complex, two clus-
ters - the Eyde cluster and Smart Energy
Market - both aim at being catalysts for
innovative business opportunities under
Norway's green transition - the Eyde
cluster based in Agder in Southern Nor-
way and Smart Energy Markets based in
Halden in Southeastern Norway. While
the Eyde cluster aims at developing
profitable value chains in the circular
economy, the Smart Energy Markets
cluster aims to be in the internationally
top class in applying digital technologies
and developing digital services and solu-
tions (NCE Smart Energy Markets n.d.).

The green transition is leading to
significant changes in the structure of
maritime value chains, with fossil fuels
increasingly giving way to low- and ze-
ro-emission solutions. In addition, the
downscaling of service needs in the pe-
troleum industry leads to new options

162

- such as servicing fish farming and
offshore renewables — being sought.
Two clusters are operative within this
agenda: the Maritime Cleantech cluster
anchored in Hordaland and Rogaland
on the west coast, and the Blue Mari-
time Cluster anchored in Alesund on the
northwestern coast.

A plethora of green initiatives
are imminent both within and outside
petroleum industry. Some of these are,
however, arriving undesirably late in light
of the current Paris and EU/European
Economic Area (EEA) green transition
agenda. While the petroleum industry
has given Norway enormous financial
and technological assets, the question
remains as to whether these resources
have to some degree been mobilised the
wrong way. The massive tax stimulus
package given to the petroleum sector
in order to drive the post-Covid expan-
sion of conventional petroleum activi-
ties (Norwegian Petroleum n.d.e) has,
for instance, locked in a reliance on the
fossil economy at a time when resources
should have gone to greening.

5. Conflicting policy
perspectives

Attempting to balance an ambitious cli-
mate policy with extensive petroleum
production has not only presented sig-
nificant techno-economic challenges,
it has provoked contestation in several
political arenas. When it comes to par-
liamentary democracy, the tension be-
tween Norway's climate goals and its
petro-economy have led to new cleav-
ages across the country's traditional
divides. Given Norway's vibrant civil so-
ciety and well-organised lobby groups,
such tensions have also spilled over into



monitory democracy,"” where arenas for
political dispute have been created by
social mobilisation, via both demonstra-
tions and new and old media.

More recently, energy-climate
debates have escalated into legal bat-
tles fought out in court, where nation-
al economic interests must be weighed
against global climate concerns. Ad-
ditionally, local Sami reindeer-herding
practices have come into conflict with
wind power developments.

5.1 Petroleum and climate in parliamen-
tary democracy
In Norwegian parliamentary politics, as
in many other European countries, the
left-right cleavage stands out as a sig-
nificant foundational element. The cli-
mate issue has disrupted this tradition-
al divide giving rise to challenges in its
political expression, as reflected in the
current (2021-2025) party programmes.
There is potentially a broad con-
sensus on a 'two-track’ policy across
the two largest parties (Conservatives
and Labour). The parties converge in
their support for the ongoing expansion
of oil and gas exploration, while simul-
taneously emphasising the necessity
of aligning with climate commitments
that are consistent with EU standards.
In attempting to reconcile these seem-
ingly disparate objectives, they propose
a strategy involving the green electri-
fication of petroleum extraction and
distribution, complemented by the ac-
quisition of climate quotas from inter-
national sources. To quote the Conser-
vative Party, it:

"believes that we should not set an

end date for the Norwegian petroleum
industry, but rather support the industry
in its ongoing efforts to explore new re-
sources and transition to a green shift ...
At the same time, greenhouse gas emis-
sions from the Norwegian continental
shelf must be reduced for us to achieve
the climate goals.” (author translation)
(Conservative Party 2021, p. 13)

While a similar "two-track policy’
can be foundin the Labour Party's (2021)
programme, the need to mobilise voters
along the traditional left-right divide
prevents the two parties from forming
a government together. As neither party
has a majority, their policies must be ne-
gotiated in dialogue with other coalition
partners, including minor fringe parties
on the right (for the Conservatives) and
left (for Labour). This fringe mobilisation
tends to polarise both climate and ener-
gy policy, frequently leading to seeming-
ly unresolvable dilemmas.

On the right, the Progress Party
has taken a strong pro-petroleum posi-
tion and only reluctantly engages in cli-
mate mitigation, leading to a policy that
could set Norway on a collision course
with its EU partners:

“[The Progress Party] emphasises
strengthening the foundation for further
mapping and exploration in the oil and
gas sector ... [and] aims to facilitate in-
creased investment in research and de-
velopment in the sector, so that the oil
adventure on the Norwegian continental
shelf can continue into the foreseeable
future." (author translation) (Progress
Party 2021, p. 68)

™ Monitory democracy includes both idealistic and industrial associations, each lobbying for their
respective causes and interests. It complements the more formal parliamentary democracy, often
stimulating it as issues heat up and generate societal debate.
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While the party programme does
not explicitly dismiss ‘climate mitiga-
tion', this perspective is evident in the
measures proposed, such as no electri-
fication of the continental shelf; a dy-
namic definition of the ice edge zone;
and impact assessments for the Lofo-
ten, Vesterdlen and Senja (LoVeSe) area
that would allow new oil exploration.

On the left, the Socialist Left Par-
ty has added a strong pro-climate policy
to its traditional socialist-welfare out-
look, leading to a high risk of confronta-
tion with industry and strong industrial
trade unions:

"The entire economy should be geared
towards the future, with climate and na-
ture integrated into all calculations. The
state should take the lead and make sig-
nificant investments. The transition can-
not be left to the market." (author trans-
lation) (Socialist Left Party 2021, p. 5)

The Marxist-oriented Red Party
has followed suit with a pro-climate ori-
entation, although it also has a restric-
tive attitude to green energy, blocking
electrification as a means of reducing
the massive emissions caused by petro-
leum production and distribution:

"The climate changes are caused by
emissions from the use of fossil energy
sources, but at the same time, the solu-
tion cannot be to switch to renewable
energy produced with significant dis-
ruption of the natural environment. Pri-
marily, we must reduce energy consump-
tion because the most environmentally
friendly energy is the one that is not used
... Electrification of the continental shelf
from land or based on offshore wind only
entails an increase in energy demand
and will result in the gas being sold and
burned elsewhere." (author translation)
(Red Party 2021, p. 55-57)
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Finally, on the radical pro-climate
side, the Green Party (MDG) has adopt-
ed the most radical position, demand-
ing a systematic, controlled transition
away from petroleum activities by 2035.
It has opposed issuing new permits to
the petroleum industry for search and
production or extending existing ones.
Additionally, it has proposed a transition
tax per extracted barrel of oil and gas to
speed up the dismantling of the petro-
leum sector:

"As a wealthy country with favourable
conditions for transition, Norway must
take extra responsibility to reduce our
production. The Green Party therefore
proposes to phase out the oil and gas in-
dustry within 14 years from the beginning
of the parliamentary term - by 2035."
(author translation) (Green Party 2021,
p. 20)

In the middle are parties such as
the Centre Party, which has a district/
agrarian profile, and the Christian Peo-
ple's Party, which holds an ecological
ethics perspective:

"The petroleum policy must be designed
in such a way that it, to the greatest ex-
tent possible, stimulates local value cre-
ation and provides positive spillover ef-
fects in the area where the activity takes
place." (author translation) (Centre Par-
ty 2021, p. 42)

“Take initiative towards international
cooperation to encourage the world’s
oil-producing countries to collaborate on
reducing oil production." (author trans-
lation) (Christian People's Party 2021, p.
69)

Rather than solving the petro-cli-
mate dilemma along lines acceptable to
the two largest parties, the fringe par-



ties may instead block any such prag-
matic compromise. The idea of powering
the offshore oil sector with green hydro-
power has, for instance, provoked fierce
political debate. The Progress Party in
particular has come out against it, as it
argues this approach will lead to energy
scarcity and higher electricity prices in
Norway, in turn hampering onshore in-
dustrial development.

Additional power from wind tur-
bine expansion, that was seen as a solu-
tion to the scarcity problem, has also
triggered controversy, with the Progress
Party and Red Party finding common
ground against onshore wind. Mean-
while, offshore wind has proven even
more problematic. The Centre Party,
which is currently in a coalition govern-
ment with the Labour Party and Prog-
ress Party, has taken a strong nationalist
position, marked by a critical attitude to
sharing electricity with Europe. Pursuing
such an avenue would seriously limit the
chances of a return on investment from
the most expensive windmills around.

To sum up, parliamentary politics
has left Norway with unresolved dilem-
mas between climate mitigation and
petro-expansion on the one side, and
wind turbines and nature conservation
on the other. One could argue that Nor-
way can get away with ‘cleaning petro-
leum production’ and leaving the climate
effects of consumption to its customers
abroad, but green policy-makers would
see this as hypocritical. In addition, there
is contention between offshore wind
proponents who want to build scale and
scope for European markets, and propo-
nents of national restrictions aimed at
prioritising national low-priced electrici-
ty supplies. Finally, there is the potential
for conflict with fisheries, which will re-
main latent for as long as the oil indus-
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try does not expand into Lofoten and its
surroundings — a key spawning ground
for Arctic cod.

5.2 Petroleum and climate under
monitory democracy

Norway, like its Nordic neighbours,
hosts a diverse civil society that is rou-
tinely consulted in political decisions.
This not only takes place via hearings,
but through self-organised protests,
demonstrations and other civic initia-
tives, in part voiced through the press,
radio, TV and social media. This moni-
tory democracy complements the more
formal parliamentary democracy, often
spilling over into the latter and gener-
ating societal debate. Monitory democ-
racy includes both idealistic and indus-
trial associations, which lobby for their
respective causes and interests. Against
this context, the chapter below reviews
the groups and organisations that have
responded to the Government's call for
comments and voiced concerns about
the Norwegian government's 2023 Gov-
ernment bill: Changes in the Climate
Law (Government of Norway n.d.b),
the latest comprehensive climate docu-
ment.

Civil society and advocacy groups

Duringthe hearingsonthelatest amend-
ment to the Climate Law, a consensus
emerged among the idealistic civil soci-
ety organisations advocating for a more
robust domestic climate action frame-
work and heightened compliance obli-
gations (Government of Norway n.d.b).
A multitude of noteworthy participants
— including Amnesty, Change Maker, Fo-
rUM, Future in Our Hands, the Norwe-
gian Human Rights Institute, Spire and
WWEF - jointly called for the Climate
Law's efficacy to be anchored in actu-



al emission reductions within Norway,
aligning with the objectives outlined in
the Hurdal Platform (the programmatic
agreement between the coalition par-
ties in government).

Furthermore, a shared perspec-
tive championed by organisations in-
cluding the Norwegian Red Cross em-
phasised the necessity of establishing an
independent climate commission. More-
over, Amnesty, Future in Our Hands, the
Human Rights Institute and Save the
Children pressed for the incorporation
of specific annual emission reduction
targets in the Climate Law, harmonised
with the 1.5-degree budget. While the
Climate Change Committee, which de-
livered its report in 2023, worked in this
direction, it was a one-off exercise that
did not fulfil the need for ongoing de-
bate concerning the revision of climate
policy.

In terms of transparency, sev-
eral entities — including Change Maker,
ForUM and Spire — underscored the im-
portance of greater openness regarding
Norway's annual domestic emission re-
ductions. Adding to this, Amnesty and
the Norwegian Institute for Human
Rights called for the emissions resulting
from the export of fossil fuels to be in-
cluded within the Climate Law's ambit.
Additionally, ForUM and Spire recom-
mended explicit provisions specifying
Norway's responsibilities when it comes
to climate finances directed at develop-
ing countries.

Industry-based interest groups

The reactions from various industrial as-
sociations to the Government's upgrad-
ing of Norwegian climate commitments
(Government of Norway n.d.b), such as
increased emission reduction targets,
strengthening the hydrogen value chain

166

and participation in EU climate initia-
tives, have basically been positive, but
are conditional on the state facilitating
industrial adaptation and covering the
extra costs incurred.

While Offshore Norway supports
the proposal, it has pointed out that the
restructuring of Norway's oil and gas
industry requires competitive frame-
work conditions that enable a long-term
perspective on investments, as well as
a strengthened set of tools that can
stimulate new activity and expedite the
development and implementation of
effective climate measures. The associ-
ation argues that, among other things,
a CO, fund should be established to re-
alise emission reductions on the Norwe-
gian continental shelf and contribute to
new value chains, such as offshore wind,
CCS and hydrogen.

The municipal service industries
association is also positive to the Gov-
ernment's upgrading of the climate law
although it has stressed that all busi-
nesses contributing to the green tran-
sition should - regardless of ownership
— have the same opportunity to apply
for funding towards innovation and in-
frastructure.

Municipal reactions

The few municipalities that have an-
swered the call for comments to the cli-
mate law upgrading are positive but call
for national-level support measures to
back up climate policy and biodiversity
at the municipal level.

To sum up, idealistic advocacy
and interest groups are generally pos-
itive towards strong climate policy ini-
tiatives, although they are continuing
to push for more concerted efforts and
better monitoring and accountability.
Industrial interests and municipalities



are also positive, but regard such pol-
icies as being conditional on adequate,
long-term transfers of resources.

5.3 Petroleum and climate under
judiciary democracy

Over recent decades, courts have be-
come important arenas for climate and
energy policy contestation, with envi-
ronmental organisations engaging in
legal proceedings against the Norwe-
gian state for climate negligence. These
proceedings have been pursued under
the state's constitutional obligation to
secure public health and the long-term
sustainable use of natural resources, as
well as in the European Court of Human
Rights.

Two particular cases stand out
in the Norwegian context. The first
concerns the Norwegian state's right
to open oil and gas exploration in the
southeast part of the Barents Sea, as
this may conflict with the environmen-
tal regulation embodied in the country's
constitution. The second concerns the
ecological and cultural impacts of wind
turbines in Norway.

The climate lawsuit

In 2016, environmental organisations
Greenpeace and Nature and Youth (Na-
tur og Ungdom) filed a lawsuit against
the Norwegian state, represented by the
Ministry of Petroleum and Energy. The
organisations alleged that the decision
to grant extraction permits for petro-
leum activities in the Barents Sea (23rd
licensing round) was in violation of Arti-
cle 112 of Norway's constitution, which
serves as an environmental provision
designed to protect nature for future
generations.
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In January 2018, Oslo District
Court ruled in favour of the state, de-
termining that although Article 112
grants substantive rights subject to ju-
dicial review, the article's provisions had
not been violated by the contested ex-
traction permits. In January 2020, the
case moved to the Borgarting Court
of Appeal, which, like the district court,
found no breach of Article 112 and iden-
tified no procedural errors. The case
then proceeded to the Supreme Court,
where the state was acquitted on all
counts on 22 December 2020. A minority
(4 against 11) did, however, argue there
had been procedural errors in granting
the concessions - specifically, that the
climate consequences were inadequate-
ly assessed. Furthermore, the Supreme
Court affirmed that while Article 112
functions as a safety valve for when par-
liament grossly neglects its duty to pro-
tect the environment, there is a very high
threshold when it comes to overturning
parliamentary decisions. According to
the Supreme Court ruling, the stringent
conditions required for declaring the de-
cision invalid had not been met.

Although Greenpeace and Na-
ture and Youth lost in all three instances,
they — along with six other climate activ-
ist organizations — appealed the lawsuit
to the European Court of Human Rights
in Strasbourg in June 2021, where the
complaint is awaiting consideration.

The lawsuit has garnered signifi-
cant media coverage and been referred
to as 'historic’. Various actors have be-
come involved, sparking debate in le-
gal circles. For instance, law professors
Beate Sjafjell (University of Oslo) and
Jore @yrehagen Sunde (University of
Bergen) argue that the Supreme Court



has undermined the constitution’s envi-
ronmental provisions. Meanwhile, fellow
law professor Stig Harald Solheim (Uni-
versity of Trondheim) contends that the
climate lawsuit could have implications
for democracy and the principle of sep-
aration of powers, questioning wheth-
er it is desirable for judges, rather than
politicians, to take the lead in difficult
value prioritisations concerning environ-
mental and business interests. Addition-
ally, Greenpeace and Nature and Youth
receive support from many quarters,
including the Norwegian Society for the
Conservation of Nature (Naturvernfor-
bundet) and the Norwegian Grandpar-
ents' Climate Campaign. The Norwegian
parliamentary ombudsman, NIM (Nor-
way's National Institution for Human
Rights), also believes that the state has
failed in its environmental duties on sev-
eral fronts and that the climate lawsuit
appeal to the Supreme Court should be
followed up.

In the meantime, however, the
green proponents initiated a new law-
suit against the state (a continuation
of the initial climate lawsuit) challeng-
ing the validity of the approval grant-
ed to three new oil projects (Yggdrasil,
Breidablikk and Tyrving). Greenpeace
and Nature and Youth contend that as-
sessments of the global climate impacts
of these three fields are severely defi-
cient to non-existent. In January 2024,
to the surprise of many, the Oslo Dis-
trict court supported the complainants
in declaring that the state's acceptance
of development plans for the three proj-

ects was deficient. It remains unclear,
however, whether the state will appeal
the verdict or make appropriate adjust-
ments in order to ensure the licenses are
accepted.

Feuds over regional rights: Wind turbines
against reindeer herding in Fosen

The second prominent court case con-
cerns the building of wind farms in
Fosen - an area in Trendelag county in
mid-Norway — against the wishes of in-
digenous Sami reindeer herders. Not only
did this provoke a spectacular demon-
stration-siege of the Ministry of Qil and
Energy, it threatens to block future wind
turbine construction across large parts
of Norway.

The court case arose due to NVE
granting concession and expropriation
permits in 2070 for two extensive wind
power developments in Fosen. The Stor-
heia and Roan wind farms are located in
the winter grazing area of Fosen's rein-
deer grazing district, where two Sami si-
idas practice reindeer husbandry in their
respective parts of the district (Ser-Fos-
en sitje and Nord-Fosen siida).” Numer-
ous organisations immediately opposed
the decision, including local reindeer
herders, the Sami Parliament and the
Norwegian Society for the Conservation
of Nature (Naturvernforbundet). De-
spite this opposition, the Ministry of Pe-
troleum and Energy gave the green light
for wind power development in 2013, ar-
guing that the power plants would not
significantly harm reindeer husbandry.
Following the decision on pre-accession,

2The Sami terms "sitje" and "siida" both refer to traditional social structures of the Sami people. "Sitje"
can be translated as "Samivillage" or "community." "Siida" is often translated as "Sami reindeer herding
group" or "herding district." Both terms describe organizational units of Sami society, often associated

with reindeer herding and communal living.
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the Roan and Storheia wind farms were
completed in 2019 and 2020 respective-
ly.

The case has undergone multi-
ple rounds in the legal system, centred
around whether the two wind farms vio-
late the Sami's right to cultural practice
under Article 27 of the UN Internation-
al Covenant on Civil and Political Rights
(ICCPR), referring to the Human Rights
Act § 2 no. 3. In June 2018, Inntrgndelag
District Court awarded compensation
of NOK 8.9 million to Nord-Fosen sii-
da and NOK 10.7 million to Ser-Fosen
sitje for issues such as loss of pasture,
crisis-year feeding and additional work.
Nevertheless, the court concluded that
the concession and expropriation deci-
sion was valid. The wind power devel-
opers, Statnett and Fosen Vind, sought
new arbitration, claiming the compensa-
tion awarded was too high. Meanwhile,
Nord-Fosen siida and Ser-Fosen sitje
also sought new arbitration, demanding
the original arbitration decision be de-
nied with reference to Article 27 of the
ICCPR. On top of this, they submitted
objections to the actual determination
of compensation. The case moved to the
Frostating Court of Appeal which decid-
ed on 8 June 2020 to increase the level
of compensation to approximately NOK
89 million, as the development threat-
ened the very existence of reindeer hus-
bandry in Fosen. Even so, the Court of
Appeal remained ‘somewhat doubtful’
as to whether the development consti-
tuted a violation of Article 27 of the IC-
CPR. Both Statnett and Fosen Vind on
the one hand and Ser-Fosen sitje on the
other appealed the case to the Supreme
Court. Nord-Fosen siida did not initial-
ly appeal, but asserted before the Su-
preme Court that the arbitration should
be denied. The Supreme Court relied on
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the Court of Appeal's conclusion that
the winter grazing areas near Roan and
Storheia are practically lost to reindeer
husbandry, unanimously coming to a
judgement on 11 October 2021 that the
development constitutes a violation of
Article 27 of the ICCPR. As such, the con-
cession and expropriation decision was
rendered invalid.

Since then, there has been dis-
agreement regarding the significance
and consequences of the judgement.
Several actors, including reindeer herd-
ers and the Sami Parliament, argue that
the wind farms are illegal and must be
dismantled. However, the Ministry of
Petroleum and Energy's assessment is
that there is no legal basis for such an
interpretation, and that it intends to fol-
low up the judgement by implementing
mitigating measures. Until then, it be-
lieves the wind farms can operate in ac-
cordance with the original concessions.
The Norwegian National Institution for
Human Rights (NIM), by contrast, as-
serts that the two years since the Su-
preme Court ruling constitute a new vi-
olation of human rights (Article 2(3) of
the ICCPR concerning human reparation
obligations) — a claim rejected by Prime
Minister Jonas Gahr Stare.

This has led to several major ac-
tions by civil society - including envi-
ronmentalists in the Sami organization
NSR-Nuorat and Nature and Youth,
accompanied by climate advocate Gre-
ta Thunberg, blocking the entrances to
several ministries (including the Ministry
of Petroleum and Energy) and Statkraft
- aimed at highlighting the time that
has elapsed since the Supreme Court
ruling. Upon the request of the Ministry
of Petroleum and Energy, it was clarified
on 15 May 2023 that the parties in the
Fosen case were to engage in mediation



in order to find a means of settling the
case.

The mediation resulted in a De-
cember 2023 agreement between
Ser-Fosen sijte and Fosen Vind, which
includes several key elements, including
additional grazing area for winter and
veto rights over the wind power plant's
further operation after 25 years. It also
specifies financial compensation, with
Fosen Vind committing to pay NOK 7
million annually to the southern group
in the Fosen reindeer grazing district
for the duration of the concession peri-
od — amounting to NOK 175 million over
25 years (NRK 2023, Dagens Perspektiv
2023, Government of Norway 2023c¢).

In March 2024, an agreement was
also reached in the mediation between
Nord-Fosen siida and Roan Vind® that
secures the rights of the reindeer-herd-
ing community and - similar to the
agreement with Ser-Fosen sijte —— in-
cludes an additional winter grazing area
outside the Fosen reindeer grazing dis-
trict. The agreement also involves finan-
cial compensation and specific measures
aimed at strengthening South Sami cul-
ture and ensuring reindeer-herding sii-
das receive a portion of the income from
wind power production. The Sami Par-
liament president, in emphasising the
importance of securing necessary ad-
ditional grazing areas for the future of
reindeer herding, has expressed that the
agreement contributes to ending a hu-
man rights violation. For his part, Prime
Minister Jonas Gahr Stegre expressed
gratitude that an agreement had been
reached (Finansavisen 2024, NTB Kom-
munikasjon 2024).

6. Can Norway achieve its
climate goals? An epilogue

Can Norway achieve climate leadership
and meet its climate goals despite its
substantial petroleum economy? In ac-
cordance with the government's pro-
posal, we argue that these objectives
are technically feasible through the
electrification of offshore petroleum
production, utilising Norway's existing
and potential renewable electricity re-
sources. However, success depends on
Norway's ability to synchronise its ef-
forts sufficiently swiftly to deliver the
energy volumes required amidst region-
al and political discord. As of early 2024,
the country is trailing behind, having so
far acted inadequately and without the
necessary urgency.

6.1 Experts are pessimistic

Various expert groups have noted that
Norway appears to be falling behind
its Paris climate commitments. A 2023
study commissioned by Norwegian In-
dustry and executed by the respected
certification and analysis group DNV
states that:

"The 2023 edition of the Energy Transi-
tion Norway 2050 reconfirms that Nor-
way is not on track to meet Paris Agree-
ment targets for reducing greenhouse
gas emissions. Despite cross-political
support for 55% and 100% GHG reduc-
tions by 2030 and 2050, respectively,
Norway is heading for 27% less in 2030
and 80% in 2050." (DNV 2023)

¥ Roan Vind was originally part of the Fosen Vind project, which is a large wind power development in
Norway comprising multiple wind farms. However, in 2021, the Roan wind farm was sold and became a
separate entity owned by Aneo and Stadtwerke Minchen. Fosen Vind continues to operate other wind

farms within the larger Fosen project area.
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These conclusions are echoed
by a European Surveillance Authority
(ESA) report that points out Norway is
expected to face a significant gap when
it comes to achieving its current climate
targets — even those targets set before
the Fit for 55 extension (ESA 2023). On
this basis, the ESA has strongly encour-
aged the Norwegian government to
consider additional measures to reduce
emissions (ESA 2023).

The ESA and DNV reports align
with a previous OECD report that pre-
dicted Norway would not reach its goal
of a 55% cut in climate emissions by
2030 (OECD 2022). Elsewhere, Climate
Action Tracker evaluates Norway's over-
all climate efforts as 'almost sufficient’
indicating that while some elements are
world-leading, there are areas where
substantial improvements are needed to
fully align with the 1.5°C goal set by the
Paris Agreement (Climate Action Track-
er n.d.).

6.2 From onshore bickering to offshore
volumes

The sceptical tone struck by outside ex-
perts arises less from technical difficul-
ties and more from slow implementa-
tion. On this point, it is easy to agree: as
has been shown, regional and political
disagreements over wind power have
flourished with respect to both size and
localisation. Nature conservation in-
terests have come out strongly against
wind projects in many cases, while ex-
tensive indigenous rights have blocked
wind power in favour of reindeer herd-
ing in large parts of central and northern
Norway. On top of this come concerns
about regional electricity price effects
and competing industrial user interests
that oppose prioritising power for use in
the oil and gas industry.
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6.3 From adjustment to innovation
Competing political and regional inter-
ests in wind have led to available on-
shore wind sources reaching saturation
point, limiting the green electricity sup-
ply available to power turbines for off-
shore petroleum production. As such,
the next step in renewable energy pro-
curement appears to lie in less com-
mercially mature, more costly offshore
wind. This will require more powerful
innovation policy tools - such as feed-in
tariffs and specialised auctions - to sup-
plement existing emissions trading and
carbon taxes. While the costs of onshore
wind could be borne by general market
prices reflecting the built-in effects of
emission trading and extra carbon tax-
es, bottom-fixed deep sea offshore or
floating wind turbines would need con-
siderable additional financing.

In this context, Norway's shift
to stronger innovation policy tools has
come fairly late: the country's first off-
shore project was only given the green
light in February 2024. Nevertheless, the
offshore location opens up wind energy
development at a scale that goes far be-
yond the needs of petroleum production
greening. As previously noted, the gov-
ernment has signalled plans for 30 GW
of offshore wind - which would almost
double Norway's electricity generation —
by 2040, with this representing merely a
start.

Contracting and development is
time-consuming, however, and the con-
tracting terms must be cleared by the
EEA. Norway therefore risks having done
too little too late to unproblematically
reach its 2030 climate goals. Further-
more, even if offshore wind farms can
avoid regional and political bickering,
they will still require onshore connectivity
in many cases, which will affect region-



al power balances and electricity pric-
es. This raises the political and regional
debate over electro-nationalism versus
a broader North European perspective,
which will also affect offshore wind. On
top of this, fishery interests are of con-
cern. Having learnt from onshore wind
challenges, several government agen-
cies are currently investigating low-con-
flict offshore zones for the siting of wind
turbines. Despite these various obsta-
cles, the ambitions flagged are impres-
sive: the envisaged scale and scope of
the new offshore wind era clearly goes
beyond the greening of offshore petro-
leum.

More radical voices have asserted
that further steps are needed to solve
the petroleum-climate dilemmma. The
Green Party has proposed halting oil
and gas production altogether by 2035,
preceded by an 80% reduction by 2030,
although this position remains an outlier
in the Norwegian debate. Together with
the Marxist Red Party and the Socialist
Left Party, however, it has proposed a
moratorium on petroleum exploration,
which would leave approximately 50%
of reserves in the ground.

6.4 Petroleum and Europe's security

In the longer run, Norway will have to
find a way out of its petroleum depen-
dency, with some voices - such as the
Green Party - placing prime responsi-
bility for this on the oil and gas produc-
ers. It is very hard, however, to conceive
of such a development being producer
driven, as few if any workers or investors
would voluntarily pull out of an industry
with well-paid jobs and lucrative profits

in order to leave the market to compet-
itors.

The key to Norway successfully
pursuing a radical transition out of pe-
troleum therefore arguably lies in Eu-
rope, which consumes most of the coun-
try's petroleum. Only when European no
longer consumes fossil fuel will it make
sense to finally end Norwegian petro-
leum production. As pointed out in pre-
vious sections, Norway provides Europe
with around 25-30% of the region's gas
and around 13% of its oil.

Furthermore, Russia's weaponis-
ing of energy supplies to Europe has
demonstrated the important security
policy implications of relying on non-EEA
suppliers. While the green transition will
ultimately leave Europe self-supplied
with energy, the transition up to this end
point — in which fossil fuel remains cru-
cial — renders the continent vulnerable
to strategic blackmail.

6.5 Solutions abroad
In order to fulfil its 2030 climate com-
mitments, Norway is likely to have to
address its ‘climate deficit' through in-
vestments abroad, as it did under the
Kyoto round previously.™ Then, Norway
purchased Clean Development Mech-
anism quotas totalling NOK 2.9 billion,
distributed across approximately 76 mil-
lion credits (PWC 2022, @vrebg 2020).
Article 6 of the Paris Agreement
(UNFCC n.d.) sets out principles for how
countries can pursue voluntary coop-
eration to reach their climate targets,
although it is unclear how these apply
within the EU/EEA agreement.

% More precisely, this relates to Prime Minister Jens Stoltenberg's pledge in his second government
(2005-2013) to meet the goals of the Kyoto Protocol's two commitment periods (2008-2012 and 2013-

2020).
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7. Summary

Norway's pursuit of environmental lead-
ership in the 21st century presents a
profound paradox, as the nation grap-
ples with being both a sustainability
pioneer and deeply entrenched in a pe-
troleum-dependent economy. Over 50
years of petroleum activities have led to
the country forging an inextricable bond
with the sector, which has become piv-
otal to Norway's macroeconomic stabil-
ity and industrial growth particularly in
its southern and mid-Norwegian coastal
regions. This chapter explores the impli-
cations of this complex relationship and
Norway's strategies to deal with it.

Norway has come up with two
main strategies to deal with its pet-
ro-climate dilemma. On the one hand,
the Green Party and environmental ac-
tivists have repeatedly, if unsuccessfully,
demanded that the country move to-
wards pulling out of petroleum altogeth-
er. On the other hand, mainstream po-
litical parties and industrial interests in
petro-dependent coastal regions moved
forward with a ‘clean petroleum' strat-
egy, which involves greening petroleum
productions through renewables-based
power supply.

Powering offshore petroleum
production from onshore hydro and
wind power has, however, provoked con-
siderable political and regional conflict
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over nature conservation, the siting of
new wind farms, and price effects. This
has resulted in more limited access to
renewable energy than had been hoped,
delaying Norway's progress towards ful-
filling its 2030 climate obligations and
fuelling a push for offshore wind as a
means of meeting the petroleum indus-
try's renewable energy demands.

Offshore wind, however, trails
behind onshore wind when it comes to
industrial maturity, meaning more pow-
erful policy tools are needed to drive it.
Although stronger innovation support
measures are now darriving, it is some-
what late in the day. Thus, despite a pio-
neering offshore wind project and plans
are for several more wind farms to fol-
low, Norway is already behind in the race
to meet its 2030 climate obligations,
which will likely have to be delayed. As
such, the country will have to supple-
ment its domestic actions with green
investments abroad, as it did under the
Kyoto round.

In addition to wind, the chapter
highlights promising green transition
initiatives involving carbon capture and
sequestration, and blue hydrogen, build-
ing industrial collaboration in the larg-
er North-sea region while repurposing
de-commissioned oil and gas fields ben-
efitting Norwegian coastal regions in a
low-carbon future.



References

Bellona. (2021, 10 February). Norway
proposes €200 per ton CO2 tax by 2030.
(Accessed 16 March 2024) https://bello-
na.org/news/carbon-accounting/2021-

Equinor. (n.d.). Industrialising float-
ing offshore wind. (Accessed 16 March
2024) www.equinor.com/energy/float-
ing-wind.

O2-norway-proposes-e200-per-ton-
co2-tax-by-2030.

CCS Norway. (n.d.). Status Longship
February 2024. (Accessed 16 March
2024) https://ccsnorway.com/sta-
tus-longship-february-2024/.

Centre Party [Senterpartiet]. (2021).
Centre Party programme 2027-2025.
(Accessed 23 January 2023) https:/

Equinor. (2022). Equinor's energy tran-
sition plan. (Accessed 16 March 2024)
www.equinor.com/sustainability/ener-
agy-transition-plan.

Equinor. (2024, 22 February). Equinorand
German energy major RWE to cooperate
on energy security and decarbonization.
(Accessed 16 March 2024) www.equinor.
com/news/20230105-equinor-rwe-co-

www.senterpartiet.no/politikk/ved-

operation.

tatt-politikk/program/program.

Christian People's Party [KrF]. (2021).
Christian People's Party programme
2027-2025. (Accessed 28 August 2024)
https://krf.no/politikk/politisk-pro-

ESA. (2023). Climate progress report.
(Accessed 28 July 2024) www.eftasurv.
int/cms/sites/default/files/documents/
gopro/Climate Progress Report 2023
Final.pdf.

ram/.

Climate Action Tracker. (n.d.). Norway.
(Accessed 1 April 2024) https://climate-
actiontracker.org/countries/norway/.

Conservative Party [Heyre]. (2021). Con-
servative Party programme 2027-2025.
(Accessed 28 August 2024) https:/hoy-
re.no/politikk/partiprogram/.

Dagens Perspektiv. (2023, 19 December).
Enighet mellom staten og reindriftsfam-
iliene ser pd Fosen [Agreement between
the state and the reindeer-herding fam-
ilies south of Fosen]. (Accessed 28 Au-
gust 2024) www.dagensperspektiv.no/
nyheter/enighet-mellom-staten-og-re-
indriftsfamiliene-sor-pa-fosen/193255.

DNV. (2023). Energy transition Norway
2023. (Accessed 1 April 2024) www.nor-
skindustri.no/siteassets/dokumenter/
rapporter-og-brosjyrer/energy-tran-
sition-norway/2023/energy-transi-
tion-norway-2023.pdf.

174

European Commission. (n.d.). Key ac-
tions of the EU Hydrogen Strategy. (Ac-
cessed 16 March 2024) https://energy.
ec.europa.eu/topics/energy-systems-in-
tegration/hydrogen/key-actions-eu-hy-
drogen-strategy en.

Finansavisen. (2024, 6 March). Fos-
en-enighet [Fosen agreement]. (Accessed
28 August 2024) www.finansavisen.no/
samfunn/2024/03/06/8106685/nord-
fosen-siida-enig-om-reindriftsavtale-
med-roan-vind?zephr sso ott=RIZSi3.

Government of Norway. (n.d.a). Regio-
nale utviklingstrekk 2021 [Regional devel-
opment trends 20217]. (Accessed 16 March
2024) www.regjeringen.no/no/doku-
menter/regionale-utviklingstrekk-2021/
id2847260/2ch=7#fn29.

Government of Norway. (n.d.b). Chang-
es in the climate law, Prorp. 107 L (2022-
2023). (Accessed 28 August 2024) www.
regjeringen.no/no/dokumenter/prop.-
107-1-20222023/id2972049/2ch=3.




Government of Norway. (2020). Nor-
way's climate action plan for 2027-
2030. Report to the Storing (white pa-
per) Meld. St 13 (2020-20217). (Accessed
16 March 2024) www.regjeringen.no/

Green Party [Miljgpartiet De Grenne].
(2021). Green Party programme 2027-
2025. (Accessed 28 August 2024) www.
mdg.no/partiprogram og dybdeinfor-
masjon.

contentassets/a78ecf5ad2344fa5ae-
4a394412ef8975/en-gb/pdfs/st-
m202020210013000engpdfs.pdf.

Government of Norway. (2023a). Kili-
maendringer og norsk klimapolitikk [Cli-
mate change and Norwegian climate
policy]. (Accessed 16 April 2024) www.

Havvind. (n.d.). Offshore wind insight.
(Accessed 28 August 2024) https:/
haavind.no/offshore/.

Heidelberg Materials. (n.d.). Brevik CCS.
(Accessed 28 August 2024) www.heidel-
bergmaterials-northerneurope.com/en/

regjeringen.no/no/tema/klima-og-mil-

brevik-ccs.

jo/innsiktsartikler-klima-miljo/kli-
maendringer-og-norsk-klimapolitikk/
id2636812/#:~:text=Norges%20kli-
Mam%C3%A5I&text=Norges%20for-
sterkede%20klimam%C3%A51%20

Innovation Norway. (2023). Norwegian
innovation clusters. (Accessed 28 August
2024)  https://nic.innovasjonnorge.no/
klyngene.

er%20%C3%A5,klimagassutslipp%20
i%20samarbeid%20med%20EU.

Government of Norway. (2023b). Nor-
way and EU establish Green Alliance.
(Accessed 16 April 2024) www.regjerin-
gen.no/en/aktuelt/norway-and-eu-es-
tablish-green-alliance/id2973440/.

Government of Norway. (2023c). Avtale
mellom Ser-Fosen sijte og Fosen Vind
[Agreement between Ser-Fosen Sijte and
Fosen Vind]. (Accessed 28 August 2024)
www.regjeringen.no/en/aktuelt/agree-
ment-between-sor-fosen-sitje-and-fos-
en-vind/id3019277/.

Government of Norway. (2024, 20
March). Ventyr SN Il AS won the auction
for the allocation of a project area for
offshore wind in Serlige Nordsjz Il. (Ac-
cessed 27 July 2024) www.regjeringen.
no/en/aktuelt/ventyr-nordsjo-ii-har-
vunnet-auksjonen-om-tildeling-av-pros-

Inpex ldemitsu Norge. (n.d.). Key proj-
ects. (Accessed 25 August 2024) https://
inpex-idemitsu.no/operations/key-proj-

ects/.

Kearney, Energy Institute & KPMG.
(2022). Statistical review of world ener-
gy. (Accessed 15 March 2024) www.en-
ergy-transition-institute.com/article/-/
insights/statistical-review-of-world-en-

ergy-2023.

Labour Party [Arbeiderpartiet]. (2027).
Labour Party programme 2021-2025.
(Accessed 28 August 2024) www.arbei-
derpartiet.no/om/program/.

Menon Economics. (2021). Ringvirkninger
av olje- og gassnaeringens aktivitet i 2019
[The ripple effects of oil and gas indus-
try activity in 2019]. (Accessed 16 Janu-
ary 2024) www.menon.no/wp-content/
uploads/2021-22-Ringvirkninger-av-ol-

jektomrade-for-havvind-i-sorlige-nords-

je-09-9gassn% C3%Abringens-aktivi-

jo-ii/id3030559/.

175

tet-i-2019.pdf.




Midttun, A., Khanieva, M., Lia, M. & Wen-
ner, E. (2022). The greening of the Euro-
pean petroleum industry. Energy Policy,
167.

NBIM. (n.d.). Market value. Norges Bank/
The Ministry of Finance. (Accessed 16

Norwegian Offshore Directorate (Sok-
keldirektoratet). (n.d.). Kraft fra land
til norsk sokkel. Emissions to air from
the petroleum sector. (Accessed 1 April
2024) www.sodir.no/aktuelt/publikas-
joner/rapporter/rapportarkiv/kraft-fra-
land-til-norsk-sokkel/2---utslipp-til-luft-
fra-petroleumssektoren/.

January 2024) www.nbim.no/en/the-
fund/Market-Value/.

NCE Smart Energy Markets. (n.d.).
About NCE smart energy markets.
(Accessed 16 March 2024) https:/nc-
esmartenergymarkets.no/en/om-oss/.

Northern Lights. (n.d.). About the Long-
ship project. (Accessed 16 March 2024)
https://norlights.com/about-the-long-

Norwegian Offshore Directorate (Sok-
keldirektoratet). (2020). Kraft fra land
til norsk sokkel [Power from shore to the
Norwegian continental shelf]. (Accessed
16 March 2024) www.sodir.no/aktuelt/
publikasjoner/rapporter/rapportarkiv/
kraft-fra-land-til-norsk-sokkel-in-
troduksjon/#:~:text=Rapporten%20
%22Kraft%20fra%20land%20til,er%20

ship-project/.

Norwegian Environment Agency (Milje-
direktoratet). (n.d.a). Norske utslipp og
opptak av klimagasser. [Norwegian emis-
sions and uptake of greenhouse gases].
(Accessed 16 April 2024)
https://miljostatus.miljodirektor-
atet.no/tema/klima/norske-ut-
slipp-av-klimagasser/.

Norwegian Environment Agency (Milje-
direktoratet). (n.d.b). Utslipp av klima-
gasser i kommuner og fylker [Greenhouse
gas emissions in municipalities and re-
gions]. (Accessed 2 October 2024)

Utslipp av klimagasser i Norges kom-

i1%20drift%20i%202023.

Norwegian Petroleum. (n.d.a). Manage-
ment of revenues. www.norskpetroleum.
no/en/economy/management-of-reve-

nues/.

Norwegian Petroleum. (n.d.b). The ser-
vice and supply industry. (Accessed 16
January 2024) www.norskpetroleum.
no/en/developments-and-operations/
service-and-supply-industry/.

Norwegian Petroleum. (n.d.c). Inter-
active map. (Accessed 16 March 2024)
www.norskpetroleum.no/interak-
tivt-kart-og-arkiv/interaktivt-kart/.

muner og fylker - miljodirektoratet.no.

Norwegian Environment Agency (Mil-
jedirektoratet). (2023, 4 March). CO2-
fangst reduserer Oslos utslipp [CO2 cap-
ture reduces Oslo’'s emissions]. (Accessed
16 March 2024) https:/kommunikas-
jon.ntb.no/pressemelding/17958323/
co2-fangst-reduserer-oslos-utslipp?-
publisherld=17847187.

176

Norwegian Petroleum. (n.d.d). Emis-
sions to air. (Accessed 16 March 2024)
www.norskpetroleum.no/en/environ-
ment-and-technology/emissions-to-air/.

Norwegian Petroleum. (n.d.e). Tempo-
rary changes in the petroleum tax sys-
tem. (Accessed 16 March 2024) www.
norskpetroleum.no/en/economy/petro-

leum-tax/.




Norwegian Petroleum. (2024). The gov-
ernment’s revenues. (Accessed 27 July
2024) www.norskpetroleum.no/en/

OECD. (n.d.). Air and GHC emissions.
(Accessed 16 March 2024) https://data.
oecd.org/air/air-and-ghg-emissions.

economy/governments-revenues/.

NRK. (2023, 18 December). Isaksen: -
Fosen-saken er ikke lest [Isaksen: The Fos-
en case has not been resolved]. (Accessed
28 August 2024) www.nrk.no/trondelag/

htm.

OECD. (2022). Environmental review
Norway. (Accessed 29 July 2024) https://
www.oecd-ilibrary.org/sites/59e71c13-
en/1/3/1/index.html?itemld=/con-

enighet-i-meklingen-mellom-sor-fosen-

tent/publication/59e71c13-en&

sijte-og-fosen-vind-1.16684343.

NTB Kommunikasjon. (2024, 6 March).
Viktig enighet om vindkraft pd Nord-Fos-
en [Important agreement on wind pow-
er at Nord-Fosen]. (Accessed 28 August
2024)  https:/kommunikasjon.ntb.no/
pressemelding/18055562/viktig-enigh-
et-om-vindkraft-pa-nord-fosen?pub-
lisherld=13189418&lang=no.

NVE (Norwegian Water Resources and
Energy Directorate). (n.d.). Energibruk i
petroleumssektoren, secion on: Elektrifis-
iering av Sokkelen [Energy use in the pe-
troleum sector, secion on: Electrification
of the Shelf]. (Accessed 16 March 2024)
www.nve.no/energi/energisystem/en-
ergibruk/energibruk-i-petroleumssek-

csp =17d84a085376ad8ff5f0f-
46d2a7875f2&itemIGO=0ecd&itemCon-
tentType=book.

Offshore Norway. (2023, 22 June). Konk-
rafts klimastrategi mot 2030 o 2050.
Statusrapport for 2023 [Konkraft's cli-
mate strategy towards 2030 and 2050:
Status report for 2023]. (Accessed 16
March 2024) www.offshorenorge.no/
om-oss/nyheter/2023/06/konkrafts-kli-
mastrategi-mot-2030-0g-2050-status-
rapport-for-2023/.

@vrebg, O. A. (2020, 22 January). Gir
klimakvoter utslippskutt? [Do climate
quotas reduce emissions?]. Energi og
Klima. (Accessed 1 April 2024) www.en-
ergiogklima.no/nyhet/qir-klimakvoter-

toren/#:~:text=Forbruket%20av%20

utslippskutt-slik-prover-staten-a-sikre-

str%C3%B8mM%20i%20petroleumssek-

sed.

toren,til%2014%20prosent%20i%20
2022.

NVE (Norwegian Water Resources and
Energy Directorate). (2023). Foreslér &
utrede disse 20 omr&dene for hawvvind
[Suggests investigating these 20 areas
for offshore wind]. (Accessed 16 March
2024) https://veiledere.nve.no/havvind/
identifisering-av-utredningsomrad-
er-for-havvind/nye-omrader-for-hav-

vind/.

177

Progress Party [Fremskrittspartiet].
(2021). Progress Party programme 2027-
2025. (Accessed 28 August 2024) www.
frp.no/files/Partiprogram/2021-2025/
Partiprogram-2021-2025.pdf.

PWC. (2022). Jakten pd klimaneytralitet
og ansvarlig bruk av klimakreditter [The
hunt for climate neutrality and respon-
sible use of climate credits]. (Accessed
1 April 2024) www.pwc.no/no/nyheter/
zero-rapporten/jakten-paa-klimanoy-
tralitet-rapport-2022.pdf.




Red Party. [Redt]. (2021). Red Party pro-
gramme 2027-2025. (Accessed 28 Au-
gust 2024) https://roedt.no/prinsippro-

UNFCC. (n.d.). Paris Agreement credit-
ing mechanism. (Accessed 1 April 2024)
https://unfccc.int/process-and-meet-

aram.

Shea. (n.d.). The history of floating off-
shore wind. (Accessed 16 March 2024)
www.sheaws.com/the-history-of-float-

ings/the-paris-agreement/arti-
cle-64-mechanism#:~:text=1t%20
enables%?20international%20cooper-
ation%20to,countries%20meet%20
their%20climate%20targets.

ing-offshore-wind/.

Socialist Left Party (SV). (2021). Social-
ist Left Party programme 2027-2025.
(Accessed 28 August 2024) www.sv.no/
politikken/arbeidsprogram/.

178

World Bank. (n.d.). GDP per capita (con-
stant 2015 US$) - OECD members, Nor-
way, Sweden, Iceland, Denmark, Finland.
World Bank Group. (Accessed 1 April
2024) https://data.worldbank.org/indi-
cator/NY.GDP.PCAP.KD?end=2022&lo-
cations=OE-NO-SE-DK-FI&start=19260.




Effects of an
expansion in mining
and manufacturing
on public sector
employment

Evans Korang Adjei', Rikard Eriksson? Johan Lundberg?

ABSTRACT

This chapter analyses the dynamic interdependence between employment in the
mining and manufacturing industries and employment in public administration,
education and health. In doing so, its focus on northern Sweden is motivated by
the large investments made in this territory over the past couple of years, coupled
with the projected labour demand shock as the private and public sectors compete
for qualified labour. Using longitudinal register data covering all fully employed
residents in northern Sweden from 1990 to 2019, our results suggest that a
positive employment shock in mining and manufacturing induces negative short-
and medium-term employment changes in the public sector — mainly in public
administration. The chapter also analyses which factors affect the probability of
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policy suggestions aimed at addressing increased labour demand.

Keywords: employment, public sector, mining, manufacturing, northern Sweden

"Department of Geography and Centre for Regional Science (CERUM), Ume& University (evans.
kadjei@umu.se).

2 Department of Geography and Centre for Regional Science (CERUM), Umed& University (rikard.
eriksson@umu.se). The work of Rikard Eriksson was partly funded by Riksbankens Jubileumsfond
(grant number: M22-0029).

3 Department of Economics and Centre for Regional Science (CERUM), Umed& University (johan.
lundberg@umu.se) The work of Johan Lundberg was partly funded by Riksbankens Jubileumsfond
(grant number: M22-0029).



1. Introduction

While the challenges of climate change
are commonly understood as borderless,
itis also evident that the green transition
is framed by place- and context-specific
contingencies (Coenen et al. 2012). As
such, the effects of climate change and
the associated investments needed will
inevitably create regional winners and
losers (McCann & Soete 2020). Accord-
ing to Rodriguez-Pose and Bartalucci
(2023), this is likely to reinforce already
existing urban-rural divides: while ur-
ban regions are expected to attract the
majority of green investments (and re-
wards) due to their predominance in
terms of infrastructure, skills and gov-
ernance, rural regions risk being less at-
tractive for capital and therefore locked
into low-skilled, low-productivity activi-
ties.

Even so, despite being peripheral
and sparsely populated, northern Swe-
den's abundance of minerals (e.g. iron
ore) and stable ‘green’ energy mean the
region (especially the two northernmost
counties of Norrbotten and Vasterbot-
ten) is currently attracting large invest-
ments, placing it centre-stage when it
comes to Sweden's and the EU's broad-
er ambitions of reducing net greenhouse
gas emissions by at least 55% by 2030.
Massive investments associated with
the manufacturing of batteries (North-
volt) and fossil-free steel (Hybrit and
H2 Green Steel) — both those that have
already materialised and those antici-
pated over the coming years — togeth-
er with an anticipated mining boom for
rare earth minerals crucial to the green
transition, are expected to lead to thou-
sands of new jobs in the territory.
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The national coordinator for the
investments estimates that 100,000
new inhabitants will be needed over the
next two decades to meet expected in-
creases in labour demand. This corre-
sponds to population growth of about
20% (Larsson 2022) in a territory char-
acterised by low unemployment, de-
creasing labour supply and increasing
welfare demand due to an ageing pop-
ulation. This growth prediction has been
bolstered by the unexpectedly large in-
crease in the population of Skellefted
municipality (Northvolt), with the 1,009
persons increase in 2022 representing
the biggest annual population growth in
50 years.

The anticipated economic injec-
tion to the territory will not, however,
automatically trigger regional develop-
ment in terms of employment, income
and tax revenues. Without in-migration,
the labour demand shock will likely stiff-
en competition for workers in regions
already facing severe labour shortage
(Blombdck et al. 2024, Sveriges Kom-
muner och Regioner 2023), leading to
labour poaching from incumbent firms
(Adjei et al. 2023) and the public sector
(Ejdemo & Soéderholm 2011, Valestrand
2018). Given that the public sector pro-
vides welfare (education, health, social
care, etc.), is a key actor in the planning
associated with societal transforma-
tion, and contributes to human capital
formation, this is potentially detrimen-
tal for regional development (e.g. Alesi-
na et al. 2001, Becker et al. 2021, Han-
sen & Eriksson 2023, Hansen & Winther
2014, Jofre-Monseny et al. 2020).

The aim of this study is to analyse
the dynamic effects of labour demand
shocks in the mining and manufacturing



industries on employment in three parts
of the public sector: 1) education; 2)
health; 3) and public administration. This
division is motivated by the assumption
that different groups within the pub-
lic sector exhibit different propensities
— based on both skill requirements and
work-life identity - to transition to the
private sector. In addition, we explore
the factors affecting the likelihood of a
particular public sector employee leav-
ing for a job in mining or manufacturing.

While previous studies have iden-
tified that the mining industry has an
adverse effect on public sector employ-
ment, this chapter uses longitudinal
micro-data on all employed residents
in Sweden between 1990 to 2019 to ex-
tend the literature in three ways. First,
by analysing both the combined and
separate effects of increased labour de-
mand in mining and manufacturing on
public sector employment. Second, by
detailing which parts of the public sec-
tor display stronger interdependencies
with mining and manufacturing employ-
ment fluctuations. And third, by taking
a micro-approach to assess the work-
force demographics of public sector ex-
its and entries. The latter is of particular
importance given the general scarcity
of skilled labour. If, for example, trained
teachers leave the public sector for min-
ing or manufacturing only to be replaced
by unqualified teachers, the local wel-
fare effects will most likely be negative.

The remainder of the chapter is
organised as follows. Section 2 discusses
the literature on public sector employ-
ment and regional development, before
Section 3 explores the industrial history
of northern Sweden. This is followed by
a presentation of the dataset and de-
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scriptives in Section 4, with sections 5
and 6 then presenting the relevant find-
ings. Section 7 offers some concluding
remarks.

2. Public sector employment
and regional development in
resource-based regions

Following Canadian regional scientists
such as Innis (1933, 1956), it was gen-
erally assumed that economic develop-
ment based on natural resources and
the export of staple commodities leads
to regional economic injections, in turn
spurring further development and diver-
sification of the labour market. In reality,
however, these export-led widespread
multipliers have seldom occurred, as
many of the benefits are typically cap-
tured by actors outside the region -
such has been the experience in Canada
(Halseth & Ryser 2017), Australia (MacK-
innon 2013) and Sweden (Dubois & Car-
son 2017). Instead, resource-dependent
regions tend to follow world market
prices for minerals and metals (Halseth
& Ryser 2017), with local welfare effects
tied to the strategy of the lead firm, as
well as local institutional arrangements
for governing the resource and distrib-
uting its risks and rewards (Plummer &
Tonts 2013). More recent accounts go as
far as suggesting that a resource-based
region's long-term growth potential and
resilience is not determined by the export
base, but rather driven by developments
in unrelated sectors or sectors only in-
directly connected with the resource in-
dustry (Plummer & Argent 2023).
Previous research on mining has
found strong correlations between
booms and busts and economic de-



velopment (e.g. employment, income).
Black et al. (2005) found that total em-
ployment in US coal-producing counties
grew about 2% faster than in non-coal
counties during booms but declined
about 3% faster during busts. This is
mainly attributable to an increase of
jobs requiring medium-to-high educa-
tion levels (Rajohandari et al. 2024). An-
alysing Sweden's previous mining boom,
Tano et al. (2016) find significant income
effects in mining municipalities during
the analysed boom period (2004-2006)
compared to a matched reference
group.“ The effects were mainly confined
to mining, with only moderate spillovers
to other sectors (primarily in manufac-
turing and construction) and were con-
centrated in the largest mining towns of
Norrbotten.

In one of the few studies on min-
ing investments and regional employ-
ment in northern Sweden, Ejdemo and
Séderholm (2011) find that total em-
ployment increases by 2.47 for every
additional employee in mining during
the maximum production phase. Munic-
ipalities dominated by public sector em-
ployment are more likely to experience a
shift towards industrial sector employ-
ment where wages are comparatively
higher (Ejdemo & Séderholm 2011). In a
follow-up on both Norrbotten and Vds-
terbotten, Moritz et al. (2017) also iden-
tify significant employment multipliers,
particularly in private services and man-
ufacturing.

The local effects of manufactur-
ing expansion are less clear, with much
of the recent research focusing on dis-
investments rather than investments.
Giroud et al. (2021), however, demon-
strate that the opening of a billion-dol-
lar plant raised productivity among in-
cumbent firms by about 4%, despite
the local benefits being unevenly dis-
tributed. Densely populated areas ben-
efit the most due to more favourable
regional endowments, including skilled
labour, diversity of industries, function-
ing entrepreneurial ecosystems (Ro-
driguez-Pose & Bartalucci 2023), and a
higher likelihood that incumbent firms
share workers and use similar technolo-
gies (Greenstone et al. 2010). Although
Moretti and Thulin (2013), in a compar-
ison between Sweden and the US, find
significant manufacturing multipliers
in the former, they are somewhat more
moderate compared to the latter, and
are primarily attributable to high-skilled
manufacturing jobs. This makes com-
parisons to the developments currently
taking place in northern Sweden diffi-
cult, as most of the high-skilled jobs in
the value chain are located elsewhere.> A
key reason behind the lower multiplier in
Sweden relates to labour market inelas-
ticities.® Adjei et al. (2023), for example,
show that the employment effects of a
manufacturing entry into a small, pe-
ripheral labour market is unlikely to alter
a region’'s negative employment trajec-
tory. This is mainly attributed to the fact

“ Ejdemo (2017) also finds that although incomes in Pajala were still lower than the national average in
2013 following the mining boom, the income growth rate (average annual growth rate of 6.5%) between
2005 and 2013 exceeded the national average (average annual growth rate of 2.2%).

> The battery manufacturing company Northvolt has located its production plant in Skellefted, while its
R&D is based in Vasterds and its management in Stockholm.

¢ Where labour market characteristics or factors like total employment remain unaffected by shocks
such as the entry of a cluster or pioneer industry, or an expansion of existing industries.
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that recruitment is local, meaning the
regional workforce entry is merely redis-
tributed, rather than expanded. In the
case examined by Adjei et al., poaching
occurred mainly from incumbent firms
engaged in similar activities and from
the public sector.

Thus, while the effects of mining
in terms of employment and incomes are
significant, they appear mainly confined
to mining itself and related activities. In
the case of manufacturing, the evidence
points to significant negative multiplier
effects in peripheral regions. If anything,
a radical expansion adversely affects in-
cumbent firms and/or the public sector
through the poaching of local workers.
By extension, these local shifts in sec-
torial employment can lead to labour
distribution problems and supply short-
ages in the public sector. As discussed
by Valestrand (2018) in relation to the
reopening of the Sor-Varanger mine in
northern Norway, the immediate policy
response clearly prioritised the produc-
tive sector in its new growth narrative,
thereby downgrading reproductive ac-
tivities such as public sector develop-
ment.

In this context, it is worth noting
that the public sectoris not merely a wel-
fare provider or conduit for the planning
and absorption of investments. Rather,
evidence from Denmark suggests public
sector employment promotes regional
development by attracting human cap-
ital and facilitating economic growth,
income distribution and quality of life
in the region (Hansen & Winther 2014).
Based on French data, Guillouzouic et al.
(2021) find causal evidence that a drop
in local public sector activity and em-
ployment has a negative effect on the
private sector. This is particularly the
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case in local labour markets where the
public sector holds monopsony power
(i.e. is the dominant employer). Evidence
also shows that regional public sector
employment is counter-cyclical, thus
contributing to resilience during crises
(Davila et al. 2016, Moomaw & Williams
2009). As such, some have called for
public sector employment to be taken
more seriously in regional studies (Han-
sen & Eriksson 2023).

3. Northern Sweden: Historical
background

Northern Sweden is not new to indus-
trial development. The region has expe-
rienced significant economic develop-
ment as well as challenges, largely tied
to the rise and fall of various activities
in the extractive and forestry industries.
Both Norrbotten and Vasterbotten are
characterised by early industrial devel-
opment based on natural resources. In
European terms, Sweden is a relative-
ly major mining economy (Geological
Survey of Sweden 2022). Most of the 12
mining sites still remaining in Sweden
are in Norrbotten and Vasterbotten,
accounting for about 83% of the coun-
try's export value in mining (Moritz et
al. 2017). While the export of iron ore
and other natural resources in the 20th
century significantly enhanced industri-
al and economic growth, it also — as in
many regions largely dependent on their
natural resources (e.g. Halseth & Ryser
2017) - stunted diversification, locking
regional economies into a narrow scope
of activities. This in turn tied local and
regional development to global price
fluctuations. The rationalisation of pri-
mary industries (mining, forestry etc.)
and decline in manufacturing starting in



the 1950s can be attributed to numer-
ous factors, including changes in global
markets, technological advances and
price fluctuations (see Figure 2, espe-
cially for manufacturing).

The decline in the numbers of
mining and forestry workers had direct
consequences for public sector employ-
ment. Hansen and Eriksson (2023) dis-
cuss how the centralisation of public ad-
ministration during recent decades has
negatively impacted small rural areas in
relation to urban regions, with demand
for high-skilled jobs in public adminis-
tration having declined. In discussing
the implications for regional develop-
ment, Hansen and Eriksson distinguish
between mobile and less mobile parts
of the public sector.” While public sec-
tor activities more generally serve as a
shock-absorber (employing otherwise
redundant workers during times of cri-
sis in the industrial sectors), the public
sector's less mobile parts — which are a
direct function of population (day care,
elderly care, etc.) — decline in periods
of industrial expansion. This suggests a
symbiotic relationship between public
sector and mining employment.

As can be seen in Table 1, be-
tween 1990 and 2019 total employment
in northern Sweden increased by 2.56%
(constituting a 9.26% increase in Vds-
terbotten and a 3.98% decrease in Nor-
rbotten), compared to 10.7% employ-
ment growth across the rest of Sweden.

During the same period, total public sec-
tor employment decreased by 18.72% in
northern Sweden (a 5.16% decrease in
Vdasterbotten and a 29.77% decrease in
Norrbotten). The core public sectors an-
alysed in this study (education, health-
care, public administration) decreased
by 3.33% (a0 9.09% increase in Vdsterbot-
ten and a 15.2% decrease in Norrbotten).
Mining and manufacturing employment
display a similar negative trend for the
period across northern Sweden.®
Diversifying northern regional
economies (e.g. tourism, renewable en-
ergy transition) is thus depicted as a
promising strategy for offsetting future
bust-and-boom in the resource-depen-
dent region (e.g. Stihl 2022). Northern
Sweden has attracted massive invest-
ments in climate-related projects since
2017, with many more envisaged over
the coming years, making the territory
a focal point for Sweden's green tran-
sition (Larsson 2022). While the bulk of
investments are projected to take place
in three municipalities (Gallivare and
Boden in Norrbotten, and Skellefteé
in Vasterbotten), it is anticipated that
other municipalities in the two regions
(e.g. Luled and Kiruna) will also benefit
from the investments through new cli-
mate-related initiatives. According to
Larsson (2022), these investments have
attracted attention to the region due to,
among other reasons: 1) the scale of the
investments; 2) the type of activities; 3)

7 The mobile parts of the public sector encompass activities not directly dependent on population size
(e.g. Forsdkringskassan, Skatteverket and similar governmental agencies), while the less mobile parts
encompass activities that are directly dependent on population size (e.g. education, healthcare, social

care).

8 Table 1 shows changes in employment in different industries. It does not show causality between
industries (causality is discussed in Section 5). However, the takeaway from Table 1 is that while total
employment is growing in northern Sweden, it is attributable to employment growth in the public sector
(education, healthcare, public administration) in Vdasterbotten.
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Table 1. Changes in employment in northern Sweden (1990-2019)

Employment/Year 1990 2019 % change

Northern Sweden

Total employment 228,415 234,254 2.56

Public sector (general) 121,201 98,515 -18.72
Public sector

(education, healthcare, 79126 76,491 -3.33

administration)

Mining 8,143 5,719 -29.77
Manufacturing 37,566 24,278 -35.37
Vésterbotten

Total employment 112,839 123,283 9.26

Public sector (general) 54,433 51,625 -5.16

Public sector

(education, healthcare, 38,673 42,187 9.09

administration)

Mining 2,491 1137 -54.36
Manufacturing 21,339 13,895 -34.88
Norrbotten

Total employment 115,576 110,971 -3.98
Public sector (general) 66,768 46,890 -29.77
Public sector

(education, healthcare, 40,453 34,304 -15.20
administration)

Mining 5,652 4,582 -18.93
Manufacturing 16,227 10,383 -36.01

Rest of Sweden

Total employment 4,209,883 4,714,281 10.70
Note: Public sector (education, healthcare, administration) is a subset of public sector (general).
Also, see Section 4 for the definition of industries (SNI code). Rest of Sweden excludes the

counties of Vasterbotten and Norrbotten. Source: Authors’ own calculation based on data from
Statistics Sweden (SCB).
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where investments are taking place; and
4) how this is likely to contribute to eco-
nomic and demographic development in
a territory that has experienced outmi-
gration of young people for decades.
The investmentsin northern Swe-
den are expected to have both direct ef-
fects (often in the short term), such as
the poaching of skilled labour from local
(related and unrelated) industries, and
indirect effects, such as employment ex-
pansion in the public sector (often in the
medium to long term), due to increased
need for public and private services. The
economic and social implications are
also set to include new residents arriv-
ing to take jobs in the new industries, as
shown in the report by Blombdck et al.
(2024) on population growth in Skelleft-
ed municipality. Thus, the overall derived
demand for labour may have dispropor-
tionate impacts on different industries.
The green transition in northern
Sweden means increases in demand for
and the supply of post-secondary-edu-
cated workers in the coming years (Sta-
tistics Sweden 2014, 2017). Although
the exact labour market effects of the
green transition are ambiguous in terms
of numbers and geography (Norlén &
Berbert 2024), Montt et al. (2018) sug-
gest that by 2030 most green transi-
tioning economies will experience net
job creation and a reallocation of work-
ers across industries. Most of these jobs
will be created in the construction, man-
ufacturing and renewables sectors.
Evidence indicates that the en-
ergy sector has the highest employ-
ment multiplier effect in the economy

(World Economic Forum 2012). More-
over, Moretti (2010) shows that multi-
pliers tend to be higher for high-skilled
jobs, which can partly be explained by
the correlation between earnings and
formal education. Given the persistent
spatial division of labour that has locked
the majority of northern Sweden into
— for the most part - value-creation
rather than value-capturing functions
(Hane-Weijman et al. 2022), the ques-
tion of whether high-skilled functions
will be localised in the north and so ignite
a new development path that ‘beats the
casino' remains open (Gong et al. 2023).°
Alternatively, the region may simply end
up playing host to production sites, as
is the case for Northvolt, which has its
production in Skellefted and its R&D in
Vasterds. Early evidence on Skellefted
suggests that it is primarily low-skilled
jobs being created, and that these va-
cancies are mainly being filled by work-
ers originating from neighbouring mu-
nicipalities (migrants or commuters).
This casts doubt on the degree of re-
gional upgrading taking place during
this period of rapid growth (Blombdack
et al. 2024).

4. Data and descriptive
statistics

4.1 Data

The data used in this study comes from
matched employer—-employee registers
from Statistics Sweden (SCB). The data
consists of all employed individuals aged
18-75 years in Sweden’s two northern-
most regions: Norrbotten and Vdster-

? The concept refers to a diversification strategy into more complex industries unrelated from a region's
current knowledge pool and capabilities (Balland et al. 2019).
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botten. Our dataset contains annual
information on place of birth, age, gen-
der, place of residence (municipality),
highest level of education, income from
work, and workplace (municipality and
sector) from 1990 to 2019. Hence, we
can follow each individual employed in
these regions between 1990 and 2019,
and moreover trace whether they left to
work elsewhere (or, alternatively, moved
into either of the regions to work). Due
to the Covid-19 pandemic, it is difficult
to fully assess labour market dynam-
ics for the years 2020-2022 (the latter
year is the latest currently available at
SCB). As such, these years are omitted
from the analysis. Also omitted are in-
dividuals for whom the registers lack
information about workplace, region
of residence or industry; individuals en-
gaged in extraterritorial activities (e.g.
work for extraterritorial bodies); and ac-
tivities involving households as employ-
ers. Individuals who received their main
income from studies (i.e. students), pa-
rental allowance or equivalent non-work
sources are likewise excluded. It should
be acknowledged that we risk losing a
relatively large share of women, as more
women than men are assumed to go on
parental leave (Evertsson 2016, Paull
2008, Kennerberg 2007). In total, our
data cover about 86% of the total pop-
ulation aged 18-75 years.

The spatial units of analysis are
the 29 municipalities in Norrbotten (14)

and Vdsterbotten (15) (see Figure 1).
These dareas constitute about 29% of
Sweden's total land area, 5% of its to-
tal population (equating to an average
population density of 3.7 inhabitants per
km?2), and 5% of total employment in
the country.

Industries and sectors are de-
fined based on the Swedish standard in-
dustrial classification (SNI 2007). Since
our data covers a lengthy period encom-
passing different administrative defini-
tions of SNI, we have redefined the SNI
codes to align with the current broader
industrial definitions.™©

Data for the micro-analysis (mul-
tinomial logistic regression) covers all
those employed in the public sector in
Norrbotten and Vdsterbotten between
2006 and 2008." This range was chosen
due to the increasing demand in, espe-
cially, the mining sector during the peri-
od in question, which bears comparison
with current increases in labour demand
(see Figure 2). Our dependent variable is
a categorical variable indicating the like-
lihood of an employee leaving the public
sector to enter either mining, manufac-
turing or any other sector, compared to
remaining in the public sector.

The explanatory variables con-
sist of categorical variables indicat-
ing income (annual income below SEK
250,000; above SEK 390,000); gender
(male); age (18-25; 26-35; 65-75 years);
level of formal education (more than

1 Individuals working in the mining sector are defined by SNI codes 5-9, manufacturing by SNI codes
10-34, public sector administration by SNI code 84, public sector healthcare by SNI codes 86, 87 and 88,
and public sector education by SNI code 85. A more detailed presentation of the definitions is provided

in the Appendix, Table Aé.

™ We also estimated models for the period 2006-2012, a period characterised by a decline in mining
attributable to the global financial crisis of 2008-2012. We chose to stick to the period 2006-2008
in order to avoid the potential effects of the decline that took place in 2009. Even so, the results are
strikingly similar irrespective of which period is applied.
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Figure 1. Map of the study region
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Figure 2. Employment dynamics in Norrbotten and Vasterbotten (index 100 in 1990)
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Source: Authors’ own calculation based on data from SCB.

three years of university education; less
than three years of university educa-
tion); educational fields (STEM; general;
health; pedagogic/teacher); and family
characteristics (married without chil-
dren; single with children; single without
children). We also control for type of
municipality (mining; mining fringe; oth-
er small municipalities).

Hence, the reference category is
set to be a representative public sec-
tor worker (a woman aged 36-64; with
a medium-high education; in social sci-
ences, law and business; living in the re-
gional centre — Umed in Vdsterbotten
and Luled in Norrbotten; married with
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children; with an annual gross income of
SEK 250,000-390,000). The parameter
estimates should be interpreted as high-
er (positive parameter estimates) or
lower (negative parameter estimates)
probabilities, compared to the reference
category described above. The exact
definitions of these variables are given
in Table A6 in the Appendix.

4.2 Descriptive statistics

Figure 2 shows employment chang-
es — both total and for selected indus-
tries — between 1990 and 2019 (1990 =
index 100). Three phases are revealed
by the figure. In the first period (Phase



[: 1990-2000), there is a decrease in to-
tal employment between 1990 and 1993,
followed by stabilisation (including all
sub-sectors except manufacturing). As
evidenced in previous studies, the ear-
ly-1990s recession hit the economy hard,
with the northern labour markets (ex-
cluding Umed) experiencing particular
difficulties in entering a new growth
trajectory (Eriksson & Hane-Weijman
2017). As displayed in Figure 2, this is
mainly attributable to a sharp decline in
manufacturing employment, alongside
a somewhat less marked decline in ‘oth-
er sectors' (i.e. all sectors other than the
selected industries). The second period
(Phase Il: 2000-2009) is characterised
by a general plateau (slow increase) in
total employment. At the same time,
however, there was a continuous de-
crease in manufacturing employment,
while increasing world market prices for
minerals led to employment growth in
mining (c.f. Ejdemo & Sdéderholm 2011)
and other sectors.

The final period (Phase lll: 2009-
2019) reveals that, in the wake of the
employment impacts of the Great
Recession in 2009, there was moder-
ate but still notable total employment
growth over the ensuing decade. This is
attributable to the stabilisation of man-
ufacturing employment and steady (al-
though with a decline in 2015) employ-
ment growth in mining and public sector
activities such as health and, especially,
public administration. Above all, the pe-
riod points to growing diversification in
the two regions, as it is the ‘other sec-
tors' (services, etc.) that are expanding
the most.

The three phases display both
similarities and a number of striking
differences across industries (see Table
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Al in the Appendix for a comparison of
Phase Il and Phase Ill). First, Phase Il
saw a higher share of female employees
in the mining industry (see Figure AT-Ain
the Appendix for a time series compar-
ison), a trend also reported by Geolog-
ical Survey of Sweden (2022). Second,
Phase lll saw an increasing number of
workers with a higher education in the
public sector, a phenomenon that began
prior to this time period (see Figure A1-B
in the Appendix for a time series com-
parison). Third, Phase lll saw a decline in
the number of employees with a gener-
al education (e.g. general knowledge in
social/natural sciences; adult education;
personal development), alongside an
increase in those with a technology-ori-
ented education in the manufacturing
industry. Fourth, Phase Il saw growth in
the number of foreign-born workers in
almost all industries, especially non-Eu-
ropean foreign-born in the public sector.
Finally, compared to Phase Il, Phase Il is
characterised by a public sector work-
force increasingly engaged in jobs re-
quiring theoretical competences.

Figure 3 shows the origins of
workers entering mining (A), manu-
facturing (B) and the public sector (C).
Figure 3A shows that new hires in min-
ing are primarily from other sectors of
the economy (e.g. construction, accom-
modation and food services, transport
and storage, real estate, but excluding
the public sector categories of educa-
tion, health and public administration),
followed by manufacturing and inexpe-
rienced workers (i.e. people with no reg-
istered working experience in Sweden's
official statistics, such as immigrants
and newly graduated students). Those
entering manufacturing are mainly from
other sectors or are inexperienced (Fig-



Figure 3. Sectorial employment switches to the mining industry, manufacturing and the
public sector
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C: To public sector (education, healthcare, public administration)
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Note: 3A and 3B exclude switches within the mining and manufacturing sectors respectively,
while 3C excludes switches within education, health and public administration.
Source: Authors’ own calculation based on data from SCB.

ure 3B). The composition of experiences
is relatively stable over time, although a
small increase in recruitment from the
public sector into mining can be seen
during the boom years prior to 2008.
Thus, figures 3A and 3B indicate that
an expansion in the mining and manu-
facturing sectors could adversely affect
employment in the public sector, albeit
at a relatively small rate.

Figure 3C, on the other hand,
shows the prior experience of workers
entering the public sector. Most of the
new hires are from other sectors of the
economy, with the second most com-
mon worker being inexperienced. Even
though the proportion of public sector
hires from manufacturing and/or mining
industries is small, it is still a consider-
able number of workers.
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Figure 4 shows the regional di-
mension of recruitment into mining
(A) and manufacturing (B) in northern
Sweden. Most of the hires in the min-
ing industry are from Norrbotten coun-
ty, which testifies to the fact that most
mining sites are located in the region.
Turning to manufacturing, hires are al-
most evenly distributed between Vdas-
terbotten and Norrbotten. Within these
two broad sectors, only an average of
about 10% of hires come from outside
the two counties, highlighting the fact
that job mobility is primarily a within-re-
gional phenomenon (Eriksson & Rodri-
guez-Pose 2017).

Figure 5 focuses on the geo-
graphical origin of hires to the public
sector (i.e. administration, healthcare
or education) in Norrbotten and Vdaster-



Figure 4. Origin of workers entering mining (A) and manufacturing (B) in northern Sweden
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Figure 5. Origin of workers entering the public sector in northern Sweden
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botten. Most of the hires are from the
region, which can be explained by the
fact that a university diploma is often
required for these jobs, and that type
of competence is often found within the
region. Compared to mining and man-
ufacturing, there is a somewhat higher
inter-regional recruitment rate (about
12%) from the rest of Sweden. Sepa-
rating the two counties out (not shown
here) reveals that most recruits origi-
nate from within the region/county, with
only negligible recruitment between the
two counties. One notable difference is
that Norrbotten has somewhat higher
recruitment rates from the rest of Swe-
den than Vasterbotten.
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5. Granger causality test

As previously noted, the expected de-
mand shock in mining and manufac-
turing is projected to cause significant
regional multipliers in terms of both
income (e.g. Tano et al. 2016) and em-
ployment (Ejdemo & Soéderholm 2011).
Under conditions of inelastic labour sup-
ply, however, this expansion may also
lead to a regional zero-sum game which
simply involves workers being redistrib-
uted within the region (Adjei et al. 2023,
Blomback et al. 2024). Whether public
sector employment will grow or decline
in response to private sector expansion
has crucial implications in terms of the
regions' overall ability to cater to these



Table 2. Granger causality tests on how shocks in mining and manufacturing predict
employment in the public sector (total and in sub-sectors), 1990-2019

Panel 1: Public sector total

Mining does not Granger cause the total public sector
Manufacturing does not Granger cause the total public sector

No combined Granger cause on the total public sector

Panel 2: Education

Mining does not Granger cause employment in education
Manufacturing does not Granger cause employment in education

No combined Granger cause on employment in education

Panel 3: Health

Mining does not Granger cause employment in health
Manufacturing does not Granger cause employment in health

No combined Granger cause on employment in health

Panel 4: Public administration

Mining does not Granger cause employment in public administration

Chi2 p-value

Manufacturing does not Granger cause employment in public

administration

No combined Granger cause on employment in public administration

3.073 0.381
5.284 0.152
19.328 0.004
8.847 0.031
4.864 0.182
11.791 0.067
2.709 0.439
6.481 0.090
9.094 0.168
31.55 0.000
128.59 0.000
158.34 0.000

Note: If p > 0.05, the test statistic indicates that we cannot at the conventional 95% level
of significance reject the hypothesis that a change in manufacturing and/or mining does not
Granger cause a change in public sector employment.

Source: Authors’ own calculation based on data from SCB.

investments and secure long-term wel-
fare provision. For example, public ser-
vices — such as daycare centres and
schools — are essential prerequisites for
attracting labour migration from other
regions. In Sweden, it is also the munici-
pality that is responsible for overall plan-
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ning processes, making it a key actor in
administrating the response to job-cre-
ating investments.

Here, we use Granger causality
tests to determine whether a change
in public sector employment follows an
employment shock in the mining and



manufacturing industries (c.f. Granger
1969).? It should be noted that this is not
a causality test, but rather an indication
of change and response.™ Table A2 in
Appendix provides for summary statis-
tics for the variables included in the test.

Table 2 presents the empirical re-
sults from four different settings of the
Granger causality test, with p-values
for each chi2-test at three lags. The null
hypothesis is the absence of Granger
causality — that is, an employment ex-
pansion in mining and/or manufacturing
does not Granger cause a change in pub-
lic sector employment. Panel 1shows the
test statistics for the single and com-
bined impact of employment expansion
in the mining and/or manufacturing
sectors on total public sector (public ad-
ministration, health and education) em-
ployment. Following this, panels 2, 3 and
4 show the disaggregated test statistics
as applied to public sector employment
in, respectively, education, health and
public administration.

As shown in Panel 1, the test
statistics suggests that we cannot, at
the conventional 95% level of signifi-
cance, reject the hypothesis that an em-
ployment shock either in the mining or
manufacturing sector does not Grang-
er cause employment changes in the
overall public sector (p-values 0.381 and
0.152 respectively). Jointly, however, the

test statistics reject the hypothesis that
a combined employment shock in mining
and manufacturing does not Granger
cause an employment shift in the public
sector (p-value 0.004).

Based on the parameter esti-
mates from the Granger causality test
(displayed in Table A3 in the Appendix),
Figure 6 shows the dynamic effects of a
one standard deviation increase in min-
ing and manufacturing employment.
Despite the confidence interval being
wide (the grey area surrounding the sol-
id line indicating the average marginal
effect), the results suggest a short-term
negative effect that ebbs away over the
following years. In absolute numbers,
the average marginal effect after three
years is a loss of 468 employees in the
public sector. One potential explana-
tion is that, in light of restricted migra-
tion, expansion in one sector comes at
another sector’'s expense — in the lon-
ger-run, however, migration and labour
redistribution across sectors gradually
offsets the expansion effect. This is to
be expected given that - as suggested
by data on the US by Rajbhandari et al.
(2024) - the migration-induced effects
of a resource boom take at least three
years to materialise.

As mentioned in the introduction,
the public sector encompasses several
different areas of activity, each requiring

2 The following example gives an insight into the logic underlying the Granger-causality test: Suppose we
have two variables, Y and X, measured over some time periods, T, which we believed to be related - such
as a change in one of them at time t-1 causing a change in the other (Granger-cause) in the next period,
time t. To test if X Granger-causes Y, we regress Y on lags of both X and Y. To be more specific, using
two lags, we regress by ordinary least squares Y,=a+ B8,,Y, +B,,Y, ,+B, X, +B,.X.,* €& where a and the f's are
parameters to be estimated and ¢ is the error term. Then we test if 8, +8,,=0. If B,.+B,,=0 — which is the
null-hypothesis — cannot be rejected, in which case X does not Granger-cause Y.

¥ For an in-depth description of the Granger causality test see the original article by Granger (1969), as
well as standard econometric textbooks such as Green (2017) or Baum et al. (2022) for Stata code.
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Figure 6. Directionality of Granger causality (impulse or shock response analysis) on public

sector employment
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Note: Impulse response function (IRF) is used to determine the time path and direction of the
vector autoregression (VAR) relationships (like Granger causality) between an employment shock
in the mining and/or manufacturing sectors and employment in the public sector. The vertical
axis employs the variable unit used in the VAR, hence it measures or represents a percentage
point change (one stanadrd deviation) to a shock or expansion in mining and/or manufacturinng,
while the horizontal axis represents the effects across time (years in the data). The solid line
shows the average percentage change in public sector employment Granger caused by a one
standard deviation employment increase in mining and/or manufacturing. The shaded area is
the 95% confidence interval surrounding the mean effect.

different skills and formal training. As
such, employees in different parts of the
public sector will have different options
when it comes to entering the private
labour market. For example, it is reason-
able that a nurse's or teacher's ability
and propensity to switch to the mining
or manufacturing sectors differs from,
say, an accountant or a less high-skilled
worker such as a janitor. When public
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sector employment is disaggregated
into its constituent sub-sectors, a more
distinct pattern emerges. For instance,
as displayedin Panel 2 of Table 2, the test
statistic rejects the hypothesis that em-
ployment expansion in mining does not
Granger cause employment changes in
education (p-value 0.031). Based on the
same test statistic, however, we cannot
reject the hypothesis that employment



Figure 7. Directionality of Granger causality (impulse or shock response analysis) of mining
expansion on employment in education
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Note: Impulse response function (IRF) is used to determine the time path and direction of the
vector autoregression (VAR) relationships (like Granger causality) between an employment shock
in the mining and/or manufacturing sectors and employment in the public sector. The vertical
axis employs the variable unit used in the VAR, hence it measures or represents a percentage
point change (one stanadrd deviation) to a shock or expansion in mining and/or manufacturinng,
while the horizontal axis represents the effects across time (years in the data). The solid line
shows the average percentage change in public sector employment Granger caused by a one
standard deviation employment increase in mining and/or manufacturing. The shaded area is
the 95% confidence interval surrounding the mean effect.

expansion in manufacturing — or a com- in employment in education (p-value
bined effect from employment expan- 0.182 and 0.067). The latter, though, is
sion in both mining and manufacturing only significant at the 10% level.™ Fur-
— does not Granger cause an expansion thermore, as displayed in Figure 7, our

" We performed similar analyses for mining regions only (not presented) to find out if the results are
influenced by local industrial structure. We found that a combined employment expansion in mining and
manufacturing affects employment in the public sector. Further, separately and combined, expansion in
mining and manufacturing do not influence employment changes in education and healthcare in mining
regions but they do influence employment changes in public administration.
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Figure 8. Directionality of Granger causality (impulse or shock response analysis) of mining
(left) and manufacturing (right) expansion on employment in public administration
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Note: Impulse response function (IRF) is used to determine the time path and direction of the
vector autoregression (VAR) relationships (like Granger causality) between an employment shock
in the mining and/or manufacturing sectors and employment in the public sector. The vertical
axis employs the variable unit used in the VAR, hence it measures or represents a percentage
point change (one stanadrd deviation) to a shock or expansion in mining and/or manufacturinng,
while the horizontal axis represents the effects across time (years in the data). The solid line
shows the average percentage change in public sector employment Granger caused by a one
standard deviation employment increase in mining and/or manufacturing. The shaded area is
the 95% confidence interval surrounding the mean effect.

results suggest that, on average, a one
standard deviation expansion in mining
is followed by a short-term decrease in
employment in education (95 jobs after
three years), which ebbs away over time.
Again, the confidence interval is wide
and the dynamic effect insignificant.
Further down in Panel 3 (Table
2), we find no support for Granger cau-
sality between employment in mining
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or manufacturing and employment in
health (p-values between 0.090 and
0.439). This may reflect a certain pro-
fessional pride and dedication to work
within healthcare, or alternatively, that
educational qualifications in healthcare
professions (doctors, nurses, etc.) are
highly specialised and so may not be as
transferable to other sectors.



On the other hand, the test sta-
tistics strongly support the hypothesis
that employment expansion in either
mining or manufacturing Granger caus-
es changes in public administration em-
ployment (Panel 4, Table 2). In effect,
an employment increase in mining or
manufacturing leads to a decrease in
public administration employment. As
displayed in Figure 8 (building on the
parameter estimates displayed in Table
A3), a one standard deviation expan-
sion in mining and manufacturing leads
on average to, respectively, 145 and
285 jobs losses in public administration
within 3-6 years. Following a similar line
of reasoning to that given above, this in-
dicates that the educational orientation
necessary to qualify for public adminis-
tration positions is broadly applicable to
other sectors. Again, however, these re-
sults should be interpreted with caution
due to the wide confidence interval.

In summary, our findings sug-
gest that a positive employment shock
in mining and manufacturing combined
(not when assessed separately) tends to
have a general negative effect on pub-
lic sector employment, thus confirming
previous research concerning adverse
effects on public sector employment
(e.g. Ejdemo & Séderholm 2011). While a
one standard deviation increases in min-
ing and manufacturing combined (i.e.
4,300 jobs, as seen in Table A2) implies
a loss of 468 jobs across the public sec-
tor, this effect is not universal across the
public sector's constituent parts. For ex-
ample, although employment in health

is unaffected, employment in education
is only moderately (negatively) affected.
The most prominent adverse effects can
be seen in public administration, where
a one standard deviation increase in
mining and manufacturing leads to, re-
spectively, 145 and 285 job losses. For
the entire period of 1990-2019, this rep-
resents an expansion of about 200 jobs
in mining and 3,600 jobs in manufac-
turing (see Table A2). This is far lower
than the demand anticipated following
future green investments, but if a linear
relationship is assumed, a three stan-
dard deviation increase (i.e. 2,700 min-
ing jobs and 10,800 manufacturing jobs,
totalling 13,500 new jobs across both
sectors) implies that fiercer competition
for workers could lead to public admin-
istration losing about 1,290 workers (435
to mining and 855 to manufacturing).
This constitutes almost 8% of the sec-
tor's employees in 2019.® Given the high
future demand anticipated for public
sector activities due to ageing, this rep-
resents a substantial potential decline.
Based on previous flows, it would mainly
impact such public administration occu-
pations as civil engineers, cleaners, pre-
cision mechanics, accountants and HR
staff.

Overall, the results presented
thus far provide an indication of how an
expansion in mining and manufactur-
ing could impact net employment with-
in the public sector. To conduct a more
in-depth analysis, the next section uses
multinomial logistic regression to exam-
ine which factors influence the likelihood

> The corresponding combined effect of manufacturing and mining on all public sector activities from
a three standard deviation change equates to about 12,900 new manufacturing and mining jobs, with
about 1,400 employees poached from the entirety of the public sector. This in turn represents about 4%

of public sector employees.
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Figure 9. Summary of regression results from multinominal logit model on the likelihood of
public sector workers leaving for work in other activities, 2006-2008
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Note: The reference dependent category is Stayers. The reference category is set to be a
representative public sector worker: A woman aged between 36 and 64, with a medium-high
education in social sciences, law, or business, living in the regional centre — Umed in Vasterbotten
and Luleé in Norrbotten-, married with children and with an annual gross income between SEK
250,000 and SEK 390,000. The parameter estimates should be interpreted as higher (positive
parameter estimates) or lower (negative parameter estimates) probabilities compared to the
reference category described above. The point estimate is indicated by the bullet point, while
the confidence interval is indicated by the dashed line on both sides of the point estimate.
A confidence interval crossing the vertical line indicates that the parameter estimate is not
statistically different from zero.
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of a public sector employee switching to
employment within either the mining,
manufacturing or other industrial sec-
tors.

6. Multinomial logistic
regression

There are numerous reasons why an in-
dividual might terminate their employ-
ment in one sector to pursue a position
in another part of the economy. For pub-
lic sector workers, it may, for instance,
involve dissatisfaction with the public
sector as an employer, working condi-
tions or social influences - factors that
are difficult to quantify. In our analysis,
we therefore focus on measurable fac-
tors, such as income level; education and
field of study; family circumstances; and
type of municipality.

Here, we use a multinomial logis-
tic regression to estimate the probabil-
ity of workers leaving the public sector
for different alternatives.” Figure 9 pro-
vides a summary of the main results,
with the detailed parameter estimates
and standard deviations given in Table
A7 in the Appendix. As mentioned previ-
ously, we focus on the 2006-2008 peri-
od, as this was the most evident period
of growth for the mining sector.

The constant is negative and
highly significant in all specifications,

suggesting that, on average, the ref-
erence group' is fairly unlikely to move
to any other sector (see Table A7 in the
Appendix). As shown in Figure 9, howev-
er, both low- and high-income earners
are more likely to leave the public sec-
tor compared to the reference group,
although the likely destination varies in
each case. Whereas high-income earn-
ers in the public sector are more like-
ly to end up in mining, there is a higher
likelihood that low-income earners will
switch to manufacturing or other sec-
tors.

There is some support for a pre-
diction of brain drain from the pub-
lic sector to mining in light of the fact
that workers making the move are not
high-income earners as such, but rather
those who are relatively well-paid (and
therefore presumably more productive
or experienced) compared to the work-
force in general (see Table A7 in Appen-
dix) (e.g. Cregdrd & Corin 2019). This
result holds true even for those on low-
er salary levels within the public sector,
indicating they may be dissatisfied with
their current income and so motivated
to seek better-paid jobs or alternative
challenges more in line with their poten-
tial. It is also striking that, overall, men
are more likely to leave the public sector
— a highly significant result in both spec-
ifications and for all alternative sectors.

® A multinomial logistic regression is an econometric method used to estimate the probability of a
specific outcome when there are several possible outcomes that cannot be ordered in any meaningful
way. The interested reader is referred to standard econometric textbooks such as Cameron and Trivedi

(2005) and Green (2017).

7 Remember from Section 4, the reference category is set to be a representative public sector worker:
A woman aged between 36 and 64, with a medium-high education in social sciences, law, or business,
living in the regional centre — Umed in Vasterbotten and Luled in Norrbotten-, married with children
and with an annual gross income between SEK 250,000 and SEK 390,000. The parameter estimates
should be interpreted as higher (positive parameter estimates) or lower (negative parameter estimates)
probabilities compared to the reference category described above.
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If it is assumed that the public sector is
regarded as a more reliable employer,
this may reflect different levels of risk
aversion between men and women. It
may also, however, signal a labour mar-
ket segmented along traditional gen-
der lines in resource-dependent regions
(Valestrand 2018). Interestingly, while
relative income is not significant when
it comes to moves into manufacturing,
it is significant and negative for moves
into other sectors. The latter finding
suggests that less productive and there-
fore perhaps less well-matched workers
find employment in activities other than
manufacturing or mining.

The results show that younger
workers and workers with a post-sec-
ondary education of three years and
over are more likely to leave the public
sector for mining, manufacturing and
other sectors. This indicates that indi-
viduals with the potential for high future
income development (high education,
high salary and young) are more likely to
transition from the public sectorinto the
private sector.

When it comes to type of edu-
cation, the findings suggest individuals
with an education in science, technology,
engineering and mathematics (STEM)
are the most likely to leave public sector
employment. Although it is difficult to
assess the detailed mechanisms behind
this, it could reflect public sector em-
ployees with STEM qualifications view-
ing their job as a stepping stone towards
a better-matched position elsewhere.
Compared to workers with a social sci-
ence degree, those with a general edu-
cation (humanities and art, service and

unspecified) are more likely to switch
to other sectors, while those with an
education in healthcare and teaching
(pedagogy and teacher education) are
less likely to leave the public sector com-
pared to the reference group.

These results are in line with some
of the findings from the Granger cau-
sality tests: that is, an employment ex-
pansion in mining and/or manufacturing
tends to be followed by decreased em-
ployment in the public administration.
This direct effect also seems to be fol-
lowed by an indirect effect, in the sense
that public sector workers with gener-
al qualifications are more likely to find
jobs in other parts of the economy when
mining expands. The Granger causality
tests did not, however, provide any clear
evidence that employment expansion in
mining and/or manufacturing is likely to
be followed by employment changes in
health care.

Turning to the type of munici-
pality, the results suggest that during
a period of rapid mining expansion, it
is primarily in mining municipalities and
mining fringes that moves away from
the public sector occur. This trend occurs
in conjunction with higher likelihoods of
public sector workers in mining regions
leaving for manufacturing and other
sectors. This combined effect may prove
a challenge when trying to sustain wel-
fare provision in mining regions and their
functionally integrated vicinities.”® While
the likelihood of public sector workers in
other small municipalities entering em-
ployment in mining is not statistically
different from large regional centres,
there is a higher likelihood that workers

8 Welfare provision in this context means general service provision in the public sector (i.e. administration
services, etc.), rather than necessarily essential services such as healthcare and social care.
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in other small municipalities leave for
either manufacturing or other sectors.
Thus, the public sector effects of mining
expansion are primarily confined to ar-
eas in or close to the mining jobs.

7. Concluding remarks

Large green transition-connected in-
vestments in northern Sweden - both
those realised in recent years and
those anticipated for the future — have
prompted expectations of a substantial
increase in local demand for labour. At
least in the short run, assuming limited
migration across regions, the projected
labour demand increases in mining and
manufacturing may negatively impact
incumbent employers. This especially so
for the public sector, which is not only a
substantial employer in the territory but
plays a key role in providing the welfare
necessary for place-based development.
Against the above backdrop, this study
set out to analyse how labour demand
in the mining and manufacturing indus-
tries influenced employment in across
both the public sector as a whole and its
constituent parts.

The findings show that a pos-
itive employment shock in both min-
ing and manufacturing is more likely to
induce negative general public sector
employment changes in the short and
medium term. Assuming a linear rela-
tionship based on past labour market in-
terdependencies, this would mean that
a three standard deviation increase in
mining and employment (approximate-
ly 12,900 new jobs) could lead to about
1,400 public sector job losses (about 4%
of public sector employees).

At the same time, these inter-
dependencies are not universal. In fact,
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employment in health remains unaffect-
ed by employment expansions in mining
and/or manufacturing, while education
is only moderately affected. Thus, the
adverse public sector impacts caused by
a mining and/or manufacturing expan-
sion are largely attributable to poaching
from public administration, with almost
8% of such employees potentially leaving
their positions to enter the mining and/
or manufacturing sectors in the event of
these activities increasing by three stan-
dard deviations (approx. 13,500 jobs).
It should be noted, however, that only a
small share of workers entering mining
and/or manufacturing originate from
the public sector. Instead, they tend to
originate either from other sectors lo-
cally, or — in the case of mining - from
manufacturing. Nevertheless, given the
anticipated high labour demand in pub-
lic administration arising from the local
institutional capacity needed to absorb
investments and cater to a growing
population, any increase in the level of
labour demand in mining and manu-
facturing could pose challenges when it
comes to sustaining public administra-
tion in the focal communities.

Our micro-level findings suggest
that younger individuals (18-25 and 26-
35 years), higher income earners (annual
income above SEK 390,000), and high-
ly educated individuals (post-second-
ary education of three years or more)
are more likely to leave the public sec-
tor. Surprisingly, the public sector tends
to replace poached workers with highly
educated (but inexperienced in terms
of prior employment) individuals qual-
ified for advanced positions. Moreover,
the results do indeed point to a leakage
from the public sector to mining, as well
as to other activities, during periods of



mining expansion. This indicates an in-
direct adverse effect of a mining boom,
given that labour demand also increases
in sectors other than mining and manu-
facturing.

It is, however, not predominant-
ly certified workers with - among other
backgrounds — a pedagogic or health-re-
lated education that leave the public
sector, but rather workers with a social
science background working in public
administration. A plausible explanation
for this is that the education and exper-
tise necessary for public administration
is more easily transferable to private
sector industries, in contrast to the more
profession-specific training required for
healthcare and education. Furthermore,
the public sector serves as the predomi-
nant employer in healthcare and educa-
tion, thereby restricting mobility. Final-
ly, the results suggest a highly localised
interdependence between mining and
public sector employment, in the sense
that it is more likely that a public sector
employee in a mining municipality will
move into the mining sector compared
to a counterpart working in a non-min-
ing municipality.

A number of policy implications
arise from these findings. While great
emphasis is put on skills supply to the
green industries, the predominantly in-
tra-regional supply of workers identified
in this chapter and elsewhere (e.g. Blom-
bdck et al. 2024) suggests policy-makers
also should consider the consequences
and effects for surrounding and neigh-
bouring municipalities when tailoring re-
gional policies. In fact, despite relatively
moderate outflows from the public sec-
tor to mining and manufacturing during
the study period, our results do indicate
there is a risk of poaching in response to
a demand shock.
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As discussed by Valestrand (2018)
in the case of Norway, policy-makers
typically privilege expansions in pro-
ductive sectors, thereby rendering work
practices in the public sector — including
health - invisible. Having interviewed
young adults in northern Sweden, Rénn-
lund and Tollefsen (2023) show that the
narrative of industrialisation strongly in-
fluences how youth perceive their future,
including which high-school educations
and career-tracks are articulated as
more successful. Their findings suggest
a striking lack of interest in health and
care sector jobs compared to jobs in the
transport sector and manufacturing.
Hence, although workers with training in
health and education appear less likely
to move into mining or manufacturing,
the major shift may instead be connect-
ed to a changing labour supply based on
new narratives around successful labour
market trajectories.

The question, then, is how to
re-value such jobs in such a way as to
give them the status of viable career op-
portunities amid the expansion in mining
and manufacturing. As discussed by, for
example, Grip and Jansson (2022) and
Calmfors and Sdnchez Gassen (2024),
this could include bolstering the status of
public sector employment by raising sal-
aries and improving working conditions
(see also Parding et al. 2023). Moreover,
given that public sector workers are
over-represented among migrants mov-
ing from larger to smaller cities, such
policy actions could potentially make a
migration decision look more attractive
(Hansen & Eriksson 2023).

Our micro-analyses also show
that public sector workers in mining ar-
eas are more likely to leave public sector
employment compared to those residing
in large regional centres. While this is



hardly surprising, it does highlight the lo-
cal dimensions of labour market realign-
ments. Looking at the two counties that
formed the basis of our research, it can
be seen that there is significant intra-re-
gional variation, which any policy inter-
vention must take into consideration.
Rather than rely on the spatially blind
transition study support' that overlooks
local needs (e.g. Berstrom et al. 2023),
interventions should make greater use
of bottom-up knowledge and support
the continuous mapping of skills and de-
mand.

As exemplified by the situation in
Skellefted, current policy arrangements
make it difficult to attract unemployed
people from southern Sweden due to

a lack of coordinating bodies or incen-
tives supporting migration (Eriksson
forthcoming). Local forecasts of labour
demand, especially in rural and periph-
eral regions, are often associated with a
high degree of uncertainty as the figures
available for many occupations may be
too low for the Employment Agency to
make accurate local predictions. Even
so, given the functional specialisation
and strong path dependence of region-
al labour markets (Hane-Weijman et al.
2022), having detailed knowledge and
support schemes for migration in order
to smooth out adjustment costs related
to structural change has for long been
argued to be imperative for a successful
structural change (Aghion et al. 2009).

¥ Student finance for transition and retraining is a Swedish publicly funded scheme for adults in the
labour market who need to broaden their skills to improve their employability. It is possible to use the
finance scheme for courses in Sweden that are currently eligible for student finance, as well as for
courses financed by a transition organisation, if they strengthen the applicant's position in the labour
market. A prerequisite for receiving support through the scheme is that the applicant must have worked
an average of at least 40 per cent per week during each calendar month for at least eight years during
a framework period of 14 years. The scheme can be provided for a period corresponding to a total of 44
weeks of full-time studies. It supports both full-time and part time studies, including 20, 40, 50, 60 and

75 per cent of full-time.
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